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ʉʧʠʩʦʢ ʩʦʢʨʘʱʝʥʠʡ 

ʂʉ ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ 

ʂʏ ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 

ʕʗ ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ 

ʈɿʕ, RE ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ: Sc, Y, LaïLu 

Ln ʃʘʥʪʘʥʦʠʜʳ: LaïLu 

TM ʇʝʨʝʭʦʜʥʳʡ ʤʝʪʘʣʣ 

AM ʑʝʣʦʯʥʦʡ ʤʝʪʘʣʣ 

Hal ɻʘʣʦʛʝʥ 

Q ʍʘʣʴʢʦʛʝʥ 

L ʃʠʛʘʥʜ 

ʇʨʦʣʠʛʘʥʜ ʇʨʦʪʦʥʠʨʦʚʘʥʥʘʷ ʬʦʨʤʘ ʘʥʠʦʥʥʦʛʦ ʣʠʛʘʥʜʘ 

solv ʂʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʠʣʠ ʩʦʣʴʚʘʪʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ 

R ɸʣʢʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʠʣʠ ʣʠʛʘʥʜ 

Me ʄʝʪʠʣ 

iPr ʀʟʦ-ʧʨʦʧʠʣ 

Bu ɹʫʪʠʣ 

tBu ʊʨʝʪ-ʙʫʪʠʣ 

Ar ɸʨʠʣ 

Ph ʌʝʥʠʣ  

oXyl, mXyl  ʆʨʪʦ-, ʤʝʪʘ-ʢʩʠʣʠʣ, C6H3Me2 

Bn ɹʝʥʟʠʣ 

Dipp 2,6-ɼʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ 

Mes ʄʝʟʠʪʠʣ, 2,4,6-ʪʨʠʤʝʪʠʣʬʝʥʠʣ 

Tms SiMe3 

Ts ʊʦʟʠʣ, MeC6H4SO3 

Ad ɸʜʘʤʘʥʪʠʣ 

en ʕʪʠʣʝʥʦʚʳʡ ʤʦʩʪʠʢ, ïʉH2ïCH2ï 

Phen ʌʝʥʠʣʝʥ, ïC6H4ï 

Nacnac ɓ-ɼʠʢʝʪʠʤʠʥʘʪ { CH(CMeNDipp)2}
ï 
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Nacnacô ɼʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʜʠʢʝʪʠʤʠʥ, 

{CH(CMeNDipp)(C(CH2)NDipp)}2ï 

RNacnacRô 

NacnacRô 

{CH(CRNRô)2}
ï  

{CH(CMeNRô)2}
ï  

Py ʇʠʨʠʜʠʥ 

SPy 2-ʇʠʨʠʜʠʣʪʠʦʣʘʪ 

ʊɻʌ, thf ʊʝʪʨʘʛʠʜʨʦʬʫʨʘʥ 

Tol ʊʦʣʫʦʣ 

Et2O ɼʠʵʪʠʣʦʚʳʡ ʵʬʠʨ 

Dme ɼʠʤʝʪʦʢʩʠʵʪʘʥ 

dpm 2,2,6,6-ʪʝʪʨʘʤʝʪʠʣ-ʛʝʧʪʘʥ-3,5-ʜʠʦʥʘʪ, {(CMe3C(O))2CH}ï 

Diox ɼʠʦʢʩʘʥ 

Tmeda ʊʝʪʨʘʤʝʪʠʣʵʪʠʣʝʥʜʠʘʤʠʥ 

ʈʉɸ ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ 

ʈʌɸ ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʗʄʈ ʗʜʝʨʥʳʡ ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ 

ʀʂ ʀʥʬʨʘʢʨʘʩʥʳʡ 

ʊɻɸ ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ 

ʕɼʉ ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ 
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ɺʚʝʜʝʥʠʝ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʭʠʤʠʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

(ʈɿʕ) ʚ ʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʫʥʠʢʘʣʴʥʦʩʪʴʶ ʩʚʦʡʩʪʚ ʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂ ʈɿʕ 

(RE), ʢʘʢ ʧʨʘʚʠʣʦ, ʦʪʥʦʩʷʪ ʩʝʤʝʡʩʪʚʦ ʣʘʥʪʘʥʦʠʜʦʚ (Ln), ʚ ʢʦʪʦʨʦʝ ʚʭʦʜʷʪ ʵʣʝʤʝʥʪʳ ʩ ʣʘʥʪʘʥʘ ʧʦ 

ʣʶʪʝʮʠʡ, ʘ ʪʘʢʞʝ ʩʢʘʥʜʠʡ ʠ ʠʪʪʨʠʡ. ʂʘʪʠʦʥʳ RE3+ ʷʚʣʷʶʪʩʷ ʞʸʩʪʢʠʤʠ ʢʠʩʣʦʪʘʤʠ ʃʴʶʠʩʘ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤʠ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ ʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʩʨʦʜʩʪʚʦʤ ʢ ʬʪʦʨʠʜʫ, 

ʭʣʦʨʠʜʫ ʠ ʣʠʛʘʥʜʘʤ, ʢʦʦʨʜʠʥʠʨʫʶʱʠʤʩʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠʣʠ ʘʟʦʪʘ. ʇʨʠ ʙʣʠʟʦʩʪʠ 

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʦʥʥʳʝ ʨʘʜʠʫʩʳ ʢʘʪʠʦʥʦʚ RE3+ ʫʤʝʥʴʰʘʶʪʩʷ ʚ ʨʷʜʫ ʣʘʥʪʘʥʦʠʜʦʚ ʦʪ La ʢ 

Lu, Sc ʟʘʤʳʢʘʝʪ ʵʪʦʪ ʨʷʜ, ʘ Y ʠʤʝʝʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʟʥʘʯʝʥʠʝ ʠ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ Dy ʠ Ho. 

ʕʪʦ ʜʘʸʪ ʨʝʜʢʫʶ ʠ ʧʦʣʝʟʥʫʶ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦ ʠʟʤʝʥʷʪʴ 

ʠʦʥʥʳʡ ʨʘʜʠʫʩ ʢʘʪʠʦʥʘ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʣʠʛʘʥʜʥʦʤ ʦʢʨʫʞʝʥʠʠ, ʜʦʙʠʚʘʷʩʴ ʥʝʦʙʭʦʜʠʤʦʡ 

ʦʪʢʨʳʪʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʷʜʫ ʣʘʥʪʘʥʦʠʜʦʚ ʟʘʧʦʣʥʷʝʪʩʷ 4f-ʦʙʦʣʦʯʢʘ; 

ʟʘ ʩʯʸʪ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʠ ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ, f-ʵʣʝʢʪʨʦʥʳ ʥʝ ʫʯʘʩʪʚʫʶʪ 

ʚ ʩʚʷʟʳʚʘʥʠʠ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʪʨʦʛʦ ʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʩʚʷʟʝʡ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʣʠʛʘʥʜʘʤʠ. 

ʆʜʥʘʢʦ, ʧʦʩʪʝʧʝʥʥʦʝ ʟʘʧʦʣʥʝʥʠʝ f-ʫʨʦʚʥʷ ʜʝʣʘʝʪ ʙʦʣʝʝ ʫʩʪʦʡʯʠʚʳʤʠ çʥʝʩʪʘʥʜʘʨʪʥʳʝè ʜʣʷ 

ʜʨʫʛʠʭ ʣʘʥʪʘʥʦʠʜʦʚ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 4+ ʜʣʷ Ce, 2+ ʜʣʷ Eu, Sm ʠ Yb [1]. ɹʣʘʛʦʜʘʨʷ ʧʨʠʩʫʪʩʪʚʠʶ 

f-ʵʣʝʢʪʨʦʥʦʚ ʧʨʦʷʚʣʷʶʪʩʷ ʫʥʠʢʘʣʴʥʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʫʟʢʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤʠ ʧʦʣʦʩʘʤʠ ʵʤʠʩʩʠʠ f-f ʧʝʨʝʭʦʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʙʣʠʞʥʝʡ ʀʂ-ʦʙʣʘʩʪʠ, 

ʥʘʭʦʜʷʱʠʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʣʘʟʝʨʥʳʭ ʫʩʪʘʥʦʚʢʘʭ ʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʧʪʦʚʦʣʦʢʥʘ [2]. ɹʦʣʴʰʦʝ ʯʠʩʣʦ 

ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ f-ʫʨʦʚʥʝ ʫ ʢʘʪʠʦʥʦʚ Gd3+, Dy3+, Ho3+ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʷʚʣʝʥʠʶ 

ʟʘʤʝʪʥʳʭ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʛʥʝʪʠʢʦʚ. 

ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʚʳʟʳʚʘʶʪ ʩʦʝʜʠʥʝʥʠʷ, ʚ ʢʦʪʦʨʳʭ ʣʘʥʪʘʥʦʠʜʳ ʥʘʭʦʜʷʪʩʷ 

ʚ ʦʢʨʫʞʝʥʠʠ ʥʝʪʠʧʠʯʥʳʭ ʜʣʷ ʥʠʭ ʣʠʛʘʥʜʦʚ ð ʥʘʧʨʠʤʝʨ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʘʪʦʤʘʤʠ, 

ʷʚʣʷʶʱʠʤʠʩʷ ʤʷʛʢʠʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʃʴʶʠʩʘ (SRï, PR2
ï). ʅʝʦʙʳʯʥʦʝ ʩʦʯʝʪʘʥʠʝ ʣʘʥʪʘʥʦʠʜʘ ʠ 

ʪʷʞʸʣʦʛʦ ʭʘʣʴʢʦʛʝʥʘ ʚ ʦʜʥʦʤ ʢʦʤʧʣʝʢʩʝ ʚʳʛʣʷʜʠʪ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [3ï5]. ʉʚʷʟʳʚʘʥʠʝ ʞʸʩʪʢʦʡ ʢʠʩʣʦʪʳ (RE) ʠ ʤʷʛʢʦʛʦ 

ʩʣʘʙʦʛʦ ʦʩʥʦʚʘʥʠʷ ʃʴʶʠʩʘ (ʥʘʧʨʠʤʝʨ, ʬʦʩʬʠʥ) ʚ ʚʠʜʝ ʥʘʨʫʰʝʥʥʦʡ ʧʘʨʳ ʃʴʶʠʩʘ (ʦʪ Frustrated 

Lewis Pairs, FLP) ʧʨʝʜʩʪʘʚʣʷʝʪ ʚʳʩʦʢʠʡ ʠʥʪʝʨʝʩ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ [6ï9]. ɼʣʷ 

ʢʠʥʝʪʠʯʝʩʢʦʡ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʘʢʠʤ ʩʚʷʟʳʚʘʥʠʝʤ REïL ʠʩʧʦʣʴʟʫʶʪʩʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʦʙʲʸʤʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ.  

ʐʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦʣʫʯʠʣʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʣʠʛʘʥʜʳ, ʢʘʢ ʦʜʥʠ ʠʟ ʧʝʨʚʳʭ 

ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ çʥʝʧʨʠʯʘʩʪʥʳʭè (spectator) ʣʠʛʘʥʜʦʚ. ʃʠʛʘʥʜʳ ʪʘʢʦʛʦ ʪʠʧʘ 
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ʟʘʥʠʤʘʶʪ ʤʝʩʪʦ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠ ʤʦʛʫʪ ʥʝʩʪʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʦʜʥʘʢʦ ʩʘʤʠ ʥʝ 

ʧʨʦʷʚʣʷʶʪ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʩʫʙʩʪʨʘʪʘʤ, ʩ ʢʦʪʦʨʳʤʠ ʨʝʘʛʠʨʫʝʪ 

ʤʝʪʘʣʣʦʮʝʥʪʨ ʠʣʠ ʜʨʫʛʠʝ ʣʠʛʘʥʜʳ. ʇʦ ʤʝʨʝ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʦʮʝʥʦʚʦʡ ʭʠʤʠʠ, ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ 

ʪʘʢʞʝ ʠ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʟʦʪ-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʨʦʯʥʦ ʢʦʦʨʜʠʥʠʨʫʶʱʠʝʩʷ ʢ 

ʣʘʥʪʘʥʦʠʜʫ. ɿʘ ʩʯʸʪ ʙʦʛʘʪʩʪʚʘ ʚʘʨʠʘʮʠʡ ʠ ʣʸʛʢʦʩʪʠ ʤʦʜʠʬʠʢʘʮʠʠ, ʦʥʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʚʘʪʴ 

ʨʘʟʥʫʶ ʟʘʢʨʳʪʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ, ʦʙʣʘʜʘʪʴ ʨʝʜʦʢʩ-ʘʢʪʠʚʥʦʩʪʴʶ, ʥʝʩʪʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ, ʧʨʠʚʦʜʷʱʠʝ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ, ʠ ʭʨʦʤʦʬʦʨʥʳʝ 

ʬʨʘʛʤʝʥʪʳ, ʚʦʟʙʫʞʜʘʶʱʠʝ ʩʦʙʩʪʚʝʥʥʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ. ɺ ʥʘʩʪʦʷʱʝʝ 

ʚʨʝʤʷ ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʩʝʤʝʡʩʪʚ ʘʟʦʪ-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ, ʚʢʣʶʯʘʷ ʥʝʡʪʨʘʣʴʥʳʝ ʘʤʠʥʳ ʠʣʠ 

ʠʤʠʥʳ (NR3 ʠʣʠ RN=CRô), ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʝ ʘʤʠʜʳ (NR2
ï) ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʩʠʩʪʝʤʳ, ʚ 

ʢʦʪʦʨʳʭ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʩʦʝʜʠʥʝʥʳ ʧʨʝʜʝʣʴʥʳʤʠ ʠʣʠ ʥʝʧʨʝʜʝʣʴʥʳʤʠ ʫʛʣʝʨʦʜʥʳʤʠ 

ʤʦʩʪʠʢʘʤʠ. ɓ-ɼʠʢʝʪʠʤʠʥʘʪʳ ʦʙʨʘʟʫʶʪ ʦʜʥʦ ʠʟ ʪʘʢʠʭ ʩʝʤʝʡʩʪʚ. 

ʂ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘʤ ʦʪʥʦʩʷʪ ʧʨʦʠʟʚʦʜʥʳʝ ʘʮʝʪʠʣʘʮʝʪʦʥʘ ʩ ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ 

{ CH(CRNRô)2}
ï, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ R ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʢʠʣʴʥʳʝ (Me, tBu), ʩʠʣʠʣʴʥʳʝ (SiMe3), 

ʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʘ ʚ ʢʘʯʝʩʪʚʝ Rô ð ʩʠʣʠʣʴʥʳʝ, ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʨʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʘ 

ʪʘʢʞʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʘʤʠʜʥʦʡ ʠʣʠ ʘʤʠʥʦ-ʛʨʫʧʧʦʡ (CH2)nNRï ʠʣʠ (CH2)nNR2), 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʣʠʛʘʥʜʘ. ʈʘʥʝʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʳ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʭʠʤʠʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʦʜʥʘʢʦ ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ, 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʥʥʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘʤʠ, ʩ ʥʘʠʙʦʣʝʝ ʥʝʩʪʘʥʜʘʨʪʥʳʤʠ ʜʣʷ ʈɿʕ ʣʠʛʘʥʜʘʤʠ 

(ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ, ʠʤʠʜʥʳʤʠ, ʧʥʠʢʪʠʜʥʳʤʠ) ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʢʘʥʜʠʷ ʠ ʠʪʪʨʠʷ, ʥʝ 

ʠʤʝʶʱʠʭ f-ʦʙʦʣʦʯʢʠ [10ï14]. ɼʣʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

ʠʟʫʯʘʣʠʩʴ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ (ʪʘʢʠʝ ʢʘʢ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ) ʦʩʪʘʚʘʣʠʩʴ ʙʝʟ ʚʥʠʤʘʥʠʷ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ 

ʣʠʛʘʥʜʦʤ Nacnac ({ CH(CMeNDipp)2}
ï) ʢʘʢ ʫʜʦʙʥʳʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʭʘʣʴʢʦʛʝʥ-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ: ʪʠʦʣʘʪʘʤʠ ʠ ʭʘʣʴʢʦʛʝʥʠʜʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʨʘʥʝʝ ʫʧʦʤʠʥʘʣʦʩʴ, 

ʯʪʦ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ Nacnaco-Xyl ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʝʥʥʳ ʜʣʷ ʢʘʪʠʦʥʘ Tb3+ [15], 

ʣʶʙʦʧʳʪʥʳʤ ʧʨʝʜʩʪʘʚʣʷʣʦʩʴ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʙʨʘʥʥʦʛʦ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʨʫʛʠʭ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʩʦʯʝʪʘʥʠʝ ʘʥʪʝʥʥʳʭ ʩʚʦʡʩʪʚ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʠ ʪʠʦʣʘʪʦʚ 

ʚ ʦʜʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. ʇʦʢʘʟʘʥʥʘʷ ʥʘ ʜʨʫʛʠʭ ʧʨʠʤʝʨʘʭ ʫʩʪʦʡʯʠʚʦʩʪʴ ʚʳʙʨʘʥʥʦʛʦ ʜʠʢʝʪʠʤʠʥʘʪʘ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʧʦʟʚʦʣʷʝʪ ʜʦʩʢʦʥʘʣʴʥʦ ʠʟʫʯʠʪʴ ʧʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʡ Sm2+, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʭʦʜʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʦʜʭʦʜʷʱʝʛʦ ʭʘʣʴʢʦʛʝʥ-ʩʦʜʝʨʞʘʱʝʛʦ 

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ. ʇʦʣʫʯʝʥʠʝ ʧʦʜʦʙʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʠ ʠʟʫʯʝʥʠʝ ʠʭ ʩʚʦʡʩʪʚ 

ʦʩʪʘʸʪʩʷ ʥʝʪʨʠʚʠʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, ʘʢʪʫʘʣʴʥʦʡ ʠ ʧʦ ʩʝʡ ʜʝʥʴ. 
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ʇʦʤʠʤʦ ʧʨʦʯʝʛʦ, ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ 

ʫʜʘʣʝʥʠʠ ʠʟ ʥʠʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʊɻʌ). ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ, ʊɻʌ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʣʘʥʪʘʥʦʠʜʘ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʥʝʛʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʥʘ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ Ln3+ ʠʟ-ʟʘ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʵʥʝʨʛʠʠ ʧʨʠ ʢʦʣʝʙʘʥʠʠ CïH ʩʚʷʟʝʡ, 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʙʣʠʟʢʦ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ [16]. ʊʘʢʞʝ ʊɻʌ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʪʠʧʠʯʥʳʤʠ ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ ʣʠʛʘʥʜʘʤʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʩʦ ʩʚʷʟʴʶ LnïE (E = P, As [17ï19], Ga [20]) ʥʘʙʣʶʜʘʣʦʩʴ ʨʘʩʢʨʳʪʠʝ ʮʠʢʣʘ ʊɻʌ ʠ 

ʚʥʝʜʨʝʥʠʝ ʜʠʘʥʠʦʥʥʦʛʦ ʬʨʘʛʤʝʥʪʘ O(CH2)4
2ï ʧʦ ʩʚʷʟʠ LnïE. ʂ ʧʦʜʦʙʥʦʤʫ ʧʨʦʜʫʢʪʫ ʧʨʠʚʦʜʠʣʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʊɻʌ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʫʪʦʢʩʠʜʥʦʛʦ ʤʦʩʪʠʢʘ ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʥʠʟʢʠʤ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ Ln3+/Ln2+ 

(La, Pr) [21]. ʇʦ ʵʪʠʤ ʧʨʠʯʠʥʘʤ ʧʦʣʫʯʝʥʠʝ ʙʝʩʩʦʣʴʚʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʢʘʢ ʜʣʷ Ln(III), ʪʘʢ ʠ ʜʣʷ Ln(II), ʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʜʭʦʜʷʪ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ 

ɓ-ʜʠʢʝʪʠʤʠʥʘʪʳ ð ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʠʡ ʢʣʘʩʩ çʥʝʧʨʠʯʘʩʪʥʳʭè ʣʠʛʘʥʜʦʚ, ʠʟʚʝʩʪʥʳʡ ʚ 

ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʫʞʝ ʙʦʣʝʝ 20 ʣʝʪ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʪʨʫʢʪʫʨʥʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 

ʧʦʨʷʜʢʘ 400 ʤʦʣʝʢʫʣʷʨʥʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. ʈʘʙʦʪʳ 2020-2022 

ʛʦʜʦʚ, ʧʦʩʚʷʱʸʥʥʳʝ, ʩʨʝʜʠ ʧʨʦʯʝʛʦ, ʠʟʫʯʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ Sm(II) ʠ Yb(II), ʛʦʚʦʨʷʪ ʦ 

ʥʝʫʛʘʩʘʶʱʝʤ ʠʥʪʝʨʝʩʝ ʠ ʜʘʣʝʢʦʠʜʫʱʠʭ ʧʝʨʩʧʝʢʪʠʚʘʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʚ ʭʠʤʠʠ 

ʣʘʥʪʘʥʦʠʜʦʚ. ʇʦʪʝʥʮʠʘʣʴʥʳʝ ʧʨʠʤʝʥʝʥʠʷ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥʳ ʥʘ ʛʝʪʝʨʦʛʝʥʥʦʤ 

ʢʘʪʘʣʠʟʝ ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʳ, ʢʘʢ ʧʨʦʠʟʚʦʜʥʳʝ ɓ-ʜʠʢʝʪʦʥʘʪʦʚ [22, 23], ʤʦʛʫʪ 

ʦʙʣʘʜʘʪʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʩʝʥʩʠʙʠʣʠʟʘʮʠʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ. ʇʦʩʢʦʣʴʢʫ ʣʠʰʴ ʚ ʦʜʥʦʡ ʨʘʙʦʪʝ ʦʧʠʩʘʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Tb3+ [15], ʤʦʞʥʦ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʘʥʪʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʜʠʢʝʪʠʤʠʥʘʪʦʚ 

ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʚʘʣʠʩʴ ʟʘ ʨʘʤʢʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʘʟʦʪ-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʥʘʣʦʛʦʚ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʜʥʳʭ ʣʠʛʘʥʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ 

ʩʪʘʙʠʣʠʟʠʨʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ ʩ ʥʝʪʠʧʠʯʥʳʤʠ ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ ʣʠʛʘʥʜʘʤʠ ð ʧʥʠʢʪʦʛʝʥ-, 

ʭʘʣʴʢʦʛʝʥ-ʜʦʥʦʨʥʳʤʠ, ʘ ʪʘʢʞʝ ʛʠʜʨʠʜʥʳʤʠ ʠ ʜʠʘʟʦʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [24, 25]. ʆʜʥʘʢʦ ʜʣʷ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʚʝʩʪʥʳ. ʊʘʢ, ʧʦ ʜʘʥʥʳʤ ʂʝʤʙʨʠʜʞʩʢʦʛʦ 

ʙʘʥʢʘ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ (ʚʝʨʩʠʷ CCDC 2022.3.0), ʥʘ ʥʘʯʘʣʦ 2023 ʛʦʜʘ ʙʳʣʦ ʠʟʚʝʩʪʥʦ 128 

ʩʪʨʫʢʪʫʨ ʤʦʣʝʢʫʣʷʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ. ɺʩʝʛʦ 7 ʢʦʤʧʣʝʢʩʦʚ ʩʦʜʝʨʞʘʪ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪ,r ʠ 6 ʠʟ ʥʠʭ ð ʢʦʤʧʣʝʢʩʳ ʩʢʘʥʜʠʷ, ʢʦʪʦʨʳʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʜʨʫʛʠʭ ʈɿʕ 

ʧʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ ʢʘʪʠʦʥʘ Sc3+ [10, 14, 26]. ʄʦʣʝʢʫʣʷʨʥʳʭ 
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ʭʘʣʴʢʦʛʝʥʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ (ʩʦʜʝʨʞʘʱʠʭ ʘʥʠʦʥ QRï, Q = S, Se, Te) ʙʦʣʴʰʝ, ʜʣʷ ʈɿʕ ʠʟʚʝʩʪʥʦ 

370 ʩʪʨʫʢʪʫʨ, ʥʦ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʨʝʜʠ ʥʠʭ ʚʩʸ ʪʘʢ ʞʝ ʨʝʜʢʠ: 7 ʢʦʤʧʣʝʢʩʦʚ ʩʢʘʥʜʠʷ 

ʠ 6 ð ʜʨʫʛʠʭ ʈɿʕ [13, 27, 28]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʝʩʪʘʥʜʘʨʪʥʳʭ 

ʘʥʠʦʥʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʧʦʪʝʥʮʠʘʣ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʪʘʢʞʝ ʥʝ 

ʨʘʩʢʨʳʪ. 

ʎʝʣʴ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʠʦʜʠʜʥʳʝ ʠ ʭʘʣʴʢʦʛʝʥ-ʜʦʥʦʨʥʳʝ ʣʠʛʘʥʜʳ, ʠʟʫʯʝʥʠʝ ʠʭ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠʷ, ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ; ʦʧʨʝʜʝʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʩʦʜʝʨʞʘʥʠʝʤ ʊɻʌ ʚ 

ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ Sm(II), ʠʭ ʩʪʨʦʝʥʠʝʤ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. 

ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

¶ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ-ʪʠʦʣʘʪʥʳʭ 

(SPhï, SPyï) ʢʦʤʧʣʝʢʩʦʚ ʨʷʜʘ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʨʘʟʥʳʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ (Nd, Sm, Gd, Tb, Dy), ʘ 

ʪʘʢʞʝ ʙʝʩʩʦʣʴʚʘʪʥʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ-ʪʠʦʬʝʥʦʣʷʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʢʘʪʠʦʥʘʤʠ ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ 

(Nd ʠ Tb); 

¶ ʠʟʫʯʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʠ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪ-ʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ ʠ ʚ ʨʘʩʪʚʦʨʝ; 

¶ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʤʦʥʦ- ʠ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʧʦ ʨʝʘʢʮʠʷʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ; 

¶ ʠʟʫʯʝʥʠʝ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Sm(II ) ʠ ʩʝʣʝʢʪʠʚʥʦʝ 

ʚʳʜʝʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʨʘʟʥʦʡ ʥʫʢʣʝʘʨʥʦʩʪʠ; 

¶ ʩʨʘʚʥʝʥʠʝ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʯʘʩʪʠʯʥʦ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ ʠ 

ʜʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Sm(II) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʪʦʯʥʠʢʘʤ 

ʭʘʣʴʢʦʛʝʥʘ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʨʘʩʰʠʨʝʥʠʝ ʩʬʝʨʳ ʧʨʠʤʝʥʝʥʠʡ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʭʠʤʠʠ ʣʘʥʪʘʥʦʠʜʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʭʘʣʴʢʦʛʝʥ-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʢʦʤʧʣʝʢʩʦʚ Sm(II). ɼʣʷ ʧʦʣʫʯʝʥʥʳʭ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ 

ʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ-ʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʧʝʨʚʳʝ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʪʨʠʧʣʝʪʥʳʝ ʫʨʦʚʥʠ 

ʣʠʛʘʥʜʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʝ, ʯʪʦ ʢʘʢ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ, ʪʘʢ ʠ ʪʠʦʣʘʪʥʳʝ ʣʠʛʘʥʜʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ 

ʘʥʪʝʥʥʦʡ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Tb3+ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʠʟʫʯʘʝʤʳʭ ʩʦʝʜʠʥʝʥʠʷʭ ʪʝʨʙʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ 

ʛʝʦʤʝʪʨʠ ̫ʂʉ Tb3+, ʯʝʤ ʥʘʣʠʯʠʝ ʠʣʠ ʦʪʩʫʪʩʪʚʠʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʘ (ʊɻʌ).  

ɺʧʝʨʚʳʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʥʳʝ ʚ ʧʝʨʚʦʡ 

ʯʘʩʪʠ ʨʘʙʦʪʳ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ-ʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʝ ʧʦʜʭʦʜʷʪ ʜʣʷ ʩʠʥʪʝʟʘ 
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ʤʦʥʦ- ʠʣʠ ʜʠ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Nd, Sm. ɺ ʫʥʠʢʘʣʴʥʦʤ ʩʣʫʯʘʝ K2Se ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʥʝʦʞʠʜʘʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Sm3+ ʜʦ Sm2+, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʚʳʟʚʘʥʥʦʝ ʩʪʝʨʠʯʝʩʢʦʡ 

ʟʘʛʨʫʞʝʥʥʦʩʪʴʶ ʂʉ. 

ɹʳʣʘ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʨʦʝʥʠʷ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Sm(II ) ʦʪ 

ʢʦʣʠʯʝʩʪʚʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʊɻʌ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʭ ʩʪʨʦʝʥʠʝ ʚʣʠʷʝʪ ʥʘ ʠʭ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʦʜʫ ʠ ʠʩʪʦʯʥʠʢʘʤ ʭʘʣʴʢʦʛʝʥʘ (SePPh3, TePBu3), 

ʩʪʨʦʝʥʠʝ ʠ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ. ʀʟʚʝʩʪʥʳʝ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʧʨʠʤʝʨʳ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ ʩ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʤ ʣʠʛʘʥʜʦʤ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ 

ʰʝʩʪʴʶ ʢʦʤʧʣʝʢʩʘʤʠ ʩʢʘʥʜʠʷ ʠ ʦʜʥʠʤ ʢʦʤʧʣʝʢʩʦʤ ʠʪʪʨʠʷ (ʧʦ ʜʘʥʥʳʤ CCDC 2022.3.0) ʩ ʤʦʥʦ-

ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩʘʤʘʨʠʷ ʩ ʜʠʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ Õ3-Se2ï, Õ3-Te2ï, ɛ-Te2
2ï. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʜʦʙʨʘʥʳ ʫʜʦʙʥʳʝ ʫʩʣʦʚʠʷ ʜʣʷ ʩʠʥʪʝʟʘ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ 

ʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ-ʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʫʩʪʘʥʦʚʣʝʥʦ ʩʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʠ 

ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ɹʳʣʘ ʠʟʫʯʝʥʘ ʥʘʧʨʘʚʣʝʥʥʘʷ ʦʣʠʛʦʤʝʨʠʟʘʮʠʷ 

ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Sm(II), ʧʦʟʚʦʣʷʶʱʘʷ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ ʨʘʟʥʦʡ 

ʷʜʝʨʥʦʩʪʠ. ʆʥʠ ʦʙʣʘʜʘʶʪ ʧʦʪʝʥʮʠʘʣʦʤ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ ʯʘʩʪʠʯʥʦ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ ʠ 

ʧʦʣʥʦʩʪʴʶ ʜʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ. 

ʉʫʤʤʘʨʥʦ ʙʳʣʦ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ 29 ʥʦʚʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ 

ʩ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʠ ʭʘʣʴʢʦʛʝʥ-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ. ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚʢʣʶʯʝʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʫʶ ʙʘʟʫ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ. 

ʇʦʣʫʯʝʥʘ ʬʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʧʦʣʦʞʝʥʠʠ ʪʨʠʧʣʝʪʥʳʭ ʫʨʦʚʥʝʡ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ, 

ʪʠʦʬʝʥʦʣʷʪʥʦʛʦ ʠ 2-ʧʠʨʠʜʠʣʪʠʦʣʘʪʥʦʛʦ ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʘʷ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʜʣʷ ʧʦʜʙʦʨʘ ʧʦʜʭʦʜʷʱʝʛʦ ʣʠʛʘʥʜʘ-ʘʥʪʝʥʥʳ ʠʣʠ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʥʦʚʳʭ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʝʪ ʨʘʟʨʘʙʦʪʢʫ ʠ ʦʧʪʠʤʠʟʘʮʠʶ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʦʚʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʟʘʜʘʥʥʦʛʦ ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʥʫʶ ʭʘʨʘʢʪʝʨʠʟʘʮʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ, 

ʦʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʘ ʥʘʙʦʨʦʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʠ ʜʘʣʴʥʝʡʰʝʝ 

ʠʟʫʯʝʥʠʝ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʣʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʈɿʕ, 

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

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʘʨʛʦʥʦʚʦʤ ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʨʛʦʥ-ʚʘʢʫʫʤʥʦʡ ʣʠʥʠʠ ʚ 

ʩʦʩʫʜʘʭ ʐʣʝʥʢʘ ʠʣʠ ʜʚʫʭʩʝʢʮʠʦʥʥʳʭ ʟʘʧʘʷʥʥʳʭ ʘʤʧʫʣʘʭ. ʉʪʨʦʝʥʠʝ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʫʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʤʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ), ʩʦʩʪʘʚ ʪʚʸʨʜʦʡ ʬʘʟʳ 

ʧʦʜʪʚʝʨʞʜʘʣʩʷ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ (ʕɼʉ, ʗʄʈ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ), ʧʦʨʦʰʢʦʚʦʡ 
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ʜʠʬʨʘʢʮʠʝʡ (ʈʌɸ) ʠ ʵʣʝʤʝʥʪʥʳʤ ʘʥʘʣʠʟʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʤʝʥʠʤʦʩʪʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʳʙʨʘʥʥʳʭ ʤʝʪʦʜʦʚ ʚ ʢʘʞʜʦʤ ʦʪʜʝʣʴʥʦʤ ʩʣʫʯʘʝ. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠʩʴ ʤʝʪʦʜʘʤʠ 

UV-Vis ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ.  

ʅʘ ʟʘʱʠʪʫ ʚʳʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʧʦʣʦʞʝʥʠʷ: 

¶ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ-

ʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʜʘʥʥʳʝ ʦʙ ʠʭ ʬʦʪʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ; 

¶ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʠʢʠ ʧʦʣʫʯʝʥʠʷ ʙʝʩʩʦʣʴʚʘʪʥʳʭ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʠ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪ-ʪʠʦʬʝʥʦʣʷʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ; 

¶ ʜʘʥʥʳʝ ʦ ʚʣʠʷʥʠʠ ʩʦʩʪʘʚʘ ʠ ʩʪʨʦʝʥʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ-ʪʠʦʬʝʥʦʣʷʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

ʪʝʨʙʠʷ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ; 

¶ ʜʘʥʥʳʝ ʦ ʚʟʘʠʤʦʩʚʷʟʠ ʩʦʩʪʘʚʘ, ʩʪʨʦʝʥʠ ̫ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʠ ʙʝʩʩʦʣʴʚʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Sm(II ); 

¶ ʩʪʨʫʢʪʫʨʥʳʝ, ʪʝʨʤʠʯʝʩʢʠʝ ʠ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʣʫʯʝʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

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, ʘ ʠʤʝʥʥʦ ʧʫʙʣʠʢʘʮʠʝʡ ʚ ʚʳʩʦʢʦʫʨʦʚʥʝʚʳʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 

ʚʳʩʦʢʦʡ ʦʮʝʥʢʦʡ ʥʘ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʚʩʝʨʦʩʩʠʡʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ (ʥʘʛʨʘʜʳ ʟʘ ʣʫʯʰʠʡ ʜʦʢʣʘʜ 

ʨʘʟʥʦʡ ʩʪʝʧʝʥʠ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ The School-Conference for Young Scientists ñNovel Trends in 

Inorganic Chemistryò (ɸʩʪʨʘʭʘʥʴ, 2018), ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳ (ʅʦʚʦʩʠʙʠʨʩʢ, 2019) ʠ çʂʣʘʩʪʝʨ-2022è (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2022). ʈʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʩʪʠʧʝʥʜʠʝʡ ʠʤ. ɸ.ɺ. ʅʠʢʦʣʘʝʚʘ ʟʘ ʫʩʧʝʭʠ ʚ ʥʘʫʯʥʦʡ ʨʘʙʦʪʝ (2022-

2023). 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪ r

ʄʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʜʝʚʷʪʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʨʦʩʩʠʡʩʢʠʭ 

ʢʦʥʬʝʨʝʥʮʠʷʭ. The School-Conference for Young Scientists ñNovel Trends in Inorganic Chemistryò 

(ɸʩʪʨʘʭʘʥʴ, 2018); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çV ʈʦʩʩʠʡʩʢʠʡ ʜʝʥʴ ʨʝʜʢʠʭ ʟʝʤʝʣʴè (ʅʠʞʥʠʡ 

ʅʦʚʛʦʨʦʜ, 2019); 5th Euchems Inorganic Chemisty Conference EICC-5 (ʄʦʩʢʚʘ, 2019); 

Organometallic Chemistry Around the World, 7th Razuvaev Lectures (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2019); V 

ʐʢʦʣʘ-ʢʦʥʬʝʨʝʥʮʠʷ ʤʦʣʦʜʳʭ ʫʯʸʥʳʭ çʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʘʪʝʨʠʘʣʳè (ʅʦʚʦʩʠʙʠʨʩʢ, 2019); ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çVI ʈʦʩʩʠʡʩʢʠʡ ʜʝʥʴ ʨʝʜʢʠʭ 

ʟʝʤʝʣʴè (ʅʦʚʦʩʠʙʠʨʩʢ, 2020); XXVIII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʏʫʛʘʝʚʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 
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ʂʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʭʠʤʠʠ (ʊʫʘʧʩʝ, ʆʣʴʛʠʥʢʘ, ʂʨʘʩʥʦʜʘʨʩʢʠʡ ʢʨʘʡ, 2021); VII ʈʦʩʩʠʡʩʢʠʡ ʜʝʥʴ 

ʨʝʜʢʠʭ ʟʝʤʝʣʴ (ʂʘʟʘʥʴ, 2022); IX ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʭʠʤʠʠ ʧʦʣʠʷʜʝʨʥʳʭ 

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

ʉʦʦʪʚʝʪʩʪʚʠʝ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʝʜʫʶʱʠʤ ʧʫʥʢʪʘʤ ʧʘʩʧʦʨʪʘ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 

1.4.1. ʅʝʦʨʛʘʥʠʯʝʩʢʘʷ ʭʠʤʠʷ: 1. ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ. 2. ɼʠʟʘʡʥ ʠ ʩʠʥʪʝʟ ʥʦʚʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʦʩʦʙʦ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 5. ɺʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʩʦʩʪʘʚʦʤ, 

ʩʪʨʦʝʥʠʝʤ ʠ ʩʚʦʡʩʪʚʘʤʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʅʝʦʨʛʘʥʠʯʝʩʢʠʝ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. 7. ʇʨʦʮʝʩʩʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʈʝʘʢʮʠʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʇʫʙʣʠʢʘʮʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʦʧʫʙʣʠʢʦʚʘʥʦ 4 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ Web of Science ʠ Scopus, ʠʟ ʥʠʭ 3 ʩʪʘʪʴʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʞʫʨʥʘʣʘʭ ʠ 1 ʩʪʘʪʴʷ 

ʚ ʨʦʩʩʠʡʩʢʦʤ ʞʫʨʥʘʣʝ, ʘ ʪʘʢʞʝ 9 ʪʝʟʠʩʦʚ ʢʦʥʬʝʨʝʥʮʠʡ. ʆʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʨʘʙʦʪʳ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʌʦʥʜʘ ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʀʩʩʣʝʜʦʚʘʥʠʡ 

(ʈʌʌʀ 18-03-01192) ʠ ʈʦʩʩʠʡʩʢʦʛʦ ʅʘʫʯʥʦʛʦ ʌʦʥʜʘ (ʈʅʌ 16-13-10294 ʠ ʈʅʌ 22-23-00983). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɸʚʪʦʨʦʤ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ, ʧʦʣʫʯʝʥʠʝ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʩʦʝʜʠʥʝʥʠʡ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʤʝʪʦʜʦʤ ʈʉɸ, ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

ʩʦʩʪʘʚʘ ʤʝʪʦʜʘʤʠ ʗʄʈ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʧʦʜʛʦʪʦʚʢʘ ʦʙʨʘʟʮʦʚ ʜʣʷ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʊɻɸ), ʨʝʛʠʩʪʨʘʮʠʷ ʩʧʝʢʪʨʦʚ 

ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʨʘʩʪʚʦʨʝ, ʘ ʪʘʢʞʝ ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʆʙʨʘʟʮʳ ʜʣʷ 

ʚʩʝʭ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʘʚʪʦʨʦʤ, ʀʂ-ʩʧʝʢʪʨʳ, ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʨʘʩʪʚʦʨʝ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʘʚʪʦʨʦʤ. ʇʨʦʚʝʜʝʥʠʝ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠ ʨʘʩʰʠʬʨʦʚʢʘ ʩʪʨʫʢʪʫʨ ʚʳʧʦʣʥʝʥʘ ʉʫʭʠʭ ʊ.ʉ. (ʀʅʍ ʉʆ ʈɸʅ). ʈʝʛʠʩʪʨʘʮʠʷ 

ʩʧʝʢʪʨʦʚ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʘʩʴ ʈʷʜʫʥʦʤ ɸ.ɸ. (ʀʅʍ ʉʆ ʈɸʅ). 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʇʣʶʩʥʠʥʳʤ ʇ. ɽ. (ʀʅʍ ʉʆ ʈɸʅ). ɸʥʘʣʠʟ, 

ʦʙʩʫʞʜʝʥʠʝ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʜʛʦʪʦʚʢʘ ʪʝʢʩʪʦʚ ʧʫʙʣʠʢʘʮʠʡ ʧʨʦʚʦʜʠʣʠʩʴ 

ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʸʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 148 ʩʪʨʘʥʠʮʘʭ ʠ ʩʦʜʝʨʞʠʪ 33 ʩʭʝʤ,r 6 ʪʘʙʣʠʮ, 17 ʨʠʩʫʥʢʦʚ ʠ 19 

ʧʨʠʣʦʞʝʥʠʡ. ʈʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ, 

ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʷ, ʚʳʚʦʜʦʚ, ʧʨʠʣʦʞʝʥʠʷ ʠ ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ (178 ʥʘʠʤʝʥʦʚʘʥʠʡ). 
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ɻʣʘʚʘ 1. ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

ɺ ʵʪʦʡ ʛʣʘʚʝ ʙʫʜʫʪ ʦʙʩʫʞʜʝʥʳ ʠʟʚʝʩʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Ln(II) ʠ Ln(III), ʩʦʜʝʨʞʘʱʠʝ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ ʣʠʛʘʥʜ. ʇʦʩʢʦʣʴʢʫ ʚʦʟʤʦʞʥʦʩʪʴ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʘ ʦʛʨʘʥʠʯʝʥʘ 

ʪʦʣʴʢʦ ʝʸ ʮʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴʶ ʠ ʬʘʥʪʘʟʠʝʡ ʩʠʥʪʝʪʠʢʦʚ, ʨʷʜ ʦʙʩʫʞʜʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʫʜʝʪ ʩʫʞʝʥ 

ʜʦ ʩʦʝʜʠʥʝʥʠʡ ʩ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘʤʠ RNacnacRô ʩ ʘʣʢʠʣʴʥʳʤʠ/ʘʨʠʣʴʥʳʤʠ ʠʣʠ ʩʠʣʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ (R) ʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ (Rô). ʅʝ ʙʫʜʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʳ, ʚʢʣʶʯʸʥʥʳʝ ʚ ʨʘʟʚʝʪʚʣʸʥʥʳʝ ʩʦʧʨʷʞʸʥʥʳʝ ʩʠʩʪʝʤʳ ʤʘʢʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ, ʠ ʣʠʛʘʥʜʳ ʩ ʦʙʲʝʜʠʥʸʥʥʳʤʠ ʚ ʮʠʢʣ R ʠ Rô ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ʊʘʢʞʝ ʢʦʤʧʣʝʢʩʳ ʩʢʘʥʜʠʷ 

ʦʩʪʘʥʫʪʩʷ ʚʥʝ ʦʙʩʫʞʜʝʥʠʷ ʚʚʠʜʫ ʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʚ ʩʪʨʦʝʥʠʠ ʠ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʝʞʜʫ ʥʠʤʠ ʠ ʢʦʤʧʣʝʢʩʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ, ʚʢʣʶʯʘʷ ʠʪʪʨʠʡ, ʠʟ-ʟʘ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝʛʦ ʨʘʟʤʝʨʘ 

ʢʘʪʠʦʥʘ Sc3+ ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʫʯʘʩʪʠʷ ʝʛʦ d-ʦʨʙʠʪʘʣʝʡ ʚ ʩʚʷʟʳʚʘʥʠʠ. 

1.1. ʆʙʱʠʝ ʪʝʥʜʝʥʮʠʠ ʚ ʩʠʥʪʝʟʝ ʠ ʩʪʨʦʝʥʠʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ɓ-ʜʠʢʝʪʠʤʠʥʦʚ 

1.1.1. ʉʠʥʪʝʟ ʠʩʭʦʜʥʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʦʚ 

ʉʠʤʤʝʪʨʠʯʥʳʝ ʠ ʘʩʩʠʤʝʪʨʠʯʥʳʝ ɓ-ʜʠʢʝʪʠʤʠʥʳ ʩ ʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʦʥʜʝʥʩʘʮʠʠ ʧʝʥʪʘʥʜʠʦʥʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʘʥʠʣʠʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʪʳ 

(HCl, p-TsOH) [29]. ʇʨʠ ʩʠʥʪʝʟʝ ʘʩʩʠʤʝʪʨʠʯʥʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʦʚ ʠʩʧʦʣʴʟʫʝʪʩʷ ʠʟʙʳʪʦʢ 

ʧʝʥʪʘʥʜʠʦʥʘ (ʩʭʝʤʘ 1.1). ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʤʝʪʦʜʘ ʢʦʥʜʝʥʩʘʮʠʠ, ʙʦʣʴʰʦʡ ʠʟʙʳʪʦʢ 

ʧʝʥʪʘʥʜʠʦʥʘ ʠ ʘʥʠʣʠʥ ʤʦʛʫʪ ʥʘʛʨʝʚʘʪʴʩʷ ʙʝʟ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʣʠ ʢʠʩʣʦʪʳ ʜʦ 130-140 Áʉ [30ï32], 

ʜʘʚʘʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ɓ-ʝʥʘʤʠʥʦʢʝʪʦʥ ʩ ʚʳʩʦʢʠʤ ʚʳʭʦʜʦʤ. ɼʣʷ ʘʢʪʠʚʘʮʠʠ ʢʝʪʦ-ʛʨʫʧʧʳ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʘʣʢʠʣʴʥʳʭ (ʘʨʠʣʴʥʳʭ) ʣʠʥʢʝʨʦʚ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʩʦʣʴ ʄʝʝʨʚʝʡʥʘ [33, 34] ʠʣʠ 

P2O5 [31]. ʇʦʨʷʜʦʢ ʚʚʝʜʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚʘʞʝʥ ʧʨʠ ʧʦʣʫʯʝʥʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʚ 

ʦʜʥʦʤ ʠʟ ʟʘʤʝʩʪʠʪʝʣʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʫʶ OH-ʛʨʫʧʧʫ [35]. 

 

ʉʭʝʤʘ 1.1. ʉʠʥʪʝʟ ɓ-ʜʠʢʝʪʠʤʠʥʦʚ ʧʦ ʨʝʘʢʮʠʷʤ ʢʦʥʜʝʥʩʘʮʠʠ. 
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ʇʨʠ ʧʦʣʫʯʝʥʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʦʚ ʩ ʦʙʲʸʤʥʳʤʠ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʚ Ŭ-

ʧʦʣʦʞʝʥʠʠ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʢʦʥʜʝʥʩʘʮʠʷ ʜʠʧʠʚʘʣʦʠʣʤʝʪʘʥʘ ʩ ʘʥʠʣʠʥʘʤʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦ 

ʩʪʝʨʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ, ʠ ʣʠʰʴ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʝʥʘʤʠʥʦʢʝʪʦʥ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥ. ɼʣʷ 

ʧʦʣʫʯʝʥʠʷ ʪʨʝʙʫʝʤʳʭ ɓ-ʜʠʢʝʪʦʠʤʠʥʦʚ H(RNacnacRô) ʩ ʦʙʲʸʤʥʳʤʠ R ʠ Rô ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʤʥʦʛʦʩʪʘʜʠʡʥʳʡ ʩʠʥʪʝʟ (ʩʭʝʤʘ 1.2) [29]. ʄʝʪʦʜ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʦʙʲʸʤʥʳʝ ɓ-ʜʠʢʝʪʠʤʠʥʳ ʩ ʩʫʤʤʘʨʥʳʤ ʚʳʭʦʜʦʤ ʧʦʨʷʜʢʘ 60-70 %, ʘ ʪʘʢʞʝ 

ʘʩʠʤʤʝʪʨʠʯʥʳʝ ɓ-ʜʠʢʝʪʠʤʠʥʳ. 

 

ʉʭʝʤʘ 1.2. ʉʠʥʪʝʟ H(RNacnacRô) ʩ ʦʙʲʸʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ R ʠ Rô (R = tBu, Rô = Dipp). I : NEt3, 

CH2Cl2. II : PCl5, ʙʝʥʟʦʣ; ʧʝʨʝʛʦʥʢʘ. III : MeLi (ʠʟʙ), Et2O; ʛʠʜʨʦʣʠʟ. IV : TMEDA, BuLi, ï78 ÁC; a, 

ʛʠʜʨʦʣʠʟ. 

 

ɼʣʷ ʩʠʥʪʝʟʘ ʩʠʣʠʣʠʨʦʚʘʥʥʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʘʢʮʠʠ ʘʣʢʠʣʴʥʳʭ ʩʦʣʝʡ 

AM(CHTms2) (ʠʣʠ ʜʨʫʛʠʭ AM(CR3)) ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (Li , Na, K) ʩ ʥʠʪʨʠʣʘʤʠ, ʥʝ 

ʩʦʜʝʨʞʘʱʠʤʠ Ŭ-ʧʨʦʪʦʥʦʚ. ʈʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʷʟʠ CïC ʤʝʞʜʫ ʥʠʪʨʠʣʴʥʳʤ 

ʬʨʘʛʤʝʥʪʦʤ ʠ ʤʝʪʠʣʴʥʳʤ ʫʛʣʝʨʦʜʦʤ ʠ ʤʠʛʨʘʮʠʶ Tms ʦʪ ʧʦʩʣʝʜʥʝʛʦ ʢ ʘʪʦʤʘʤ ʘʟʦʪʘ (ʩʭʝʤʘ 1.3). 

ɺ ʙʦʣʝʝ ʨʘʥʥʝʡ ʨʘʙʦʪʝ [36] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʨʝʘʢʮʠʷ AM(CHTms2) ʩ ʙʝʥʟʦʥʠʪʨʠʣʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ɓ-ʜʠʢʝʪʠʤʠʥʘʪʫ ɸʄ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʆʜʥʘʢʦ ʧʦʟʞʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʘʢʮʠʷ 

Li (CHTms2) ʩ tBuCN [37], ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʦʜʥʘʢʦ ʧʨʠʚʦʜʠʪ ʢ ʫʞʝ ʢ 

ʧʨʦʜʫʢʪʫ ʚʥʝʜʨʝʥʠʷ ʥʠʪʨʠʣʘ ʧʦ CïLi  ʩʚʷʟʠ ʠ ʤʠʛʨʘʮʠʠ ʛʨʫʧʧʳ Tms ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ArylCN ʚʦʟʤʦʞʥʦ ʩʝʣʝʢʪʠʚʥʦʝ ʚʳʜʝʣʝʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʪʨʝʪ-ʙʫʪʠʣ-

ʘʨʠʣʟʘʤʝʱʸʥʥʦʛʦ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ. ɓ-ɼʠʢʝʪʠʤʠʥʘʪʳ ʢʘʣʠʷ ʠ ʣʠʪʠʷ ʧʨʦʷʚʣʷʶʪ C-

ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ ʚ ɔ-ʧʦʣʦʞʝʥʠʠ, ʜʦʧʫʩʢʘʶʱʫʶ ʜʘʣʴʥʝʡʰʫʶ ʤʦʜʠʬʠʢʘʮʠʶ ɓ-ʜʠʢʝʪʠʤʠʥʘ 

(ʥʘʧʨʠʤʝʨ, ʧʦʣʫʯʝʥʠʝ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʧʨʦʠʟʚʦʜʥʦʛʦ (HRNacnacRô)2CH2 [36] ʠʣʠ 

ʪʨʠʢʝʪʠʤʠʥʘʪʘ H{ C(Me)N(o-Xyl )} 3 [38]). 
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ʉʭʝʤʘ 1.3. ʉʠʥʪʝʟ H(RNacnacTms). 

 

ɹʦʣʝʝ ʵʢʟʦʪʠʯʝʩʢʠʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ɓ-ʜʠʢʝʪʠʤʠʥʦʚ ʦʙʩʫʞʜʘʶʪʩʷ ʚ ʦʙʟʦʨʝ [39]. 

1.1.2. ʄʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ 

ɺʩʝ ʩʦʝʜʠʥʝʥʠʷ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʯʫʚʩʪʚʠʪʝʣʴʥʳ ʢ ʚʣʘʛʝ ʠ 

ʢʠʩʣʦʨʦʜʫ ʚʦʟʜʫʭʘ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʦʩʥʦʚʥʦʩʪʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʚ. ɺʩʝ ʤʘʥʠʧʫʣʷʮʠʠ ʧʦ ʚʳʜʝʣʝʥʠʶ 

ʤʝʪʘʣʣ-ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʧʠʩʘʥʥʳʝ ʜʘʣʝʝ, ʚʳʧʦʣʥʷʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʭʥʠʢʠ 

ʐʣʝʥʢʘ ʠ ʧʝʨʯʘʪʦʯʥʳʭ ʙʦʢʩʦʚ ʚ ʚʘʢʫʫʤʝ ʠʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʦʯʠʱʝʥʥʦʛʦ ʠʥʝʨʪʥʦʛʦ ʛʘʟʘ (ʘʟʦʪ, 

ʘʨʛʦʥ). ʉʪʘʥʜʘʨʪʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ ʜʣʷ ʵʪʦʡ ʦʙʣʘʩʪʠ ʭʠʤʠʠ ð ʘʧʨʦʪʦʥʥʳʝ ʧʦʣʷʨʥʳʝ (ʊɻʌ, 

ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ, ʜʠʤʝʪʦʢʩʠʵʪʘʥ, ʨʝʞʝ ð ɼʄʌ, ʊʄɽɼɸ) ʠ ʘʧʦʣʷʨʥʳʝ (ʪʦʣʫʦʣ, ʛʝʢʩʘʥ, ʧʝʥʪʘʥ). 

ʂ ʜʚʫʤ ʦʩʥʦʚʥʳʤ ʧʦʜʭʦʜʘʤ ʢ ʩʠʥʪʝʟʫ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ 

ʦʪʥʦʩʷʪʩʷ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʩʦʣʴʶ ʣʘʥʪʘʥʦʠʜʘ (LnHal3, ʛʜʝ Hal = 

Cl, Br, I) ʠ ʩʦʣʴʶ ɓ-ʜʠʢʝʪʠʤʠʥʘ (AM(RNacnacRô), AM = Li , Na, K) ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɓ-ʜʠʢʝʪʠʤʠʥʘ ʠ ʢʦʤʧʣʝʢʩʘ ʣʘʥʪʘʥʦʠʜʘ (ʥʘʧʨʠʤʝʨ, ʚʠʜʘ LnL3) ʩ ʙʦʣʝʝ ʦʩʥʦʚʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ (L = OtBuï, N(SiMe3)2
ï, Alkylï, BH4

ï). ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʢʦʤʧʣʝʢʩʳ ʩ 

ʨʘʟʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʝʡ [Ln(RNacnacRô)nLm(solv)x] (n = 1, 2; L = ʜʨʫʛʦʡ ʘʥʠʦʥʥʳʡ ʣʠʛʘʥʜ, m = 2, 1; 

solv = ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʜʠʢʝʪʠʤʠʥʘʪʝ ʠ ʪʠʧʘ 

ʜʨʫʛʠʭ ʣʠʛʘʥʜʦʚ. ɿʘʯʘʩʪʫʶ ʠʩʧʦʣʴʟʦʚʘʥʠʝ LnL3 ʧʦʟʚʦʣʷʝʪ ʧʦʜʦʙʨʘʪʴ ʤʝʥʝʝ ʧʦʣʷʨʥʳʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʙʣʘʛʦʜʘʨʷ ʠʭ ʙʦʣʴʰʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ, 

ʘ ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʣʫʯʘʪʴ ʙʝʩʩʦʣʴʚʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ɺ ʩʣʫʯʘʝ ʩʪʝʨʠʯʝʩʢʠ ʤʝʥʝʝ ʦʙʲʸʤʥʳʭ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʦʙʘ ʧʦʜʭʦʜʘ ʧʦʟʚʦʣʷʶʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʝ ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Ln(III ) (ʩʤ. ʯʘʩʪʴ 1.2.1) ʠʣʠ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Ln(II ). 

ɺ ʩʣʫʯʘʝ ʫʧʦʤʷʥʫʪʳʭ ʜʚʫʭ ʧʦʜʭʦʜʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʦʪʦʚʳʝ ɓ-ʜʠʢʝʪʠʤʠʥʳ (ʠʣʠ ʠʭ ʩʦʣʠ, 

ʚʳʜʝʣʝʥʥʳʝ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʠʣʠ ʧʦʣʫʯʝʥʥʳʝ in situ). ɺ ʦʪʣʠʯʠʠ ʦʪ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ 

ʘʤʠʜʠʥʘʪʥʳʭ ʠ ʛʫʘʥʠʜʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ (ʩʭʝʤʘ 1.4ʘ) [40ï44], ʚ ʩʠʥʪʝʟʝ ɓ-
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ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʥʝʧʨʝʜʝʣʴʥʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ ʧʦ ʩʚʷʟʠ LnïC, LnïN ʠʣʠ LnïH. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʨʘʥʝʝ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʘʣʢʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Yb(II ) [Yb(CHTms2)2(Et2O)] ʩ ʙʝʥʟʦʥʠʪʨʠʣʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Yb(PhNacnacTms)2] (ʩʭʝʤʘ 1.4ʙ) [45, 46] ʧʦ 

ʘʥʘʣʦʛʠʠ ʩ ʦʧʠʩʘʥʥʳʤʠ ʨʘʥʝʝ ʨʝʘʢʮʠʷʤʠ AM(CH2Tms). ɸʚʪʦʨʳ ʫʧʦʤʠʥʘʶʪ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʜʚʫʭ ʨʘʟʣʠʯʥʳʭ ʥʠʪʨʠʣʦʚ ʚ ʦʜʥʦʤ ʩʠʥʪʝʟʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʩʤʝʩʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʩʠʤʤʝʪʨʠʯʥʳʤ 

ʠ ʘʩʩʠʤʝʪʨʠʯʥʳʤ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʤ ʠ ʥʝ ʧʨʦʪʝʢʘʶʪ ʩʝʣʝʢʪʠʚʥʦ. ʇʦʧʳʪʢʠ ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʤ 

ʩʧʦʩʦʙʦʤ ʢʦʤʧʣʝʢʩʳ Ln(III) ʥʝ ʫʚʝʥʯʘʣʠʩʴ ʫʩʧʝʭʦʤ ʠ ʧʨʠʚʝʣʠ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʥʠʪʨʠʣʦʚ 

ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʢ ʣʘʥʪʘʥʦʠʜʫ ʙʝʟ ʚʥʝʜʨʝʥʠʷ ʧʦ ʩʚʷʟʠ LnïC (ʩʭʝʤʘ 1.4ʚ) [47]. ɺ 

ʜʘʣʴʥʝʡʰʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʥʝ ʫʧʦʤʠʥʘʶʪʩʷ ʧʦʚʪʦʨʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʩʠʥʪʝʟʫ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʟ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʥʠʪʨʠʣʦʚ. 

 

ʉʭʝʤʘ 1.4. ʇʦʣʫʯʝʥʠʝ ʘ) ʘʤʠʜʠʥʘʪʥʳʭ ʠ ʛʫʘʥʠʜʠʥʘʪʥʳʭ, ʙ) ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʦʚ ʧʦ 

ʨʝʘʢʮʠʷʤ ʚʥʝʜʨʝʥʠʷ ʢʘʨʙʦʜʠʠʤʠʜʦʚ ʠʣʠ ʥʠʪʨʠʣʦʚ ʧʦ ʩʚʷʟʠ LnïR. ʚ) ʈʝʘʢʮʠʷ ʘʣʢʠʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ Ln(III) ʩ ʥʠʪʨʠʣʘʤʠ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʦʩʪʘʶʪʩʷ 

ʘʢʪʫʘʣʴʥʳʤʠ ʠ ʵʬʬʝʢʪʠʚʥʳʤʠ ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. 

ɺʩʝ ʦʩʪʘʣʴʥʳʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ 

ʧʨʠʤʝʨʘ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʝʨʚʳʤ ʠʣʠ ʚʪʦʨʳʤ ʩʧʦʩʦʙʦʤ. 
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1.1.3. ʆʩʥʦʚʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ 

ʅʝʩʤʦʪʨʷ ʥʘ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʢʦʦʨʜʠʥʘʮʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʱʝʣʦʯʥʳʭ, ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ [39], ʢʦʪʦʨʳʝ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʣʠʛʘʥʜʘ, ʪʘʢ ʠ ʦʪ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ, ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ 

ʚʩʝʛʦ ʪʨʠ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ (ʩʭʝʤʘ 1.5): ʧʣʦʩʢʘʷ ʠʣʠ ʙʣʠʟʢʘʷ ʢ ʧʣʦʩʢʦʡ ə2-, ʙʣʠʟʢʘʷ ʢ ʰʘʧʦʯʥʦʡ 

ɖ5-ʢʦʦʨʜʠʥʘʮʠʷ ʠ ʩʤʝʰʘʥʥʘʷ, ʧʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝ ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʜʚʫʤ ʜʨʫʛʠʤ. ʇʨʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ʜʠʢʝʪʠʤʠʥʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʜʝʣʦʢʘʣʠʟʫʝʪʩʷ ʧʦ ʚʩʝʡ ʩʦʧʨʷʞʸʥʥʦʡ 

ʩʠʩʪʝʤʝ. ɾʸʩʪʢʘʷ ʘʨʦʤʘʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʤʘʣʦ ʧʦʜʚʝʨʞʝʥʘ ʜʝʬʦʨʤʘʮʠʷʤ, ʠ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʦʙʦʠʤʠ ʘʪʦʤʘʤʠ 

ʘʟʦʪʘ ʣʠʛʘʥʜʘ. ʅʝʢʦʪʦʨʦʝ ʥʘʨʫʰʝʥʠʝ ʧʣʦʩʢʦʩʪʠ ʬʨʘʛʤʝʥʪʘ (N C1 C2 C3 Nô) ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ 

ʦʪʢʣʦʥʝʥʠʝʤ ʘʪʦʤʘ C2 ʦʪ ʧʣʦʩʢʦʩʪʠ ʦʩʪʘʣʴʥʳʭ ʘʪʦʤʦʚ, ʧʦʵʪʦʤʫ ʦʧʪʠʤʘʣʴʥʦ ʚʳʙʠʨʘʪʴ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʧʘʨʘʤʝʪʨʳ ʜʣʷ ʦʧʠʩʘʥʠʷ ʤʝʪʘʣʣʦʮʠʢʣʘ, ʦʧʠʨʘʷʩʴ ʥʘ ʧʣʦʩʢʦʩʪʴ, ʦʙʨʘʟʦʚʘʥʥʫʶ 

ʘʪʦʤʘʤʠ (N C1 C3 Nô) (ʦʩʥʦʚʥʘʷ ʧʣʦʩʢʦʩʪʴ Nacnac, ʜʘʣʝʝ d ð ʨʘʩʩʪʦʷʥʠʝ ʦʪ Ln ʜʦ ʥʝʸ). ɺ ʙʦʣʝʝ 

ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʘʪʦʤ ʉ1 ʪʘʢʞʝ ʤʦʞʝʪ ʦʪʢʣʦʥʷʪʴʩʷ ʦʪ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ ʥʘ ʨʘʩʩʪʦʷʥʠʝ ʜʦ 0.24 ¡. 

ʊʘʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʘʭ [Ce(p-tBuPhenNacnacTms)(NTms2)2] [47] ʠ 

[Yb(Tol,AdNacnacTms)2] [48] ʠ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʩʪʝʨʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ ʠʣʠ ʣʦʢʘʣʠʟʘʮʠʝʡ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ (Nï(Rô)C(R)=CC(Me)=N(Rô), ʢʝʪʦ-ʠʤʠʥʦʚʘʷ ʬʦʨʤʘ). 

 

ʉʭʝʤʘ 1.5. ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʢʦʦʨʜʠʥʘʮʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ. 

 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʦʮʝʥʢʠ ʜʠʘʧʘʟʦʥʦʚ ʙʳʣʠ ʚʳʙʨʘʥʳ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʙʠʙʣʠʦʪʝʢʠ CCDC (ʚʝʨʩʠʷ 2022.3.0) ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ Mercury (2022.3.0). 

ɻʠʩʪʦʛʨʘʤʤʳ ʨʘʩʧʨʝʜʝʣʝʥʠʡ ʚʳʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʠ 1. 

ʆʩʦʙʝʥʥʳʡ ʩʣʫʯʘʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʢʦʤʧʣʝʢʩ [La4(Nacnaco-OMePh)4O2(OH)4], ʚʳʙʠʚʘʶʱʠʡʩʷ 

ʠʟ ʩʪʘʪʠʩʪʠʢʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʩʪʘʥʮʠʡ (d = 2.05 ¡) [49]. ɓ-ɼʠʢʝʪʠʤʠʥʘʪ ʚ ʥʸʤ ʩʦʜʝʨʞʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʳ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ. ʆʪʪʘʣʢʠʚʘʥʠʝ ʤʝʪʦʢʩʠ-

ʛʨʫʧʧ ʦʪ ʜʚʫʭ ʤʦʩʪʠʢʦʚʳʭ OHï ʠ ʦʜʥʦʛʦ O2ï ʣʠʛʘʥʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʦʨʦʪʫ ʘʨʠʣʴʥʳʭ 
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ʟʘʤʝʩʪʠʪʝʣʝʡ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʳ ʥʘʧʨʘʚʣʝʥʳ ʚ ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ 

ʘʪʦʤʘʤ ʘʟʦʪʘ ʩʪʦʨʦʥʫ, ʯʪʦ ʠ ʚʳʟʳʚʘʝʪ ʩʠʣʴʥʳʡ ʠʟʛʠʙ ʤʝʪʘʣʣʦʮʠʢʣʘ. ɺ ʮʝʣʦʤ, ʥʘʠʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ d = 1.84ï1.89 ¡ ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʢʦʤʧʣʝʢʩʘʭ, ʚ ʢʦʪʦʨʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ ʩʦʜʝʨʞʠʪ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢʦʦʨʜʠʥʠʨʫʶʱʠʡ ʛʝʪʝʨʦʘʪʦʤ, ʧʨʠʩʦʝʜʠʥʸʥʥʳʡ ʯʝʨʝʟ ʵʪʠʣʴʥʳʡ ʤʦʩʪʠʢ [50, 51], 

ʠʣʠ ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʘʨʦʤʘʪʠʯʝʩʢʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ [35, 52, 53], ʘ ʪʘʢʞʝ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʩ ʜʚʦʡʥʳʤʠ ʜʠʢʝʪʠʤʠʥʘʪʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʯʝʨʝʟ ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʡ ʤʦʩʪʠʢ [30, 32, 

54]. 

ʇʨʠ ʞʸʩʪʢʦʡ ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʝ ʩʢʝʣʝʪʘ NC1C2C3Nô ɓ-ʜʠʢʝʪʠʤʠʥʘʪʳ ʩʧʦʩʦʙʥʳ ʛʠʙʢʦ 

ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ. ɿʘ ʩʯʸʪ ʠʟʛʠʙʘ ʤʝʪʘʣʣʦʮʠʢʣʘ ʣʠʛʘʥʜ 

ʩʧʦʩʦʙʝʥ ʟʘʢʨʳʪʴ ʯʘʩʪʴ ʂʉ ʧʨʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʝʸ ʥʘʩʳʱʝʥʠʠ (ɖ5- ʠʣʠ ʩʤʝʰʘʥʥʳʡ ʪʠʧ 

ʢʦʦʨʜʠʥʘʮʠʠ), ʯʪʦ ʯʘʱʝ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʨʫʧʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʯʘʣʘ ʨʷʜʘ. ɺ ʜʠʘʧʘʟʦʥʝ d = 

1.55ï2.05 ¡ ʚʩʪʨʝʯʘʶʪʩʷ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʨʷʜʘ, ʩʦʝʜʠʥʝʥʠʷ 

ʢʨʫʧʥʦʛʦ Yb(II) ʠ ʥʝʩʢʦʣʴʢʦ ʠʩʢʣʶʯʝʥʠʡ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʦʚ Y ʚ ʧʝʨʝʛʨʫʞʝʥʥʦʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ. ɖ5-ʂʦʦʨʜʠʥʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʦʩʦʙʝʥʥʦ ʚʳʩʦʢʦʡ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʂʉ, ʥʘʧʨʠʤʝʨ, ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʦʙʲʸʤʥʳʤʠ ʘʤʠʜʥʳʤʠ (NTms2 [47, 52, 55ï58], 

NHDipp [59]) ʠʣʠ ʘʣʢʠʣʴʥʳʤʠ CHTms2 [46, 60] ʣʠʛʘʥʜʘʤʠ ʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʤ ʩ ʦʙʲʸʤʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ Tms ([Ln(PhNacnacTms)2Cl] [46, 47, 57, 61]) ʠʣʠ Dipp (ʚ ʪ. ʯ. ʚ ʢʦʤʧʣʝʢʩʘʭ Ln(II ) 

[Ln(Nacnac)2], Ln = Eu [62], Sm [63]). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩ ʥʝʦʙʳʯʘʡʥʦ ʤʘʣʝʥʴʢʠʤ 

ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʤ [Ln(NacnaciPr)2Br] (Ln = Sm, Gd), ʚ ʢʦʪʦʨʳʭ ʨʘʩʩʪʦʷʥʠʷ d ʩʦʩʪʘʚʣʷʶʪ ʧʦʨʷʜʢʘ 

1.80 ¡ [64] ð ʩʢʦʨʝʝ ʚʳʧʘʜʘʶʱʠʡ ʠʟ ʩʪʘʪʠʩʪʠʢʠ ʩʣʫʯʘʡ, ʘ ɖ5-ʢʦʦʨʜʠʥʘʮʠʷ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʝʥʘʩʳʱʝʥʥʦʩʪʴʶ ʂʉ. 

ɹʦʣʝʝ ʧʣʦʩʢʘʷ ə2-ʢʦʦʨʜʠʥʘʮʠʷ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʪʝʨʠʯʝʩʢʠ ʥʘʩʳʱʝʥʥʳʭ, ʥʦ ʥʝ 

ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ. ɺ ʥʠʭ ʟʘʢʨʳʪʦʩʪʴ ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʣʠʙʦ ʟʘ ʩʯʸʪ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʟʘʢʨʳʚʘʶʱʠʭ ʣʘʥʪʘʥʦʠʜ ʩ ʜʚʫʭ ʩʪʦʨʦʥ, ʣʠʙʦ ʟʘ ʩʯʸʪ ʜʨʫʛʠʭ 

ʣʠʛʘʥʜʦʚ. ʂʦʤʧʣʝʢʩʳ ʧʝʨʚʦʛʦ ʪʠʧʘ ʩʦʜʝʨʞʘʪ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ 

ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʟʘʤʝʩʪʠʪʝʣʝʡ A = (CH2)2NR2: [Ln(NacnacA)Hal2] [34, 65], Tms ʠʣʠ Dipp-

ʟʘʤʝʱʸʥʥʳʡ ʜʠʢʝʪʠʤʠʥʘʪ: [{Yb(Nacnac)(ɛ-H)} 2] [66], [{ Yb(Nacnac)} 2(ɛ-COT)] ʠ 

[Yb(Nacnac)(COT)]  [67], [Yb(PhNacnacTms)2] [49], ʘ ʪʘʢ ʞʝ ʭʣʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[Ln(NacnacRô)Hal2(thf)2] (Rô = Ph, o-Xyl ,  o-Et2C6H3, Hal = Cl, Br [68ï72]). ʂ ʢʦʤʧʣʝʢʩʘʤ ʚʪʦʨʦʛʦ 

ʪʠʧʘ ʦʪʥʦʩʷʪʩʷ ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [Ln(NacnacRô)3] (Rô ʥʝ ʩʦʜʝʨʞʘʪ ʦʨʪʦ-

ʟʘʤʝʩʪʠʪʝʣʝʡ) [71, 73, 74], ʢʦʤʧʣʝʢʩʳ ʩ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʦʤ { (NacnacDipp)2(ɛ-m-Phen)} [60, 75] ʠ 

ʢʦʤʧʣʝʢʩʳ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʜʠʢʝʪʠʤʠʥʘʪʘ (ʥʘʧʨʠʤʝʨ, NacnacDipp,A) ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʠ ʦʙʲʸʤʥʳʤ ʣʠʛʘʥʜʦʤ ʩ ʜʨʫʛʦʡ [12, 13, 76ï79]. ʅʝʦʙʳʯʥʦ, ʯʪʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʣʠʛʘʥʜʦʤ (Nacnaco-OMePh)ï, ʜʣʷ ʢʦʪʦʨʦʛʦ ʥʘʙʣʶʜʘʝʪʩʷ ʩʘʤʦʝ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ d = 2.05 ¡, ʙʦʣʝʝ 

ʪʠʧʠʯʥʘ ə2-ʢʦʦʨʜʠʥʘʮʠʷ ʜʠʢʝʪʠʤʠʥʘʪʘ ʩ d ~ 0.00 ¡ ʜʣʷ ʩʨʝʜʥʝʢʚʘʜʨʘʪʠʯʥʦʡ ʧʣʦʩʢʦʩʪʠ NC1C3Nô. 
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ʆʜʥʘʢʦ ʚ ʢʦʤʧʣʝʢʩʘʭ ʪʠʧʘ [Ln(Nacnaco-OMePh)(NTms)2] ʘʪʦʤʳ ʧʣʦʩʢʦʩʪʠ Nacnac ʟʥʘʯʠʪʝʣʴʥʦ 

ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʥʝʸ: ʦʪ ʩʨʝʜʥʝʡ ʧʣʦʩʢʦʩʪʠ (N C1 C3 Nô) ʥʘ 0.09ï0.11 ¡, ʠʣʠ ʘʪʦʤ ʉ1 ʚʳʭʦʜʠʪ ʠʟ 

ʧʣʦʩʢʦʩʪʠ ʪʨʸʭ ʜʨʫʛʠʭ ʘʪʦʤʦʚ ʥʘ 0.37 ¡ (ʧʨʠʣʦʞʝʥʠʝ 2). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʝ ʧʦʢʘʟʘʪʝʣʴʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʠ ʧʨʠʤʝʨʳ ʚʢʫʧʝ ʩ ʦʩʪʘʣʴʥʳʤʠ. ʉʨʝʜʠ ʩʦʝʜʠʥʝʥʠʡ ʩ d = 0.00ï0.50 ¡ ʝʩʪʴ 

ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʢʘʢ ʥʘʯʘʣʘ, ʪʘʢ ʠ ʩʝʨʝʜʠʥʳ ʨʷʜʘ. 

ʄʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʜʦʩʪʘʪʦʯʥʫʶ ʞʸʩʪʢʦʩʪʴ ʮʠʢʣʘ (N C1 C2 C3 Nô) ʩ ʫʟʢʠʤ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʜʣʠʥ ʩʚʷʟʝʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʠ ʨʘʩʩʪʦʷʥʠʡ NĀĀĀNô ʠʟ-ʟʘ ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʳ 

ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ. ʆʜʥʘʢʦ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ, ʦʞʠʜʘʝʤʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʢʦʤʧʣʝʢʩʦʚ ʥʘʙʣʶʜʘʝʪʩʷ 

ʜʝʣʦʢʘʣʠʟʘʮʠʷ ʟʘʨʷʜʘ ʚ ʩʠʩʪʝʤʝ ʣʠʛʘʥʜʘ, ʥʦ ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʦʭʨʘʥʷʝʪʩʷ ɓ-ʠʤʠʥʦ-ʘʤʠʜʥʘʷ 

ʬʦʨʤʘ. ʊʘʢʞʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ l(NĀĀĀNô) ʥʘʭʦʜʠʪʩʷ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ~2.60õ3.20 ¡ 

(ʧʨʠʣʦʞʝʥʠʝ 1). 

ʉʦʦʪʥʝʩʝʥʠʝ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʩʦ ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʴʶ ʂʉ 

ʟʘʪʨʫʜʥʷʝʪʩʷ ʠʟ-ʟʘ ʪʦʥʢʠʭ ʵʬʬʝʢʪʦʚ, ʚʳʟʚʘʥʥʳʭ ʚʨʘʱʝʥʠʝʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ 

ʚʦʢʨʫʛ ʩʚʷʟʠ NïC ʠ ʠʟʤʝʥʝʥʠʝʤ ʜʣʠʥ ʩʚʷʟʝʡ LnïN ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʘʪʠʦʥʘ. ʉʦʛʣʘʩʥʦ 

ʩʪʘʪʠʩʪʠʢʝ, ʩʢʣʘʜʳʚʘʝʪʩʷ ʧʨʦʪʠʚʦʨʝʯʠʚʘʷ ʢʘʨʪʠʥʘ: 1) ɖ5-ʢʦʦʨʜʠʥʘʮʠʷ ʙʦʣʝʝ ʪʠʧʠʯʥʘ ʜʣʷ 

ʢʨʫʧʥʳʭ ʢʘʪʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʩʪʝʨʠʯʝʩʢʠ-ʟʘʛʨʫʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʥʦ ʪʘʢʞʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʥʝʟʘʛʨʫʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [Ln(NacnaciPr)2Br]; 2) ə2-ʢʦʦʨʜʠʥʘʮʠʷ ʩʢʦʨʝʝ 

ʪʠʧʠʯʥʘ ʜʣʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦ-ʥʘʩʳʱʝʥʥʳʭ ʥʝ ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʥʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ 

ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠ ʩʦʝʜʠʥʝʥʠʷʭ ʩ ʦʙʲʸʤʥʳʤʠ ʘʤʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ NTms2; 3) 

ʠʟʛʠʙ ʤʝʪʘʣʣʦʮʠʢʣʘ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʢʨʳʪʦʩʪʴ ʂʉ ʢʨʫʧʥʳʭ ʢʘʪʠʦʥʦʚ, ʥʦ ʜʣʷ 

ʙʦʣʝʝ ʤʘʣʝʥʴʢʠʭ ʣʘʥʪʘʥʦʠʜʦʚ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʚʦʟʨʦʩʰʝʡ ʩʪʝʨʠʯʝʩʢʦʡ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ. ɹʦʣʝʝ ʠʥʬʦʨʤʘʪʠʚʝʥ ʘʥʘʣʠʟ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʜʣʷ ʩʝʨʠʡ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʜʠʥʘʢʦʚʳʤ ʩʦʩʪʘʚʦʤ ʠ ʙʣʠʟʢʠʤ ʩʪʨʦʝʥʠʝʤ; ʪʘʢʠʝ ʩʣʫʯʘʠ ʙʫʜʫʪ ʦʙʩʫʞʜʘʪʴʩʷ 

ʜʘʣʴʰʝ ʚ ʯʘʩʪʠ 1.2. 

ʇʦʤʠʤʦ ʦʙʩʫʞʜʘʝʤʳʭ ʚʳʰʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʪʠʧʦʚ ʢʦʦʨʜʠʥʘʮʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ 

ʩʫʱʝʩʪʚʫʶʪ ʫʥʠʢʘʣʴʥʳʝ ʩʣʫʯʘʠ. ʉʦʚʝʨʰʝʥʥʦ ʦʩʦʙʝʥʥʳʝ ʪʠʧʳ ɖ3- ʠ ə1-ʢʦʦʨʜʠʥʘʮʠʠ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʘ ʚʩʪʨʝʯʘʪʁʩʷ ʪʦʣʴʢʦ ʚ ʜʚʫʭ ʢʦʤʧʣʝʢʩʘʭ [{ Sm(Nacnac)(ə1-Nacnac)} 2(Õ-L)] ʠ 

[Sm(Nacnac)(ɖ3-Nacnac)Lô] (L = ʬʝʥʘʟʠʥ-ʜʠʨʘʜʠʢʘʣ, C12H8N2
2ï; Lô = ʬʣʫʦʨʝʥʠʣ-ʨʘʜʠʢʘʣ, OC13H8

ï), 

ʧʦʣʫʯʝʥʥʳʭ ʚ ʭʦʜʝ ʦʜʥʦʡ ʨʘʙʦʪʳ [28] (ʩʭʝʤʘ 1.6ʘ,ʙ). ɺ ʥʠʭ ʦʜʠʥ Nacnac ɖ5-ʢʦʦʨʜʠʥʠʨʦʚʘʥ, ʘ 

ʚʪʦʨʦʡ ʚʳʪʝʩʥʷʝʪʩʷ ʠʟ ʂʉ ʦʙʲʸʤʥʳʤʠ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʧʨʠʥʠʤʘʝʪ ə1- 

(ʚ ʩʣʫʯʘʝ ʬʝʥʘʟʠʥʘ) ʠ ɖ3-ʢʦʦʨʜʠʥʘʮʠʶ (ʚ ʩʣʫʯʘʝ ʬʣʫʦʨʝʥʦʥʘ). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʦʙʠʪʴʩʷ ə1-

ʢʦʦʨʜʠʥʘʮʠʠ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʥʝʚʦʟʤʦʞʥʦ (ʩʤ. ʯʘʩʪʴ 1.2.2) ʧʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʘ 

Ln(III) ʦʙʳʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ð ʧʦ ʨʝʘʢʮʠʷʤ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʣʠ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ. ʆʥʘ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʘ ʙʣʘʛʦʜʘʨʷ ʫʩʣʦʚʠʷʤ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ: ʦʢʠʩʣʝʥʠʝʤ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʩʫʙʩʪʨʘʪʦʤ ʢʦʤʧʣʝʢʩʘ [Sm(Nacnac)2]. Sm(II ), ʢʘʢ ʩʠʣʴʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʣʝʛʢʦ 
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ʧʝʨʝʭʦʜʠʪ ʚ ʪʨʸʭʚʘʣʝʥʪʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʘʥʠʦʥ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʢʦʤʧʝʥʩʘʮʠʠ ʝʛʦ 

ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ.  

 

ʉʭʝʤʘ 1.6. ʋʥʠʢʘʣʴʥʳʝ ʪʠʧʳ ʢʦʦʨʜʠʥʘʮʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʚ ʝʜʠʥʠʯʥʳʭ ʧʨʠʤʝʨʘʭ. Pyr = 2,5-

ʜʠʤʝʪʠʣʧʠʨʘʟʠʥ, RE = Y, Er. 

 

ɺʪʦʨʦʡ ʪʠʧ ʫʥʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ð ʤʦʩʪʠʢʦʚʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʪʠʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ 

ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʠ ʘʪʦʤʦʤ ʩʝʨʳ ʚ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [{ RE(NacnacDipp,en-Pyr)} 2(ɛ-S(CH2Tms))2(ɛ-

ə1-N:ə1-Nô-ɛ-S-SNacnacDipp,enPyr)] (RE = Y, Er, ʩʭʝʤʘ 1.6ʚ) [13]. ʄʦʩʪʠʢʦʚʳʡ ʣʠʛʘʥʜ ð ʜʠʘʥʠʦʥʥʳʡ 

ʧʨʦʜʫʢʪ ʚʥʝʜʨʝʥʠʷ ʩʝʨʳ ʧʦ ʩʚʷʟʠ REïNacnac, ʚ ɔ-ʧʦʣʦʞʝʥʠʝ ʚʚʠʜʫ ʚʳʩʦʢʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ 

ʤʝʪʠʥʦʚʦʡ ʛʨʫʧʧʳ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʜʠʢʝʪʠʤʠʥʘʪʘ. ɼʣʠʥʳ ʩʚʷʟʝʡ NïC ʠ CïC ʚ ʥʸʤ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳ (l(NïC) = 1.34, 1.36, l(CïC) = 1.39, 1.42), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʙʦʣʴʰʝʡ ʣʦʢʘʣʠʟʘʮʠʠ 

ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʥʘ ʘʪʦʤʝ ʘʟʦʪʘ ʩʦ ʩʪʦʨʦʥʳ enPyr ʟʘʤʝʩʪʠʪʝʣʷ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ, ʚ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʝ ʩʦ ʩʪʦʨʦʥʳ Dipp ʟʘʤʝʩʪʠʪʝʣʷ ʤʦʩʪʠʢʘ ʜʣʠʥʳ ʩʚʷʟʝʡ ʪʘʢʞʝ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳ (l(Nï

C) = 1.315, 1.35, l(CïC) = 1.37, 1.42), ʘ ʚ ʪʝʨʤʠʥʘʣʴʥʦʤ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʝ ʩʦ ʩʪʦʨʦʥʳ enPyr 

ʟʘʤʝʩʪʠʪʝʣʷ ʤʦʩʪʠʢʘ ʥʘʙʣʶʜʘʝʪʩʷ ʜʝʣʦʢʘʣʠʟʘʮʠʷ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ (ʦʙʘ l(NïC) = 1.33, l(Cï

C) = 1.40). 
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1.2. ʂʦʤʧʣʝʢʩʳ ʪʨʸʭʚʘʣʝʥʪʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ 

1.2.1. ɻʦʤʦʣʝʧʪʠʯʝʩʢʠʝ ʪʨʠʩ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [RE(NacnacRô)3]  

ɺʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʙʦʣʴʰʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ Rô. ʀʩʪʦʨʠʯʝʩʢʠ ʦʜʥʠ ʠʟ ʧʝʨʚʳʭ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʩʦʜʝʨʞʘʣʠ ʠʟʦʧʨʦʧʠʣʴʥʳʝ ʠʣʠ 

ʥʝʟʘʤʝʱʸʥʥʳʝ ʬʝʥʠʣʴʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʪʨʸʤ ʣʠʛʘʥʜʘʤ ʨʘʟʤʝʩʪʠʪʴʩʷ ʚʦʢʨʫʛ 

ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ. ɺ ʙʦʣʝʝ ʧʦʟʜʥʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ, ʪʠʧʘ 

ʠ ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ. ʀʟʚʝʩʪʥʳʝ ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠ 

ʩʧʦʩʦʙʳ ʠʭ ʧʦʣʫʯʝʥʠʷ ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʥʘ ʩʭʝʤʝ 1.7. 

 

ʉʭʝʤʘ 1.7. ʊʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʈɿʕ ʠ ʩʧʦʩʦʙʳ ʠʭ ʧʦʣʫʯʝʥʠʷ. 

 

ʂʘʢ ʦʪʤʝʯʝʥʦ ʥʘ ʩʭʝʤʝ 1.7, ʚʦ ʚʩʝʭ ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʘʨʠʣʴʥʳʝ 

ʟʘʤʝʩʪʠʪʝʣʠ ʥʝ ʩʦʜʝʨʞʘʪ ʦʙʲʸʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ, ʠ ʚ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ 

ʣʠʛʘʥʜʘ ʥʝ ʩʦʜʝʨʞʠʪʩʷ ʦʙʲʸʤʥʳʭ ʛʨʫʧʧ. ʂʦʤʧʣʝʢʩʳ ʩ ʧʨʦʩʪʳʤʠ ʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ 

ʠʟʚʝʩʪʥʳ ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʯʘʣʘ (Nd, Sm), ʩʝʨʝʜʠʥʳ (Gd, Y) ʠ ʢʦʥʮʘ (Lu) ʨʷʜʘ ʩ ʠʦʥʥʳʤʠ 

ʨʘʜʠʫʩʘʤʠ ʦʪ 0.983 ʜʦ 0.861 ¡ (ʂʏ = 6) [80]. ʂʦʤʧʣʝʢʩ ʥʝʦʜʠʤʘ [Nd(NacnacPh)3] ʙʳʣ ʧʦʣʫʯʝʥ ʧʦ 

ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ ʣʠʪʠʝʚʦʡ ʩʦʣʴʶ Li(NacnacPh) ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 40 Áʉ ʚ 

ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʊɻʌïʪʦʣʫʦʣïʛʝʢʩʘʥ (ʩʭʝʤʘ 1.7ʘ) [73], ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚ ʙʦʣʝʝ ʨʘʥʥʝʡ 

ʧʫʙʣʠʢʘʮʠʠ ʘʚʪʦʨʳ ʫʢʘʟʳʚʘʣʠ, ʯʪʦ ʨʝʘʢʮʠʷ GdCl3 c 1 ʵʢʚ. Li (NacnacPh) ʥʝ ʧʨʦʪʝʢʘʝʪ ʚ ʊɻʌ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [71]. ɺʝʨʦʷʪʥʦʡ ʧʨʠʯʠʥʦʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʚʦʟʨʘʩʪʘʶʱʝʝ ʩʪʝʨʠʯʝʩʢʦʝ 

ʥʘʧʨʷʞʝʥʠʝ ʚʦʢʨʫʛ ʢʘʪʠʦʥʦʚ ʩ ʤʝʥʴʰʠʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ, ʦʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʪʘʢʦʛʦ ʩʪʝʨʠʯʝʩʢʠ 



22 

 

ʥʝʪʨʝʙʦʚʘʪʝʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, ʢʘʢ (NacnacPh)ï, ʵʪʘ ʛʠʧʦʪʝʟʘ ʚʳʟʳʚʘʝʪ ʩʦʤʥʝʥʠʷ. ʆʥʠ ʪʘʢʞʝ 

ʧʦʜʢʨʝʧʣʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ Yb(III ), ʦʙʣʘʜʘʶʱʝʛʦ ʝʱʸ ʤʝʥʴʰʠʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ, ʯʝʤ 

ʛʘʜʦʣʠʥʠʡ, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʢʘʢ ʜʣʷ NacnacPh, ʪʘʢ ʠ ʜʣʷ Nacnaco-Tol 

[74]. ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 50-60 Áʉ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʨʘʟʥʳʭ 

ʟʘʢʣʶʯʝʥʠʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. 

ʂʦʤʧʣʝʢʩʳ [RE(NacnacPh)3] ʜʣʷ ʈɿʕ ʢʦʥʮʘ ʠ ʩʝʨʝʜʠʥʳ ʨʷʜʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʠ ɓ-ʜʠʢʝʪʦʠʤʠʥʘ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʤʠ ʘʤʠʜʥʳʤ [81], ʘʣʢʠʣʴʥʳʤ [82] ʠ 

ʘʨʠʣʦʢʩʠʜʥʳʤ [71] ʢʦʤʧʣʝʢʩʘʤʠ (ʩʭʝʤʘ 1.7 ʙ,ʚ,ʛ). ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʩʥʦʚʥʳʭ ʣʠʛʘʥʜʦʚ ʜʣʷ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʤʦʞʝʪ ʠʤʝʪʴ ʙʦʣʴʰʫʶ ʜʚʠʞʫʱʫʶ ʩʠʣʫ, ʯʝʤ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ. ʊʘʢ, ʨʝʘʢʮʠʷ Y(N(SiHMe2)2)3 ʩ H(NacnacPh) ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:2, ʘ ʪʨʠʩ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʚʳʜʝʣʝʥ ʢʘʢ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʩʠʥʪʝʟʘ ʩ 70 ʜʦ 100 Áʉ. 

ʆʩʦʙʦʛʦ ʚʥʠʤʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʦʧʠʩʘʥʥʳʡ ʩʠʥʪʝʟ [Sm(NacnacPh)3] (ʩʭʝʤʘ 1.7ʜ) [71]. 

ʈʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʤʝʞʜʫ SmI2 ʠ 2 ʵʢʚ. Li (NacnacPh) ʚ ʊɻʌ. ʆʪʤʝʯʝʥʥʘʷ ʘʚʪʦʨʘʤʠ ʟʝʣʸʥʘʷ 

ʦʢʨʘʩʢʘ ʨʘʩʪʚʦʨʘ ʪʠʧʠʯʥʘ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ Sm(II), ʦʜʥʘʢʦ ʧʦ ʦʢʦʥʯʘʥʠʠ ʨʝʘʢʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ 

ʞʸʣʪʳʝ ʠʛʣʳ ʢʦʤʧʣʝʢʩʘ Sm(III). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʠʚʦʜʠʪ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Sm(NacnacPh)3]
ï ʥʘ ʢʦʤʧʣʝʢʩ Sm(III) ʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʘʤʘʨʠʡ. ʇʦʩʢʦʣʴʢʫ ʩʦʝʜʠʥʝʥʠʝ ʥʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ, ʵʪʦʪ 

ʩʧʦʩʦʙ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʜʣʷ ʩʠʥʪʝʟʘ ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ.   

ɿʘʤʝʩʪʠʪʝʣʠ R3 ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʩʪʝʨʠʯʝʩʢʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ 

ʢʦʤʧʣʝʢʩʦʚ, ʠ ʢʦʤʧʣʝʢʩʳ [Ln(NacnacRô)3] (Rô = p-Tol, Ln = Nd; Rô = p-ClPhen, Ln = Pr, Nd, Sm) 

ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʥʘʛʨʝʚʘʥʠʠ ʚ 40-50 Áʉ ʠʟ ʭʣʦʨʠʜʦʚ ʣʘʥʪʘʥʦʠʜʦʚ [73]. 

ʆʜʥʘʢʦ ʵʣʝʢʪʨʦʥ-ʘʢʮʝʧʪʦʨʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʠ ʧʦʚʳʰʘʶʪ ʢʘʪʘʣʠʪʠʯʝʩʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ: ʟʘ ʩʯʸʪ ʩʪʷʛʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʥʠ ʜʝʣʘʶʪ ʤʝʪʘʣʣʦʮʝʥʪʨ 

ʙʦʣʝʝ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʤ ʠ ʙʦʣʝʝ ʩʢʣʦʥʥʳʤ ʢ ʢʦʦʨʜʠʥʘʮʠʠ ʤʦʥʦʤʝʨʘ ʣʘʢʪʦʥʘ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʳ ʩ p-Cl ʟʘʤʝʩʪʠʪʝʣʝʤ ʧʦʢʘʟʘʣʠ ʙʦʣʴʰʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ Ů-

ʢʘʧʨʦʣʘʢʪʦʥʘ (ʂʃ) ʠ ɘ-ʣʘʢʪʠʜʘ (ʃɸ), ʯʝʤ ʢʦʤʧʣʝʢʩʳ ʩ NacnacPh, ʘ ʢʦʤʧʣʝʢʩʳ ʩ p-Me ʟʘʤʝʩʪʠʪʝʣʝʤ 

ʦʢʘʟʘʣʠʩʴ ʥʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʤʠ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʝ, ʩʪʝʨʠʯʝʩʢʘʷ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʂʉ ʚʦʢʨʫʛ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʟʘʤʝʪʥʦ ʚʦʟʨʘʩʪʘʝʪ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ ʥʘ ʜʣʠʥʘʭ ʩʚʷʟʝʡ LnïN ʠ ʠʟʤʝʥʝʥʠʠ ʪʠʧʘ 

ʢʦʦʨʜʠʥʘʮʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʩ ʧʣʘʥʘʨʥʦʡ ə2 ʥʘ ʩʤʝʰʘʥʥʳʡ ʪʠʧ. ʕʪʦ ʠʟʤʝʥʝʥʠʝ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ 

ʥʘ ʧʨʠʤʝʨʝ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʝʨʙʠʷ [Yb(NacnacPh)3], [Yb(Nacnacp-Tol)3] ʠ [Yb(Nacnaco-Tol)3] [74]. 

ʂʦʤʧʣʝʢʩʳ ʩ Ph ʠ p-Tol ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳ, ʘʪʦʤʳ ʠʪʪʝʨʙʠʷ ʣʝʞʘʪ ʧʨʘʢʪʠʯʝʩʢʠ ʚ 

ʧʣʦʩʢʦʩʪʠ Nacnac (d(YbïNacnac) = 0.095õ0.11 ʠ 0.01õ0.05 ¡ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʂʦʤʧʣʝʢʩ ʩ o-Tol 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʠʩʢʘʞʸʥ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʜʚʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʳ ʜʨʫʛ 
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ʜʨʫʛʫ, d(YbïNacnac) = 1.25õ1.34 ¡, ʘ ʜʣʠʥʳ ʩʚʷʟʝʡ YbïN ʚ ʩʨʝʜʥʝʤ ʥʘ 0.04 ¡ ʜʣʠʥʥʝʝ, ʯʝʤ ʚ ʜʚʫʭ 

ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʘʭ (ʩʤ. ʩʨʘʚʥʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʚ ʧʨʠʣʦʞʝʥʠʠ 3). ʇʨʠ ʵʪʦʤ o-Tol 

ʟʘʤʝʩʪʠʪʝʣʠ ʨʘʟʚʸʨʥʫʪʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ ʥʘʧʨʘʚʣʝʥʳ ʜʨʫʛ ʥʘ ʜʨʫʛʘ ʠ 

ʚʳʪʝʩʥʝʥʳ ʚʦ ʚʥʝʰʥʶʶ ʯʘʩʪʴ ʂʉ, ʜʘʣʴʰʝ ʦʪ ʤʝʪʘʣʣʦʮʝʥʪʨʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʘʥʘʣʦʛʠʯʥʦʤ 

ʢʦʤʧʣʝʢʩʝ [Eu(Nacnaco-Tol)3] [83] ʨʘʩʩʪʦʷʥʠʷ EuïNacnac ʝʱʸ ʙʦʣʴʰʝ (1.41õ1.465 ¡), ʥʝʩʤʦʪʨʷ ʥʘ 

ʙʦʣʴʰʠʡ ʨʘʟʤʝʨ ʢʘʪʠʦʥʘ, ʧʦʜʨʘʟʫʤʝʚʘʶʱʠʡ ʙʦʣʴʰʝ ʤʝʩʪʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ. ʕʪʦ 

ʷʚʣʝʥʠʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʯʘʣʘ ʠ ʢʦʥʮʘ ʨʷʜʘ ʣʘʥʪʘʥʦʠʜʦʚ, ʧʦʩʢʦʣʴʢʫ ʤʝʥʴʰʠʝ ʧʦ ʨʘʜʠʫʩʫ ʣʘʥʪʘʥʦʠʜʳ ʩʧʦʩʦʙʥʳ 

ʧʦʤʝʱʘʪʴʩʷ ʙʣʠʞʝ ʢ ʦʩʥʦʚʥʦʡ ʧʣʦʩʢʦʩʪʠ ʜʠʢʝʪʠʤʠʥʘʪʘ. 

ʇʨʠ ʫʚʝʣʠʯʝʥʠʠ ʟʘʤʝʩʪʠʪʝʣʷ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʜʦ ʪʨʝʪ-ʙʫʪʠʣʴʥʦʛʦ ʥʝ ʫʜʘʸʪʩʷ ʧʦʣʫʯʠʪʴ 

ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ [Y(NacnactBuPhen)3] ʧʦ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʜʘʞʝ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʜʦ 60 Áʉ, ʚʤʝʩʪʦ ʥʝʛʦ ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʜʚʫʟʘʤʝʱʸʥʥʳʡ ʢʦʤʧʣʝʢʩ 

[Y(NacnactBuPhen)2Cl] [84]. ʆʥ ʥʝ ʩʦʜʝʨʞʠʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʭʦʪʷ ʨʝʘʢʮʠʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʊɻʌ), ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʟʥʘʯʠʪʝʣʴʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʂʉ; ɓ-ʜʠʢʝʪʠʤʠʥʘʪʳ ə2-

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ, ʠ ʬʦʨʤʘʣʴʥʦʝ ʂʏ = 5. ʂʦʤʧʣʝʢʩʳ ʙʦʣʝʝ ʢʨʫʧʥʳʭ Nd ʠ Sm ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʝʤʫ, 

ʠ ʪʦʣʴʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʢ ʣʘʥʪʘʥʫ ʥʘʙʣʶʜʘʝʪʩʷ ʯʫʪʴ ʙʦʣʴʰʠʡ ʠʟʛʠʙ ʤʝʪʘʣʣʦʮʠʢʣʦʚ LaïNacnac 

(d(REïNacnac) = 0.91, Ln = Y; 0.92, 0.98, Ln = Nd; 1.09, 1.13, Ln = La), ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʙʦʣʴʰʫʶ 

ʟʘʢʨʳʪʦʩʪʴ ʤʝʪʘʣʣʦʮʝʥʪʨʘ. 

1.2.2. ɓ-ɼʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʦʙʲʸʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ 

ʂʘʢ ʦʪʤʝʯʘʣʦʩʴ ʨʘʥʝʝ, ʦʙʲʸʤʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʤʦʛʫʪ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ 

ʦʙʨʘʟʦʚʘʥʠʶ ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʥʘʣʠʯʠʠ ʦʜʥʦʛʦ ʦʨʪʦ-ʟʘʤʝʩʪʠʪʝʣʷ ʚ 

ʬʝʥʦʣʴʥʦʤ ʢʦʣʴʮʝ ʣʠʛʘʥʜ ʩʧʦʩʦʙʝʥ ʧʦʜʩʪʨʦʠʪʴʩʷ ʧʦʜ ʚʦʟʨʘʩʪʘʶʱʫʶ ʩʪʝʨʠʯʝʩʢʫʶ 

ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʂʉ ʟʘ ʩʯʸʪ ʧʦʚʦʨʦʪʘ ʟʘʤʝʩʪʠʪʝʣʷ ʚʦʢʨʫʛ CïN ʩʚʷʟʠ, ʥʦ ʚʪʦʨʦʡ ʦʨʪʦ-ʟʘʤʝʩʪʠʪʝʣʴ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʵʪʦʤʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʧʦ 

ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʠʣʠ ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (SIR) ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ. 

1.2.2.1. ʉʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩʦʣʝʡ AM(NacnacRô) ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3 ʢ 

1 ʦʙʨʘʟʫʶʪʩʷ ʥʝ ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʘ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ, ʚ ʢʦʪʦʨʳʭ 

ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʘʪʠʦʥʦʚ Ln3+ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ ʟʘ ʩʯʸʪ ʪʦʛʦ, ʯʪʦ ʦʜʠʥ ʠʟ ʣʠʛʘʥʜʦʚ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥ ʧʦ ʚʪʦʨʦʡ ʩʪʫʧʝʥʠ ʠ ʠʤʝʝʪ ʟʘʨʷʜ 2ï (ʩʭʝʤʘ 1.8). ʇʦʜʦʙʥʳʝ ʵʬʬʝʢʪʳ 

ʥʘʙʣʶʜʘʶʪʩʷ ʫʞʝ ʧʨʠ ʚʚʝʜʝʥʠʠ ʜʚʫʭ ʦʨʪʦ-ʤʝʪʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʘʢʮʠʷ 

Na(Nacnaco-Xyl) ʩ YbCl3 ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʧʣʝʢʩʫ [Yb(Nacnaco-Xyl)(Nacnacôo-Xyl)], ʚ ʢʦʪʦʨʦʤ 

ʧʨʦʠʟʦʰʣʘ CïH ʘʢʪʠʚʘʮʠʷ ʦʜʥʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʚ ʢʩʠʣʠʣʴʥʦʤ ʟʘʤʝʩʪʠʪʝʣʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ 

[85]. ɸʚʪʦʨʳ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 
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ʠʥʪʝʨʤʝʜʠʘʪʘ { Yb(Nacnaco-Xyl)3}  (ʚ ʨʘʤʢʝ ʥʘ ʩʭʝʤʝ 1.8), ʠ ʚʤʝʩʪʦ ʢʦʦʨʜʠʥʘʮʠʠ ʪʨʝʪʴʝʛʦ ʣʠʛʘʥʜʘ 

ʦʥ ʜʝʡʩʪʚʫʝʪ ʢʘʢ ʦʩʥʦʚʘʥʠʝ ʥʘ ʤʝʪʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʦʢʘʟʘʚʰʫʶʩʷ ʙʣʠʞʝ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ. 

 

ʉʭʝʤʘ 1.8. ɺʘʨʠʘʥʪʳ ʩʪʝʨʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ CïH ʘʢʪʠʚʘʮʠʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ. ʈʝʘʢʮʠʠ 

ʧʨʦʚʦʜʷʪʩʷ ʚ ʊɻʌ ʧʨʠ 60 ÁC. 

 

ʎʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʦʩʥʦʚʘʥʠʡ ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʙʳʣʦ 

ʠʟʚʝʩʪʥʦ ʠ ʨʘʥʝʝ. ʅʘʧʨʠʤʝʨ, RE(NTms2)3 (RE = Sc, Yb, Lu) ʨʝʘʛʠʨʫʶʪ ʩ Na(NTms2) ʩ ʘʢʪʠʚʘʮʠʝʡ 

CïH ʩʚʷʟʠ ʘʤʠʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ [Na(thf)3(ɛ-CH2SiMe2N(Tms))Ln(NTms2)2] [86]. ɓ-

ɼʠʢʝʪʠʤʠʥʘʪʳ ʷʚʣʷʶʪʩʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʣʘʙʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʠ ʠʭ ʜʝʧʨʦʪʦʥʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʚʳʟʚʘʥʦ ʩʪʝʨʠʯʝʩʢʠʤʠ ʧʨʠʯʠʥʘʤʠ. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʯʘʣʘ ʨʷʜʘ ð Nd, Sm, Er, ð ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʜʨʫʛʠʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʥʠʭ ʧʦʩʣʝ ʘʢʪʠʚʘʮʠʠ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʦʠʩʭʦʜʠʪ ʝʸ ʘʪʘʢʘ ʥʘ 

ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʠ ʩʠʩʪʝʤʘ ʪʝʨʷʝʪ ʩʚʦʶ ʘʨʦʤʘʪʠʯʥʦʩʪʴ 

(ʩʭʝʤʘ 1.8). ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ [Ln(Nacnaco-Xyl)(Nacnacôôo-Xyl)(thf)] ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʩʦʜʝʨʞʘʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʫʶ ʤʦʣʝʢʫʣʫ ʊɻʌ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʠʟ 

ʜʚʫʭ ʣʠʛʘʥʜʦʚ ʥʝ ʥʘʩʳʱʘʝʪ ʤʝʪʘʣʣʦʮʝʥʪʨ. ɺ ʧʨʝʜʳʜʫʱʠʭ ʧʨʠʤʝʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 

[Ln(Nacnaco-Tol)3] (Ln = Eu, Yb) ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʠʟʛʠʙ ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʨʘʩʩʪʦʷʥʠʝ LnïNacnac ʙʦʣʴʰʝ ʚ ʢʦʤʧʣʝʢʩʝ ʢʨʫʧʥʦʛʦ Eu. ʇʦ ʘʥʘʣʦʛʠʠ, ʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʛʠʧʦʪʝʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʯʘʣʘ ʨʷʜʘ [RE(Nacnaco-Xyl)(Nacnacôo-Xyl)], 

ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʫ Yb, ɓ-ʜʠʢʝʪʠʤʠʥʘʪ ʤʦʞʝʪ ʠʟʦʛʥʫʪʴʩʷ, ʜʦʧʫʩʢʘʷ ʘʪʘʢʫ ʘʢʪʠʚʥʦʡ ʩʚʷʟʠ 

LnïC ʥʘ ʫʛʣʝʨʦʜʥʫʶ ʮʝʧʴ ʣʠʛʘʥʜʘ. 

ʇʨʠ ʚʚʝʜʝʥʠʠ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʷ ʙʦʣʝʝ ʦʙʲʸʤʥʳʭ ʠʟʦʧʨʦʧʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 3 ʵʢʚ. K(Nacnac) ʩ ʛʘʣʦʛʝʥʠʜʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʥʦʤʫ ʨʝʟʫʣʴʪʘʪʫ, ʘ 

ʠʤʝʥʥʦ ʢ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʣʠʛʘʥʜʘ. ʉʪʨʦʝʥʠʝ 
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ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʜʠʢʝʪʠʤʠʥʘʪʘ ʚ ʢʦʤʧʣʝʢʩʘʭ [RE(Nacnac)(Nacnacô)] (RE = La, Y, Tm) ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ ʤʝʪʘʣʣʘ [58, 87, 88]. ɺ ʩʣʫʯʘʝ Tm ʜʘʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʚʫʭ 

ʵʢʚʠʚʘʣʝʥʪʦʚ K(Nacnac) ʩ TmI3 ʧʨʠʚʦʜʠʪ ʢ ʢʦʤʧʣʝʢʩʫ ʩ ʜʠʘʥʠʦʥʦʤ ʜʠʢʝʪʠʤʠʥʘ, ʘ ʥʝ ʠʦʜʠʜʥʦʤʫ 

ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. ʊʘʢʞʝ ʘʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʠʟ ʨʝʘʢʮʠʠ YbCl3 ʩ 2 ʵʢʚ. 

Li (Nacnac) ʚʳʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʢʦʤʧʣʝʢʩ [Yb(Nacnac)Cl2(thf)2] [58]. ʇʨʠʯʠʥʦʡ ʤʦʞʝʪ ʩʣʫʞʠʪʴ 

ʨʘʟʥʳʡ ʨʘʟʤʝʨ ʢʘʪʠʦʥʦʚ (0.880 ¡ ʜʣʷ Tm3+ ʠ 0.868 ¡ ʜʣʷ Yb3+, ʂʏ = 6), ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʙʦʣʴʰʫʶ 

ʨʘʟʥʠʮʫ [89]. ʂʦʤʧʣʝʢʩ [Tm(Nacnac)(Nacnacô)] ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʪʦʥʠʨʦʚʘʥ ʩʦʣʷʤʠ 

ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʘʥʠʦʥʦʚ [HNMe2Ph][B(C6F5)4] ʠ [HNEt3][BPh4], ʜʘʚʘʷ ʜʚʦʡʥʫʶ 

ʢʦʤʧʣʝʢʩʥʫʶ ʩʦʣʴ [Tm(Nacnac)2][B(Aryl )4]. 

ʀʥʦʝ ʩʪʨʦʝʥʠʝ Nacnacô ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Nacnacôo-Xyl ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʛʦʚʦʨʠʪ ʦ 

ʨʘʟʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʜʠʢʝʪʠʤʠʥʘʪ ʩ 2,6-

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʩʣʠʰʢʦʤ ʦʙʲʸʤʥʳʡ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʪʨʝʪʠʡ ʣʠʛʘʥʜ 

ʧʨʠʙʣʠʟʠʣʩʷ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ, ʠ ʘʢʪʠʚʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʥʝʰʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ.  

ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʦʛʦ ʧʦʜʭʦʜʘ, ʚʤʝʩʪʦ ʨʝʘʢʮʠʡ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ 

ʧʦʧʳʪʢʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [Yb(PhNacnacTms)3] ʧʦ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ [Yb(PhNacnacTms)2] 

ʢʦʤʧʣʝʢʩʦʤ [Pb(PhNacnacTms)2] (ʩʭʝʤʘ 1.9) [58]. ʆʜʥʘʢʦ ʞʝʣʘʝʤʳʡ ʨʝʟʫʣʴʪʘʪ ʥʝ ʙʳʣ ʜʦʩʪʠʛʥʫʪ, ʠ 

ʚ ʨʝʘʢʮʠʠ ʥʘʙʣʶʜʘʣʘʩʴ ʘʢʪʠʚʘʮʠʷ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʟʘʤʝʩʪʠʪʝʣʷ Tms, ʘʥʘʣʦʛʠʯʥʘʷ 

ʧʨʝʜʳʜʫʱʠʤ ʧʨʠʤʝʨʘʤ. ʇʨʦʜʫʢʪ [Yb(PhNacnacTms)(PhNacnacôTms)] ʤʦʞʝʪ ʙʳʪʴ ʪʘʢʞʝ ʧʦʣʫʯʝʥ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Yb(II) ʩ ʘʤʠʜʦʤ ʩʚʠʥʮʘ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʠʜʸʪ ʧʦ ʪʦʤʫ ʞʝ ʤʝʭʘʥʠʟʤʫ, ʯʪʦ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʜʣʷ 

[Yb(Nacnaco-Xyl)(Nacnacôo-Xyl)]. 

 

 

ʉʭʝʤʘ 1.9. ʎʠʢʣʦʤʝʪʘʣʣʠʨʦʚʘʥʠʝ ʧʨʠ ʧʦʧʳʪʢʝ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ [Yb(PhNacnacTms)3]. 

 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ ʩ Nacnacô ʩʧʦʩʦʙʥʳ ʢ ʘʢʪʠʚʘʮʠʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʢ ʢʦʤʧʣʝʢʩʫ [Bu4N][Y(Nacnacô)2] ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ CS2 ʧʨʦʠʩʭʦʜʠʪ 
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ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʝ ʥʫʢʣʝʦʬʠʣʴʥʦʝ ʧʨʠʩʦʝʜʠʥʝʥʠʝ-ʮʠʢʣʠʟʘʮʠʷ ʧʦ CH2-ʛʨʫʧʧʝ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ 

ʜʠʢʝʪʠʤʠʥʘʪʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ ʧʝʨʝʥʦʩʦʤ ʧʨʦʪʦʥʘ (ʩʭʝʤʘ 1.10) [87]. ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ 

ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ CH2-ʛʨʫʧʧʳ ʜʠʢʝʪʠʤʠʥʘʪʘ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʠʩʩʣʝʜʦʚʘʥʥʳʤ ʨʘʥʝʝ 

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ 1,2-ʜʠʙʨʦʤʵʪʘʥʘ ʠ ʛʨʫʧʧʳ Tms ʜʣʷ ʮʚʠʪʪʝʨ-ʠʦʥʘ ʛʝʨʤʠʣʝʥʘ 

[Ge+(Nacnac-)]ź[Ge(Nacnacô)] [90]. 

 

ʉʭʝʤʘ 1.10. ɸʢʪʠʚʘʮʠʷ CS2 ʢʦʤʧʣʝʢʩʦʤ [Y(Nacnacô)2]
ï. 

 

1.2.2.2. ʉʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ 

ʉʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ (sterically-induced reduction, SIR) ʚ 

ʢʦʤʧʣʝʢʩʘʭ Ln(III) ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʪʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʦʙʲʸʤʥʳʝ ʣʠʛʘʥʜʳ ʧʝʨʝʛʨʫʞʘʶʪ ʂʉ 

ʣʘʥʪʘʥʦʠʜʘ, ʬʦʨʤʠʨʫʷ ʥʝʫʩʪʦʡʯʠʚʳʡ ʧʝʨʝʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ {Ln3+L3}, ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ ʥʘ [Ln2+L2] ʠ L2. ʇʦʩʢʦʣʴʢʫ ʦʙʲʸʤʥʳʝ ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ, ʜʣʷ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʣʦʩʴ SIR, ʥʝ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ, ʦʞʠʜʘʪʴ SIR ʤʦʞʥʦ ʪʦʣʴʢʦ ʜʣʷ 

ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʫʩʪʦʡʯʠʚʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ 2+ ð Eu, Yb, Sm (Ὁ
Ln3+/Ln2+

 = ï0.34, ï1.05, ï1.50 

V ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ) [1]. ɺʧʝʨʚʳʝ ʵʪʦʪ ʪʝʨʤʠʥ ʙʳʣ ʚʚʝʜʸʥ ʚ ʛʨʫʧʧʝ ʧʨʦʬ. 

ʕʚʘʥʩʘ, ʛʜʝ ʦʙʥʘʨʫʞʠʣʠ, ʯʪʦ ʟʘʛʨʫʞʝʥʥʳʝ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ [LnCp*3] ʦʙʣʘʜʘʶʪ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʪʦʯʥʠʢʘʤ ʭʘʣʴʢʦʛʝʥʦʚ (QPPh3, Q = S, Se), 

ʮʠʢʣʦʦʢʪʘʪʝʪʨʘʝʥʫ (COT) ʠ ʨʷʜʫ ʤʘʣʳʭ ʤʦʣʝʢʫʣ (H2, CO, thf) [24, 91] ʥʘʨʷʜʫ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 

ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ [LnCp*2]. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʚʦʟʨʘʩʪʘʶʪ ʩ ʨʦʩʪʦʤ 

ʩʪʝʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʪʦ ʝʩʪʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ Ln(III). ʊʨʠʩ-

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʠʤʝʝʪ ʩʚʦʡʩʪʚʘ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ: 

[LnCp*3]  O[LnCp*2]
+ + e← + 0.5(Cp*)2 

ʉʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʣʘʥʪʘʥʦʠʜʘ ʧʨʦʠʩʭʦʜʠʪ ʨʝʞʝ ʠʟ-ʟʘ ʚʳʩʦʢʠʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ Ln2+. ɺ ʠʟʚʝʩʪʥʳʭ ʧʨʠʤʝʨʘʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Eu3+ ʠ Yb3+ 

ʧʨʦʪʝʢʘʝʪ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ (ʜʠʤʝʪʠʣʘʤʠʥʦ)ʵʪʠʣ-ʠʥʜʝʥʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [92], ʚʦʟʤʦʞʥʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Eu ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʬʦʨʤʘʤʠʜʠʥʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ [93], ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Sm3+ (ʠ 
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Yb3+) ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩ ʩ ʜʚʫʤʷ ʥʝʚʝʨʦʷʪʥʦ ʦʙʲʸʤʥʳʤʠ 

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ CpBIG (CpBIG = C5Ph5) [94]. 

ɼʦ ʩʠʭ ʧʦʨ ʜʣʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʦ ʠʟʚʝʩʪʥʦ ʪʦʣʴʢʦ ʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ 

Eu3+. ɺ ʦʜʥʦʤ ʩʣʫʯʘʝ ʣʠʛʘʥʜ ʫʭʦʜʠʪ ʚ ʚʠʜʝ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ɓ-ʜʠʢʝʪʠʤʠʥʘ H(NacnacPh,Dipp), ʚ 

ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʦʥ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʚʷʟʠ ʤʝʞʜʫ ɔ-ʫʛʣʝʨʦʜʥʳʤʠ ʘʪʦʤʘʤʠ 

ʜʦ ʜʠʤʝʨʘ (NacnacRô)2 (ʩʭʝʤʘ 1.11) [62, 83]. ʆʙʨʘʟʦʚʘʥʠʝ ʜʠʤʝʨʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʩʣʫʯʘʝ 

ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʙʘ ʘʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʷ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʩʦʜʝʨʞʘʪ 

ʜʚʘ ʦʨʪʦ-ʟʘʤʝʩʪʠʪʝʣʷ. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʝʚʨʦʧʠʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʫʩʪʦʡʯʠʚʦʛʦ 

ʠʥʪʝʨʤʝʜʠʘʪʘ [Eu(NacnacRô)2ĀĀĀ(NacnacRô)], ʚ ʢʦʪʦʨʦʤ ʪʨʝʪʠʡ ʣʠʛʘʥʜ ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʦʚʘʥ ʠ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ, ʢʘʢ ʣʠʛʘʥʜʳ ʚ ʩʪʘʥʜʘʨʪʥʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʘʭ. ɿʘʪʝʤ ʠʥʪʝʨʤʝʜʠʘʪ ʧʝʨʝʭʦʜʠʪ ʚ ʢʠʥʝʪʠʯʝʩʢʠ ʚʳʛʦʜʥʫʶ ʬʦʨʤʫ [Eu(NacnacRô)2] ʠ 

ʨʘʜʠʢʘʣ (NacnacRô)Ā, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʜʠʤʝʨʠʟʦʚʘʪʴʩʷ ʠʣʠ ʞʝ ʟʘʙʠʨʘʪʴ ʚʦʜʦʨʦʜ ʫ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

 

ʉʭʝʤʘ 1.11. ʉʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʚ ʢʦʤʧʣʝʢʩʘʭ Eu. 

 

ɹʦʣʝʝ ʧʦʟʜʥʠʝ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʩʜʝʣʘʪʴ ʙʦʣʝʝ ʢʦʥʢʨʝʪʥʳʝ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʢʘʩʘʪʝʣʴʥʦ 

ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ ʠ ʧʨʠʯʠʥ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʟʥʳʭ ʧʨʦʜʫʢʪʦʚ ʚ ʩʣʫʯʘʝ ʩʪʝʨʠʯʝʩʢʠ ʟʘʪʨʫʜʥʸʥʥʳʭ 

ʩ ʜʚʫʭ ʩʪʦʨʦʥ ʜʠʢʝʪʠʤʠʥʘʪʦʚ (Nacnaco-Xyl, NacnacMes) ʠ ʩʚʦʙʦʜʥʦʛʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ NacnacPh,Dipp. 

ʀʟ ʨʝʘʢʮʠʡ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʜʣʷ Tm ʠ Yb c 2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣ-ʟʘʤʝʱʸʥʥʳʤ 

ʜʠʢʝʪʠʤʠʥʘʪʦʤ [58] ʠʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʝʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʥʝ ʧʦʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʢʦʤʧʣʝʢʩ 

[Tm(Nacnac)2I], ʘ ʢ Yb ʩʪʝʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʚʦʟʨʘʩʪʘʝʪ ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʜʘʞʝ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ YbCl3 ʩ 2 ʵʢʚ. Li (Nacnac) ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʜʠʭʣʦʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ 

[Yb(Nacnac)Cl2(thf)2]. ʉ ʙʦʣʴʰʦʡ ʚʝʨʦʷʪʥʦʩʪʴʶ, ʜʘʞʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʥʝʩʢʦʣʴʢʦ ʤʝʥʝʝ ʦʙʲʸʤʥʳʭ 

ʜʠʢʝʪʠʤʠʥʘʪʦʚ (Nacnaco-Xyl, NacnacMes) ʥʘʨʷʜʫ ʩ Nacnac ʥʝ ʜʦʧʫʩʢʘʝʪ ʢʦʦʨʜʠʥʘʮʠʶ ʪʨʝʪʴʝʛʦ 

ʣʠʛʘʥʜʘ ʢ ʤʝʪʘʣʣʦʮʝʥʪʨʫ, ʧʫʩʪʴ ʜʘʞʝ ʠ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʝʛʦ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ (0.947 ¡ ʜʣʷ Eu3+ ʠ 
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0.88 ¡ ʜʣʷ Tm3+, ʂʏ = 6 [89]). ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʠʥʪʝʨʤʝʜʠʘʪ ʤʦʞʝʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ 

[Eu(NacnacRô)2]
+{ NacnacRô}ï ʩ ʣʠʛʘʥʜʦʤ ʚʦ ʚʥʝʰʥʝʡ ʩʬʝʨʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ 

ʝʚʨʦʧʠʷ ʦʢʠʩʣʝʥʠʝ ʜʠʢʝʪʠʤʠʥʘʪʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʢʘʢ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ, ʪʘʢ ʠ ʚʦ ʚʥʝʰʥʝʡ, ʧʨʠʯʸʤ ʚʦ ʚʩʝʭ ʣʠʛʘʥʜʘʭ ʟʘʨʷʜ ʜʝʣʦʢʘʣʠʟʦʚʘʥ ʧʦ ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʝ, 

ʠ ʥʘʠʙʦʣʝʝ ʧʦʜʚʝʨʞʝʥ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ɔ-ʫʛʣʝʨʦʜʥʳʡ ʘʪʦʤ. 

ɺ ʩʣʫʯʘʝ ʦʪʢʨʳʪʦʛʦ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ NacnacPh,Dipp ʤʦʞʥʦ ʜʦʧʫʩʪʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ə1-

ʢʦʦʨʜʠʥʘʮʠʠ ʪʨʝʪʴʝʛʦ ʜʠʢʝʪʠʤʠʥʘʪʘ (ʩʭʝʤʘ 1.12). ʇʦʜʦʙʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʩʦʚʝʨʰʝʥʥʦ ʥʝ 

ʪʠʧʠʯʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʦʜʥʘʢʦ ʥʝʜʘʚʥʠʡ ʨʝʟʫʣʴʪʘʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʦʥʘ ʥʝ 

ʥʝʚʦʟʤʦʞʥʘ [28]. ɺ ʢʦʤʧʣʝʢʩʘʭ Sm(III ) [Sm(Nacnac)2L] ʩ ʦʙʲʸʤʥʳʤʠ ʬʝʥʘʟʠʥʠʜʥʳʤ ʠ 

ʬʣʫʦʨʝʥʠʜʥʳʤ ʣʠʛʘʥʜʘʤʠ (L), ʧʦʣʫʯʝʥʥʳʤʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ [Sm(Nacnac)2] ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʫʙʩʪʨʘʪʦʚ, ʦʜʠʥ ʠʟ ʜʠʢʝʪʠʤʠʥʘʪʦʚ ə1-ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ ʚʚʠʜʫ ʚʦʟʨʦʩʰʝʡ 

ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʂʉ (ʩʤ. ʯʘʩʪʴ 1.1.3, ʩʭʝʤʘ 1.6). ɺ ʩʣʫʯʘʝ ʧʦʜʦʙʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ 

NacnacPh,Dipp ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ-ʦʢʠʩʣʝʥʠʝ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʴʥʦʛʦ ʣʠʛʘʥʜʘ. ʇʨʠ ʵʪʦʤ ʠʦʥʥʳʡ ʨʘʜʠʫʩ ʢʘʪʠʦʥʘ ʚʦʟʨʘʩʪʘʝʪ (0.947 

¡ ʜʣʷ Eu3+ ʠ 1.17 ¡ ʜʣʷ Eu2+, ʂʏ = 6 [89]), ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ə2-ʢʦʦʨʜʠʥʘʮʠʠ ʪʨʝʪʴʝʛʦ 

ʜʠʢʝʪʠʤʠʥʘʪʘ. ʅʝʜʦʩʪʘʪʦʢ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʩʳʱʝʥʥʦʩʪʠ ʜʦʧʦʣʥʷʝʪʩʷ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʊɻʌ, ʠ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʘʪʘʢʘ ʨʘʜʠʢʘʣʘ NĀ ʧʦ CïH ʩʚʷʟʠ ʚ ʤʦʣʝʢʫʣʝ ʊɻʌ. ʇʦʭʦʞʠʝ 

ʨʘʩʩʫʞʜʝʥʠʷ ʙʳʣʠ ʚʳʩʢʘʟʘʥʳ ʚ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʸʥʥʦʡ ʬʦʨʤʘʤʠʜʠʥʘʪʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʝʚʨʦʧʠʷ 

[93], ʠ ʚ ʥʝʜʘʚʥʝʡ ʨʘʙʦʪʝ, ʧʦʩʚʷʱʸʥʥʦʡ ʢʦʤʧʣʝʢʩʘʤ ʩʘʤʘʨʠʷ [Sm(Nacnac)2L] (L = ʬʝʥʘʟʠʥ-

ʨʘʜʠʢʘʣ, ʩʤ. ʩʭʝʤʫ 1.6), ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ə1-ʢʦʦʨʜʠʥʘʮʠʷ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʜʠʢʝʪʠʤʠʥʘʪʦʚ 

ʦʩʫʱʝʩʪʚʠʤʘ ʧʨʠ ʩʫʱʝʩʪʚʝʥʥʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʂʉ [28]. 

 

ʉʭʝʤʘ 1.12. ʅʦʚʘʷ ʛʠʧʦʪʝʟʘ ʦ ʤʘʨʰʨʫʪʝ ʧʨʦʪʝʢʘʥʠʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Eu(III) ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʘʩʠʤʤʝʪʨʠʯʥʳʤ NacnacPh,Dipp. 

ɺʳʩʢʘʟʘʥʥʦʝ ʚʳʰʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʣʠʯʥʳʭ ʨʘʟʤʳʰʣʝʥʠʷʭ ʘʚʪʦʨʘ ʠ ʘʥʘʣʠʟʝ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʆʥʦ ʪʨʝʙʫʝʪ ʚʝʩʦʤʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʠ ʥʝ ʠʤʝʝʪ 

ʥʘʫʯʥʦʡ ʩʠʣʳ ʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʤ ʚʠʜʝ. 
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 1.2.3. ʂʦʤʧʣʝʢʩʳ ʩ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʤ, ʩʦʜʝʨʞʘʱʠʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʦʨʜʠʥʠʨʫʶʱʠʝ 

ʘʪʦʤʳ 

ʅʘʨʷʜʫ ʩ ʩʠʣʠʣʴʥʳʤʠ ʠ ʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʨʘʟʥʦʡ ʦʙʲʸʤʥʦʩʪʠ ʚ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘʭ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʟʘʤʝʩʪʠʪʝʣʠ, ʩʦʜʝʨʞʘʱʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʜʦʥʦʨʥʳʝ N-, P- ʠʣʠ O- ʘʪʦʤʳ, 

ʩʦʝʜʠʥʸʥʥʳʝ ʘʣʢʠʣʴʥʳʤ ʠʣʠ ʘʨʠʣʴʥʳʤ ʤʦʩʪʠʢʦʤ ʩ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʜʠʢʝʪʠʤʠʥʘʪʘ. 

ɼʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴʩʷ ʢʘʢ ʥʝʡʪʨʘʣʴʥʦʡ, ʪʘʢ ʠ ʘʥʠʦʥʥʦʡ ʛʨʫʧʧʦʡ 

ʟʘʤʝʩʪʠʪʝʣʷ. ɺ ʧʨʦʩʪʝʡʰʝʤ ʩʣʫʯʘʝ ʵʪʦ çʢʣʝʰʥʷè ʠʟ ʵʪʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʩ NEt2-ʛʨʫʧʧʦʡ ʥʘ 

ʢʦʥʮʝ. ɻʘʣʦʛʝʥʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʣʠʛʘʥʜʦʤ (NacnacenNEt2)ï ʥʝ ʩʦʜʝʨʞʘʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʣʘʛʦʜʘʨʷ ʜʦʥʦʨʥʳʤ ʛʨʫʧʧʘʤ, ʟʘʢʨʳʚʘʶʱʠʤ ʣʘʥʪʘʥʦʠʜ ʩ ʜʚʫʭ ʩʪʦʨʦʥ [34, 65, 95, 

96]. ʇʦʣʫʯʝʥʠʝ ʙʝʩʩʦʣʴʚʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʜʣʷ ʜʘʣʴʥʝʡʰʝʛʦ ʧʦʣʫʯʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʩ ʘʢʪʠʚʥʦʡ ʩʚʷʟʴʶ REïC [55, 96, 97] ʠʣʠ ʜʘʞʝ REïH [10, 79]. çʂʣʝʰʥʷè ʩ ʪʨʝʪʠʯʥʦʡ 

ʥʝʟʘʨʷʞʝʥʥʦʡ ʘʤʠʥʦ-ʛʨʫʧʧʦʡ NR2 ʠʤʝʝʪ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʦʣʝʝ ʧʨʦʯʥʦ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʚʪʦʨʠʯʥʦʡ ʘʤʠʜʦ-ʛʨʫʧʧʦʡ ïNR, ʧʦʩʢʦʣʴʢʫ ʤʦʞʝʪ ʙʦʣʝʝ ʛʠʙʢʦ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ 

ʧʦʜ ʚʦʟʨʘʩʪʘʶʱʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʂʉ ʠ ʜʝʢʦʦʨʜʠʥʠʨʦʚʘʪʴʩʷ, ʦʩʚʦʙʦʞʜʘʷ ʤʝʩʪʦ ʜʣʷ ʜʨʫʛʠʭ 

ʣʠʛʘʥʜʦʚ. ʅʘʧʨʠʤʝʨ, ʚ ʢʦʤʧʣʝʢʩʝ [Sc(Nacnac(enNMe2)Dipp)H{ N(Dipp)(SiH2Ph)}] ʘʩʩʠʤʝʪʨʠʯʥʳʡ 

ʜʠʢʝʪʠʤʠʥʘʪ ʠʤʝʝʪ ə3-ʢʦʦʨʜʠʥʘʮʠʶ ʘʪʦʤʘʤʠ ʘʟʦʪʘ, ʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʨʝʘʢʮʠʶ ʢʘʨʙʦʜʠʠʤʠʜʘ 

PhNCNPh çʢʣʝʰʥʷè ʜʝʢʦʦʨʜʠʥʠʨʫʝʪʩʷ, ʦʩʚʦʙʦʞʜʘʷ ʤʝʩʪʦ ʜʣʷ ʚʥʝʜʨʠʚʰʝʛʦʩʷ ʧʦ ʩʚʷʟʠ ScïH 

ʩʫʙʩʪʨʘʪʘ ʚ ʚʠʜʝ ʬʦʨʤʘʤʠʜʠʥʘʪʘ (NPh)2CHï [42]. ʅʘʧʨʦʪʠʚ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ çʢʣʝʰʥʠè ʩ 

ʧʠʨʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ ʦʢʘʟʘʣʦʩʴ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʧʦʩʢʦʣʴʢʫ ʢʦʦʨʜʠʥʘʮʠʷ 2,5-

ʜʠʤʝʪʠʣʧʠʨʨʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ ʢ ʣʘʥʪʘʥʦʠʜʫ, ʦʯʝʚʠʜʥʦ, ʦʢʘʟʘʣʘʩʴ ʤʝʥʝʝ ʚʳʛʦʜʥʘ, ʯʝʤ 

ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʦʡ ʩʚʷʟʠ ʤʝʞʜʫ Ŭ-H ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʜʠʢʝʪʠʤʠʥʘʪʘ ʠ ʧʠʨʨʦʣʴʥʳʤ 

ʢʦʣʴʮʦʤ [13] (ʩʤ. ʧʦʜʨʦʙʥʦʩʪʠ ʦ ʩʪʨʦʝʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʩʭʝʤʝ 1.6). 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʩ ʘʤʠʜʦ-ʛʨʫʧʧʦʡ ʚ ʟʘʤʝʩʪʠʪʝʣʝ ʫʜʘʸʪʩʷ ʩʦʢʨʘʪʠʪʴ 

ʯʠʩʣʦ ʜʨʫʛʠʭ ʘʥʠʦʥʥʳʭ ʣʠʛʘʥʜʦʚ ʜʦ ʦʜʥʦʛʦ ʚ ʢʦʤʧʣʝʢʩʘʭ ʚʠʜʘ 

[Ln(Nacnac(enNR),Dipp)(CH2Tms)(thf)] [98]. ʉʦʢʨʘʱʝʥʠʝ ʯʠʩʣʘ ʘʢʪʠʚʥʳʭ ʛʨʫʧʧ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʦ 

ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʩʝʣʝʢʪʠʚʥʦʩʪʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʧʦʩʢʦʣʴʢʫ ʜʚʝ ʘʢʪʠʚʥʳʝ ʘʣʢʠʣʴʥʳʝ 

ʛʨʫʧʧʳ ʤʦʛʫʪ ʢʦʥʢʫʨʠʨʦʚʘʪʴ ʠ ʧʨʠʚʦʜʠʪʴ ʢ ʫʰʠʨʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

[99]. ʆʜʥʘʢʦ ʝʩʣʠ ʟʘʤʝʩʪʠʪʝʣʴ R ʥʝʜʦʩʪʘʪʦʯʥʦ ʦʙʲʸʤʥʳʡ, ʂʉ ʩʬʝʨʘ ʣʘʥʪʘʥʦʠʜʘ ʦʩʪʘʸʪʩʷ 

ʜʦʩʪʘʪʦʯʥʦ ʦʪʢʨʳʪʦʡ ʜʣʷ ʧʨʝʚʨʘʱʝʥʠʡ ʘʢʪʠʚʥʦʛʦ ʘʣʢʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʨʘʩʪʚʦʨʝ, ʠ ʚʳʜʝʣʠʪʴ 

ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ ʥʝ ʫʜʘʸʪʩʷ. 

ɺʚʝʜʝʥʠʝ ʜʦʥʦʨʥʦʡ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʳ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʘʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ 

ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʞʸʩʪʢʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʣʠʛʘʥʜʘ (ʩʭʝʤʘ 1.13ʘ) [49, 52, 99]. 

ʏʘʱʝ ʚʩʝʛʦ ʦʥʘ ʩʦʭʨʘʥʷʝʪʩʷ ʥʝʠʟʤʝʥʥʦʡ ʠ ʥʝ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʨʝʘʢʮʠʷʭ. ɺ ʦʪʜʝʣʴʥʦʤ ʩʣʫʯʘʝ, 

ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʧʨʦʣʠʛʘʥʜʘ H{ NacnacDipp,o-(OMe)Phen} ʘʤʠʜʦʤ [Sm(NTms2)3(Õ-
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Cl)Li (thf)3] ʚ ʜʦʩʪʘʪʦʯʥʦ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ ð ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʦʣʫʦʣʝ ð ʧʨʦʠʟʦʰʣʘ ʘʢʪʠʚʘʮʠʷ 

ʤʝʪʦʢʩʠ-ʛʨʫʧʧʳ ʠ ʧʝʨʝʥʦʩ ʤʝʪʠʣʘ ʚ ɔ-ʧʦʣʦʞʝʥʠʝ (ʩʭʝʤʘ 1.13ʙ) [52].  

 

ʉʭʝʤʘ 1.13. ʇʨʠʤʝʨʳ ʘ), ʙ) ʞʸʩʪʢʦʡ ʠ ʚ) ʛʠʙʢʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʆ-ʜʦʥʦʨʥʦʡ ʢʣʝʰʥʠ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʘ. 

 

ɹʦʣʝʝ ʠʥʪʝʨʝʩʝʥ ʚʘʨʠʘʥʪ ʥʘ ʩʭʝʤʝ 1.13ʚ. ɸʨʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ ʧʨʠʩʦʝʜʠʥʸʥ ʢ ʘʟʦʪʫ ʯʝʨʝʟ 

ʤʝʪʠʣʝʥʦʚʫʶ ʛʨʫʧʧʫ ʠ ʩʦʜʝʨʞʠʪ ʞʸʩʪʢʦ ʢʦʦʨʜʠʥʠʨʫʶʱʫʶʩʷ ʦʢʩʠ-ʛʨʫʧʧʫ [77]. ʆʜʥʘʢʦ ʛʠʙʢʦʩʪʴ 

ʤʝʪʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ ʜʦʧʫʩʢʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʥʦʡ ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʂʉ ʠ ʨʘʟʥʳʝ 

ʪʠʧʳ ʢʦʦʨʜʠʥʘʮʠʠ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʯʘʩʪʠ 1.1.3. ɺ ʩʣʫʯʘʝ ʢʠʩʣʦʨʦʜ-

ʜʦʥʦʨʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʝ ʪʘʢ ʚʘʞʥʦ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʣʠ ʦʥʠ ʥʝʡʪʨʘʣʴʥʦʡ ʠʣʠ ʘʥʠʦʥʥʦʡ 

ʛʨʫʧʧʦʡ, ʪʘʢ ʢʘʢ ʠʟ-ʟʘ ʚʳʩʦʢʦʛʦ ʩʨʦʜʩʪʚʘ ʣʘʥʪʘʥʦʠʜʦʚ ʢ ʢʠʩʣʦʨʦʜʫ ʜʝʢʦʦʨʜʠʥʘʮʠʶ ʪʘʢʦʡ 

çʢʣʝʰʥʠè ʦʞʠʜʘʪʴ ʥʝ ʧʨʠʭʦʜʠʪʩʷ. ʊʠʧ ʆ-ʜʦʥʦʨʥʦʡ ʛʨʫʧʧʳ (ʵʬʠʨʥʘʷ ʠʣʠ ʦʢʩʠ-ʛʨʫʧʧʘ) ʚʣʠʷʝʪ ʥʘ 

ʩʫʤʤʘʨʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ. 

ɺʚʝʜʝʥʠʝ ʜʦʥʦʨʥʳʭ ʘʪʦʤʦʚ ʚ ʟʘʤʝʩʪʠʪʝʣʠ Rô ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʤʦʞʝʪ ʠʤʝʪʴ ʩʚʦʠ 

ʧʨʝʠʤʫʱʝʩʪʚʘ ʚ ʨʘʤʢʘʭ ʥʘʩʪʨʘʠʚʘʥʠʷ ʩʪʝʨʠʯʝʩʢʠʭ ʠ ʜʦʥʦʨʥʳʭ ʩʚʦʡʩʪʚ ʣʠʛʘʥʜʘ. 

ʆʩʦʙʳʡ ʩʣʫʯʘʡ ʤʦʜʠʬʠʢʘʮʠʠ çʢʣʝʰʥʠè ʜʠʢʝʪʠʤʠʥʘʪʘ ð ʚʚʝʜʝʥʠʝ ʢʘʪʘʣʠʪʠʯʝʩʢʠ-

ʘʢʪʠʚʥʦʡ ʛʨʫʧʧʳ PPh2. ɺʤʝʩʪʝ ʩ ʢʘʪʠʦʥʦʤ ʣʘʥʪʘʥʦʠʜʘ, ʞʸʩʪʢʦʡ ʢʠʩʣʦʪʦʡ ʃʴʶʠʩʘ, ʤʷʛʢʦʝ 

ʦʩʥʦʚʘʥʠʝ ʬʦʩʬʠʥʘ ʬʦʨʤʠʨʫʝʪ ʥʘʨʫʰʝʥʥʫʶ ʧʘʨʫ ʃʴʶʠʩʘ (ʦʪ Frustrated Lewis Pair, ʜʘʣʝʝ ð FLP). 

ʌʦʩʬʠʥʦʚʳʝ ʣʠʛʘʥʜʳ ʩʣʠʰʢʦʤ ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʫʶʱʠʝ ʜʣʷ ʭʠʤʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʧʨʦʠʛʨʳʚʘʶʪ 

ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʘʢʠʭ-ʣʠʙʦ ʜʨʫʛʠʭ ʣʠʛʘʥʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ N- ʠʣʠ O- ʜʦʥʦʨʥʳʝ ʛʨʫʧʧʳ. ʂʨʦʤʝ 

ʪʦʛʦ, ʧʦʧʳʪʢʘ ʚʚʝʩʪʠ ʬʦʩʬʠʜʥʳʡ ʣʠʛʘʥʜ ArylP(H)ï ʚ ʢʦʤʧʣʝʢʩ [Y(Nacnac)I2(thf)] ʧʨʠʚʝʣʘ ʢ 

ʚʩʪʨʘʠʚʘʥʠʶ ʤʦʣʝʢʫʣʳ ʊɻʌ ʧʦ ʩʚʷʟʠ LnïP ʩ ʨʘʩʢʨʳʪʠʝʤ ʢʦʣʴʮʘ [100]. ʇʨʠʚʷʟʢʘ ʞʝ ʬʦʩʬʠʥʘ 

ʯʝʨʝʟ ʘʣʢʠʣʴʥʳʡ ʤʦʩʪʠʢ ʢ ʧʨʦʯʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʤʫ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʫ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʯʝʪʘʥʠʝ REïP ʚ ʢʘʪʘʣʠʟʝ. ʕʪʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʦʚʦʝ ʥʘʧʨʘʚʣʝʥʠʝ ʚ ʭʠʤʠʠ ʣʘʥʪʘʥʦʠʜʦʚ, ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʝʜʠʥʠʯʥʳʝ ʨʘʙʦʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩ ʪʘʢʠʤʠ 

FLP. 

ʉʪʨʫʢʪʫʨʥʦ ʣʠʛʘʥʜʳ Nacnac(enPPh2)Dipp ʤʘʣʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʘʥʘʣʦʛʠʯʥʳʭ ʩ NR2 ʛʨʫʧʧʦʡ. 

ɸʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʵʪʠʤ ʣʠʛʘʥʜʦʤ ʧʦʣʫʯʘʶʪʩʷ ʧʨʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 
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ʧʨʦʣʠʛʘʥʜʘ ʩ ʦʜʥʠʤ ʵʢʚʠʚʘʣʝʥʪʦʤ Ln(CH2Tms)3, ʘ ʟʘʪʝʤ ʦʜʠʥ ʘʣʢʠʣʴʥʳʡ ʣʠʛʘʥʜ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʤʝʥʸʥ ʥʘ ʘʨʠʣʦʢʩʠʜʥʳʡ ʜʦʙʘʚʣʝʥʠʝʤ ʥʫʞʥʦʛʦ ʬʝʥʦʣʘ, ʜʘʚʘʷ ʢʦʤʧʣʝʢʩ 

[Ln(Nacnac(enPPh2)Dipp)(OAr)(CH2Tms)]. ɼʣʷ ʢʘʪʘʣʠʟʘ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʢʘʪʠʦʥʥʳʝ ʵʣʝʢʪʨʦʥ-ʜʝʬʠʮʠʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʠʟ-ʟʘ ʙʦʣʴʰʝʡ ʣʦʢʘʣʠʟʘʮʠʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ 

ʥʘ ʢʘʪʠʦʥʝ ʣʘʥʪʘʥʦʠʜʘ. ʇʦʵʪʦʤʫ ʦʩʪʘʚʰʠʡʩʷ ʘʣʢʠʣʴʥʳʡ ʣʠʛʘʥʜ ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

[HNPhMe2][B(C6F5)4], ʘ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ ʢʦʤʧʣʝʢʩʘ ʢʦʤʧʝʥʩʠʨʫʝʪʩʷ 

ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʫʶʱʠʤ ʪʝʪʨʘʬʝʥʠʣʙʦʨʘʪʥʳʤ ʘʥʠʦʥʦʤ. ʇʦʣʫʯʘʶʱʠʝʩʷ ʧʦʩʣʝ ʩʪʫʧʝʥʯʘʪʦʛʦ 

ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʳ [Ln(Nacnac(enPPh2)Dipp)(OAr)]+[B(C6F5)4]
ï ʩʧʦʩʦʙʥʳ ʢ ʢʠʥʝʪʠʯʝʩʢʠ-

ʢʦʥʪʨʦʣʠʨʫʝʤʦʤʫ ʩʝʣʝʢʪʠʚʥʦʤʫ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʶ ʥʝʥʘʩʳʱʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ (ʩʭʝʤʘ 1.14). 

ʆʩʦʙʘʷ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʩ FLP ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ 

ʧʦʣʷʨʥʳʭ ʘʣʢʝʥʦʚʳʭ ʤʦʥʦʤʝʨʦʚ ʙʝʟ ʜʦʙʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʠʩʣʦʪʳ ʃʴʶʠʩʘ (Al iBu3), ʢʘʢ 

ʚ ʦʙʳʯʥʳʭ ʩʣʫʯʘʷʭ [6, 9]. 

 

ʉʭʝʤʘ 1.14. ʄʦʜʠʬʠʢʘʮʠʷ ʢʦʤʧʣʝʢʩʘ ʩ FLP ʠ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʝ RE/P ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ. 

 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʩʢʘʥʜʠʷ ʩ ʣʠʛʘʥʜʦʤ 

Nacnac(enPPh2)Dipp ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʈɿʕ. ʅʘʨʷʜʫ ʩ 1,4-

ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ Sc/P ʠʤʝʝʪ ʤʝʩʪʦ ʢʦʥʢʫʨʠʨʫʶʱʠʡ ʧʨʦʮʝʩʩ ʚʥʝʜʨʝʥʠʷ ʩʫʙʩʪʨʘʪʘ ʧʦ ɔ-C-Sc ʩʚʷʟʠ 

ʩ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʤ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʤʘʣʝʥʴʢʠʤ ʨʘʟʤʝʨʦʤ ʢʘʪʠʦʥʘ ʩʢʘʥʜʠʷ, ʨʘʩʧʦʣʦʞʝʥʥʦʛʦ 

ʙʣʠʟʢʦ ʢ ʥʫʢʣʝʦʬʠʣʴʥʦʤʫ ɔ-ʉ ʘʪʦʤʫ. ʆʜʥʘʢʦ ʜʦʙʠʪʴʩʷ ʧʨʝʦʙʣʘʜʘʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ FLP ʫʜʘʸʪʩʷ, 

ʝʩʣʠ ʚʚʝʩʪʠ ʟʘʤʝʩʪʠʪʝʣʴ (ʥʘʧʨʠʤʝʨ, ʙʝʥʟʠʣʴʥʳʡ) ʚ ɔ-ʧʦʣʦʞʝʥʠʝ ʜʠʢʝʪʠʤʠʥʘʪʘ [8]. 

ɺ ʦʩʦʙʳʡ ʧʦʜʢʣʘʩʩ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʙʠʩ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʣʠʛʘʥʜʳ, ʩʦʝʜʠʥʸʥʥʳʝ 

ʤʦʩʪʠʢʘʤʠ (ʩʭʝʤʘ 1.15). ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʠʙʢʦʩʪʠ ʠ ʪʠʧʘ ʟʘʤʝʩʪʠʪʝʣʷ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 
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ʤʦʥʦʷʜʝʨʥʳʭ ʠʣʠ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʣʢʠʣʴʥʳʝ 

ʤʦʩʪʠʢʠ (link) ð ʵʪʠʣʝʥʦʚʳʡ ʠ 1,2-ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʡ, ð ʠ ʬʝʥʠʣʝʥʦʚʳʝ, ʩʚʷʟʘʥʥʳʝ ʯʝʨʝʟ ʤʝʪʘ- 

ʠʣʠ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʷ. ɹʣʘʛʦʜʘʨʷ ʛʠʙʢʦʩʪʠ ʘʣʢʠʣʴʥʳʭ ʣʠʥʢʝʨʦʚ ʦʙʨʘʟʫʶʪʩʷ ʤʦʥʦʷʜʝʨʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʚʠʜʘ [Ln{( NacnacRô)2link} L], ʘ ʙʦʣʝʝ ʞʸʩʪʢʠʝ ʬʝʥʠʣʝʥʦʚʳʝ ʤʦʩʪʠʢʠ ʧʨʠʚʦʜʷʪ ʢ 

ʙʠʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʘʤ. 

 

ʉʭʝʤʘ 1.15. ʇʨʠʤʝʨʳ ʙʠʩ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʩ ʮʠʢʣʦʛʝʢʩʠʣʴʥʳʤ ʠ ʤʝʪʘ-

ʬʝʥʠʣʝʥʦʚʳʤ ʣʠʥʢʝʨʘʤʠ ʚ ʢʦʤʧʣʝʢʩʘʭ ʈɿʕ. 

 

ʃʠʛʘʥʜʳ ʩ ʮʠʢʣʦʛʝʢʩʘʥʦʚʳʤ ʤʦʩʪʠʢʦʤ ʧʨʝʜʩʪʘʚʣʷʶʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʧʦʩʢʦʣʴʢʫ 

ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʚʘʪʴ ʭʠʨʘʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ ʦʜʥʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʠ-ʘʢʪʠʚʥʦʡ ʘʤʠʜʥʦʡ ʛʨʫʧʧʦʡ 

(ʩʭʝʤʘ 1.15ʘ). ʂʦʥʪʨʦʣʴ ʟʘ ʩʪʝʨʠʯʝʩʢʦʡ ʥʘʩʳʱʝʥʥʦʩʪʴʶ ʂʉ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚʪʦʨʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ Rô ʠ ʟʘʤʝʥʦʡ ʢʘʪʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ [RE{( NacnacRô)2en}( NTms2)] 

ʠ [RE{( NacnacRô)2(cy-hex)}( NTms2)] (cy-hex = C6H12; Rô = o-Xyl , o-(iPr)Phen, p-(OMe)Phen, Dipp, 

o-Et2C6H3, o-EtPhen) ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʚ ʨʘʟʥʳʭ ʨʝʘʢʮʠʷʭ.  ʂʦʤʧʣʝʢʩ 

[La{( Nacnaco-Xyl)2en}( N(SiHMe2)2)] ʧʦʢʘʟʘʣ ʚʳʩʦʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʧʨʠ ʩʦ-ʧʦʣʠʤʝʨʠʟʘʮʠʠ CO2 ʠ 

ʮʠʢʣʦʛʝʢʩʝʥ-ʦʢʩʠʜʘ ʠ ʩʘʤʦʝ ʚʳʩʦʢʦʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʣʠʥʢʝʨʦʚ ʚ ʧʦʣʠʤʝʨʝ (92%) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʤʠ ʙʠʩ-ʘʤʠʜʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ [32]. ɺ ʩʨʘʚʥʝʥʠʠ ʩ ʥʠʤʠ ʪʨʠʩ-

ʘʤʠʜʳ Ln(NTms2)3 ʜʘʶʪ ʤʝʥʴʰʝʝ ʩʦʜʝʨʞʘʥʠʝ ʢʘʨʙʦʥʘʪʥʳʭ ʣʠʥʢʝʨʦʚ ʠ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ 

ʧʦʙʦʯʥʳʭ ʮʠʢʣʠʯʝʩʢʠʭ ʢʘʨʙʦʥʘʪʦʚ. ʀʟʫʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʭʠʨʘʣʴʥʳʭ (R,R)-ʢʦʤʧʣʝʢʩʦʚ 

[RE{( NacnacMes)2(cy-hex)}( NTms2)] (RE = La, Y) ʠ [La{( NacnacDipp)2(cy-hex)}( NTms2)] ʚ ʨʝʘʢʮʠʷʭ 

ʛʠʜʨʦʘʤʠʥʠʨʦʚʘʥʠʷ/ʮʠʢʣʠʟʘʮʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʪʝʨʝʦʩʧʝʮʠʬʠʯʥʦʩʪʴ ʨʝʘʢʮʠʠ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ 

ʩʦʯʝʪʘʥʠʷ RE ʠ ʪʠʧʘ ʘʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ ʩ ʥʘʠʙʦʣʴʰʝʡ ʩʪʝʨʠʯʝʩʢʦʡ 

ʟʘʛʨʫʞʝʥʥʦʩʪʴʶ ʂʉ La-Dipp ʵʥʘʥʪʠʦʩʝʣʝʢʪʠʚʥʦʩʪʴ ʙʳʣʘ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʩʨʝʜʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ (ʜʦ 76% ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʫʙʩʪʨʘʪʘ) [30]. ʆʜʥʘʢʦ ʚ ʨʝʘʢʮʠʷʭ ʛʠʜʨʦʬʦʩʬʠʥʠʨʦʚʘʥʠʷ 

ɓ-ʥʠʪʨʦʩʪʠʨʦʣʘ ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʢʩʠʜʦʤ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʭ 

[RE{(1S,2S)-(NacnacRô)2(cy-hex)}( NTms2)] (Rô = Dipp, o-Et2C6H3; RE = Nd, Gd, Dy, Y, Er, Yb), 

ʧʨʦʠʩʭʦʜʠʪ ʨʘʮʝʤʠʟʘʮʠʷ ʧʨʦʜʫʢʪʘ ʠʟ-ʟʘ ʨʘʩʧʦʣʦʞʝʥʠʷ ʭʠʨʘʣʴʥʦʛʦ ʮʝʥʪʨʘ ʜʘʣʝʢʦ ʦʪ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʮʝʥʪʨʘ. ʇʨʠ ʵʪʦʤ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʩʪʝʨʠʯʝʩʢʦʤ ʚʣʠʷʥʠʠ ʩʦʯʝʪʘʥʠʷ RE/Aryl  ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ. 

ʂʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʭʦʨʦʰʦ ʧʦʜʭʦʜʠʪʴ ʜʣʷ Ŭ,ɓ-ʥʝʥʘʩʳʱʝʥʥʳʭ ʘʤʠʜʦʚ, ʩʣʦʞʥʳʭ 
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ʵʬʠʨʦʚ ʠ ʭʘʣʢʦʥʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 1,4-ʨʝʛʠʦʩʝʣʝʢʪʠʚʥʳʝ ʧʨʦʜʫʢʪʳ 

ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʩ ʚʳʩʦʢʠʤʠ ʚʳʭʦʜʘʤʠ [54]. 

ʃʠʛʘʥʜʳ ʩ ʬʝʥʠʣʝʥʦʚʳʤʠ ʤʦʩʪʠʢʘʤʠ ʪʘʢʞʝ ʤʦʛʫʪ ʧʨʝʜʩʪʘʚʣʷʪʴ ʠʥʪʝʨʝʩ ʜʣʷ ʢʘʪʘʣʠʟʘ. 

ɹʣʘʛʦʜʘʨʷ ʞʸʩʪʢʦʩʪʠ ʣʠʥʢʝʨʘ ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʜʚʫʤʷ ʘʢʪʠʚʥʳʤʠ 

ʤʝʪʘʣʣʦʮʝʥʪʨʘʤʠ, ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʛʝʦʤʝʪʨʠʠ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʠʣʠ ʫʚʝʣʠʯʠʚʘʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʤʝʞʜʫ ʥʠʤʠ. 

ʇʨʠ ʩʦʯʝʪʘʥʠʠ ʣʠʛʘʥʜʘ {(NacnacDipp)2(m-Phen)} 2ï ʩ ʢʨʫʧʥʳʤ ʢʘʪʠʦʥʦʤ Nd ʙʳʣ ʧʦʣʫʯʝʥ 

ʪʝʪʨʘ-ʘʤʠʜʥʳʡ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [56]. ɼʣʷ ʤʝʥʴʰʠʭ ʧʦ ʨʘʟʤʝʨʫ ʢʘʪʠʦʥʦʚ Y, Yb ʙʳʣʘ 

ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʦʣʫʯʠʪʴ ʪʝʪʨʘʘʤʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ RE(NTms2)2Cl ʠ 

ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʣʠʛʥʘʜʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ [75]. ʆʜʥʘʢʦ ʚʤʝʩʪʦ ʘʤʠʜʦ-ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʤʝʰʘʥʦʣʠʛʘʥʜʥʳʝ ʭʣʦʨʦ-ʪʨʠʩ(ʘʤʠʜ)-ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ (ʩʭʝʤʘ 1.15ʙ). ʇʦ ʩʪʝʨʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ ʧʦʣʥʦʝ 

ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜʦʚ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʦʣʫʦʣʝ 

ʧʨʦʠʩʭʦʜʠʪ ʘʢʪʠʚʘʮʠʷ CïH ʩʚʷʟʠ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʬʝʥʠʣʝʥʦʚʦʛʦ ʤʦʩʪʠʢʘ (ʩʭʝʤʘ 1.15ʚ). 

ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʘʥʘʣʦʛʠʯʥʳʡ ʤʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Y(NacnacDipp,Ph)(NTms2)2] ʪʝʨʤʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚ, ʠ ʧʨʠ ʝʛʦ ʥʘʛʨʝʚʘʥʠʠ CïH ʘʢʪʠʚʘʮʠʠ ʩʚʷʟʝʡ ʟʘʤʝʩʪʠʪʝʣʝʡ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʊʘʢʞʝ ʧʨʠ 

ʩʦʝʜʠʥʝʥʠʠ ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʧʘʨʘ-ʬʝʥʠʣʝʥʦʚʳʤ ʤʦʩʪʠʢʦʤ ʜʚʘ ʤʝʪʘʣʣʦʮʝʥʪʨʘ ʥʝ ʢʦʥʬʣʠʢʪʫʶʪ ʠʟ-

ʟʘ ʥʘʩʳʱʝʥʥʦʩʪʠ ʂʉ, ʠ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʪʝʪʨʘʘʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[RE2(NTms2){( NacnacDipp)2(p-Phen)}] ʚ ʪʦʤ ʯʠʩʣʝ ʜʣʷ ʠʪʪʨʠʷ [56]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʝʥʠʣʝʥʦʚʳʤ ʤʦʩʪʠʢʦʤ ʚ ʢʘʪʘʣʠʟʝ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʟʦʧʨʝʥʘ ʠ ɘ-ʣʘʢʪʠʜʘ ʟʘʚʠʩʠʪ ʦʪ ʪʠʧʘ ʣʠʥʢʝʨʘ (ʤʝʪʘ- ʠʣʠ ʧʘʨʘ-), ʟʘʤʝʩʪʠʪʝʣʝʡ ʚ 

ʘʨʠʣʴʥʦʡ ʛʨʫʧʧʝ ʠ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ. ɸʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[{ RE(CHTms2)(thf)n}{( NacnacRô)2(m-Phen)}] ( Rô = o-Et2C6H3, o-Xyl , RE = Y; Rô = Dipp, RE = Y, Lu, 

Sc) ʦʢʘʟʘʣʠʩʴ ʩʨʝʥʝ-ʵʬʬʝʢʪʠʚʥʳ ʚ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʟʦʧʨʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ 

Al iBu3 ʠ [Ph3C][B(C6F5)4], ʥʦ ʧʦʚʳʰʘʶʪ 3,4-ʩʝʣʝʢʪʠʚʥʦʩʪʴ ʠ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ ʧʦʣʠʤʝʨʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʤʦʥʦʷʜʝʨʥʳʤʠ ʘʥʘʣʦʛʘʤʠ [60]. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʢʘʟʘʣʠ ʠ ʘʤʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʩ NTms2 ʠ N(SiHMe2)2 ʣʠʛʘʥʜʘʤʠ, ʩʦʜʝʨʞʘʱʠʝ ʤʝʪʘ- ʠ ʧʘʨʘ-ʬʝʥʠʣʝʥʦʚʳʝ ʤʦʩʪʠʢʠ 

[56, 101]. 

1.2.4. ɻʘʣʦʛʝʥʠʜʥʳʝ ʠ ʙʦʨʛʠʜʨʠʜʥʳʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʉʨʝʜʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʧʨʝʚʘʣʠʨʫʶʪ 

ʭʣʦʨʠʜʥʳʝ, ʧʦʩʢʦʣʴʢʫ ʙʝʟʚʦʜʥʳʝ ʭʣʦʨʠʜʳ ð ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʝ ʠ ʜʝʰʸʚʳʝ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʝ ʛʘʣʦʛʝʥʠʜʳ ʣʘʥʪʘʥʦʠʜʦʚ (ʥʘʧʨʠʤʝʨ, ʮʝʥʘ ʥʘ SmCl3 ʩʦʩʪʘʚʣʷʝʪ ú94/2ʛ, SmI3 ú244/1ʛ, 

SmI2 ú219/1ʛ ʧʦ ʜʘʥʥʳʤ ʩʘʡʪʘ https://www.sigmaaldrich.com/). ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝ ʛʘʣʦʛʝʥʠʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ Ln(II) ð ʠʦʜʠʜʥʳʝ, ʦʜʥʘʢʦ ʠʦʜʠʜʳ ʤʝʥʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʭʠʤʠʠ Ln(III ). 
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ɹʨʦʤʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʩʪʨʝʯʘʶʪʩʷ ʠʩʯʝʟʘʶʱʝ ʨʝʜʢʦ ʚ ʩʚʷʟʠ ʩ ʥʝʫʜʦʙʩʪʚʦʤ ʧʦʣʫʯʝʥʠʷ ʠ 

ʜʦʨʦʛʦʚʠʟʥʦʡ ʙʨʦʤʠʜʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʘ ʬʪʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝ ʠʟʚʝʩʪʥʳ. ɺ ʜʘʣʴʥʝʡʰʝʤ 

ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʤʦʜʠʬʠʮʠʨʦʚʘʪʴʩʷ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʛʘʣʦʛʝʥʠʜʦʚ ʥʘ ʜʨʫʛʠʝ ʣʠʛʘʥʜʳ. 

ɻʘʣʦʛʝʥʠʜʥʳʝ ʤʦʥʦ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʣʫʯʘʶʪʩʷ ʧʦ ʨʝʘʢʮʠʷʤ ʠʦʥʥʦʛʦ 

ʦʙʤʝʥʘ ʤʝʞʜʫ LnHal3 ʠ AM(RNacnacR') ʚ ʊɻʌ ʠʣʠ Et2O (ʩʤ. ʜʝʪʘʣʠ ʚ ʛʣʘʚʝ 1.1.2) ʚ ʟʘʜʘʥʥʦʡ 

ʩʪʝʭʠʦʤʝʪʨʠʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʠʣʠʣʠʨʦʚʘʥʥʦʛʦ ʜʠʢʝʪʠʤʠʥʘʪʘ PhNacnacTms ʧʨʝʦʙʣʘʜʘʝʪ 

ʪʝʥʜʝʥʮʠʷ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Ln(PhNacnacTms)2Cl] ʧʨʠ ʟʘʜʘʥʥʦʡ 

ʩʪʝʭʠʦʤʝʪʨʠʠ 1:1 [57, 61]. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʚʳʟʚʘʥʦ ʣʠʙʦ ʙʳʩʪʨʳʤ ʣʠʛʘʥʜʥʳʤ ʦʙʤʝʥʦʤ, 

ʣʠʙʦ ʜʚʠʞʫʱʝʡ ʩʠʣʦʡ ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʥʝʝ ʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʜʫʢʪʦʚ: 

2 [Ln(PhNacnacTms)Cl2(solv)x] Ÿ [Ln(
PhNacnacTms)2Cl] + LnCl3(solv)yŹ 

ʂʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ ʣʘʥʪʘʥʦʠʜʘ ʚ ʢʦʤʧʣʝʢʩʘʭ ʚʠʜʘ [Ln(RNacnacR')Cl2(solv)x] 

ʥʘʩʳʱʝʥʘ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚ ʩʨʝʜʥʝʤ, ʂʏ = 6 (ʙʝʟ ʫʯʸʪʘ ʪʠʧʘ ʢʦʦʨʜʠʥʘʮʠʠ 

ʜʠʢʝʪʠʤʠʥʘʪʘ). ɺ ʢʘʯʝʩʪʚʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʭʣʦʨʠʜʥʳʭ ʤʦʩʪʠʢʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ 

[{ Ln(RNacnacR')Cl}{ Ln(RNacnacR')(thf)}(ɛ-Cl)3] (ʩʭʝʤʘ 1.16ʘ) [102ï107], ʥʘʧʨʠʤʝʨ, ʧʨʠ ʯʘʩʪʠʯʥʦʡ 

ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟ ʥʝʧʦʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʋʜʘʣʝʥʠʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʙʦʣʝʝ ʞʸʩʪʢʠʭ ʫʩʣʦʚʠʷʭ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ Al iBu3, ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ 

ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʠ ʪʨʠʤʝʮʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ 

[{ RE(NacnacRô)(ɛ-Cl)} 3(ɛ
3-Cl)2]

+ (ʩʭʝʤʘ 1.16ʚ) [72]. 

ʇʨʠ ʟʘʤʝʱʝʥʠʠ ʜʚʫʭ ʭʣʦʨʠʜʦʚ ʚ ʙʠʷʜʝʨʥʦʤ ʢʦʤʧʣʝʢʩʝ ʥʘ ʥʝʩʢʦʣʴʢʦ ʙʦʣʝʝ ʦʙʲʸʤʥʳʡ 

ʘʤʠʜʥʳʡ (NiPr2, NC5H10 [104]) ʠʣʠ ʘʣʢʠʣʴʥʳʡ (CH2Tms [106, 108]) ʣʠʛʘʥʜ ʩʦʭʨʘʥʷʶʪʩʷ ʜʚʘ 

ʤʦʩʪʠʢʦʚʳʭ ʭʣʦʨʠʜʘ, ʘ ʦʜʠʥ ʤʦʩʪʠʢʦʚʳʡ ʠ ʪʝʨʤʠʥʘʣʴʥʳʡ ʭʣʦʨʠʜʳ ʟʘʤʝʱʘʶʪʩʷ, ʜʘʚʘʷ 

ʙʠʷʜʝʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{Ln(RNacnacR')L}(ɛ-Cl)2]. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʙʦʣʝʝ ʦʙʲʸʤʥʦʛʦ ʣʠʛʘʥʜʘ 

(Cp [109], CpMe [102], Cp*, NTms2 [103], NPh2 [104]) ʧʨʦʠʩʭʦʜʠʪ ʤʦʥʦʤʝʨʠʟʘʮʠʷ ʜʦ ʢʦʤʧʣʝʢʩʘ 

[Ln(RNacnacR')LCl(solv)x]. 

ʊʘʢʞʝ ʜʣʷ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʭʘʨʘʢʪʝʨʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʛʝʪʝʨʦʙʠʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʪʘʢ 

ʥʘʟʳʚʘʝʤʳʭ ʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ LiCl  (ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʊɻʌ ʠ ʵʬʠʨʝ). 

ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʟʘʚʠʩʷʪ ʢʘʢ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʨʝʘʢʮʠʠ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʘʢ ʠ ʦʪ 

ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ. ʂʦʤʧʣʝʢʩʳ ʚʠʜʘ 

[{ RE(NacnacRô)L}(ɛ-Cl)2{ Li (solv)x}] (ʩʭʝʤʘ 1.16ʙ) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʚ ʊɻʌ 

[38, 104, 107]. ʂʦʤʧʣʝʢʩʳ [{Y(Nacnaco-RPhen)(ɛ-Cl)2Li (Et2O)2} 2(ɛ-Cl)2] (R = iPr, tBu; ʩʭʝʤʘ 1.16ʛ) ʩ 

ʥʝ-ʦʙʲʸʤʥʳʤʠ ʜʠʢʝʪʠʤʠʥʘʪʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʚ Et2O [61]. ʉ ʦʙʲʸʤʥʳʤ Dipp-ʟʘʤʝʱʸʥʥʳʤ 

ʜʠʢʝʪʠʤʠʥʘʪʦʤ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩʠʥʪʝʟʘ ʟʘʤʝʩʪʠʪʝʣʠ ʧʨʝʜʦʪʚʨʘʱʘʶʪ ʢʦʦʨʜʠʥʘʮʠʶ LiCl  ʢ 
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ʢʘʞʜʦʤʫ ʢʘʪʠʦʥʫ Y, ʠ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [{Y(Nacnac)(ɛ-Cl)} 2{ Li (Et2O)2(ɛ-Cl)2} 2] (ʩʭʝʤʘ 

1.16ʜ).  

ʆʙʨʘʟʦʚʘʥʠʝ ʭʣʦʨʠʜʥʳʭ ʤʦʩʪʠʢʦʚ ʚʦʟʤʦʞʥʦ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʤʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʂʦʤʧʣʝʢʩ [{Yb(Nacnac)(NiPr2)}(ɛ-Cl)2{ Li (thf)2}] (ʩʭʝʤʘ 1.16ʙ) ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʦʜʥʦʛʦ 

ʭʣʦʨʠʜʘ ʚ ʢʦʤʧʣʝʢʩʝ [Yb(Nacnac)Cl2(Dme)] ʚ ʊɻʌ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʪʦʣʫʦʣʝ, ʚ 

ʦʪʩʫʪʩʪʚʠʝ ʜʦʥʦʨʥʳʭ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʥʘʩʳʱʝʥʠʷ ʂʉ ʣʠʪʠʷ, ʦʙʨʘʟʫʝʪʩʷ ʙʠʷʜʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ [{Yb(Nacnac)(NiPr2)(ɛ-Cl)} 2], ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʣʠʪʠʷ [104]. ɸʥʘʣʦʛʠʯʥʳʤ ʩʧʦʩʦʙʦʤ ʙʳʣ 

ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ ʩ ʣʠʛʘʥʜʘʤʠ Cp*ʠ ʥʝ-ʦʙʲʸʤʥʳʤ ʜʠʢʝʪʠʤʠʥʘʪʦʤ [{Yb(NacnacPh)(Cp*)(ɛ-Cl)} 2] 

[109]. ʆʜʥʘʢʦ ʧʨʠ ʩʦʯʝʪʘʥʠʠ ʦʙʲʸʤʥʦʛʦ Nacnac ʠ ʘʤʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʙʳʣ ʚʳʜʝʣʝʥ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ʭʣʦʨʦ-ʘʤʠʜʥʳʡ ʢʦʤʧʣʝʢʩ [{Er(Nacnac)(NTms2)} 2(ɛ-Cl)2{ Li (NTms2)} 2] 

(ʩʭʝʤʘ 1.16ʝ), ʚ ʢʦʪʦʨʦʤ ʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʭʣʦʨʠʜʦʚ ʥʘ ʦʙʲʸʤʥʳʝ NTms2 ʣʠʛʘʥʜʳ ʥʝ ʠʜʸʪ ʧʦ 

ʩʪʝʨʠʯʝʩʢʠʤ ʧʨʠʯʠʥʘʤ [106]. 

ʈʘʟʨʫʰʠʪʴ ʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʛʦ LiCl  ʤʦʞʥʦ ʧʨʠ 

ʜʣʠʪʝʣʴʥʦʤ ʦʩʪʦʨʦʞʥʦʤ ʥʘʛʨʝʚʘʥʠʠ (60 Áʉ) ʨʘʩʪʚʦʨʘ ʢʦʤʧʣʝʢʩʘ ʚ ʛʝʢʩʘʥʝ [61], ʠʣʠ ʞʝ ʧʨʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʛʦʨʷʯʝʛʦ ʪʦʣʫʦʣʘ [107]. ʆʙʨʘʟʦʚʘʥʠʷ ʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʤʦʞʥʦ 

ʠʟʙʝʞʘʪʴ, ʝʩʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʟʘʤʝʱʝʥʠʷ ʥʘʪʨʠʝʚʳʝ ʠʣʠ ʢʘʣʠʝʚʳʝ ʩʦʣʠ ʜʠʢʝʪʠʤʠʥʘʪʘ ʚʤʝʩʪʦ 

ʣʠʪʠʝʚʳʭ. ɼʣʷ ʥʠʭ ʥʝʪʠʧʠʯʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʭʣʦʨʠʜʥʳʭ ʤʦʩʪʠʢʦʚ, ʠ ʩʦʝʜʠʥʝʥʠʷ ʩ ʬʨʘʛʤʝʥʪʦʤ Lnï

ClïAM (AM = Na ʠʣʠ K) ʠʩʯʝʟʘʶʱʝ ʨʝʜʢʠ. ʉʨʝʜʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳ, ʦʜʥʘʢʦ ʠʟʚʝʩʪʝʥ ʧʨʠʤʝʨ ʘʪʥʦʛʦ ʢʘʣʠʝʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʨʦʜʩʪʚʝʥʥʳʤ ɓ-

ʜʠʘʣʜɹʠʤʠʥʘʪʦʤ (åHNacnacDipp) (ʩʭʝʤʘ 1.17) [61]. ʇʦʟʞʝ ʧʦʜʦʙʥʳʡ ʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʦʣʫʯʝʥ 

ʜʣʷ ʭʣʦʨʠʜʥʦʛʦ ʙʠʩ-ʬʦʨʤʘʤʠʜʠʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʪʫʣʠʷ [Tm(FormDipp)2Cl(thf)], ʧʝʨʝʭʦʜʷʱʝʛʦ 

ʚ [{ Tm(FormDipp)2} 2{ɛ-KCl2} 2] (FormDipp = CH(NDipp)2) [110]. ʇʦ ʫʪʚʝʨʞʜʝʥʠʶ ʘʚʪʦʨʦʚ, ʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥ ʩʝʣʝʢʪʠʚʥʦ ʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʤʠʥʦʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʉʭʝʤʘ 1.16. ʈʘʟʥʦʦʙʨʘʟʠʝ ʩʪʨʫʢʪʫʨ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʭʣʦʨʠʜʥʳʤʠ 

ʤʦʩʪʠʢʘʤʠ. 
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ʩʦʩʪʘʚʝ ʨʘʩʪʚʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʢʦʨʦʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ, ʚʣʠʷʶʱʠʭ ʥʘ ʨʘʚʥʦʚʝʩʠʝ 

ʨʘʩʪʚʦʨ-ʪʚʸʨʜʘʷ ʬʘʟʘ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʜʫʢʪʦʚ. 

 

ʉʭʝʤʘ 1.17. ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʢʘʣʠʝʚʦʛʦ ʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʧʦʜʦʙʥʳʤ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʫ ɓ-

ʜʠʘʣʜɹʠʤʠʥʘʪʦʤ. 

 

ɼʣʷ ʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Tb(Nacnaco-Xyl)}(ɛ-Cl)2{ Li (thf)2}] ʙʳʣʠ ʠʟʫʯʝʥʳ ʬʦʪʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ [15]. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʩʚʝʪʦʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 350ï500 ʥʤ ʩ ʤʘʢʩʠʤʫʤʦʤ ʥʘ 452 ʥʤ 

ʢʦʤʧʣʝʢʩ ʧʨʦʷʚʣʷʝʪ ʷʨʢʫʶ ʟʝʣʸʥʫʶ ʵʤʠʩʩʠʶ ʩ ʭʘʨʘʢʪʝʨʥʳʤ ʜʣʷ ʪʝʨʙʠʷ ʨʘʩʱʝʧʣʝʥʠʝʤ ʧʦʣʦʩ 

(ʨʠʩʫʥʦʢ 1.1). ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ ʚʦʟʙʫʞʜʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʘ -́ *́ ʧʝʨʝʭʦʜʘʤʠ ʚ ʜʠʢʝʪʠʤʠʥʘʪʝ. 

ʉʦʙʩʪʚʝʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʢʦʪʦʨʘʷ ʤʦʛʣʘ ʙʳ ʧʨʦʷʚʣʷʪʴʩʷ ʚ ʚʠʜʝ ʰʠʨʦʢʦʡ 

ʧʦʣʦʩʳ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʵʬʬʝʢʪʠʚʥʦʤ ʧʝʨʝʥʦʩʝ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʣʘʥʪʘʥʦʠʜ. 

ɺʨʝʤʝʥʘ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʨʷʜʢʘ 0.58 ʤʢʩ ʪʘʢʞʝ ʛʦʚʦʨʷʪ ʦ ʬʦʩʬʦʨʝʩʮʝʥʪʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʠʟʣʫʯʝʥʠʷ. ʀʩʭʦʜʷ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦ ʧʨʦʷʚʣʝʥʠʠ 

ʜʠʢʝʪʠʤʠʥʘʪʦʤ ʘʥʪʝʥʥʳʭ ʩʚʦʡʩʪʚ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʚʠʜʠʤʦʡ 

ʈʠʩʫʥʦʢ 1.1. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʚʦʟʙʫʞʜʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [{Tb(Nacnaco-Xyl)}(ɛ-

Cl)2{ Li (thf)2}]  [15]. 
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ʦʙʣʘʩʪʠ. ɼʦ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʜʨʫʛʠʭ ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʥʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ. 

ʀʟʚʝʩʪʥʳʝ ʙʦʨʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʷʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʣʠʙʦ 

ʤʝʞʜʫ ʪʨʠʩ-ʙʦʨʛʠʜʨʠʜʘʤʠ ʣʘʥʪʘʥʦʠʜʘ ʠ ʩʦʣʴʶ ʜʠʢʝʪʠʤʠʥʘʪʘ ʩ ʱʝʣʦʯʥʳʤ ʤʝʪʘʣʣʦʤ (ʩ 

ʦʩʘʞʜʝʥʠʝʤ AM(BH4)) [111, 112], ʣʠʙʦ ʟʘʤʝʱʝʥʠʝʤ ʭʣʦʨʘ ʚ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʤ ʢʦʤʧʣʝʢʩʝ [34, 

84, 113]. ʇʦ ʩʪʨʦʝʥʠʶ ʦʥʠ ʦʯʝʥʴ ʥʘʧʦʤʠʥʘʶʪ ʭʣʦʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʣʘʛʦʜʘʨʷ ʥʝʙʦʣʴʰʦʤʫ 

ʨʘʟʤʝʨʫ ʘʥʠʦʥʘ BH4
ï. ɺʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʢʘʢ ʤʦʥʦ-, ʪʘʢ ʠ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 

ɹʦʨʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʈɿʕ ʩʧʦʩʦʙʥʳ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ ʮʠʢʣʠʯʝʩʢʠʭ 

ʵʬʠʨʦʚ (Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ, ʣʘʢʪʠʜʦʚ), ʤʝʪʠʣʤʝʪʘʢʨʠʣʘʪʘ ʠ ʜʘʞʝ ʜʠʝʥʦʚ. ɿʘ ʩʯʸʪ ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ 

ʣʠʛʘʥʜʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʪʨʦʣʴ ʟʘʢʨʳʪʦʩʪʠ ʂʉ ʠ ʪʦʥʢʘʷ ʥʘʩʪʨʦʡʢʘ ʵʣʝʢʪʨʦʥʥʳʭ ʠ 

ʩʪʝʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʩʪʘʙʠʣʠʟʘʮʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʠʥʪʝʨʝʩ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ (Cp, ʘʤʠʜʠʥʘʪʳ ʠ ʜʨ.). 

ɸʥʘʣʠʟ ʢʦʥʮʝʚʳʭ ʛʨʫʧʧ ʧʦʣʠʤʝʨʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʠʥʠʮʠʘʮʠʠ ʢʘʪʘʣʠʟʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ɘ-ʣʘʢʪʠʜʘ ʠ Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ ʧʨʠ ʧʦʤʦʱʠ [RE(Nacnaco-Tol)2(BH4)] ʠ [RE(NacnacDpp,Ph)2(BH4)], 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʢʦʦʨʜʠʥʘʮʠʠ-ʚʥʝʜʨʝʥʠʷ 

ʩʫʙʩʪʨʘʪʘ ʧʦ ʩʚʷʟʠ REï(BH4) ʩ ʥʘʯʘʣʴʥʳʤ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ ʟʘ ʩʯʝʪ ʨʘʟʨʳʚʘ ʘʮʠʣ-ʢʠʩʣʦʨʦʜʥʦʡ 

ʩʚʷʟʠ [84, 111, 113]. ʇʦʩʢʦʣʴʢʫ ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʛʥʘʣʦʚ 1H ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʥʝ ʙʳʣʦ ʥʘʡʜʝʥʦ, ɓ-

ʜʠʢʝʪʠʤʠʥʘʪ ʥʝ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʚ ʢʘʪʘʣʠʟʝ, ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ çʥʝʧʨʠʯʘʩʪʥʦʛʦè ʣʠʛʘʥʜʘ 

(spectator ligand, ʥʝ ʚʦʚʣʝʯʸʥʥʳʡ ʚ ʭʠʤʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ). ʆʙʝ ʢʦʥʮʝʚʳʝ ʛʨʫʧʧʳ ʧʦʣʠʤʝʨʦʚ 

ð ʛʠʜʨʦʢʩʠʜʥʳʝ -CH2OH ʠ -CH(Me)OH, ʯʪʦ ʟʥʘʯʠʪ, ʙʦʨʛʠʜʨʠʜ ʥʝ ʪʦʣʴʢʦ ʠʥʠʮʠʠʨʫʝʪ ʨʝʘʢʮʠʶ, 

ʥʦ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʢʘʨʙʦʥʠʣʴʥʫʶ ʛʨʫʧʧʫ, ʦʢʘʟʳʚʘʶʱʫʶʩʷ ʨʷʜʦʤ ʧʦʩʣʝ ʚʥʝʜʨʝʥʠʷ ʣʘʢʪʦʥʘ 

[84]. 

1.2.5. ɓ-ɼʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩ N-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʉʨʝʜʠ N-ʜʦʥʦʨʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʩʠʣʠʣʠʨʦʚʘʥʥʳʝ ʘʤʠʜʳ NTms2, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʠʭ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴʶ ʠ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ (H(NTms2), 

LiNTms2, ʘ ʪʘʢʞʝ Ln(NTms2)3). ʊʘʢʞʝ ʚʩʪʨʝʯʘʶʪʩʷ ʧʨʠʤʝʨʳ ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʝʥʝʝ ʨʘʟʚʝʪʚʣʸʥʥʳʤʠ 

ʘʤʠʜʘʤʠ ʠʣʠ ʘʤʠʜʘʤʠ ʩ ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ: NiPr2, NPh2, NHAryl  (Aryl  = Dipp, Mes), 

ʠ ʥʝʢʦʪʦʨʳʤʠ ʜʨʫʛʠʤʠ ʣʠʛʘʥʜʘʤʠ. ʏʘʱʝ ʚʩʝʛʦ ʘʤʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʣʫʯʘʶʪʩʷ ʧʦ ʨʝʘʢʮʠʷʤ 

ʟʘʤʝʱʝʥʠʷ ʛʘʣʦʛʝʥʠʜʦʚ ʚ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ-ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʦʜʥʘʢʦ ʚʦʟʤʦʞʥʦ ʢʠʩʣʦʪʥʦ-

ʦʩʥʦʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʠʩ-ʘʤʠʜʦʚ ʣʘʥʪʘʥʦʠʜʦʚ Ln(NTms2)3 ʠʣʠ Ln(N(SiHMe2)2)3 ʠ 

ʧʨʦʣʠʛʘʥʜʘ (ʩʤ. ʯʘʩʪʴ 1.1.2). ʈʝʘʢʮʠʠ ʟʘʤʝʱʝʥʠʷ ʛʘʣʦʛʝʥʠʜʦʚ ʠʤʝʶʪ ʧʨʝʠʤʫʱʝʩʪʚʦ, ʧʦʩʢʦʣʴʢʫ 

ʜʦʧʫʩʢʘʶʪ ʩʝʣʝʢʪʠʚʥʦʝ ʟʘʤʝʱʝʥʠʝ ʦʜʥʦʛʦ ʛʘʣʦʛʝʥʠʜʘ ʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʩʤʝʰʘʥʥʦ-

ʣʠʛʘʥʜʥʳʝ ʭʣʦʨʦ-ʘʤʠʜʥʳʝ ʠ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ-ʘʤʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ [102ï104]. 

ʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʦ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʦʤʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʶ 
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ʧʨʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤ ʜʦʙʘʚʣʝʥʠʠ ʢ ʪʨʠʩ-ʘʤʠʜʫ ʣʘʥʪʘʥʦʠʜʘ ʦʙʲʸʤʥʳʭ ʧʨʦʣʠʛʘʥʜʦʚ, ʥʘʧʨʠʤʝʨ, 

HCp* ʠ ʟʘʪʝʤ H(NacnacPh) [81]. 

ɺ ʦʪʣʠʯʠʠ ʦʪ ʭʣʦʨʠʜʥʳʭ ʣʠʛʘʥʜʦʚ, ʘʤʠʜʳ ʥʝ ʩʢʣʦʥʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʦʩʪʠʢʠ ʤʝʞʜʫ 

ʢʘʪʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʝʜʢʠʭ ʩʣʫʯʘʝʚ, ʧʨʠ ʦʩʦʙʦʤ ʩʦʯʝʪʘʥʠʠ ʚʳʩʦʢʦʡ ʜʚʠʞʫʱʝʡ 

ʩʠʣʳ ʨʝʘʢʮʠʠ (ʥʘʧʨʠʤʝʨ, ʚʳʧʘʜʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʡ ʩʦʣʠ AMCl) ʠ ʚʳʩʦʢʠʭ ʩʪʝʨʠʯʝʩʢʠʭ 

ʪʨʝʙʦʚʘʥʠʡ ʣʠʛʘʥʜʦʚ, ʢʘʢ ʚ ʨʘʩʩʤʦʪʨʝʥʥʦʤ ʚ ʯʘʩʪʠ 1.2.4 ʢʦʤʧʣʝʢʩʝ [{Er(Nacnac)(NTms2)} 2(ɛ-

Cl)2{ Li (Õ-NTms2)} 2] [106]. ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʘʤʠʜʥʳʝ ʣʠʛʘʥʜʳ ʚʝʩʴʤʘ ʦʙʲʸʤʥʳʝ ʠ 

ʟʘʢʨʳʚʘʶʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʂʉ. 

ɸʤʠʜʳ NTms2
ï ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʠ ʩʧʦʩʦʙʥʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʪʴ ʜʨʫʛʠʝ 

ʧʨʦʪʦʥ-ʩʦʜʝʨʞʘʱʠʝ ʣʠʛʘʥʜʳ. ʕʪʦ ʠ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʧʪrʢʝ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ 

[Ln(Nacnac)(NTms2)2] ʩ ʤʘʣʝʥʴʢʠʤʠ ʢʘʪʠʦʥʘʤʠ Ln ʩʝʨʝʜʠʥʳ-ʢʦʥʮʘ ʨʷʜʘ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

[Nd(Nacnac)Cl2(thf)2] ʩ NaNTms2, ʜʝʡʩʪʚʠʪʝʣʴʥʦ, ʦʙʨʘʟʫʝʪʩʷ ʞʝʣʘʝʤʳʡ ʜʠʘʤʠʥʦ-ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ, ʦʜʥʘʢʦ ʚ ʨʝʘʢʮʠʷʭ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Sm, Gd, Y, Yb ʦʙʨʘʟʫʶʪʩʷ 

ʢʦʤʧʣʝʢʩʳ [Ln(Nacnacô)(NTms2)(thf)] (ʩʭʝʤʘ 1.18ʘ) [114]. ʀʭ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʧʨʠʤʝʨʘʤʠ 

ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, ʯʪʦ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʯʘʩʪʠ 1.2.2.1 ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ʦʙʲʸʤʥʳʤʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘʤʠ. ʇʨʠ ʵʪʦʤ ʩʘʤʘʨʠʡ ʥʘʭʦʜʠʪʩʷ ʚ 

ʧʦʛʨʘʥʠʯʥʦʡ ʟʦʥʝ ʧʦ ʨʘʟʤʝʨʫ ʢʘʪʠʦʥʘ, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 

[Sm(Nacnac)(NTms2)2] ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʚ ʪʦʣʫʦʣʝ [103], ʠʩʢʣʶʯʘʷ ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣ 

ʊɻʌ ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʩʧʦʣʴʟʫʷ ʢʦʤʧʣʝʢʩ [{ Sm(Nacnac)Cl}{ Sm(Nacnac)(thf)}(ɛ-Cl)3] ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʦʛʦ. ʈʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʩʪʝʨʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʨʦʚʝʜʝʥʠʝ 

ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʜʣʷ ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Yb ʟʘʚʝʨʰʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺʣʠʷʥʠʝ ʊɻʌ ʥʘ ʥʘʧʨʘʚʣʝʥʠʝ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʧʨʠʩʫʪʩʪʚʠʝʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʊɻʌ ʚ ʠʥʪʝʨʤʝʜʠʘʪʝ ʚʠʜʘ 

[Ln(Nacnac)(NTms2)Cl(thf)], ʢʦʪʦʨʘʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʟʘʛʨʫʞʘʝʪ ʂʉ. ʊʘʢ, ʧʨʠ ʚʳʜʝʣʝʥʠʠ ʯʘʩʪʠʯʥʦ 

ʟʘʤʝʱʸʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Sm(Nacnac)(NTms2)Cl] ʙʝʟ ʊɻʌ ʠ ʧʨʦʚʝʜʝʥʠʠ ʟʘʤʝʱʝʥʠʷ ʜʣʷ ʥʝʛʦ 

ʫʜʘʸʪʩʷ ʚʳʜʝʣʠʪʴ ʙʠʩ-ʘʤʠʜʥʳʡ ʧʨʦʜʫʢʪ [114]. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʤʦʥʦ-ʘʤʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[Ln(Nacnacô)(NTms2)(thf)] ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ [HNEt3][BPh4] ʢ ʤʦʥʦ-ʘʤʠʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʩʘʤʘʨʠʷ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪ Nacnacô ʧʝʨʝʭʦʜʠʪ ʚ ʤʦʥʦ-ʘʥʠʦʥʥʫʶ ʬʦʨʤʫ Nacnac, ʠ ʦʙʨʘʟʫʝʪʩʷ ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʳʩʦʢʦʘʢʪʠʚʥʳʡ ʢʘʪʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ [Sm(Nacnac)(NTms2)(thf)2]
+[BPh4]

ï. 

ɼʝʧʨʦʪʦʥʠʨʫʶʱʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʩʠʣʠʣʘʤʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʠ ʨʘʥʝʝ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ [Sc(Nacnac(en)NEt2)Cl2] [115]. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʜʚʫʭ ʵʢʚʠʚʘʣʝʥʪʦʚ NaNTms2 ʧʨʦʠʩʭʦʜʠʪ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʢʦʥʮʝʚʦʡ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʝʝʩʷ 

ʜʠʤʝʨʠʟʘʮʠʝʡ ʢʦʤʧʣʝʢʩʘ (ʩʭʝʤʘ 1.18ʙ). ʉʦʦʪʥʦʰʝʥʠʝ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ ʩʢʘʥʜʠʷ (0.745 ¡, ʂʏ = 6) 
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ʧʨʠ ʪʘʢʦʤ ʞʝ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʟʘʨʷʜʝ, ʯʪʦ ʠ ʫ ʢʘʪʠʦʥʦʚ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ, ʦʧʨʝʜʝʣʷʶʪ 

ʨʘʟʥʠʮʫ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ. 

ʊʘʢʞʝ ʥʝʦʙʳʯʥʦʝ ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʬʝʥʠʣʝʥʦʚʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʣʠʛʘʥʜʘ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʯʘʩʪʠ 1.2.3 (ʩʭʝʤʘ 1.15ʚ) [75]. ɺ ʩʣʫʯʘʝ 

ʞʝ, ʢʦʛʜʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ ʩʦʜʝʨʞʘʣ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʜʦʥʦʨʥʫʶ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʫ ʚ ʦʨʪʦ-

ʧʦʣʦʞʝʥʠʠ ʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ, ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʦʣʫʦʣʝ ʘʤʠʜʥʳʡ ʣʠʛʘʥʜ NTms2 

ʘʢʪʠʚʠʨʦʚʘʣ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʫ ʠ ʩʧʨʦʚʦʮʠʨʦʚʘʣ ʧʝʨʝʥʦʩ ʤʝʪʠʣʘ ʚ ɔ-ʧʦʣʦʞʝʥʠʝ ʜʠʢʝʪʠʤʠʥʘʪʘ (ʩʤ. 

ʩʪʨʫʢʪʫʨʫ ʧʨʦʜʫʢʪʘ ʥʘ ʩʭʝʤʝ 1.13ʙ ʚ ʯʘʩʪʠ 1.2.3) [52]. 

ɺʳʩʦʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʩʚʷʟʠ LnïN ʚ ʘʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʦʩʥʦʚʥʦʩʪʴ ʠ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴ 

ʘʤʠʜʦʚ ʧʨʦʚʦʮʠʨʫʶʪ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʘʤʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ ʥʠʭ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʩ ʨʘʩʢʨʳʪʠʝʤ ʮʠʢʣʘ ɘ-ʣʘʢʪʠʜʘ [52, 56, 59] 

ʠ rac-ʙʫʪʠʨʦʣʘʢʪʦʥʘ [49], ʩʦ-ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʮʠʢʣʦʛʝʢʩʝʥ-ʦʢʩʠʜʘ ʠ CO2 [81], ʚ ʢʦʪʦʨʳʭ ʦʥʠ 

ʚʳʩʪʫʧʘʶʪ ʠʥʠʮʠʘʪʦʨʘʤʠ ʠ ʢʘʪʘʣʠʟʘʪʦʨʘʤʠ, ʠ ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠʟʦʧʨʝʥʘ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦ-

ʢʘʪʘʣʠʟʘʪʦʨʦʚ [101]. ɺʦ ʚʩʝʭ ʵʪʠʭ ʨʝʘʢʮʠʷʭ ʘʤʠʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʦʢʘʟʘʣʠ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤʠ ʢʦʥʚʝʨʩʠʷʤʠ ʠ ʫʟʢʠʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʤʘʩʩ 

Mw/Mn. ʀʥʠʮʠʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʩʪʘʥʜʘʨʪʥʦʤʫ ʤʝʭʘʥʠʟʤʫ ʢʦʦʨʜʠʥʘʮʠʠ-ʚʥʝʜʨʝʥʠʷ ʧʦ ʩʚʷʟʠ 

LnïN [56]. ʇʦʣʠʤʝʨʠʟʘʮʠʶ Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ ʠʟʫʯʘʣʠ ʠ ʜʣʷ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪ-ʘʤʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

[RE(NacnacRô)2(NHDipp)] (Rô = Ph/Dipp, RE = Nd, Sm, Y, Yb; Rô = o-Xyl , RE = Y, Yb). ʆʜʥʘʢʦ 

ʧʦʣʠʤʝʨʠʟʘʮʠʷ ʠʟʫʯʘʣʘʩʴ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BnOH (ʙʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ, ʜʦ 100 ʵʢʚ. ʥʘ ʤʝʪʘʣʣʦʮʝʥʪʨ), 

ʠ ʥʘ ʩʘʤʦʤ ʜʝʣʝ ʥʝ ʘʤʠʜ ʚʳʩʪʫʧʘʣ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʛʨʫʧʧʳ, ʘ ʣʠʰʴ ʠʥʠʮʠʠʨʦʚʘʣ ʦʙʨʘʟʦʚʘʥʠʝ 

ʘʢʪʠʚʥʦʛʦ ʘʣʢʦʛʦʣʷʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ɹʝʥʟʠʣʦʚʳʡ ʩʧʠʨʪ ʩʣʫʞʠʣ ʘʛʝʥʪʦʤ ʜʣʷ ʧʝʨʝʥʦʩʘ ʮʝʧʠ, ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚ ʩʠʩʪʝʤʝ ʥʝ ʨʘʟʨʫʰʘʣʦ ʘʢʪʠʚʥʳʝ ʮʝʥʪʨʳ, ʘ ʫʚʝʣʠʯʠʚʘʣʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ [59]. 

ʉʭʝʤʘ 1.18. ʇʨʦʜʫʢʪʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʘʥʠʦʥʘʤʠ (NTms2)
ï ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ. 
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1.2.6. ɸʣʢʠʣʴʥʳʝ, ʙʝʥʟʠʣʴʥʳʝ ʠ ʛʠʜʨʠʜʥʳʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ɸʣʢʠʣʴʥʳʝ ʣʠʛʘʥʜʳ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ, ʠ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ 

ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʪʨʝʙʫʝʪʩʷ ʘʢʢʫʨʘʪʥʳʡ ʧʦʜʙʦʨ ʘʣʢʠʣʘ ʠ 

çʥʝʧʨʠʯʘʩʪʥʦʛʦè ʣʠʛʘʥʜʘ [116]. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʝ ʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʘʣʢʠʣʳ ʚ ʭʠʤʠʠ 

ʣʘʥʪʘʥʦʠʜʦʚ ð ʩʠʣʠʣʠʨʦʚʘʥʥʳʝ CH2Tms ʠ CHTms2, ʚ ʢʦʪʦʨʳʭ ʦʙʲʸʤʥʳʝ ʚʥʝʰʥʠʝ Tms ʛʨʫʧʧʳ 

ʵʢʨʘʥʠʨʫʶʪ ʤʝʪʘʣʣʦʮʝʥʪʨ, ʩʥʠʞʘʷ ʝʛʦ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʠ ʧʨʝʜʦʪʚʨʘʱʘʷ ʤʝʪʘʪʝʟʠʩ ů-

ʩʚʷʟʠ ʩ ʦʜʥʦʡ ʠʟ ʩʚʷʟʝʡ CïH ʚ ʟʘʤʝʩʪʠʪʝʣʷʭ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ, ʘ ʪʘʢʞʝ 

ʙʝʥʟʠʣʴʥʳʝ ʣʠʛʘʥʜʳ. ʄʝʪʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ [Y(Nacnac)Me(Õ-Me)]2 ʠ [Y(tBuNacnac)Me2] 

ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʜʣʷ ʠʪʪʨʠʷ (ʠ ʩʢʘʥʜʠʷ, ʥʦ ʭʠʤʠʷ ʩʢʘʥʜʠʷ, ʢʘʢ ʥʝʦʜʥʦʢʨʘʪʥʦ ʦʪʤʝʯʘʣʦʩʴ, ʩʠʣʴʥʦ 

ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʭʠʤʠʠ ʙʦʣʝʝ ʪʷʞʸʣʳʭ ʈɿʕ) [117]. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʢʠʣʴʥʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʦʙʘ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ (ʩʤ. ʯʘʩʪʴ 1.1.2), ʟʘʯʘʩʪʫʶ ʧʨʠ ʧʦʥʠʞʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʩʚʷʟʠ ʩ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʦʤʧʣʝʢʩʦʚ. 

ɸʢʪʠʚʥʦʩʪʴ ʩʚʷʟʠ LnïC ʧʦʚʳʰʘʝʪʩʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʠ ʥʝ ʚʩʝ ʢʦʤʧʣʝʢʩʳ ʧʨʦʷʚʣʷʶʪ 

ʪʝʨʤʠʯʝʩʢʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʅʘʠʙʦʣʝʝ ʫʜʘʯʥʦ ʩʦʯʝʪʘʥʠʝ ʣʠʛʘʥʜʦʚ, 

ʧʨʠ ʢʦʪʦʨʳʭ ʟʘʪʨʫʜʥʷʝʪʩʷ ʧʦʚʦʨʦʪ ʘʣʢʠʣʴʥʦʛʦ ʣʠʛʘʥʜʘ, ʠ ʘʢʪʠʚʥʳʡ ʮʝʥʪʨ ʠʟʦʣʠʨʦʚʘʥ ʦʥ ʜʨʫʛʠʭ 

CïH ʩʚʷʟʝʡ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ [Ce(PhNacnacTms)2(CHTms2)] [46]. ʊʘʢʞʝ ʦʙʲʸʤʥʳʝ ʟʘʤʝʩʪʠʪʝʣʠ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ ʩʪʘʙʠʣʠʟʘʮʠʠ ʙʠʩ-ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʧʨʦʩʪʳʭ 

ʬʝʥʠʣʴʥʳʭ Rô-ʟʘʤʝʩʪʠʪʝʣʷʭ ʚʦʟʤʦʞʥʘ ʘʢʪʠʚʘʮʠʷ CïH ʩʚʷʟʠ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʠ ʬʝʥʠʣʴʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ, ʢʘʢ ʧʨʦʠʟʦʰʣʦ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ Lu(CH2Tms)3 ʩ 1 ʵʢʚ. H(NacnacPh). ʇʨʦʜʫʢʪ 

ʨʝʘʢʮʠʠ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʝʭʠʦʤʝʪʨʠʠ ʨʝʘʛʝʥʪʦʚ ʠ ʩʦʜʝʨʞʠʪ ʦʜʠʥ NacnacPh ʠ ʦʜʠʥ NacnacôPh 

[82]. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʜʣʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʩ ʬʝʥʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʥʝ ʫʜʘʸʪʩʷ ʚʳʜʝʣʠʪʴ 

ʫʩʪʦʡʯʠʚʳʡ ʘʣʢʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ, ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʷ ʟʘʤʝʩʪʠʪʝʣʝʡ ʬʪʦʨʠʜʥʳʭ 

ʛʨʫʧʧ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʧʦʚʳʰʘʝʪʩʷ, ʠ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ 

[RE(NacnacR)2(CH2Tms)] (RE = Y, Lu, R = o-F2C6H3). ɿʘʤʝʱʝʥʠʷ ʘʣʢʠʣʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʠ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʪʨʝʪʴʝʛʦ ʵʢʚʠʚʘʣʝʥʪʘ H(NacnacR). ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʠ ʙʠʩ-ʘʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[RE(NacnacRô)(CH2Tms)2] (RE = Y, Lu, Rô = o-Cl2C6H3), ʯʪʦ ʜʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ 

ʥʘʣʠʯʠʷ ʘʢʪʠʚʥʳʭ CïH ʩʚʷʟʝʡ ʚ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʷʭ ʘʨʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʜʠʢʝʪʠʤʠʥʘʪʘ ʥʘ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ. 

ɸʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʥʘʨʷʜʫ ʩ ʛʘʣʦʛʝʥʠʜʥʳʤʠ ʠ ʘʤʠʜʥʳʤʠ, ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʫʜʦʙʥʳʤʠ 

ʧʨʝʢʫʨʩʦʨʘʤʠ ʜʣʷ ʜʨʫʛʠʭ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ. ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ ʢʠʩʣʳʝ ʧʨʦʪʦʥʳ (ʘʤʠʥʳ [7, 118], ʩʧʠʨʪʳ [6], ʜʨʫʛʠʝ ð Ph3P=CH2 [119], [NEt3H]I 

[106]), ʘʣʢʠʣʳ ʧʦʢʠʜʘʶʪ ʂʉ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʣʢʘʥʦʚ (ʠʣʠ SiMe4 ʚ ʩʣʫʯʘʝ ʩʠʣʠʣʠʨʦʚʘʥʥʳʭ 

ʣʠʛʘʥʜʦʚ), ʘ ʦʨʛʘʥʠʯʝʩʢʠʡ ʟʘʤʝʩʪʠʪʝʣʴ ʟʘʥʠʤʘʝʪ ʠʭ ʤʝʩʪʦ. ʊʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ (ʜʦʙʘʚʣʷʷ 

[NHR3][B(Aryl )4]) ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʘʪʠʦʥʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 
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[RE(RNacnacRô)Alkyl ]+[B(Aryl )4]
ï ʩʦ ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʫʶʱʠʤʠ ʪʝʪʨʘʘʨʠʣʙʦʨʘʪʥʳʤʠ 

ʧʨʦʪʠʚʦʘʥʠʦʥʘʤʠ ʠ ʥʝʥʘʩʳʱʝʥʥʦʡ ʂʉ ʩ ʜʦʩʪʘʪʦʯʥʦ ʦʪʢʨʳʪʳʤ ʢʘʪʠʦʥʦʤ ʈɿʕ [117, 120].  

ɺʦʟʤʦʞʥʦ ʠ ʩʝʣʝʢʪʠʚʥʦʝ ʟʘʤʝʱʝʥʠʝ ʦʜʥʦʛʦ ʠʟ ʜʚʫʭ ʘʣʢʠʣʦʚ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ ʨʝʘʛʝʥʪʦʚ ʚ ʨʝʘʢʮʠʷʭ ʧʨʦʪʦʥʦʣʠʟʘ. ʕʪʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʦʣʫʯʝʥʠʠ 

ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ; ʚ ʦʪʣʠʯʠʠ ʦʪ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ln(II) (ʩʤ. ʧʦʜʨʦʙʥʦʩʪʠ ʜʘʣʝʝ, ʚ 

ʛʣʘʚʝ 1.3), ʚ ʢʦʤʧʣʝʢʩʘʭ RE(III ) ʜʠʢʝʪʠʤʠʥʘʪ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ 

ʩ ʦʜʥʠʤ ʛʠʜʨʠʜʦʤ, ʠ ʧʨʠʩʫʪʩʪʚʠʝ ʝʱʸ ʦʜʥʦʛʦ ʘʥʠʦʥʥʦʛʦ ʣʠʛʘʥʜʘ ʥʝʦʙʭʦʜʠʤʦ. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ 

ʦʜʠʥ ʘʣʢʠʣʴʥʳʡ ʣʠʛʘʥʜ ʟʘʤʝʱʘʝʪʩʷ ʥʘ ʘʥʠʣʠʜʥʳʡ NHDippï, ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ ʜʦʙʘʚʣʷʝʪʩʷ 

ʬʝʥʠʣʩʠʣʘʥ PhSiH3 ʠ ʦʙʨʘʟʫʝʪʩʷ ʘʥʠʣʠʜʦ-ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ [10, 78]. ɻʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʨʝʜʢʠ ʧʦ ʧʨʠʯʠʥʝ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʢʘʥʜʠʷ ʠ ʠʪʪʨʠʷ, ʚ 

ʩʚʷʟʠ ʩ ʯʝʤ ʫʤʝʩʪʥʦ ʨʘʩʩʤʦʪʨʝʥʠʝ ʠ ʩʢʘʥʜʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ ʘʥʠʣʠʜʦ-ʛʠʜʨʠʜʥʦʤ ʢʦʤʧʣʝʢʩʝ 

ʩʢʘʥʜʠʷ [Sc(NacnacRô)(H)(NHDipp)] (Rô = (en)N(Me2)) [11] ʛʠʜʨʠʜ ʟʘʥʠʤʘʝʪ ʪʝʨʤʠʥʘʣʴʥʦʝ 

ʧʦʣʦʞʝʥʠʝ, ʥʦ ʘʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ ʠʪʪʨʠʷ ʩʫʱʝʩʪʚʫʝʪ ʚ ʚʠʜʝ ʜʠʤʝʨʘ, ʚ 

ʢʦʪʦʨʦʤ ʛʠʜʨʠʜʳ ʟʘʥʠʤʘʶʪ ʤʦʩʪʠʢʦʚʳʝ ʧʦʟʠʮʠʠ [10]. ɻʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʧʦʩʦʙʥʳ 

ʧʨʦʷʚʣʷʪʴ ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ, ʩʭʦʞʫʶ ʩ ʘʣʢʠʣʴʥʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ (ʩʭʝʤʘ 1.19). ʊʘʢ, ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʢ ʢʦʤʧʣʝʢʩʫ ʩʢʘʥʜʠʷ ʢʘʨʙʦʜʠʠʤʠʜʘ iPrN=C=NiPr ʠʣʠ ʠʟʦʪʠʦʮʠʘʥʘʪʘ PhNCS 

ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ ʧʦ ʩʚʷʟʠ ScïH ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʛʝʪʝʨʦʘʣʣʠʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʥʝʢʦʪʦʨʳʭ ʨʝʘʢʮʠʷʭ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʚʝʜʫʪ ʩʝʙʷ ʠʥʘʯʝ. 

ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʬʦʩʬʠʥʦʢʩʠʜʘ Ph3P=O ʢ ʢʦʤʧʣʝʢʩʫ [{Y(NacnacRô)(NHDipp)} 2(ɛ-H)2] 

ʚʤʝʩʪʦ ʪʠʧʠʯʥʦʡ ʜʣʷ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ CïH ʘʢʪʠʚʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ CïP ʘʢʪʠʚʘʮʠʷ ʩ 

ʦʪʱʝʧʣʝʥʠʝʤ ʙʝʥʟʦʣʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʠʬʝʥʠʣʬʦʩʬʠʥʦʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Y(NacnacRô)(NHDipp)(OPPh2)]. ɺ ʨʝʘʢʮʠʠ ʞʝ ʩ ʜʨʫʛʠʤ ʬʦʩʬʠʥʦʢʩʠʜʦʤ R2MeP=O (R = Me, Ph) 

ʉʭʝʤʘ 1.19. ʅʝʢʦʪʦʨʳʝ ʨʝʘʢʮʠʠ ʘʥʠʣʠʜʦ-ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʨʠʷ ʠ ʩʢʘʥʜʠʷ. 
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Cïʅ ʘʢʪʠʚʘʮʠʷ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʳ ʧʨʠʚʦʜʠʪ ʢ ʘʥʠʣʠʜʦ-ʘʣʢʠʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ 

[Y(NacnacRô)(NHDipp)(ə2-C,O-CH2OPR2)]. ʂʨʦʤʝ ʪʦʛʦ, ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʧʦʩʦʙʥʳ 

ʧʨʦʷʚʣʷʪʴ ʩʚʦʡʩʪʚʘ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʟʫʯʝʥʳ ʜʣʷ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʩʪʦʯʥʠʢʦʚ ʩʝʨʳ ʠ ʩʝʣʝʥʘ ð Ph3P=Q (Q = S, Se). ʆʙʨʘʟʫʶʱʠʝʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʤʧʣʝʢʩʳ [{Sc(NacnacRô)(NHDipp)} 2(ɛ-Se)] ʠ [{Y(NacnacRô)(NHDipp)} 2(ɛ-S)] ʩʦʜʝʨʞʘʪ 

ʤʦʩʪʠʢʦʚʳʡ ʤʦʥʦ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʡ ʣʠʛʘʥʜ ʠ ʷʚʣʷʶʪʩʷ ʨʝʜʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʭʘʣʴʢʦʛʝʥ-

ʩʦʜʝʨʞʘʱʠʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʈɿʕ. 

ɹʝʥʟʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʦʣʝʝ ʥʝʫʩʪʦʡʯʠʚʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ ʩ 

ʩʠʣʠʣʠʨʦʚʘʥʥʳʤʠ ʘʣʢʠʣʘʤʠ. ʆʥʠ ʩʢʣʦʥʥʳ ʢ ʘʢʪʠʚʘʮʠʠ CïH ʩʚʷʟʠ ʚ ʟʘʤʝʩʪʠʪʝʣʷʭ ʘʨʠʣʦʚ ʧʨʠ 

ʘʪʦʤʘʭ ʘʟʦʪʘ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʦʜʥʘʢʦ ʟʘʤʝʩʪʠʪʝʣʠ ʚ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʪʘʢʞʝ ʚʣʠʷʶʪ ʥʘ ʩʢʦʨʦʩʪʴ 

ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʘ. ʊʘʢ, [Y(Nacnac)Bn2] ʙʦʣʝʝ ʫʩʪʦʡʯʠʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ 

[Y(tBuNacnac)Bn2], ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʪʦʨʦʡ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʙʦʣʝʝ ʦʙʲʸʤʥʳʡ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪ [117]. ɺʦʟʤʦʞʥʦ, ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʪʨʝʪ-ʙʫʪʠʣʴʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʚʳʪʘʣʢʠʚʘʥʠʠ ʤʝʪʘʣʣʘ ʠʟ ʧʣʦʩʢʦʩʪʠ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʠʟ-ʟʘ ʯʝʛʦ ʦʥ ʦʢʘʟʳʚʘʝʪʩʷ ʙʣʠʞʝ ʢ ʤʝʪʠʣʴʥʦʡ 

ʛʨʫʧʧʝ 2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ (ʩʭʝʤʘ 1.20, ʚʝʨʭʥʷʷ ʩʪʨʝʣʢʘ). ɼʣʷ ʢʦʤʧʣʝʢʩʘ 

ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ La (ʜʣʷ ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʥʘ ɖ5-ʢʦʦʨʜʠʥʘʮʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʚ ʩʪʝʨʠʯʝʩʢʠ ʥʝ 

ʧʝʨʝʛʨʫʞʝʥʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʩʤ. ʯʘʩʪʴ 1.1.3) [La(Nacnac)Bn2(thf)] ʥʘʙʣʶʜʘʣʦʩʴ ʤʝʜʣʝʥʥʦʝ 

ʨʘʟʣʦʞʝʥʠʝ ʚ ʨʘʩʪʚʦʨʝ ʩ ʚʳʜʝʣʝʥʠʝʤ ʪʦʣʫʦʣʘ. ʆʜʥʘʢʦ ʚʤʝʩʪʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʤʝʪʠʣʦʚ 2,6-

ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʦʛʦ ʟʘʤʝʩʪʠʪʝʣʷ, ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ ʠʪʪʨʠʷ, ʧʦ ʩʧʝʢʪʨʘʤ ʗʄʈ ʥʘʙʣʶʜʘʣʦʩʴ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʜʠʢʝʪʠʤʠʥʘʪʘ ʧʦ Ŭ-ʧʦʣʦʞʝʥʠʶ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ. ʇʨʦʜʫʢʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ 

[{ La(Nacnacô)2}{ K(thf)4}]Ð ʙʳʣ ʚʳʜʝʣʝʥ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʙʝʥʟʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʧʨʠ 

ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (80 Áʉ) [120]. ʉʝʣʝʢʪʠʚʥʦ ʘʥʘʣʦʛʠʯʥʳʡ ʢʦʤʧʣʝʢʩ ʠʪʪʨʠʷ 

[{ Y(Nacnacô)2}{ K(thf)3}]Ð ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʜʚʫʭʩʪʘʜʠʡʥʦʤ ʩʠʥʪʝʟʝ [87]. ʅʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʷ 

ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ YCl3 ʩ ʪʨʝʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ K(Nacnac) ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʧʨʦʜʫʢʪʘ 

ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ [Y(Nacnac)(Nacnacô)], ʘ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ 

ʤʦʥʦʘʥʠʦʥʥʳʡ ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ ʣʠʛʘʥʜ ʢʦʤʧʣʝʢʩʘ ʜʝʨʧʦʪʦʥʠʨʦʚʘʣʩʷ KBn. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ [Y(Nacnac)I2(Dme)] ʥʝ ʙʝʥʟʠʣʢʘʣʠʷ, ʘ 2 ʵʢʚ. KCH2Tms 

ʪʦʞʝ ʧʨʦʠʟʦʰʣʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʜʠʢʝʪʠʤʠʥʘʪʘ ʧʦ Ŭ-ʧʦʣʦʞʝʥʠʶ, ʘ ʪʘʢʞʝ ʧʦ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ 

ʟʘʤʝʩʪʠʪʝʣʷ, ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ [Y(Nacnacôô)2K(Dme)2] (Nacnacò = 

[C{ C(Me)N(Dipp)}{ C(CH2)N(2-iPr-6-CH(Me)(CH2)-C6H3)}]
2ï). ʂʘʪʠʦʥ ʢʘʣʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥ 

ʜʚʫʤʷ ʤʝʪʠʣʝʥʦʚʳʤʠ ʛʨʫʧʧʘʤʠ ʠ ʘʨʦʤʘʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʦʡ ʟʘʤʝʩʪʠʪʝʣʝʡ [100]. 
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ʉʭʝʤʘ 1.20. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʥʟʠʣʴʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʪʪʨʠʷ. 

 

ɹʝʥʟʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʴʶ ʚʤʝʩʪʝ ʩʦ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ CïH ʘʢʪʠʚʘʮʠʠ, ʢʘʢ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 2-ʬʝʥʠʣʧʠʨʠʜʠʥʘ ʢ 

[Y(Nacnac)Bn2]. ɺ ʦʪʩʫʪʩʪʚʠʠ ʥʘʛʨʝʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ CïH ʘʢʪʠʚʘʮʠʷ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʚ ʦʨʪʦ-

ʧʦʣʦʞʝʥʠʠ ʠ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʝ ʩ ʜʝʘʨʦʤʘʪʠʟʘʮʠʝʡ ʠ ʧʝʨʝʥʦʩʦʤ ʙʝʥʟʠʣʘ ʚʦ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʝ 2-

ʬʝʥʠʣʧʠʨʠʜʠʥʘ (ʩʭʝʤʘ 1.20, ʥʠʞʥʷʷ ʩʪʨʝʣʢʘ). ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦʭʦʞʠʤ 

ʦʙʨʘʟʦʤ, ʥʦ ʩ 1,4-ʧʨʠʩʦʝʜʠʥʝʥʠʝʤ 2-ʬʝʥʠʣʧʠʨʠʜʠʥʘ. ɺ ʨʘʩʪʚʦʨʝ ʚ C6D6 ʧʝʨʚʳʡ ʧʨʦʜʫʢʪ 

ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚʦ ʚʪʦʨʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʜʫʢʪ 1,2-ʧʨʠʩʦʝʜʠʥʝʥʠʷ 2-ʬʝʥʠʣʧʠʨʠʜʠʥʘ 

ð ʢʠʥʝʪʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʠʥʪʝʨʤʝʜʠʘʪ, ʢʦʪʦʨʳʡ ʧʦʩʪʝʧʝʥʥʦ ʧʝʨʝʭʦʜʠʪ ʚ ʧʨʦʜʫʢʪ 1,4-

ʧʨʠʩʦʝʜʠʥʝʥʠʷ, ʷʚʣʷʶʱʠʡʩʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʳʤ [121]. 

ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʷ [Y(Nacnac)Bn2] ʩ ʙʝʥʟʦʪʠʘʟʦʣʦʤ ʠʣʠ ʙʝʥʟʦʢʩʘʟʦʣʦʤ ʧʨʠʚʦʜʠʪ ʢ 

ʪʨʸʭʢʦʤʧʦʥʝʥʪʥʦʤʫ ʨʘʩʢʨʳʪʠʶ ʪʠʘʟʦʣʴʥʦʛʦ ʢʦʣʴʮʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʨʦʜʫʢʪʘ ʜʚʦʡʥʦʛʦ ʉïʉ 

ʩʦʯʝʪʘʥʠʷ (ʩʭʝʤʘ 1.20, ʩʨʝʜʥʷʷ ʩʪʨʝʣʢʘ) [121]. 
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ʀʟʚʝʩʪʥʳ ʠ ʩʦʚʝʨʰʝʥʥʦ ʫʩʪʦʡʯʠʚʳʝ ʘʣʢʠʣ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ð ʩ 

ʘʣʣʠʣʴʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʩʠʥʪʝʟ ʢʦʪʦʨʳʭ ʚʝʜʸʪʩʷ ʧʨʠ 60 Áʉ ʚ ʊɻʌ. ɺ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ 

ʠʩʧʦʣʴʟʫʶʪʩʷ [RE(Allyl )3(Diox)]Ð ʠ ʧʨʦʣʠʛʘʥʜ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʢʦʤʧʣʝʢʩʳ [RE(Nacnac)(Allyl )2] 

(RE = La, Nd, Sm, Y) ʥʝ ʩʦʜʝʨʞʘʪ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʃʠʰʸʥʥʳʝ ʥʝʜʦʩʪʘʪʢʦʚ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʜʨʫʛʠʤʠ ʘʣʢʠʣʘʤʠ, ʦʥʠ ʩʧʦʩʦʙʥʳ ʢʘʪʘʣʠʟʠʨʦʚʘʪʴ ʧʦʣʠʤʝʨʠʟʘʮʠʶ Ů-ʢʘʧʨʦʣʘʢʪʦʥʘ 

ʠ rac-ʣʘʢʪʠʜʘ ʚ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ [122]. ʆʜʥʘʢʦ [RE(Nacnac)(Allyl )2] ʥʝ ʧʦʣʫʯʘʶʪʩʷ ʧʦ ʨʝʘʢʮʠʠ 

ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʛʘʣʦʛʝʥʠʜʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʘʣʣʠʣ-ʤʘʛʥʠʝʤ ʠʟ-ʟʘ ʧʨʦʪʝʢʘʥʠʷ ʣʠʛʘʥʜʥʦʛʦ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʩʠ RE(Allyl )3 ʠ [Mg(Nacnac)(Allyl )(thf)] [105]. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʦʡ ʦʩʥʦʚʥʦʩʪʠ ʠ ʥʫʢʣʝʦʬʠʣʴʥʦʩʪʠ ʘʣʢʠʣʦʚ, ʘʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʠʥʪʝʨʝʩʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʜʣʷ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʢʘʢ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʜʣʷ 

ʧʦʣʠʤʝʨʠʟʘʮʠʠ ʣʘʢʪʠʜʦʚ [118, 122], ʪʘʢ ʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʦ-ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʜʣʷ ʧʦʣʠʤʝʨʠʟʘʮʠʠ 

ʠʟʦʧʨʝʥʘ [60, 101], ʦʨʪʦ-ʤʝʪʦʢʩʠʩʪʠʨʝʥʘ [123, 124] ʠ 2-ʚʠʥʠʣʧʠʨʠʜʠʥʘ [82] (Al iBu3, 

[NHR3][BAryl 4], [CPh3][BAryl 4]).  

1.3. ʂʦʤʧʣʝʢʩʳ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ 

ɓ-ɼʠʢʝʪʠʤʠʥʘʪʥʳʝ ʣʠʛʘʥʜʳ ʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʦʚ ʜʚʫʭʚʘʣʝʥʪʥʳʭ Sm, Eu, Yb. ʂʦʤʧʣʝʢʩʳ ʜʨʫʛʠʭ Ln(II), ʦʙʣʘʜʘʶʱʠʭ ʙʦʣʴʰʠʤ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ, ʥʝ ʠʟʚʝʩʪʥʳ. ʍʠʤʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ln(II ) 

ʧʦʭʦʞʘ ʥʘ ʭʠʤʠʶ ʢʦʤʧʣʝʢʩʦʚ Ln(III), ʠ ʦʩʥʦʚʥʳʝ ʨʘʟʣʠʯʠʷ ʟʘʢʣʶʯʘʶʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ Ln(II) ʠ ʙʦʣʴʰʝʤ ʨʘʟʤʝʨʝ ʢʘʪʠʦʥʦʚ Ln(II). ɿʘʯʘʩʪʫʶ ʩʪʨʦʝʥʠʝ ʠ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʦʝʜʠʥʝʥʠʡ ʜʚʫʭʚʘʣʝʥʪʥʳʭ Sm, Eu ʠ Yb ʩʨʘʚʥʠʚʘʶʪ ʩ ʩʚʦʡʩʪʚʘʤʠ 

ʩʦʝʜʠʥʝʥʠʡ Ca, ʩʭʦʞʠʭ ʧʦ ʨʘʟʤʝʨʫ ʢʘʪʠʦʥʘ, ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʠ ʠʦʥʥʳʤ ʭʘʨʘʢʪʝʨʦʤ 

ʩʚʷʟʳʚʘʥʠʷ. 

1.3.1. ɻʦʤʦʣʝʧʪʠʯʝʩʢʠʝ ʙʠʩ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ʀʟʚʝʩʪʥʳʝ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Eu, Sm, Yb ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʘʟʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ (ʩʭʝʤʘ 1.21). ʇʦʤʠʤʦ ʧʨʦʩʪʦʡ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʜʠʠʦʜʠʜʦʤ ʣʘʥʪʘʥʦʠʜʘ 

ʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʤ ʢʘʣʠʷ [28, 48, 125, 126], ʢʦʤʧʣʝʢʩʳ ʝʚʨʦʧʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʦʤʧʣʝʢʩʘ Eu(III) (ʩʤ. ʯʘʩʪʴ 1.2.2.1) [62], ʠʣʠ ʧʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʢʘʣʠʡ-ʥʘʪʨʠʝʚʳʤ ʩʧʣʘʚʦʤ ʧʦʣʫʯʝʥʥʳʭ in situ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

Ln(III ) [63]. ʆʩʦʙʳʡ ʩʣʫʯʘʡ, ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʦʜʠʢʠ ʢʦʪʦʨʦʛʦ ʫʚʝʥʯʘʣʦʩʴ ʫʩʧʝʭʦʤ ʪʦʣʴʢʦ ʧʨʠ 

ʩʠʥʪʝʟʝ ʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Yb(PhNacnacTms)2], ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʦʙʘʚʣʝʥʠʠ ʙʝʥʟʦʥʠʪʨʠʣʘ ʢ 

ʘʣʢʠʣʴʥʦʤʫ ʢʦʤʧʣʝʢʩʫ ʠʪʪʝʨʙʠʷ [Yb(CHTms2)(Et2O)2] (ʩʤ. ʯʘʩʪʴ 1.1.2) [45]. 
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ʉʭʝʤʘ 1.21. ʇʦʜʭʦʜʳ ʢ ʩʠʥʪʝʟʫ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ln(II ). 

 

ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʘʪʠʦʥʳ Ln2+ ʦʢʘʟʳʚʘʶʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʤʠ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ 

ʜʚʫʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʩ ʦʙʲʸʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ. ɼʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʦʩʦʙʦ ʦʙʲʸʤʥʦʛʦ 

Nacnac ʩ 2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʥɹʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʫʜʘʸʪʩʷ ʚʳʜʝʣʠʪʴ ʛʦʤʦʣʝʧʪʠʯʝʩʢʠʡ 

ʢʦʤʧʣʝʢʩ [Yb(Nacnac)2] ʩ ʤʘʣʝʥʴʢʠʤ ʢʘʪʠʦʥʦʤ ʢʦʥʮʘ ʨʷʜʘ [126]. ʆʜʥʘʢʦ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʳ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʣʷ ʩʪʘʙʠʣʠʟʘʮʠʠ Tm2+ (E0 = ī2.3 ɺ), ʠ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ ʦʜʥʦʛʦ ʧʨʦʪʦʥʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ ʚʦʜʦʨʦʜʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ [Tm(Nacnac)(Nacnacô)] [28]. 

ʇʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʩʠʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ ʚʦʟʤʦʞʥʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʧʦ Ŭ-

ʧʦʣʦʞʝʥʠʶ ʚ ʢʦʤʧʣʝʢʩʘʭ Ln(II) ʘʥʘʣʦʛʠʯʥʦ ʪʦʤʫ, ʯʪʦ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʢʦʤʧʣʝʢʩʘʭ Ln(III) (ʩʤ. 

ʩʭʝʤʫ 1.18 ʚ ʯʘʩʪʠ 1.2.5). ɹʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ [Yb(Nacnac)2] ʧʨʠ ʦʙʨʘʙʦʪʢʝ ʘʣʢʠʣʴʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ [YbR2(thf)2] ʧʝʨʝʭʦʜʠʪ ʚ ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [Yb(Nacnacô)]2 ʩ ʥʝʪʠʧʠʯʥʦ 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ ʜʠʢʝʪʠʤʠʥʦʤ (ʩʭʝʤʘ 1.22) [126]. ʅʦ ʝʩʣʠ ʚ 

ʩʣʫʯʘʝ ʢʦʤʧʣʝʢʩʦʚ Ln(III) ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʘʨʷʜ ʣʦʢʘʣʠʟʫʝʪʩʷ ʥʘ ʘʪʦʤʘʭ ʘʟʦʪʘ, ʪʦ ʚ ʩʣʫʯʘʝ Yb(II) 

ʦʥ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʦʜʥʦʤ ʘʪʦʤʝ ʘʟʦʪʘ ʠ ʥʘ CH2-ʛʨʫʧʧʝ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʝʡ ʤʦʩʪʠʢʦʚʫʶ 

ʢʦʦʨʜʠʥʘʮʠʶ. ʕʪʦʪ ʞʝ ʢʦʤʧʣʝʢʩ ʧʦʣʫʯʘʝʪʩʷ ʧʨʠ ʦʙʨʘʙʦʪʢʝ [{Yb(Nacnac)(thf)} 2(Õ-I)2] 

ʘʣʢʠʣʢʘʣʠʝʤ K(CHTms2) [125]. 

ʉʭʝʤʘ 1.22. ɼʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʧʦ Ŭ-ʧʦʣʦʞʝʥʠʶ ʚ ʢʦʤʧʣʝʢʩʝ Yb(II ). 
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1.3.2. ɻʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

ɼʣʷ ʩʠʥʪʝʟʘ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ Ln(II) ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʪʘʥʜʘʨʪʥʳʝ ʧʦʜʭʦʜʳ ð 

ʠʦʥʥʳʡ ʦʙʤʝʥ ʠ ʢʠʩʣʦʪʥʦ-ʦʩʥʦʚʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ð ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ Ln(III ) 

ʩʠʣʴʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷʤʠ (Na/K ʩʧʣʘʚ) [127]. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʠʦʜʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʣʠʛʘʥʜʦʚ ʤʝʞʜʫ ʢʦʤʧʣʝʢʩʘʤʠ [Ln(RNacnacRô)2] ʠ LnI2 ʚ ʊɻʌ 

(Ln = Yb, R = Me, Rô = Dipp; R = Ph, Rô = Tms) [125]. ʉʨʝʜʠ ʥʠʭ ʚʩʪʨʝʯʘʶʪʩʷ ʠʦʜʠʜʥʳʝ, 

ʙʦʨʛʠʜʨʠʜʥʳʝ, ʘʤʠʜʥʳʝ, ʘʣʢʠʣʴʥʳʝ ʠ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. 

ɹʦʨʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʘʣʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʜʣʷ Ln(II ). [Ln(Nacnac)(BH4)(thf)2] (Ln = 

Sm, Eu, Yb) ʤʦʥʦʷʜʝʨʥʳʝ, ʦʥʠ ʧʦʣʫʯʘʶʪʩʷ ʧʦ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ K(Nacnac) ʠ 

Ln(BH4)2 [109]. ɼʨʫʛʦʡ ʙʦʨʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ [Yb(NacnacDiPep)(BHEt3)] ʙʳʣ ʧʦʣʫʯʝʥ ʠʟ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʠʦʜʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [128]. 

ʂʫʜʘ ʰʠʨʝ ʠʩʩʣʝʜʦʚʘʥʳ ʠʦʜʦ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʢʨʦʤʝ ʠʦʜʠʜʦʚ 

ʜʨʫʛʠʝ LnHal2 ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʠʥʪʝʟʝ ʠʟ-ʟʘ ʜʦʨʦʛʦʚʠʟʥʳ ʠ ʧʨʦʩʪʦʪʳ ʩʠʥʪʝʟʘ ʜʠʠʦʜʠʜʦʚ 

ʣʘʥʪʘʥʦʠʜʦʚ (ʩʤ. ʥʘʯʘʣʦ ʛʣʘʚʳ 3). ʀʦʜʠʜʳ ʩʢʣʦʥʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʤʦʩʪʠʢʠ LnïIïAM ʠʣʠ LnïIïLn 

ʚ ʢʦʤʧʣʝʢʩʘʭ Ln(II ) (ʚ ʦʪʣʠʯʠʠ ʦʪ Ln(III )) ʙʣʘʛʦʜʘʨʷ ʙʦʣʴʰʝʡ ʤʷʛʢʦʩʪʠ (ʢʘʢ ʢʠʩʣʦʪ ʃʴʶʠʩʘ) ʠ 

ʙʦӡʣʴʰʠʤ ʠʦʥʥʳʤ ʨʘʜʠʫʩʘʤ. ʊʠʧʠʯʥʳʝ ʠʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʙʠʷʜʝʨʥʳʝ, ʩ ʢʘʪʠʦʥʘʤʠ, 

ʩʦʝʜʠʥʸʥʥʳʤʠ ʜʚʫʤʷ ʤʦʩʪʠʢʦʚʳʤʠ ʠʦʜʠʜʘʤʠ (ʩʭʝʤʘ 1.23ʘ) [125, 78, 129, 130]; ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʩ ʥʝʙʦʣʴʰʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ (o-Xyl) ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ 

ʠʪʪʝʨʙʠʷ ʟʘʧʦʣʥʷʝʪʩʷ ʙʦʣʝʝ ʦʙʲʸʤʥʳʤʠ, ʯʝʤ ʠʦʜʠʜʳ, ʤʦʣʝʢʫʣʘʤʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʊɻʌ, ʊʤʝʜʘ) [38]. ʀ, ʥʘʧʨʦʪʠʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʠʢʝʪʠʤʠʥʘʪʘ ʩ ʥʝʦʙʳʯʘʡʥʦ 

ʦʙʲʸʤʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ DiPep = 2,6-ʜʠ(3-ʧʝʥʪʠʣ)ʬʝʥʠʣ ʦʙʨʘʟʫʝʪʩʷ ʤʦʥʦʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ 

[Yb(NacnacDiPep)I] (ʩʭʝʤʘ 1.23ʙ), ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚ ʢʦʪʦʨʦʤ 

ʦʜʠʥ ʠʟ ʬʝʥʠʣʦʚ ʟʘʤʝʩʪʠʪʝʣʷ ʰʘʧʦʯʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʢ ʤʝʪʘʣʣʫ ʠ ʟʘʢʨʳʚʘʝʪ ʂʉ [128]. 

ɼʣʷ ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ln(II) ʥʝ ʪʠʧʠʯʝʥ ʧʝʨʝʭʦʜ ʚ ʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ, ʧʦʩʢʦʣʴʢʫ ʯʘʱʝ 

ʚʩʝʛʦ ʢʘʪʠʦʥ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ ð ʢʘʣʠʷ ʠʣʠ ʥʘʪʨʠʷ ð ʦʙʨʘʟʫʝʪ ʥʝʨʘʩʪʚʦʨʠʤʳʡ ʠʦʜʠʜ (ʜʣʷ 

ʩʨʘʚʥʝʥʠʷ ʩ ʭʠʤʠʝʡ Ln(III ), LiCl  ʯʘʩʪʠʯʥʦ ʨʘʩʪʚʦʨʠʤ ʚ ʊɻʌ). ɽʜʠʥʩʪʚʝʥʥʳʡ ʧʨʠʤʝʨ ʠʦʜʠʜʥʦʛʦ 

ʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ Ln(II) ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʩʭʝʤʝ 1.23ʚ. ʕʪʦʪ ʢʦʤʧʣʝʢʩ ʪʨʸʲʷʜʝʨʥʳʡ, ʩʦʜʝʨʞʠʪ ʜʚʘ 

ʢʘʪʠʦʥʘ ʠʪʪʨʝʙʠʷ ʠ ʦʜʠʥ ʢʘʪʠʦʥ ʣʠʪʠʷ [131]. ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ ʠʪʪʝʨʙʠʷ ʩʦʝʜʠʥʸʥ ʤʦʩʪʠʢʦʚʳʤʠ 

ʠʦʜʠʜʘʤʠ ʩ ʜʚʫʤʷ ʜʨʫʛʠʤʠ ʢʘʪʠʦʥʘʤʠ ʠ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʜʚʫʭ ɖ5-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʩ ʘʥʦʤʘʣʴʥʦ ʙʦʣʴʰʠʤʠ ʜʠʩʪʘʥʮʠʷʤʠ YbïNacnac (2.09 ʠ 2.17 ¡), ʧʨʠʯʸʤ 

ʢʦʦʨʜʠʥʘʮʠʷ ʜʠʢʝʪʠʤʠʥʘʪʘ ʥʘʧʦʤʠʥʘʝʪ ʰʘʧʦʯʥʫʶ ʜʣʷ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʦʚ ʩ ʫʛʣʘʤʠ Ybï

(ʮʝʥʪʨʦʠʜ NNô)ï(ʮʝʥʪʨʦʠʜ NC1C3Nô) ʙʣʠʟʢʠʤ ʢ ʧʨʷʤʳʤ (94.26 ʠ 89.04Á). ɺʪʦʨʦʡ ʢʘʪʠʦʥ 

ʠʪʪʝʨʙʠʷ ʟʘʢʨʳʪ ə4-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʜʠʢʝʪʠʤʠʥʘʪʦʤ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʪʝʨʤʠʥʘʣʴʥʳʤ 

ʠʦʜʠʜʦʤ ʩ ʜʨʫʛʦʡ ʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ çʢʣʝʰʥʷʤʠè (en)NEt2 ʟʘʤʝʩʪʠʪʝʣʝʡ Rô. 
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ʂʘʪʠʦʥ ʣʠʪʠʷ ʪʘʢʞʝ ʟʘʭʚʘʯʝʥ ʚ ə4-N ʦʢʨʫʞʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ çʢʣʝʰʥʝʡè ʚʪʦʨʦʛʦ 

ʜʠʢʝʪʠʤʠʥʘʪʘ. 

 

ʉʭʝʤʘ 1.23. ʅʝʢʦʪʦʨʳʝ ʩʪʨʫʢʪʫʨʳ ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Yb(II ). 

 

ʀʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ Ln(II) ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʨʘʟʥʦʩʪʦʨʦʥʥʝʡ ʜʘʣʴʥʝʡʰʝʡ 

ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʠ ʧʦ ʨʝʘʢʮʠʷʤ ʟʘʤʝʱʝʥʠʷ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʘʤʠʜʥʳʝ (NTms2 ʠʣʠ NHDipp [131, 139]), ʘʣʢʠʣʴʥʳʝ (CPh3, 

CHTms2 [27, 78, 125, 129]), ʙʦʨʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ [128]. ʂʘʢ ʧʨʘʚʠʣʦ, ʧʨʦʜʫʢʪʳ ʟʘʤʝʱʝʥʠʷ 

ʤʦʥʦʷʜʝʨʥʳʝ. ɸʤʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ [Yb(Nacnac)(NTms2)(thf)] ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠʟ ʙʠʩ-

ʘʤʠʜʦʚ ʠʪʪʝʨʙʠʷ ʜʦʙʘʚʣʝʥʠʝʤ ʧʨʦʣʠʛʘʥʜʘ [66, 125], ʠʣʠ ʧʨʠ ʩʤʝʰʝʥʠʠ ʪʨʸʭ ʨʝʘʛʝʥʪʦʚ ʚ 

ʦʜʥʦʩʪʘʜʠʡʥʦʤ ʩʠʥʪʝʟʝ: 2KNTms2, H(Nacnac), YbI2 [132]. 

ɼʣʷ ʘʤʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Yb(Nacnac)(NTms2)(thf)] ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʩʪʫʧʝʥʯʘʪʳʡ 

ʛʠʜʨʦʣʠʟ, ʯʪʦ ʜʘʸʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʪʝʢʘʶʱʠʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʝʜʦʩʪʘʪʦʯʥʦ 

ʩʫʭʦʡ ʧʦʩʫʜʳ ʠʣʠ ʧʨʦʥʠʢʥʦʚʝʥʠʠ ʚʣʘʞʥʦʛʦ ʚʦʟʜʫʭʘ ʚ ʩʦʩʫʜ ʩ ʚʝʱʝʩʪʚʦʤ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 1 ʵʢʚ. 

ʚʦʜʳ ʘʤʠʜʥʳʡ ʣʠʛʘʥʜ ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʠ ʫʭʦʜʠʪ ʚ ʚʠʜʝ HNTms2, ʘ ʢʦʤʧʣʝʢʩ ʧʝʨʝʭʦʜʠʪ ʚ 

[{ Yb(Nacnac)(thf)} 2(Õ-OH)2]. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ, ʧʦ ʧʨʝʜʧʦʣʦʞʝʥʠʶ 

ʘʚʪʦʨʦʚ, ʧʨʦʠʩʭʦʜʠʪ ʦʢʠʩʣʝʥʠʝ Yb2+ ʜʦ Yb3+, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʘʨʘʤʘʛʥʠʪʥʳʡ ʩʜʚʠʛ ʧʨʦʪʦʥʦʚ ʚ 

ʩʧʝʢʪʨʝ ʗʄʈ [132]. 

ɸʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ [Yb(NacnacRô)(CHTms2)(thf)] ʪʝʨʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʳ ʚ ʨʘʩʪʚʦʨʝ. 

ʇʨʠ ʭʨʘʥʝʥʠʠ ʚ ʨʘʩʪʚʦʨʝ C6D6 ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʢʦʤʧʣʝʢʩʘ [Yb(Nacnac)(CHTms2)(thf)] ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʩʤʝʱʝʥʠʷ ʩʠʛʥʘʣʦʚ ʚ ʩʧʝʢʪʨʘʭ 1H, 13C [125]. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 70 Áʉ ʪʘʢʞʝ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʞʠʜʘʝʤʦʛʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ, ʪʦʣʴʢʦ ʯʘʩʪʠʯʥʦ ʧʨʦʪʝʢʘʣʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ 

ʣʠʛʘʥʜʦʚ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [Yb(Nacnac)2] ʠ  ʧʨʦʜʫʢʪʦʚ ʨʘʩʧʘʜʘ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʚ ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ 
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[Yb(CHTms2)2]. ʇʦʜʦʙʥʦʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʛʘʥʜʦʚ ʪʘʢʞʝ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʠʪʴ 

ʢʦʤʧʣʝʢʩ [Yb(PhNacnacTms)(CPh3)], ʚʤʝʩʪʦ ʢʦʪʦʨʦʛʦ ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʜʫʢʪʳ [Yb(PhNacnacTms)2] ʠ 

[Yb(thf)6][CPh3]2. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʩ ʙʦʣʝʝ ʦʙʲʸʤʥʳʤ Nacnac ʫʜʘʸʪʩʷ ʚʳʜʝʣʠʪʴ ʫʩʪʦʡʯʠʚʳʡ 

ʪʨʠʪʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ [Yb(Nacnac)(CPh3)], ʚ ʢʦʪʦʨʦʤ ʪʨʠʪʠʣ ɖ5-ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʠʟ-ʟʘ 

ʜʝʣʦʢʘʣʠʟʘʮʠʠ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ. 

ɺʦʟʤʦʞʥʘ ʧʦʩʣʝʜʫʶʱʘʷ ʬʫʥʢʮʠʦʥʘʣʠʟʘʮʠʷ ʘʤʠʜʥʳʭ ʠʣʠ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʘʢʪʠʚʥʳʝ ʛʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 

PhSiH3 [66, 67, 132]. ʉʪʘʙʠʣʠʟʘʮʠʷ ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʛʠʜʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Yb(Nacnac)} 2(Õ-H)2] 

ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʰʘʧʦʯʥʦʡ ɖ6-ʢʦʦʨʜʠʥʘʮʠʝʡ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ 2,6-ʜʠʠʟʦʧʨʦʧʠʣʬʝʥʠʣʴʥʦʛʦ 

ʟʘʤʝʩʪʠʪʝʣʷ ʢʦ ʚʪʦʨʦʤʫ ʢʘʪʠʦʥʫ ʢʦʤʧʣʝʢʩʘ. ʊʘʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʜʠʢʝʪʠʤʠʥʘʪʘ ʥʝʚʦʟʤʦʞʥʘ ʚ 

ʜʨʫʛʠʭ ʙʠʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʩʦʜʝʨʞʘʱʠʭ ʬʨʘʛʤʝʥʪ { Yb(Nacnac)} 2, ʠʟ-ʟʘ ʙʦʣʝʝ ʢʨʫʧʥʳʭ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʣʠʛʘʥʜʦʚ. ɼʦʙʘʚʣʝʥʠʝ ʢ ʛʠʜʨʠʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ [{Yb(Nacnac)2}(Õ-H)2] ʘʣʢʝʥʘ 

CH2=CHïR ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʛʠʜʨʠʨʦʚʘʥʠʶ ʠ ʦʙʨʘʟʦʚʘʥʠʶ [{Yb(Nacnac)2}{Õ-(CH2ïCH2ïR)} 2] (R 

= H, Me) [66]. ɺ C6D6 ʘʣʢʠʣʴʥʳʡ ʢʦʤʧʣʝʢʩ ʤʝʜʣʝʥʥʦ ʢʦʥʚʝʨʪʠʨʫʝʪʩʷ ʚ ʜʝʡʪʝʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ 

[{ Yb(Nacnac)2}(Õ-D)2] ʠ ʵʪʠʣ-ʙʝʥʟʦʣ-d5 ʠʣʠ ʧʨʦʧʠʣ-ʙʝʥʟʦʣ-d5, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʤʝʩʪʠʪʝʣʷ R. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʙʳʣ ʧʦʩʪʨʦʝʥ ʢʘʪʘʣʠʪʠʯʝʩʢʠʡ ʮʠʢʣ ʛʠʜʨʦʬʝʥʠʣʠʨʦʚʘʥʠʷ ʵʪʝʥʘ ʠ 

ʧʨʦʧʝʥʘ. ɸʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ ʙʳʣʠ ʦʨʛʘʥʠʟʦʚʘʥʳ ʮʠʢʣʳ ʛʠʜʨʦʩʠʣʠʣʠʨʦʚʘʥʠʷ ʘʣʢʠʥʦʚ ʩ 

ʧʦʤʦʱʴʶ [Ln(NacnacRô)(CHTms2)] (Ln = Sm, Yb; Rô = enN(Me)enN(Me)2) [27, 78, 129]. ʇʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʩʠʣʘʥʘ ʦʙʨʘʟʫʝʪʩʷ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ, ʚ ʢʦʪʦʨʳʡ ʟʘʪʝʤ 

ʚʩʪʨʘʠʚʘʝʪʩʷ ʧʦ LnïH ʩʚʷʟʠ ʘʣʢʠʥ, ʟʘʪʝʤ ʧʨʦʠʩʭʦʜʠʪ ʚʥʝʜʨʝʥʠʝ ʩʠʣʘʥʘ ʧʦ ʩʚʷʟʠ LnïC ʠ 

ʦʪʱʝʧʣʝʥʠʝ ʩʠʣʠʣʠʨʦʚʘʥʦʛʦ ʘʣʢʝʥʘ ʠ ʛʠʜʨʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʢʦʤʧʣʝʢʩ 

[{ Yb(tBuNacnacRô)2}(Õ-H)2] ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʝʥ, ʯʪʦʙʳ ʟʘʧʨʦʪʦʥʠʨʦʚʘʪʴ ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ ʣʠʛʘʥʜ 

ʧʦ ɓ-ʧʦʣʦʞʝʥʠʶ [27]. ʆʥ ʪʘʢʞʝ ʩʧʦʩʦʙʝʥ ʛʠʜʨʠʨʦʚʘʪʴ ʧʠʨʠʜʠʥ ʠʣʠ ʙʠʧʠʨʠʜʠʥ. 

1.3.3. ɺʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ Ln(II ) 

ɺ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʘʤʠʥʦʚ ʢ 

ʜʠʘʣʢʠʣʢʘʨʙʦʜʠʠʤʠʜʘʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Eu(II ), Yb(II) ʙʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʦʟʤʦʞʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʝʘʢʮʠʠ [63]. ɼʣʷ ʵʪʦʛʦ ʢ ʥʘʠʙʦʣʝʝ ʘʢʪʠʚʥʳʤ 

ʢʦʤʧʣʝʢʩʘʤ [Eu(NacnacRô)2(thf)n] (Rô = o-Xyl , n = 1; Rô = Ph, Dipp, n = 0) ʠ [Yb(Nacnaco-MePhen)2(thf)] 

ʨʝʘʛʝʥʪʳ (ʚʳʙʨʘʥʥʳʝ PhNH2 ʠ CyïN=C=CïCy, Cy = ʮʠʢʣʦʛʝʢʩʠʣ) ʜʦʙʘʚʣʷʣʠʩʴ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʠ ʩʦʚʤʝʩʪʥʦ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1:1. ɺ ʩʣʫʯʘʝ ʝʚʨʦʧʠʝʚʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʨʝʘʢʮʠʠ ʩ ʘʥʠʣʠʥʦʤ, ʘ ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʩ ʢʘʨʙʦʜʠʠʤʠʜʦʤ ʥʝ ʫʜʘʣʦʩʴ ʚʳʜʝʣʠʪʴ 

ʧʨʦʜʫʢʪ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʤʝʩʠ ʢʘʨʙʦʜʠʠʤʠʜʘ ʠ ʘʥʠʣʠʥʘ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ɓ-

ʜʠʢʝʪʠʤʠʥʦ-ʛʫʘʥʠʜʠʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ Eu2+ (ʩʭʝʤʘ 1.24ʘ, ʥʘ ʩʦʭʨʘʥʝʥʠʝ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ 2+ 

ʫʢʘʟʳʚʘʶʪ ʜʣʠʥʳ ʩʚʷʟʝʡ EuïN ʠ EuïO). ʇʦʩʢʦʣʴʢʫ ʚ ʦʪʩʫʪʩʪʚʠʝ ʢʘʪʘʣʠʟʘʪʦʨʘ ʨʝʘʢʮʠʷ ʤʝʞʜʫ 
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ʘʥʠʣʠʥʦʤ ʠ ʢʘʨʙʦʜʠʠʤʠʜʦʤ ʥʝ ʠʜʸʪ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝʫʢʣʝʦʬʠʣʴʥʘʷ ʘʪʘʢʘ 

ʘʤʠʜʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ in situ ʠʟ ʘʥʠʣʠʥʘ, ʥʘ ʢʘʨʙʦʜʠʠʤʠʥ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʢ ʤʝʪʘʣʣʫ. ɺ 

ʩʣʫʯʘʝ ʞʝ ʠʪʪʝʨʙʠʷ ʨʝʘʢʮʠʷ ʩ ʢʘʨʙʦʜʠʠʤʠʜʦʤ ʚʢʣʶʯʘʝʪ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʦ 

ʧʨʦʤʝʞʫʪʦʯʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʳʤ ʣʠʛʘʥʜʦʤ C(NCy)2
ïÅ ʠ ʝʛʦ ʘʪʘʢʫ ʥʘ ʤʦʣʝʢʫʣʫ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʩʭʝʤʘ 1.24ʙ). ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʠʣʠʥʘ ʨʘʜʠʢʘʣʴʥʘʷ ʘʪʘʢʘ ʠʜʸʪ ʥʘ ʘʥʠʣʠʥ, ʧʨʠ ʵʪʦʤ 

ʦʜʠʥ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ ʣʠʙʦ ʧʨʦʪʦʥʠʨʫʝʪʩʷ ʦʙʨʘʟʫʶʱʠʤʩʷ ʚ ʂʉ ʛʫʘʥʠʜʠʥʦʤ, ʣʠʙʦ ʧʨʦʤʝʞʫʪʦʯʥʳʡ 

ʢʦʤʧʣʝʢʩ ñ[Yb(Nacnaco-MePhen)2{C(NHCy)(NCy)(NPh)}] ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ ʠʟ-ʟʘ 

ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʂʉ (ʩʭʝʤʘ 1.24ʚ). ɼʣʷ ʢʦʤʧʣʝʢʩʘ [Sm(Nacnac)2], ʧʦʢʘʟʘʚʰʝʛʦ ʥʘʠʙʦʣʴʰʫʶ 

ʘʢʪʠʚʥʦʩʪʴ (97% ʢʦʥʚʝʨʩʠʠ ʟʘ 8 ʤʠʥʫʪ ʧʨʠ 60Áʉ), ʜʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʳʭ ʠʥʪʝʨʤʝʜʠʘʪʦʚ 

ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ɺʚʠʜʫ ʝʛʦ ʚʳʩʦʢʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʝʛʦ ʧʦʚʝʜʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ 

ʘʥʘʣʦʛʠʯʥʦ ʧʦʚʝʜʝʥʠʶ ʢʦʤʧʣʝʢʩʘ ʠʪʪʝʨʙʠʷ. 

 

ʉʭʝʤʘ 1.24. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʧʨʠʩʦʝʜʠʥʝʥʠʷ ʘʥʠʣʠʥʘ ʢ ʜʠʮʠʢʣʦʛʝʢʩʠʣʢʘʨʙʦʜʠʠʤʠʜʫ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʤʧʣʝʢʩʦʚ [Ln(NacnacRô)2(thf)n]. 

 

ɺ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ (ʢʦʥʝʮ 2022 ʛʦʜʘ [28]) ʙʳʣ ʠʟʫʯʝʥ ʥʘʙʦʨ ʨʝʘʢʮʠʡ ʦʢʠʩʣʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ [Sm(Nacnac)2], ʠʟʚʝʩʪʥʦʛʦ ʨʘʥʝʝ [63]. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʢʠʩʣʦʨʦʜʦʤ ʠʣʠ ʢʫʤʠʥʠʣʦʤ 

(Aryl  = p-iPr-Phen, ʩʭʝʤʘ 1.25ʘ) ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʧʨʦʜʫʢʪʦʚ, ʠʟ ʢʦʪʦʨʦʡ ʫʜʘʸʪʩʷ ʚʳʜʝʣʠʪʴ 

ʢʦʤʧʣʝʢʩ [Sm(Nacnac)(Nacnacô)] ʩ ʥʝʙʦʣʴʰʠʤ ʚʳʭʦʜʦʤ, ʠ ʥʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ H(Nacnac). 

ɹʦʣʝʝ ʩʝʣʝʢʪʠʚʥʦ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʩ ʜʨʫʛʠʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ 

ʤʦʣʝʢʫʣʳ ʦʢʠʩʣʠʪʝʣʷ, ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ ʨʘʟʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ ʠ ʩ ʨʘʟʥʦʡ 
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ʢʦʦʨʜʠʥʘʮʠʝʡ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ. ʈʝʘʢʮʠʷ ʩ 1 ʵʢʚ. NO (ʩʭʝʤʘ 1.25ʙ) ʧʨʦʪʝʢʘʝʪ ʩ ʙʳʩʪʨʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ, ʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʘʸʪ ʢʨʠʩʪʘʣʣʳ ʜʚʫʭ ʪʠʧʦʚ. ʇʝʨʚʳʝ ʦʢʘʟʘʣʠʩʴ 

ʥʠʪʨʠʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ [Sm(Nacnac)2(NO2)], ʚ ʢʦʪʦʨʦʤ ʦʙʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʩʦʭʨʘʥʷʶʪ 

ʩʤʝʰʘʥʥʳʡ ʪʠʧ ʢʦʦʨʜʠʥʘʮʠʠ, ʘ ʤʘʣʝʥʴʢʠʡ ʥʠʪʨʠʪʥʳʡ ʣʠʛʘʥʜ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʟʘʞʘʪʳʤ ʤʝʞʜʫ 

ʘʨʦʤʘʪʠʯʝʩʢʠʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʜʚʫʭ ʜʠʢʝʪʠʤʠʥʘʪʦʚ. ɺʪʦʨʦʡ ʧʨʦʜʫʢʪ ʥʝ ʙʳʣ ʩʪʨʫʢʪʫʨʥʦ 

ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ, ʥʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʝʥʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ɸʚʪʦʨʳ ʦʙʲʷʩʥʷʶʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʠʪʨʠʪʘ ʨʝʘʢʮʠʝʡ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ NO: 

3NO + e← Ÿ NO2
ï + N2O 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ N2O. ʕʪʘ ʨʝʘʢʮʠʷ ʙʳʣʘ ʦʧʠʩʘʥʘ ʜʣʷ ʢʦʤʧʣʝʢʩʘ 

ʦʜʥʦʚʘʣʝʥʪʥʦʡ ʤʝʜʠ Cu(I), ʚ ʢʦʪʦʨʦʡ ʦʙʨʘʟʫʝʪʩʷ ʥʠʪʨʠʪʥʳʡ ʢʦʤʧʣʝʢʩ Cu(II) ʠ ʚʳʜʝʣʷʝʪʩʷ N2O 

[133].  

ʇʨʠ ʧʝʨʝʭʦʜʝ ʢ ʙʦʣʝʝ ʦʙʲʸʤʥʳʤ ʦʨʛʘʥʠʯʝʩʢʠʤ ʤʦʣʝʢʫʣʘʤ, ʬʣʫʦʨʝʥʦʥʫ ʠ ʬʝʥʘʟʠʥʫ, ʚ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʢʦʤʧʣʝʢʩʘʭ ʥʝʜʦʩʪʘʪʦʯʥʦ ʤʝʩʪʘ ʚ ʂʉ ʜʣʷ ʨʘʟʤʝʱʝʥʠʷ ʜʚʫʭ ʦʙʲʸʤʥʳʭ 

ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʠ ʥʦʚʦʛʦ ʘʥʠʦʥʘ. ʈʝʘʢʮʠʷ ʩ ʬʣʫʦʨʝʥʦʥʦʤ ʧʨʦʪʝʢʘʝʪ ʤʝʜʣʝʥʥʦ (2 ʜʥʷ), 

ʯʪʦ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ ʢʠʥʝʪʠʯʝʩʢʫʶ ʟʘʪʦʨʤʦʞʝʥʥʦʩʪʴ. ʇʨʦʜʫʢʪ (ʩʭʝʤʘ 1.25ʚ) ʩʦʜʝʨʞʠʪ 

ʬʣʫʦʨʝʥʦʥ ʚ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʡ ʬʦʨʤʝ, ʦʜʠʥ ɖ5-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ ʠ ʚʪʦʨʦʡ 

ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ ʣʠʛʘʥʜ, ʧʝʨʝʰʝʜʰʠʡ ʚ ɖ3-ʘʟʘ-ʘʣʣʠʣʴʥʫʶ ʬʦʨʤʫ ʩ ʥʝʢʦʦʨʜʠʥʠʨʫʶʱʝʡ 

ʉʭʝʤʘ 1.25. ʆʢʠʩʣʝʥʠʝ [Sm(Nacnac)2]. 
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C(Me)NDipp çʢʣʝʰʥʸʡè (ʩʤ. ʦʙʩʫʞʜʝʥʠʝ ʚ ʯʘʩʪʠ 1.1.3). ɺ ʨʝʘʢʮʠʠ ʩ ʬʝʥʘʟʠʥʦʤ ʦʙʨʘʟʫʝʪʩʷ 

ʙʠʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{Sm(ɖ5-Nacnac)(ə1-Nacnac)} 2(Õ-C12H8N2)] (ʩʭʝʤʘ 1.25ʛ) ʩ ʤʦʩʪʠʢʦʚʦ-

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ ʥʘ ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʬʝʥʘʟʠʥʦʤ. ɺ ʥʸʤ ʚʪʦʨʦʡ ʜʠʢʝʪʠʤʠʥʘʪ 

ʠʤʝʝʪ ʫʥʠʢʘʣʴʥʫʶ ə1-ʢʦʦʨʜʠʥʘʮʠʶ. ʅʠ ɖ3-, ʥʠ ə1-ʢʦʦʨʜʠʥʘʮʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʙʳʣʠ ʙʳ 

ʥʝʚʦʟʤʦʞʥʳ ʧʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʠʪʴ ʢʦʤʧʣʝʢʩʳ, ʠʩʭʦʜʷ ʠʟ ʩʦʝʜʠʥʝʥʠʡ Sm(III). ʊʘʢʞʝ ʨʝʰʘʶʱʝʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʦʪʩʫʪʩʪʚʠʝ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʤʦʛ ʙʳ ʟʘʧʦʣʥʠʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ, ʧʨʠʚʝʩʪʠ ʢ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʣʠʛʘʥʜʦʚ ʠʣʠ ʧʦʩʣʫʞʠʪʴ ʜʦʥʦʨʦʤ 

ʚʦʜʦʨʦʜʘ/ʧʨʦʪʦʥʘ ʜʣʷ ʫʭʦʜʷʱʝʛʦ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ [Sm(Nacnac)2] ʩ ʜʠʬʝʥʠʣʩʫʣʴʬʠʜʦʤ (ʩʭʝʤʘ 1.25ʜ) ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʜʠʪʠʦʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʚʠʜʝ ʜʠʤʝʨʘ. ɺʝʨʦʷʪʥʦ, ʚʪʦʨʦʡ 

ɓ-ʜʠʢʝʪʠʤʠʥʘʪ ʧʦʩʣʫʞʠʣ ʦʜʥʦʵʣʝʢʪʨʦʥʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʜʣʷ ʚʪʦʨʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ (SPh)2, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʪʝʨʠʯʝʩʢʠ ʧʝʨʝʛʨʫʞʝʥʥʦʛʦ ʠʥʪʝʨʤʝʜʠʘʪʘ 

ñ[Sm(Nacnac)2(SPh)]ò (ʩʤ. ʯʘʩʪʴ 1.2.2.2). 

ɻʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʯʝʤ ʜʨʫʛʠʝ ʢʦʤʧʣʝʢʩʳ Ln(II ). ɻʠʜʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ Yb(II) ʧʨʦʷʚʣʷʶʪ ʩʚʦʡʩʪʚʘ 

ʦʜʥʦ- ʠʣʠ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʚ ʨʝʘʢʮʠʷʭ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. ɺ 

ʨʝʘʢʮʠʠ ʮʠʢʣʦʦʢʪʘʪʝʪʨʘʝʥʘ (COT) ʩ [{Yb(Nacnac)}(Õ-H)2] ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠ ʘʨʦʤʘʪʠʟʘʮʠʷ (ʩʭʝʤʘ 1.26ʘ), ʫʜʠʚʠʪʝʣʴʥʘʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ (ï1.05 ʜʣʷ Yb2+ [1], ï1.62 ʠ ï1.86 ɺ ʜʣʷ COT [134]). ɽʱʸ ʙʦʣʝʝ ʫʜʠʚʠʪʝʣʴʥʘ 

ʉʭʝʤʘ 1.26. ʈʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʪʪʝʨʙʠʷ. 
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ʩʧʦʩʦʙʥʦʩʪʴ [{Yb(Nacnac)}(Õ-H)2] ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴ ʘʥʪʨʘʮʝʥ ʠ ʥʘʬʪʘʣʠʥ (ï1.98 ʠ ï2.60 ɺ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʉʦʛʣʘʩʥʦ DFT ʨʘʩʯʸʪʘʤ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʳʤ ʙʣʘʛʦʜʘʨʷ 

ʩʝʨʠʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ YbïH/C=C ʚʥʝʜʨʝʥʠʡ ʠ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʛʦ 

ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ [67]. 

ɼʨʫʛʦʡ ʛʠʜʨʠʜʥʳʡ ʢʦʤʧʣʝʢʩ [{Yb(tBuNacnacRô)}(Õ-H)2] (Rô = (en)N(Me)(En)N(Me2), 

çʢʣʝʰʥʷè ʩ ʜʚʫʤʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʶʱʠʤʠ ʘʤʠʥʦ-ʛʨʫʧʧʘʤʠ) ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪ 

ʩʚʦʡʩʪʚʘ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ (ʩʭʝʤʘ 1.26ʙ) [27]. ɺ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʘ ʚ C6D6 

ʧʦʩʪʝʧʝʥʥʦ ʧʨʦʠʩʭʦʜʠʪ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʦʝ ʛʠʜʨʠʨʦʚʘʥʠʝ ʦʜʥʦʛʦ ʜʠʢʝʪʠʤʠʥʘʪʘ ʧʦ ɓ-

ʧʦʣʦʞʝʥʠʶ. ʇʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʨʦʠʟʚʦʜʥʳʤ ʧʠʨʠʜʠʥʘ ʦʥ ʧʨʦʷʚʣʷʝʪ ʨʘʟʥʫʶ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʧʦʩʦʙʥʦʩʪʴ. ʅʝʟʘʤʝʱʸʥʥʳʡ ʧʠʨʠʜʠʥ ʛʠʜʨʠʨʫʝʪʩʷ ʧʦ ʦʨʪʦ-ʧʦʣʦʞʝʥʠʶ; ʧʘʨʘ-ʜʠʤʝʪʠʣʘʤʠʥʦ-

ʧʠʨʠʜʠʥ ʥʝ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʠ ʥʝ ʛʠʜʨʠʨʫʝʪʩʷ, ʘ ʢʦʦʨʜʠʥʠʨʫʝʪʩʷ ʟʘ ʩʯʸʪ ʜʦʥʦʨʥʦʛʦ ʘʪʦʤʘ ʘʟʦʪʘ, 

ʩʪʠʤʫʣʠʨʫʷ ʛʠʜʨʠʨʦʚʘʥʠʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ. ɽʛʦ ʙʦʣʴʰʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʙʫʩʣʦʚʣʝʥʘ 

ʜʦʥʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʧʘʨʘ-ʜʠʤʝʪʠʣʘʤʠʥʦ-ʛʨʫʧʧʳ, ʧʦʜʘʚʣʷʶʱʠʤ ʥʫʢʣʝʦʬʠʣʴʥʫʶ ʘʪʘʢʫ 

ʛʠʜʨʠʜʘ ʧʦ ʉ=N ʩʚʷʟʠ ʧʠʨʠʜʠʣʴʥʦʛʦ ʢʦʣʴʮʘ. ɹʠʧʠʨʠʜʠʥ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʢʦʤʧʣʝʢʩʦʤ 

[{ Yb(tBuNacnacRô)}(Õ-H)2] ʜʦ ʘʥʠʦʥ-ʨʘʜʠʢʘʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʘ ʜʠʢʝʪʠʤʠʥʘʪ ʛʠʜʨʠʨʫʝʪʩʷ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ Yb(III ). 

ɺ ʨʝʘʢʮʠʠ [{Yb(tBuNacnacRô)}(Õ-H)2] ʩ 1 ʵʢʚ. (PhS)2 ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ʚʳʩʪʫʧʘʝʪ ʛʠʜʨʠʜ, ʠ 

ʧʦʤʠʤʦ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʙʠʷʜʝʨʥʦʛʦ ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [{Yb(tBuNacnacRô)}(Õ-SPh)2] 

ʚʳʜʝʣʷʝʪʩʷ ʚʦʜʦʨʦʜ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʪʦʨʦʛʦ ʵʢʚʠʚʘʣʝʥʪʘ (PhS)2 ʧʨʦʠʩʭʦʜʠʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʘ 

ʝʱʸ ʦʜʠʥ ʵʣʝʢʪʨʦʥ ʟʘ ʩʯʸʪ Yb2+, ʠ ʢʦʤʧʣʝʢʩ ʤʦʥʦʤʝʨʠʟʫʝʪʩʷ ʚ [Yb(tBuNacnacRô)}( SPh)2].  



53 

 

1.4. ɿʘʢʣʶʯʝʥʠʝ 

ɓ-ɼʠʢʝʪʠʤʠʥʘʪʳ ð ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʣʠʛʘʥʜʳ ʚ ʭʠʤʠʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. ʆʥʠ 

ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʝ, ʯʪʦʙʳ ʧʦʜʩʪʨʘʠʚʘʪʴʩʷ ʧʦʜ ʤʝʥʷʶʱʝʝʩʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʤʝʪʘʣʣʘ, ʘ ʠʟʤʝʥʝʥʠʝ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʦʟʚʦʣʷʝʪ ʨʝʛʫʣʠʨʦʚʘʪʴ ʠʭ ʦʙʲʸʤʥʦʩʪʴ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʝʩʣʝʜʫʝʤʳʭ ʮʝʣʝʡ. ɿʘ ʩʯʸʪ ʰʠʨʦʢʠʭ ʚʦʟʤʦʞʥʦʩʪʝʡ ʥʘʩʪʨʦʡʢʠ ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʂʉ 

ʩ ʧʦʤʦʱʴʶ ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʦʥʠ ʧʦʣʫʯʠʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʝ 

ʪʦʣʴʢʦ ʩʨʝʜʠ ʢʦʤʧʣʝʢʩʦʚ Ln(III), ʥʦ ʠ Ln(II ). ɹʣʘʛʦʜʘʨʷ ʚʦʟʤʦʞʥʦʩʪʷʤ ʤʦʜʠʬʠʢʘʮʠʠ ʠ ʚʚʝʜʝʥʠʷ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʢʦʦʨʜʠʥʠʨʫʶʱʠʭ ʘʢʪʠʚʥʳʭ ʛʨʫʧʧ ʚ ʢʘʯʝʩʪʚʝ Rô-ʟʘʤʝʩʪʠʪʝʣʝʡ, ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ 

ʢʦʤʧʣʝʢʩʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʥʪʝʨʝʩ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʢʘʪʘʣʠʪʠʯʝʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ. 

ɺ ʦʩʥʦʚʥʦʤ, ʜʠʢʝʪʠʤʠʥʘʪʳ ʚʳʧʦʣʥʷʶʪ ʟʘʜʘʯʠ çʥʝʧʨʠʯʘʩʪʥʳʭè ʣʠʛʘʥʜʦʚ, ʢʦʪʦʨʳʝ ʪʦʣʴʢʦ 

ʟʘʜʘʶʪ ʩʪʝʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ, ʥʦ ʥʝ ʧʨʠʥʠʤʘʶʪ ʫʯʘʩʪʠʝ ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʜʦʙʘʚʣʷʝʤʳʤʠ ʩʫʙʩʪʨʘʪʘʤʠ. ʆʜʥʘʢʦ, ʚ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʠʭ ʩʦʙʩʪʚʝʥʥʘʷ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ. ɺʚʝʜʝʥʠʝ ʚ ʢʦʤʧʣʝʢʩ ʩʠʣʴʥʳʭ ʦʩʥʦʚʘʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʘʣʢʠʣʳ ʠʣʠ 

ʘʤʠʜʳ, ʩʧʦʩʦʙʥʦ ʧʨʦʚʦʮʠʨʦʚʘʪʴ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʜʠʢʝʪʠʤʠʥʘʪʘ ʣʠʙʦ ʧʦ ʤʝʪʠʣʴʥʦʡ ʛʨʫʧʧʝ 

ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ, ʣʠʙʦ ʧʦ ʘʣʢʠʣʴʥʳʤ ʛʨʫʧʧʘʤ ʟʘʤʝʩʪʠʪʝʣʝʡ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ. ʇʦʣʦʞʝʥʠʝ, ʧʦ 

ʢʦʪʦʨʦʤʫ ʧʨʦʪʝʢʘʝʪ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ, ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ ʠʟ-ʟʘ 

ʤʝʥʷʶʱʝʛʦʩʷ ʚʟʘʠʤʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ ʜʝʧʨʦʥʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʠ ʟʘʤʝʩʪʠʪʝʣʝʡ R, Rô 

ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʣʠʛʘʥʜʘ. ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʡ ʜʠʢʝʪʠʤʠʥʘʪ Nacnacô ʚ 

ʢʦʤʧʣʝʢʩʝ ʠʪʪʨʠʷ [Y(Nacnacô)2]
ï ʩʧʦʩʦʙʝʥ ʢ ʘʢʪʠʚʘʮʠʠ ʤʘʣʳʭ ʤʦʣʝʢʫʣ (CS2), ʯʪʦ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ 

ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʢʦʡ ʭʠʤʠʠ. 

ʂ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʨʘʩʪʫʱʝʝ ʩʪʝʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠ 

ʧʦʧʳʪʢʝ ʧʦʣʫʯʝʥʠʷ ʪʨʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʲʸʤʥʳʤʠ ʜʠʢʝʪʠʤʠʥʘʪʘʤʠ, ʧʨʠ ʵʪʦʤ 

ʪʨʝʪʠʡ ʜʠʢʝʪʠʤʠʥʘʪ ʩʘʤ ʩʧʦʩʦʙʝʥ ʜʝʡʩʪʚʦʚʘʪʴ ʢʘʢ ʦʩʥʦʚʘʥʠʝ. ʊʦʛʜʘ, ʢʦʛʜʘ ʨʝʘʢʮʠʷ ʧʨʦʚʦʜʠʪʩʷ 

ʜʣʷ ʢʦʤʧʣʝʢʩʘ ʝʚʨʦʧʠʷ, ʦʙʣʘʜʘʶʱʝʛʦ ʦʜʥʠʤ ʠʟ ʥʘʠʤʝʥʴʰʠʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ 

ʨʷʜʫ ʣʘʥʪʘʥʦʠʜʦʚ, ʚʦʟʤʦʞʥʦ ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Eu3+ ʜʦ Eu2+, ʚ ʭʦʜʝ 

ʢʦʪʦʨʦʛʦ ʜʠʢʝʪʠʤʠʥʘʪ ʠʛʨʘʝʪ ʨʦʣʴ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ. ʅʘʧʨʦʪʠʚ, ʚ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 

ʚʦʟʤʦʞʥʦ ʧʨʦʪʝʢʘʥʠʝ ʯʝʨʝʜʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʧʝʨʝʛʨʫʧʧʠʨʦʚʦʢ ʠ ʚʥʝʜʨʝʥʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʠʢʝʪʠʤʠʥʘʪʘ ʧʦ ɓ-ʧʦʣʦʞʝʥʠʶ. ʂʘʢ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ, ʪʘʢ 

ʠ ʚ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʦʡ ʬʦʨʤʘʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ ʠʤʝʝʪ ʟʘʨʷʜ 2ï. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʠʩʢʣʶʯʠʪʝʣʴʥʳʭ 

ʩʣʫʯʘʷʭ ʧʨʦʷʚʣʷʝʪʩʷ ʘʢʪʠʚʥʦʩʪʴ ɔ-ʧʦʣʦʞʝʥʠʷ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʯʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚʦ ʚʥʝʜʨʝʥʠʠ 

ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ ʚ ʵʪʦ ʧʦʣʦʞʝʥʠʝ (ïCH2ïCH2ï, S, Me). 

ɼʦʩʪʘʪʦʯʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʜʝʣʘʝʪ ʠʭ ʧʨʠʛʦʜʥʳʤʠ ʜʣʷ ʚʚʝʜʝʥʠʷ ʚ 

ʢʦʤʧʣʝʢʩʳ ʜʚʫʭʚʘʣʝʥʪʥʳʭ Sm, Yb, Eu ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʥʝʪʠʧʠʯʥʳʤʠ ʬʦʨʤʘʤʠ Hï, 

COT2ï ʠ C10H8
2ï (ʥʘʬʪʘʣʠʜ). ʆʜʥʘʢʦ ʧʨʠ ʧʦʧʳʪʢʝ ʚʚʝʩʪʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ ʚ ʢʦʤʧʣʝʢʩ ʩ ʙʦʣʝʝ 
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ʩʠʣʴʥʳʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ ð Tm2+ ð ʧʨʦʠʩʭʦʜʠʪ ʦʪʱʝʧʣʝʥʠʝ Ŭ-ʧʨʦʪʦʥʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʩ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʜʦ ʚʦʜʦʨʦʜʘ. 

ʇʦʤʠʤʦ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ, ʚ 

ʨʘʟʣʠʯʥʳʭ ʨʝʘʢʮʠʷʭ ʢʘʪʘʣʠʟʘ, ʜʦ ʩʠʭ ʧʦʨ ʤʘʣʦ ʠʟʫʯʘʣʠʩʴ ʧʨʦʯʠʝ ʠʭ ʩʚʦʡʩʪʚʘ. ʊʘʢ, 

ʬʦʪʦʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʧʦʩʚʷʱʝʥʘ ʣʠʰʴ ʦʜʥʘ ʩʪʘʪʴʷ, ʚ ʢʦʪʦʨʦʡ ʫʧʦʤʠʥʘʝʪʩʷ ʚʦʟʤʦʞʥʳʡ 

ʘʥʪʝʥʥʳʡ ɻ ʬʬʝʢʪ ʜʠʢʝʪʠʤʠʥʘʪʘ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Tb3+. ʉʦʝʜʠʥʝʥʠʷ ʩ ʭʘʣʴʢʦʛʝʥ-

ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʫʚʝʣʠʯʠʚʘʶʱʠʤʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʦʟʙʫʞʜʸʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʩʨʝʜʠ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʠʩʯʝʟʘʶʱʝ ʨʝʜʢʠ ʠ ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʝʜʠʥʠʯʥʳʤʠ ʧʨʠʤʝʨʘʤʠ, 

ʧʦʣʫʯʝʥʥʳʤʠ ʚ ʭʦʜʝ ʠʟʫʯʝʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʝʜʰʝʩʪʚʫʶʱʠʭ ʠʤ ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʠʭ ʩʦʙʩʪʚʝʥʥʳʝ ʩʚʦʡʩʪʚʘ ʥʝ ʠʟʫʯʘʣʠʩʴ. 
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ɻʣʘʚʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

2.1. ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

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 

(ʧʨʠʣʦʞʝʥʠʝ 4ʘ,ʙ). ʆʙʨʘʟʮʳ ʭʨʘʥʠʣʠʩʴ ʠ ʧʦʜʛʦʪʘʚʣʠʚʘʣʠʩʴ ʜʣʷ ʘʥʘʣʠʟʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ 

ʤʝʪʦʜʘʤʠ ʚ ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ, ʟʘʧʦʣʥʝʥʥʦʤ ʘʨʛʦʥʦʤ, ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʥʝ ʙʦʣʝʝ 2 ppm. 

ʉʠʥʪʝʟ ɓ-ʜʠʢʝʪʠʤʠʥʘ HNacnac [135] ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʘ ʚʦʟʜʫʭʝ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ, HSPh ʠ 

HSPy ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʢʦʤʤʝʨʯʝʩʢʠʭ ʠʩʪʦʯʥʠʢʦʚ. ʉʠʥʪʝʟ r ʥʝʫʩʪʦʡʯʠʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

K(Nacnac) [136] ʠ TePnBu3 [137] ʧʨʦʚʦʜʠʣʠʩʴ ʧʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʤʝʪʦʜʠʢʘʤ, ʢʘʣʠʝʚʳʝ ʩʦʣʠ KSPh, 

KSPy ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʘʣʣʠʨʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʠʦʣʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʢʘʣʠʝʤ ʚ ʊɻʌ. 

(ɼʠ)ʭʘʣʴʢʦʛʝʥʠʜʳ ʢʘʣʠʷ K2Qn (n = 1, 2; Q = S, Se, Te) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʦʧʠʩʘʥʥʦʡ ʨʘʥʝʝ 

ʤʝʪʦʜʠʢʝ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚ ʊɻʌ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʥʘʬʪʘʣʠʥʘ [138]; K2S, K2Se ʙʳʣʠ ʪʘʢʞʝ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠʟ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ [139]. ʂʦʣʠʯʝʩʪʚʦ ʩʝʣʝʥʘ 

ʚ K2Se ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ ʤʝʪʦʜʦʤ ʦʙʨʘʪʥʦʛʦ ʠʦʜʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ [140]. ʀʦʜʠʜʳ 

ʣʘʥʪʘʥʦʠʜʦʚ NdI3(thf)3.5, NdI3, SmI3, SmI2, GdI3, TbI3(thf)2.4, DyI3(thf)3.5, YI3(thf)3.2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʥʦʡ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ [141], ʩʦʜʝʨʞʘʥʠʝ ʤʝʪʘʣʣʘ ʚ ʥʠʭ ʙʳʣʦ ʦʧʨʝʜʝʣʝʥʦ 

ʤʝʪʦʜʦʤ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʝʩʢʦʛʦ ʪʠʪʨʦʚʘʥʠʷ ʕɼʊɸ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʠʥʜʠʢʘʪʦʨʘ ð ʢʩʠʣʝʥʦʣʘ 

ʦʨʘʥʞʝʚʦʛʦ [142]. 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. 

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 ImS 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 [143] ʠ ʫʪʦʯʥʝʥʳ ʧʦʣʥʦʤʘʪʨʠʯʥʳʤ ʤʝʪʦʜʦʤ ʥʘʠʤʝʥʴʰʠʭ 
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ʢʚʘʜʨʘʪʦʚ SHELXL [144] ʠ Olex2 GUI [145]. 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. 

ʉʪʨʫʢʪʫʨʳ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ ʟʘʜʝʧʦʥʠʨʦʚʘʥʳ ʚ ʂʝʤʙʨʠʜʞʩʢʠʡ ʙʘʥʢ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ (CCDC 1874042ï1874049, 1951605ï1951607, 2018814ï2018821 ʠ 2176303ï2176311) ʠ 

ʜʦʩʪʫʧʥʳ ʧʦ ʘʜʨʝʩʫ https://www.ccdc.cam.ac.uk/structures/. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʜʘʥʥʳʝ 

ʧʨʠʚʝʜʝʥʳ ʚ ʧʨʠʣʦʞʝʥʠʷʭ 12-19. 

ɸʥʘʣʠʟ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ ʧʨʦʚʦʜʠʣʩʷ ʜʣʷ ʨʘʩʪʸʨʪʳʭ ʚ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʡ 

ʧʦʨʦʰʦʢ ʚʝʱʝʩʪʚ ʚ ʩʪʝʢʣʷʥʥʳʭ ʢʘʧʠʣʣʷʨʘʭ ʥʘ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʯʝʪʳʨʝʭʢʨʫʞʥʦʤ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Bruker Apex DUO.  ʉ ʧʦʤʦʱʴʶ ű-ʩʢʘʥʠʨʦʚʘʥʠʷ (360Á) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ɼʝʙʘʷ ʩ 

ʥʝʧʨʝʨʳʚʥʳʤʠ ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʜʫʛʘʤʠ [146, 147]. ʏʪʦʙʳ ʫʤʝʥʴʰʠʪʴ ʚʣʠʷʥʠʝ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʦʨʠʝʥʪʘʮʠʡ, ʙʳʣʦ ʩʜʝʣʘʥʦ ʧʷʪʴ ʩʢʘʥʠʨʦʚʘʥʠʡ ʧʨʠ ʨʘʟʥʳʭ ʧʦʣʦʞʝʥʠʷʭ 

ʛʦʥʠʦʤʝʪʨʘ ʜʣʷ ɤ ʦʪ ï240 ʜʦ 0Á. ʂʦʨʨʝʢʪʠʨʦʚʢʫ ʠ ʠʥʪʝʛʨʠʨʦʚʘʥʠʝ ʧʦ ʚʥʝʰʥʝʤʫ ʩʪʘʥʜʘʨʪʫ (Si) 

ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Dioptas [148]. 

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. 

ʕʥʝʨʛʦ-ʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ (ʕɼʉ) ʥʘ ʪʷʞʸʣʳʝ ʵʣʝʤʝʥʪʳ (Sm, I, S, Se, Te) ʧʨʦʚʦʜʠʣʩʷ 

ʚ ʎʂʇ ʀʅʍ ʉʆ ʈɸʅ ʢ.ʭ.ʥ. ʂʫʯʫʤʦʚʳʤ ɹ. ʄ ʥʘ ʧʨʠʙʦʨʝ Hitachi TM 3000 microscope ʩ 

ʘʥʘʣʠʟʘʪʦʨʦʤ Bruker Nano. 

ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʚʦʜʠʣʩʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʚ ʎʂʇ ʀʅʍ ʉʆ 

ʈɸʅ ʢ. ʭ. ʥ. ʇʣʶʩʥʠʥʳʤ ʇ.ɽ. ʥʘ ʪʝʨʤʦʘʥʘʣʠʟʘʪʦʨʝ NETZSCH TG 209 F1 ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ 

(ʩʢʦʨʦʩʪʴ ʧʦʪʦʢʘ 10 ʤʣ/ʤʠʥ) ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 25ï600ÁC. ʆʙʨʘʟʮʳ ʤʘʩʩʦʡ 7-10 ʤʛ 

ʧʦʤʝʱʘʣʠʩʴ ʚ ʦʪʢʨʳʪʳʡ ʘʣʶʤʠʥʠʝʚʳʡ ʪʠʛʝʣʴ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ, ʧʦʚʝʨʭ ʥʘʩʣʘʠʚʘʣʩʷ ʧʝʥʪʘʥ, 

ʠ ʪʠʛʝʣʴ ʜʦʩʪʘʚʣʷʣʩʷ ʜʦ ʘʥʘʣʠʟʘʪʦʨʘ ʚ ʟʘʢʨʳʪʦʡ ʚʠʘʣʝ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʳ. ʇʦʩʣʝ 

ʧʦʤʝʱʝʥʠʷ ʚ ʘʥʘʣʠʟʘʪʦʨ ʦʙʨʘʟʝʮ ʧʨʦʜʫʚʘʣʩʷ ʛʝʣʠʝʤ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ ʜʣʷ ʫʜʘʣʝʥʠʷ ʧʝʥʪʘʥʘ, 

ʧʦʩʣʝ ʯʝʛʦ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʉʧʝʢʪʨʳ ʗʄʈ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʩʦʪʨʫʜʥʠʢʦʤ ʎʂʇ ʀʅʍ ʉʆ ʈɸʅ ʂʦʤʧʘʥʴʢʦʚʳʤ 

ʅ. ɹ. ʜʣʷ ʷʜʝʨ 1H ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Bruker Avance 500 ʥʘ ʯʘʩʪʦʪʝ 500 Mɻʮ. 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. Yong ʠʣʠ ʟʘʢʨʫʯʠʚʘʶʱʠʤʠʩʷ ʢʨʳʰʢʘʤʠ ʩ ʪʝʬʣʦʥʦʚʦʡ ʧʨʦʢʣʘʜʢʦʡ. 
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ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠ ̫ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʘʚʪʦʨʦʤ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ Cary 

60 (Agilent) ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1ï5Ā10ï4 ʄ ʚ ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪʘʭ 1 ʤʤ ʠ 10 ʤʤ ʩ 

ʟʘʢʨʫʯʠʚʘʶʱʠʤʠʩʷ ʢʨʳʰʢʘʤʠ ʩ ʪʝʬʣʦʥʦʚʳʤʠ ʠʣʠ ʩʠʣʠʢʦʥʦʚʳʤʠ ʧʨʦʢʣʘʜʢʘʤʠ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ 

ʩʧʝʢʪʨʦʚ ʠʭ ʧʝʨʝʩʯʠʪʳʚʘʣʠ ʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ ʯʝʨʝʟ ʫʯʸʪ ʢʦʥʮʝʥʪʨʘʮʠʠ. 

ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʘʚʪʦʨʦʤ ʥʘ 

ʩʧʝʢʪʨʦʬʣʶʦʨʠʤʝʪʨʝ Cary Eclipse (Agilent) ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 1ï5Ā10ï4 ʄ ʚ 10 ʤʤ 

ʢʚʘʨʮʝʚʳʭ ʢʶʚʝʪʘʭ ʩ ʟʘʢʨʫʯʠʚʘʶʱʠʤʠʩʷ ʢʨʳʰʢʘʤʠ ʩ ʪʝʬʣʦʥʦʚʳʤʠ ʠʣʠ ʩʠʣʠʢʦʥʦʚʳʤʠ 

ʧʨʦʢʣʘʜʢʘʤʠ ʠʣʠ ʩ ʧʨʠʪʸʨʪʦʡ ʰʣʠʬʦʚʘʥʥʦʡ ʧʨʦʙʢʦʡ ʩ ʪʝʬʣʦʥʦʚʦʡ ʩʤʘʟʢʦʡ. ʉʧʝʢʪʨʳ ʪʚʸʨʜʳʭ 

ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢ. ʭ. ʥ. ʈʷʜʫʥʦʤ ɸ. ɸ. ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 77ï300 ʂ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Horiba Jobin Yvon Fluorolog 3, ʦʩʥʘʱʝʥʥʦʤ ʙʝʟʦʟʦʥʦʚʦʡ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ ʤʦʱʥʦʩʪʴʶ 450 ɺʪ, 

ʩ ʦʭʣʘʞʜʘʝʤʳʤ ʤʦʜʫʣʝʤ ʨʝʛʠʩʪʨʘʮʠʠ ʬʦʪʦʥʦʚ PC177CE-010 ʩ ʌʕʋ R2658 ʠ ʤʦʥʦʭʨʦʤʘʪʦʨʘʤʠ 

ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʩ ʜʚʦʡʥʦʡ ʨʝʰʝʪʢʦʡ. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʠʟʣʫʯʝʥʠʷ ʙʳʣʠ 

ʩʢʦʨʨʝʢʪʠʨʦʚʘʥʳ ʩ ʫʯʝʪʦʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʩʪʦʯʥʠʢʘ (ʣʘʤʧʘ ʠ ʨʝʰʝʪʢʘ) ʠ ʩʧʝʢʪʨʘʣʴʥʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʣʫʯʝʥʠʷ (ʜʝʪʝʢʪʦʨ ʠ ʨʝʰʝʪʢʘ) ʩ ʧʦʤʦʱʴʶ ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʨʨʝʢʪʠʨʫʶʱʠʭ 

ʢʨʠʚʳʭ. ʊʚʝʨʜʳʝ ʦʙʨʘʟʮʳ ʧʦʤʝʱʘʣʠ ʚ ʪʝʬʣʦʥʦʚʫʶ ʢʶʚʝʪʫ ʩ ʢʨʳʰʢʦʡ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ ʠ 

ʭʨʘʥʠʣʠ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʦ ʧʨʦʚʝʜʝʥʠʷ ʠʟʤʝʨʝʥʠʡ. ʂʠʥʝʪʠʢʫ ʟʘʪʫʭʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʢʦʨʨʝʣʠʨʦʚʘʥʥʦʛʦ ʧʦ ʚʨʝʤʝʥʠ ʩʯʝʪʘ ʦʜʠʥʦʯʥʳʭ ʬʦʪʦʥʦʚ (TCSPC) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʤʧʫʣʴʩʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ NanoLED ʠ ʢʦʥʪʨʦʣʣʝʨʘ NanoLED-C2. 

2.2. ʆʧʠʩʘʥʠʝ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ 

2.2.1. ʉʠʥʪʝʟ ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 1-Ln 

1-Ln : ʉʝʨʠʷ ʩʠʥʪʝʟʦʚ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ [Ln(Nacnac)I2(thf)n] (n = 2, Ln = Nd, Sm, Gd, Tb, 1-

Ln ; n = 1, 1ô-Dy, 1ô-Nd)  ʧʨʦʚʦʜʠʣʠʩʴ ʘʥʘʣʦʛʠʯʥʳʤ ʦʙʨʘʟʦʤ. ʀʦʜʠʜ ʣʘʥʪʘʥʦʠʜʘ ʠ K(Nacnac) 

ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʊɻʌ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 3 ʯʘʩʦʚ, ʟʘʪʝʤ ʦʩʘʜʦʢ KI ʦʪʜʝʣʷʣʩʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, 

ʠ ʨʘʩʪʚʦʨ ʧʦʤʝʱʘʣʩʷ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʫʶ ʘʤʧʫʣʫ (ʩʝʢʮʠʷ 1). ɻʝʢʩʘʥ ʜʦʙʘʚʣʷʣʩʷ ʜʦ ʩʦʦʪʥʦʰʝʥʠʷ 

ʊɻʌ : ʛʝʢʩʘʥ ~ 1:3, ʧʦʩʣʝ ʯʝʛʦ ʨʘʩʪʚʦʨ ʜʝʛʘʟʠʨʦʚʘʣʩʷ ʧʨʠ ʚʘʢʫʫʤʠʨʦʚʘʥʠʠ, ʘʤʧʫʣʘ ʟʘʧʘʠʚʘʣʘʩʴ. 

ʇʨʦʮʝʜʫʨʘ ʵʢʩʪʨʘʢʮʠʠ ʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʜʫʢʪʦʚ ʧʨʦʚʦʜʠʣʘʩʴ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ (ʩʤ. 

ʧʨʠʣʦʞʝʥʠʝ 4). ʈʘʩʪʚʦʨʠʪʝʣʴ ʫʧʘʨʠʚʘʣʩʷ ʚ ʩʚʦʙʦʜʥʫ  ʁʩʝʢʮʠʶ ʘʤʧʫʣʳ (ʩʝʢʮʠʷ 2), ʘʤʧʫʣʘ 

ʫʩʪʘʥʘʚʣʠʚʘʣʘʩʴ ʚ ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨ 20ï50 Áʉ ʪʘʢ, ʯʪʦʙʳ ʨʘʩʪʚʦʨʠʪʝʣʴ, ʢʦʥʜʝʥʩʠʨʫʷʩʴ ʚ 

ʩʝʢʮʠʠ ʩ ʚʝʱʝʩʪʚʦʤ (1), ʩʤʳʚʘʣ ʨʘʩʪʚʦʨʠʤʫʶ ʬʘʟʫ ʚ ʥʠʞʥʶ  ʁʩʝʢʮʠʶ ʘʤʧʫʣʳ (2), ʧʨʠ ʵʪʦʤ 

ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʜʫʢʪʳ ʦʩʪʘʚʘʣʠʩʴ ʚ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʩʝʢʮʠʠ (1). ʇʦʩʣʝ ʧʦʣʥʦʡ ʵʢʩʪʨʘʢʮʠʠ 

ʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʜʫʢʪʦʚ ʨʘʩʪʚʦʨʠʪʝʣʴ ʤʝʜʣʝʥʥʦ ʫʧʘʨʠʚʘʣʩʷ ʠʟ ʩʝʢʮʠʠ 2, ʠ ʧʦʩʣʝ ʦʭʣʘʞʜʝʥʠʷ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʜʦ +2 ÁC ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʜʦʩʪʘʪʦʯʥʦ ʢʨʫʧʥʳʝ ʜʣʷ ʈʉɸ ʢʨʠʩʪʘʣʣʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʚʝʱʝʩʪʚʘ. ʇʨʠ ʭʨʘʥʝʥʠʠ ʚ ʙʦʢʩʝ ʪʚʸʨʜʳʝ ʬʘʟʳ ʩʧʦʩʦʙʥʳ ʪʝʨʷʪ ɹ
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ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʠ ʩʦʣʴʚʘʪʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ [149], ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ 

ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ. 

ɼʣʷ 1-Nd: ʚʟʷʪʦ 514 ʤʛ (0.661 ʤʤʦʣʴ) NdI3(thf)3.5, 302 ʤʛ (0.661 ʤʤʦʣʴ) K(Nacnac), ʚ 10 ʤʣ 

ʊɻʌ. ɺr ʭʦʜ 443 ʤʛ (70%). ɺ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʪʨʘʚʷʥʠʩʪʦ-ʟʝʣʸʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ 1-NdĀ1.5thf. ɼʣʷ C37H57I2N2NdO2 (959.91 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C, 46.30; H 

5.99; N 2.92 %; ʥʘʡʜʝʥʦ C, 46.0; H, 5.8; N 3.1 %. ʀʂ (ɡmax, cʤ
ï1): 3063 ʩʣ, 2961 ʩ, 2929 ʩʨ, 2868 ʩ, 

1515 ʩ ,h 1462 ʩʨ, 1435 ʩ, 1382 ʩ ,h 1314 ʩʨ, 1256 ʩʨ, 1169 ʩʨ, 1105 ʩʨ, 1039 ʩʣ ʧʣ, 1015 ʩ, 930 ʩ, 

844 ʩʨ ,h 797 ʩ, 787 ʩʣ ʧʣ, 760 ʩʣ, 754 ʩʨ, 720 ʩʣ, 701 ʩʣ, 631 ʩʨ. ʂʨʠʩʪʘʣʣʳ 1-NdĀ1.5Tol ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ ʠʟ ʪʦʣʫʦʣʘ, ʢʨʠʩʪʘʣʣʳ 1ô-NdĀ0.5Tol ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʪʦʣʫʦʣʘ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (~ 40 Áʉ). ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ 

ʩʤʝʩʠ ʊɻʌ : ʛʝʢʩʘʥ ~ 1:10 ʜʘʸʪ ʢʨʠʩʪʘʣʣʳ 1-Nd ʙʝʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɼʣʷ 1-Sm: ʚʟʷʪʦ 516 ʤʛ (0.972 ʤʤʦʣʴ) SmI3, 444 ʤʛ (0.972 ʤʤʦʣʴ) K(Nacnac), ʚ 10 ʤʣ ʊɻʌ. 

ɺr ʭʦʜ 700 ʤʛ (75%). ɺ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʢʨʘʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʢʦʤʧʣʝʢʩʘ 1-SmĀthf. ʇʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʤʝʩʠ ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʊɻʌ ʥʝ 

ʩʦʜʝʨʞʠʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʣʷ C37H57I2N2SmO2 (966.03 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C, 

46.0; H, 5.95; N, 2.90 %; ʥʘʡʜʝʥʦ C, 46.1; H, 6.0; N, 3.0 %. ʀʂ (ɡmax, cʤ
ï1): 3055 ʩʣ, 2960 ʩ, 2927 ʩʨ, 

2891 ʩʨ, 2868 ʩʨ, 1528 ʩ ,h 1459 ʩʨ, 1429 ʩʨ, 1394 ʩ ,h 1359 ʩʨ, 1338 ʩʣ, 1313 ʩ, 1262 ʩ, 1167 ʩʨ, 

1109 ʩʨ, 1096 ʩʨ, 1033 ʩʣ ʧʣ, 1012 ʩ, 925 ʩ, 875 ʩʨ, 853 ʩʨ rh, 838 ʩʨ, 794 ʩ ʧʣ, 790 ʩ, 757 ʩʨ, 693 

ʩʣ, 667 ʩʣ, 636 ʩʣ. 

ɼʣʷ 1-Gd: ʚʟʷʪʦ 92 ʤʛ (0.17 ʤʤʦʣʴ) GdI3, 80 ʤʛ (0.17 ʤʤʦʣʴ) K(Nacnac), ʚ 4 ʤʣ ʊɻʌ. ɺr ʭʦʜ 

112 ʤʛ (67%). ɺ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʳʭ ʩʚʝʪʣʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ 1-GdĀthf. ɼʣʷ C41H65GdI2N2O2 (1045.03 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C 47.12, H 6.27, 

N 2.68 %; ʥʘʡʜʝʥʦ C 46.9, H 6.6, N 3.1 %. ʀʂ (ɡmax, cʤ
ï1): 1664 ʩʣ, 1588 ʩʣ, 1523 ʩ, 1462 ʩ, 1434 ʩ, 

1395 ʩʨ ʧʣ, 1384 ʩʨ, 1362 ʩʨ, 1314 ʩ, 1256 ʩ, 1171 ʩ, 1101 ʩ, 1057 ʩʣ, 1039 ʩʣ, 1018 ʩ, 1003 ʩʨ ʧʣ, 

924 ʩ, 841 ʩ ʰ, 789 ʩ ,h 758 ʩʨ. 

ɼʣʷ 1-Tb: ʚʟʷʪʦ 100 ʤʛ (0.140 ʤʤʦʣʴ) TbI3(thf)2.4, 64 ʤʛ (0.14 ʤʤʦʣʴ) K(Nacnac), ʚ 4 ʤʣ ʊɻʌ. 

ɺr ʭʦʜ 97 ʤʛ (71%). ɺ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʞʸʣʪʦ-ʦʨʘʥʞʝʚʳʭ ʩʚʝʪʣʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ 1-Tb. ɼʣʷ C37H57I2N2O2Tb (974.60 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C 45.60, H 5.90, N 

2.87 %; ʥʘʡʜʝʥʦ 45.5, H 5.6, N 3.3 %. ʀʂ (ɡmax, cʤ
ï1): 1664 ʩʨ, 1591 ʩʨ, 1525 ʩ, 1462 ʩ, 1436 ʩ, 1383 

ʩʨ, 1363 ʩʨ, 1317 ʩ, 1255 ʩ, 1175 ʩ, 1101 ʩ ʰ, 1057 ʩʣ, 1039 ʩʣ ʧʣ, 1020 ʩ, 1000 ʩʣ ʰ, 954 ʩʣ, 924 ʩ, 

844 ʩ ʰ, 789 ʩ ʰ, 757 ʩ. 

ɹʳʣʦ ʧʦʣʫʯʝʥʦ ʜʚʝ ʩʪʨʫʢʪʫʨʳ 1-Tb. ʉʚʝʨʭʩʪʨʫʢʪʫʨʘ 1-Tb (super) ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʩʫʙʩʪʨʫʢʪʫʨʳ 1-Tb ʙʦʣʴʰʝʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴʶ ʘʪʦʤʦʚ ʢʦʤʧʣʝʢʩʘ, ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʡ ʜʣʷ 

ʘʪʦʤʦʚ Tb ʠ I. ʊʘʢ, ʚ ʩʪʨʫʢʪʫʨʝ 1-Tb ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʦʜʥʦʡ ʤʦʣʝʢʫʣʝ ʠʟ ʜʚʫʭ ʚ 
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ʕʗ, ʘ ʚ 1-Tb (super) ʪʦʣʴʢʦ ʚ ʦʜʥʦʡ ʠʟ ʯʝʪʳʨʸʭ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʭ ʤʦʣʝʢʫʣ. 

ɺ ʦʩʪʘʣʴʥʦʤ, ʩʚʝʨʭ- ʠ ʩʫʙʩʪʨʫʢʪʫʨʳ ʘʥʘʣʦʛʠʯʥʳ. 

ɼʣʷ 1ô-Dy: ʚʟʷʪʦ 258 ʤʛ (0.325 ʤʤʦʣʴ) DyI3(thf)3.5, 155 ʤʛ (0.325 ʤʤʦʣʴ) K(Nacnac), ʚ 4 ʤʣ 

ʊɻʌ. ɺʳʭʦʜ 202 ʤʛ (66%). ɺ ʫʢʘʟʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʣʠʤʦʥʥʦ-ʞʸʣʪʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ 1ô-DyĀ0.5thf. ɼʣʷ C35H53DyI2N2O1.5 (942.12 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C 44.62, H 

5.67, N 2.97 %; ʥʘʡʜʝʥʦ C 45.0, H 5.9 N 3.3 %. ʀʂ (ɡmax, cʤ
ï1): 1663 ʩʣ, 1591 ʩʨ, 1524 ʩ ʰ, 1462 ʩ, 

1433 ʩ, 1382 ʩ, 1361 ʩ, 1314 ʩ, 1259 ʩ, 1170 ʩ, 1102 ʩ ʰ, 1060 ʩʨ, 1041 ʩʣ ʧʣ, 1020 ʩ, 1005 ʩʣ ʧʣ, 953 

ʩʣ, 929 ʩʨ, 845 ʩ ʰ, 792 ʩ ʰ, 757 ʩ. 

2.2.2. ʉʠʥʪʝʟ ʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

2.2.2.1. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 2-Ln ʠ 3-Ln 

ɼʚʝ ʩʝʨʠʠ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ (ʚʥʫʪʨʠ ʩʝʨʠʠ) ʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʩ ʪʠʦʬʝʥʦʣʷʪʥʳʤʠ (2-

Ln) ʠ 2-ʧʠʨʠʜʠʣʪʠʦʣʘʪʥʳʤʠ (3-Ln) ʣʠʛʘʥʜʘʤʠ ʚʠʜʘ [Ln(Nacnac)(SPh)2(thf)] ʠ [Ln(Nacnac)(SPy)2] 

(Ln = Nd, Sm, Gd, Tb, Dy), ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʩʭʦʞʠʤ ʤʝʪʦʜʠʢʘʤ. ɺ ʩʣʫʯʘʝ Sm ʠ Nd ʙr ʣʠ 

ʚʟʷʪʳ ʚʳʜʝʣʝʥʥʳʝ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʠʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 1-Sm ʠ 1-Nd (ʙʝʟ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ), ʜʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ ʦʩʪʘʣʴʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ ʙʨʘʣʠʩʴ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʠʦʜʠʜ ʣʘʥʪʘʥʦʠʜʘ ʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʝ ʢʦʣʠʯʝʩʪʚʦ K(Nacnac). ʂ ʪʚʸʨʜʳʤ 

ʠʩʭʦʜʥʳʤ ʚʝʱʝʩʪʚʘʤ ʜʦʙʘʚʣʷʣʦʩʴ 2 ʵʢʚʠʚʘʣʝʥʪʘ ʩʦʣʝʡ KSPh ʠʣʠ KSPy, ʊɻʌ ʥʘʧʘʨʠʚʘʣʩʷ ʚ 

ʚʘʢʫʫʤʝ, ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 60ï70 Áʉ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 3 

ʯʘʩʦʚ (Nd, Sm). ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ (Gd, Tb, Dy) ʚʨʝʤʷ ʥʘʛʨʝʚʘʥʠʷ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʜʦ 2 

ʩʫʪʦʢ. ɿʘʪʝʤ ʚʳʜʝʣʠʚʰʠʡʩʷ ʦʩʘʜʦʢ KI ʦʪʜʝʣʷʣʩʷ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʢ ʨʘʩʪʚʦʨʫ ʜʦʙʘʚʣʷʣʩʷ 

ʛʝʢʩʘʥ ʜʦ ʩʦʦʪʥʦʰʝʥʠʷ ʊɻʌ : ʛʝʢʩʘʥ ~ 2:1, ʧʨʦʜʫʢʪ ʦʯʠʱʘʣʩʷ ʦʧʠʩʘʥʥʦʡ ʚʳʰʝ ʧʨʦʮʝʜʫʨʦʡ 

ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ ʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʩʷ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ. 

ɼʣʷ 2-Nd: ʚʟʷʪʦ 276 ʤʛ (0.288 ʤʤʦʣʴ) 1-Nd, 85 ʤʛ (0.57 ʤʤʦʣʴ) KSPh ʚ 8 ʤʣ ʊɻʌ. ɺʳʭʦʜ 

175 ʤʛ (71%). ʂʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʙʝʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʣʷ C45H59N2NdOS2 

(852.33 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C, 63.41; H, 6.98; N, 3.29 %; ʥʘʡʜʝʥʦ C, 63.05; H, 7.2; N, 3.4 %. ʀʂ 

(ɡmax, cʤ
ï1): 1576 ʩʨ, 1518 ʩ, 1465 ʩ, 1437 ʩ, 1393 ʩ ʰ, 1382 ʩʨ, 1363 ʩʨ, 1308 ʩ, 1264 ʩʨ ʰ, 1221 ʩʣ, 

1163 ʩ, 1107 ʩʨ, 1086 ʩ, 1067 ʩʣ, 1024 ʩ, 926 ʩʨ, 898 ʩʣ, 855 ʩʨ ʰ, 792 ʩʣ. 

ɼʣʷ 2-Sm: ʚʟʷʪʦ 168 ʤʛ (0.173 ʤʤʦʣʴ) 1-Sm, 53 ʤʛ (0.36 ʤʤʦʣʴ) KSPh ʚ 6 ʤʣ ʊɻʌ. ɺʳʭʦʜ 

92 ʤʛ (62%). ʂʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʙʝʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʣʷ C45H59N2SmOS2 

(858.45 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C, 62.96; H, 6.93; N, 3.26 %; ʥʘʡʜʝʥʦ C, 62.45; H, 6.6; N, 2.9 %. ʀʂ 

(ɡmax, cʤ
ï1): 1577 ʩʨ, 1518 ʩ, 1470 ʩ ʰ, 1434 ʩ, 1391 ʩ ʰ, 1363 ʩʨ, 1308 ʩ, 1263 ʩ ʰ, 1223 ʩʣ, 1165 ʩ, 

1107 ʩʨ, 1086 ʩ, 1067 ʩʣ, 1024 ʩ, 926 ʩʨ, 898 ʩʣ, 855 ʩʨ ʰ, 793 ʩʣ, 785 ʩʨ, 768 ʩʣ, 739 ʩ, 694 ʩ. 

ɼʣʷ 2-Gd: ʚʟʷʪʦ 103 ʤʛ (0.190 ʤʤʦʣʴ) GdI3, 90 ʤʛ (0.19 ʤʤʦʣʴ) K(Nacnac), 57 ʤʛ (0.39 

ʤʤʦʣʴ) KSPh, 4 ʤʣ ʊɻʌ. ɺʳʭʦʜ 112 ʤʛ (67%). ʂʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʙʝʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ 



60 

 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʣʷ C45H59GdN2OS2 (865.34 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C 62.46, H 6.87, N 3.24 %; ʥʘʡʜʝʥʦ 

C 63.1, H 6.9, N 3.3 %. ʀʂ (ɡmax, cʤ
ï1): 1575 ʩʨ, 1520 ʩ, 1471ʩ, 1432 ʩ, 1394 ʩʨ ʧʣ, 1383 ʩ, 1362 ʩ, 

1308 ʩ, 1262 ʩʨ ʰ, 1253 ʩʨ, 1164 ʩ, 1107 ʩʨ, 1088 ʩ, 1066 ʩʨ, 1023 ʩ, 1005 ʩʨ, 926 ʩ, 897 ʩʣ, 842 ʩ ʰ, 

787 ʩ, 757 ʩʨ, 739 ʩ, 697 ʩ. 

ɼʣʷ 2-Tb: ʚʟʷʪʦ 148 ʤʛ (0.210 ʤʤʦʣʴ) TbI3(thf)2.4, 95 ʤʛ (0.21 ʤʤʦʣʴ) K(Nacnac), 62 ʤʛ (0.42 

ʤʤʦʣʴ) KSPh, 4 ʤʣ ʊɻʌ. ɺʳʭʦʜ 149 ʤʛ (83%). ʂʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʙʝʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʣʷ C45H59N2OS2Tb (867.02 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C 62.33, H 6.86, N 3.23 %; ʥʘʡʜʝʥʦ 

C 62.4, H 6.8, N 3.7 %. ʀʂ (ɡmax, cʤ
ï1): 1576 ʩ, 1522 ʩ, 1471ʩ, 1432 ʩ, 1395 ʩʨ ʧʣ, 1383 ʩ, 1362 ʩ, 

1308 ʩ, 1262 ʩʨ ʰ, 1253 ʩʨ, 1164 ʩ, 1107 ʩʨ, 1088 ʩ, 1066 ʩʨ, 1023 ʩ, 1004 ʩʨ, 952 ʩʣ, 926 ʩ, 897 ʩʣ, 

843 ʩ ʰ, 793 ʩʨ, 785 ʩ, 768 ʩʣ, 756 ʩʣ, 739 ʩ, 695 ʩ. 

ɼʣʷ 2-Dy: ʚʟʷʪʦ 176 ʤʛ (0.221 ʤʤʦʣʴ) DyI3(thf)3.5, 102 ʤʛ (0.223 ʤʤʦʣʴ) K(Nacnac), 66 ʤʛ 

(0.44 ʤʤʦʣʴ) KSPh, 4 ʤʣ ʊɻʌ. ɺʳʭʦʜ 140 ʤʛ (73%). ʂʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʙʝʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɼʣʷ C45H59DyN2OS2 (870.59 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C 62.08, H 6.83, N 3.22 %; ʥʘʡʜʝʥʦ 

C 61.4, H 7.2, N 3.35 %. ʀʂ (ɡmax, cʤ
ï1): 1576 ʩ, 1523 ʩ, 1471ʩ, 1434 ʩ, 1395 ʩʨ ʧʣ, 1383 ʩ, 1361 ʩ, 

1309 ʩ, 1262 ʩʨ ʰ, 1254 ʩʨ, 1165 ʩ, 1107 ʩʨ, 1088 ʩ, 1066 ʩʨ, 1024 ʩ, 1005 ʩʨ, 953 ʩʨ, 926 ʩ, 897 ʩʣ, 

843 ʩ ʰ, 793 ʩʣ ʧʣ, 787 ʩ, 768 ʩʣ, 756 ʩʣ, 739 ʩ, 695 ʩ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 2-Dy ʣʫʯʰʝ 

ʚʩʝʛʦ ʫʪʦʯʥʷʝʪʩʷ ʩ ʧʨʠʤʝʩʴʶ [Dy(Nacnac)(SPh)I(thf)] (2ô-Dy), ʟʘʥʠʤʘʶʱʝʡ ʧʦʨʷʜʢʘ 2.6% ʧʦʟʠʮʠʡ 

ʚʤʝʩʪʝ ʩ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ. 

ɼʣʷ 3-Nd: ʚʟʷʪʦ 202 ʤʛ (0.210 ʤʤʦʣʴ) 1-Nd, 63 ʤʛ (0.42 ʤʤʦʣʴ) KSPh ʚ 8 ʤʣ ʊɻʌ. ɺʳʭʦʜ 

92 ʤʛ (56%). ʂʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 3-NdĀ0.5thf. ɼʣʷ C39H49N4NdS2 (782.21 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ 

59.88; H, 6.31; N, 7.16 %; ʥʘʡʜʝʥʦ C, 60.2; H, 6.7; N, 6.9 %. ʀʂ (ɡmax, cʤ
ï1): 1587 ʩ, 1519 ʩ, 1447 ʩ 

ʰ, 1413 ʩ, 1383 ʩ ʰ, 1365 ʩʨ ʧʣ, 1312 ʩʨ, 1267 ʩ ʰ, 1171 ʩ, 1133 ʩ, 1107 ʩʣ, 1086 ʩʣ, 1043 ʩʣ, 1020 

ʩʣ, 998 ʩʣ, 933 ʩʨ, 871 ʩʣ, 841 ʩʣ, 796 ʩʨ, 759 ʩ, 726 ʩ, 638 ʩʨ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʩʠʥʪʝʟʘ ʙʝʟ 

ʥʘʛʨʝʚʘʥʠʷ ʚʳʜʝʣʷʝʪʩʷ ʚ ʚʠʜʝ ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʘ ʩ ʢʦʤʧʣʝʢʩʦʤ 3ô-Nd [Nd(Nacnac)I(SPy)(thf)] (8% 

ʧʦʟʠʮʠʡ ʚ ʪʦʡ ʞʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ). 

ɼʣʷ 3-Sm: ʚʟʷʪʦ 200 ʤʛ (0.207 ʤʤʦʣʴ) 1-Sm, 63 ʤʛ (0.42 ʤʤʦʣʴ) KSPh ʚ 8 ʤʣ ʊɻʌ. ɺʳʭʦʜ 

116 ʤʛ (71%). ʇʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʪʦʣʫʦʣʘ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 3-SmĀ0.5Tol. ɼʣʷ 

C39H49N4SmS2 (788.33 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C, 59.42; H, 6.27; N, 7.11 %; ʥʘʡʜʝʥʦ C, 59.9; H, 6.0; N, 

6.7 %. ʀʂ (ɡmax, cʤ
ï1): 1588 ʩ, 1518 ʩ, 1444 ʩ ʰ, 1413 ʩ, 1383 ʩ ʰ, 1365 ʩʨ ʧʣ, 1312 ʩʨ, 1266 ʩ ʰ, 1172 

ʩ, 1133 ʩ, 1107 ʩʣ, 1086 ʩʣ, 1043 ʩʣ, 1020 ʩʣ, 999 ʩʣ, 934 ʩʨ, 843 ʩʣ, 796 ʩʨ, 757 ʩ, 727 ʩ, 639 ʩʨ. 

ɼʣʷ 3-Gd: ʚʟʷʪʦ 101 ʤʛ (0.190 ʤʤʦʣʴ) GdI3, 88 ʤʛ (0.19 ʤʤʦʣʴ) K(Nacnac), 60 ʤʛ (0.40 

ʤʤʦʣʴ) KSPy, 4 ʤʣ ʊɻʌ. ɺʳʭʦʜ 70 ʤʛ (46%). ʂʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 3-GdĀ0.5thf. ɼʣʷ 

C39H49GdN4S2 (831.27 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ 59.25, H 6.74, N 6.74 %; ʥʘʡʜʝʥʦ C 59.4, H 6.85, N 6.7 

%. ʀʂ (ɡmax, cʤ
ï1): 1589 ʩ, 1543 ʩʨ, 1519 ʩ, 1442 ʩ ʰ, 1414 ʩ, 1381 ʩ ʰ, 1362 ʩʨ, 1321 ʩʨ, 1312 ʩʨ, 
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1267 ʩ, 1234 ʩʣ ʧʣ, 1173 ʩʨ, 1134 ʩ, 1087 ʩʣ, 1042 ʩʨ, 1019 ʩʨ, 998 ʩʨ, 933 ʩʨ, 843 ʩʨ, 796 ʩ, 758 ʩ, 

726 ʩʨ, 700 ʩʣ, 639 ʩʨ. 

ɼʣʷ 3-Tb: ʚʟʷʪʦ 176 ʤʛ (0.25 ʤʤʦʣʴ) TbI3(thf)2.4, 113 ʤʛ (0.25 ʤʤʦʣʴ) K(Nacnac), 74 ʤʛ (0.50 

ʤʤʦʣʴ) KSPy, 4 ʤʣ ʊɻʌ. ɺʳʭʦʜ 113 ʤʛ (57%). ʂʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 3-TbĀ0.5thf. ɼʣʷ 

C39H49N4S2Tb (832.94 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C 59.12, H 6.41, N 6.73 %; ʥʘʡʜʝʥʦ C 58.95, H 6.65, N 6.6 

%. ʀʂ (ɡmax, cʤ
ï1): 1590 ʩ, 1541 ʩʨ, 1520 ʩ, 1442 ʩ ʰ, 1414 ʩ, 1377 ʩ ʰ, 1362 ʩʨ ʰ, 1321 ʩʨ, 1312 ʩʨ, 

1266 ʩ, 1234 ʩʣ ʧʣ, 1173 ʩʨ, 1134 ʩ, 1087 ʩʣ, 1042 ʩʨ, 1019 ʩʨ, 1000 ʩʨ, 933 ʩʨ, 843 ʩʨ, 796 ʩ, 768 ʩʣ 

ʧʣ, 759 ʩ, 726 ʩʨ, 700 ʩʣ, 641 ʩʨ. 

ɼʣʷ 3-Dy: ʚʟʷʪʦ 116 ʤʛ (0.146 ʤʤʦʣʴ) DyI3(thf)3.5, 67 ʤʛ (0.15 ʤʤʦʣʴ) K(Nacnac), 44 ʤʛ (0.30 

ʤʤʦʣʴ) KSPy, 4 ʤʣ ʊɻʌ. ɺʳʭʦʜ 64 ʤʛ (55%). ɼʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʛʝʢʩʘʥʘ ʚ ʩʤʝʩʠ (ʊɻʌ:ʛʝʢʩʘʥ ~ 2:3), ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ 3-DyĀ0.34thf. ɼʣʷ 

C39H49DyN4S2 (802.48 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C 58.37, H 6.41, N 6.98 %; ʥʘʡʜʝʥʦ C 58.4, H 7.2, N 6.2 

%. ʀʂ (ɡmax, cʤ
ï1): 1589 ʩ, 1543 ʩʨ, 1520 ʩ, 1441 ʩ ʰ, 1414 ʩ, 1377 ʩ ʰ, 1363 ʩʨ ʰ, 1321 ʩʨ, 1314 ʩʨ, 

1266 ʩ, 1233 ʩʣ ʧʣ, 1174 ʩʨ, 1135 ʩ, 1087 ʩʣ, 1042 ʩʨ, 1019 ʩʨ, 1000 ʩʨ, 933 ʩʨ, 845 ʩʨ, 796 ʩ, 769 ʩʣ 

ʧʣ, 758 ʩ, 727 ʩʨ, 702 ʩʣ, 640 ʩʨ. 

2.2.2.2. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 4-Ln, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʊɻʌ 

ʀʟʦʩʪʨʫʢʪʫʨʥʳʝ ʢʦʤʧʣʝʢʩʳ [{ Ln(Nacnac)(SPh)} 2(Õ-SPh)2] 4-Nd ʠ 4-Tb ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ ʠʟ-ʟʘ ʨʘʟʥʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ. 

4-Tb: 251 ʤʛ (0.352 ʤʤʦʣʴ) TbI3(thf)2.4 ʥʘʛʨʝʚʘʣʠʩʴ ʧʨʠ 90 Áʉ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ (10-3 

ʊʦʨʨ) ʥʘ ʧʨʦʪʷʞʝʥʠʠ 1.5 ʯʘʩʦʚ, ʟʘʪʝʤ ʙʳʣʠ ʜʦʙʘʚʣʝʥʳ 161 ʤʛ (0.353 ʤʤʦʣʴ) K(Nacnac) ʠ 104 ʤʛ 

(0.701 ʤʤʦʣʴ) KSPh ʠ ʙʳʣʦ ʥʘʧʘʨʝʥʦ 3 ʤʣ ʵʬʠʨʘ. ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ 

60 ÁC (ʜʝʛʘʟʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ) ʚ ʪʝʯʝʥʠʝ 2 ʜʥʝʡ ʦʩʘʜʦʢ KI ʙʳʣ ʫʜʘʣʸʥ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, 

ʨʘʩʪʚʦʨʠʪʝʣʴ ʙʳʣ ʫʧʘʨʝʥ ʜʦʩʫʭʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 70 ÁC ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ (10ï3 ʊʦʨʨ), ʢ 

ʩʫʭʦʤʫ ʦʩʪʘʪʢʫ ʙʳʣ ʥʘʧʘʨʝʥ ʪʦʣʫʦʣ. ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ ʙʳʣ ʚʳʜʝʣʝʥ 

ʯʠʩʪʳʡ ʧʨʦʜʫʢʪ ʚ ʚʠʜʝ ʠʛʦʣʴʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ 4-TbĀ2Tol. ɺʳʭʦʜ 150 ʤʛ (48%). ɼʣʷ 

C96H118N4S4Tb2 (1774.11 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ C 64.99, H 6.70, N 3.16 %; ʥʘʡʜʝʥʦ C 65.5, H 7.1, N 

3.3%. ʀʂ (ɡmax, cʤ
ï1): 1576 ʩʨ, 1526 ʩʨ, 1462 ʩ, 1436 ʩ, 1384 ʩ, 1365 ʩʨ, 1312 ʩ, 1261 ʩ ʰ, 1160 ʩ, 1102 

ʩʨ, 1083 ʩ, 1057 ʩʣ, 1022 ʩ, 1000 ʩʨ ʧʣ, 961 ʩʣ, 928 ʩ, 902 ʩʣ, 842 ʩʣ, 795 ʩ ʰ, 758 ʩʨ, 740 ʩ, 694 ʩ. 

4-Nd: ʢʦʤʧʣʝʢʩ 2-Nd ʙʳʣ ʧʦʣʫʯʝʥ in situ ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʠʢʘʤ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʦʚ 2-Ln  

(Ln = Gd, Tb, Dy). ɹʳʣʦ ʚʟʷʪʦ 153 ʤʛ (0.292 ʤʤʦʣʴ) NdI3, 133 ʤʛ (0.292 ʤʤʦʣʴ) K(Nacnac), 87 ʤʛ 

(0.587 ʤʤʦʣʴ) KSPh ʚ 4 ʤʣ ʊɻʌ. ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʧʨʠ 60 ÁC ʚ ʪʝʯʝʥʠʝ ʜʥʷ ʦʩʘʜʦʢ KI ʙʳʣ 

ʫʜʘʣʸʥ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʙʳʣ ʫʧʘʨʝʥ ʠ ʟʘʤʝʥʸʥ ʥʘ ʪʦʣʫʦʣ (5 ʤʣ). ɹʳʣʦ 

ʧʨʦʚʝʜʝʥʦ ʜʚʫʢʨʘʪʥʦʝ ʢʠʧʷʯʝʥʠʝ ʧʨʠ 90 ÁC ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʤʝʜʣʝʥʥʳʤ ʫʜʘʣʝʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʦʩʣʝ ʯʝʛʦ ʧʨʦʜʫʢʪ ʙʳʣ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ, ʜʘʚʘʷ 
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ʢʨʠʩʪʘʣʣʳ 4-NdĀ2Tol. ɺʳʭʦʜ 145 ʤʛ (64%). ɼʣʷ C44.5H55N2NdS2 (826.30 ʛ/ʤʦʣʴ) ʨʘʩʩʯʠʪʘʥʦ 

C 64.68, H 6.71, N 3.39, S 7.76 %; ʥʘʡʜʝʥʦ C 64.6, H 6.7, N 3.2, S 7.3 %. ʀʂ (ɡmax, cʤ
ï1): 1577 ʩʨ, 

1518 ʩʨ, 1470 ʩ, 1434 ʩ, 1390 ʩ, 1365 ʩʨ, 1310 ʩ, 1263 ʩ ʰ, 1160 ʩ, 1107 ʩʨ, 1086 ʩ, 1064 ʩʣ, 1022 ʩ, 

998 ʩʨ ʧʣ, 961 ʩʣ, 926 ʩ, 901 ʩʣ, 845 ʩʣ, 795 ʩ ʰ, 758 ʩʨ, 739 ʩ, 694 ʩ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʧʦ ʤʝʪʦʜʠʢʝ, ʘʥʘʣʦʛʠʯʥʦʡ ʩʠʥʪʝʟʫ 4-Tb, ʙʳʣʦ ʚʟʷʪʦ 98 ʤʛ (0.19 ʤʤʦʣʴ) NdI3, 

87 ʤʛ (0.19 ʤʤʦʣʴ) K(Nacnac) ʠ 55 ʤʛ (0.37 ʤʤʦʣʴ) KSPh. ʂ ʪʚʸʨʜʳʤ ʠʩʭʦʜʥʳʤ ʨʝʘʛʝʥʪʘʤ ʙʳʣʦ 

ʥʘʧʘʨʝʥʦ 5 ʤʣ ʵʬʠʨʘ, ʠ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ 2 ʜʥʷ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ. ɺʳʧʘʚʰʠʡ 

ʦʩʘʜʦʢ KI ʙʳʣ ʦʪʜʝʣʸʥ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʵʬʠʨ ʫʧʘʨʝʥ ʚ ʚʘʢʫʫʤʝ, ʘ ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʧʨʦʛʨʝʚʘʣʩʷ 

ʧʨʠ 60 ÁC, ʟʘʪʝʤ ʢ ʥʝʤʫ ʙʳʣ ʥʘʧʘʨʝʥ ʪʦʣʫʦʣ. ʈʘʩʪʚʦʨ ʙʳʣ ʧʦʤʝʱʸʥ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʫʶ ʘʤʧʫʣʫ, ʠ 

ʧʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ [Nd(Nacnac)(Nacnacdep)] 5-Nd. ʇʦʣʥrʡ 

ʘʥʘʣʠʟ ʬʘʟʳ ʥʝ ʧʨʦʚʦʜʠʣʩʷ. 

2.2.3. ʈʝʘʢʮʠʠ 1-Nd ʠ 1-Sm ʩ ʤʦʥʦ- ʠ ʜʠʭʘʣʴʢʦʛʝʥʠʜʘʤʠ ʢʘʣʠʷ 

ɺʩʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ. ʀʦʜʠʜ ʣʘʥʪʘʥʦʠʜʘ (SmI3 ʠʣʠ 

NdI3(thf)3.5) ʠ ʵʢʚʠʤʦʣʷʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ K(Nacnac) ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʊɻʌ 12 ʯʘʩʦʚ, ʧʦʩʣʝ ʯʝʛʦ ʢ 

ʥʠʤ ʜʦʙʘʚʣʷʣʩʷ 1 ʵʢʚʠʚʘʣʝʥʪ K2Qn, ʧʦʩʣʝ ʯʝʛʦ ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ 3 ʜʥʷ ʧʨʠ 75 

ÁC. ʈʘʩʪʚʦʨ ʦʪʜʝʣʷʣʩʷ ʦʪ ʦʩʘʜʢʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʫʧʘʨʠʚʘʣʩʷ. ʀʂ-ʩʧʝʢʪʨʳ ʪʚʸʨʜʳʭ 

ʦʩʪʘʪʢʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʳʣʠ ʠʜʝʥʪʠʯʥʳ ʩʧʝʢʪʨʘʤ ʢʦʤʧʣʝʢʩʦʚ 1-Nd ʠ 1-Sm. ɼʣʷ 

ʚʩʝʭ ʩʦʯʝʪʘʥʠʡ LnïQn (Q = S, Se, Te; n = 1, 2), ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʦʯʝʪʘʥʠʷ SmïSe, ʚʥʝʰʥʠʡ ʚʠʜ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʝ ʤʝʥʷʣʩʷ, ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ ʢʦʤʧʣʝʢʩʘʤ 1-Nd ʠ 1-Sm. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ 1-Sm ʩ K2Se. 276 ʤʛ (0.519 ʤʤʦʣʴ) SmI3 ʠ 237 ʤʛ (0.520 ʤʤʦʣʴ) K(Nacnac) 

ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ 5 ʤʣ ʊɻʌ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ ʧʨʦʪʷʞʝʥʠʠ 12 ʯʘʩʦʚ. ʂ 

ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ ʢʨʘʩʥʦʤʫ ʨʘʩʪʚʦʨʫ 1-Sm ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 82 ʤʛ (0.52 ʤʤʦʣʴ) K2Se, ʠ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 75 Áʉ 3 ʜʥʷ. ʅʘ ʚʪʦʨʦʡ ʜʝʥʴ ʥʘʙʣʶʜʘʣʦʩʴ 

ʠʟʤʝʥʝʥʠʝ ʮʚʝʪʘ ʨʘʩʪʚʦʨʘ ʥʘ ʢʦʨʠʯʥʝʚʘʪʳʡ, ʥʘ ʪʨʝʪʠʡ ʜʝʥʴ ʨʘʩʪʚʦʨ ʧʨʠʦʙʨʸʣ ʪʸʤʥʦ-ʟʝʣʸʥʫʶ, 

ʧʦʯʪʠ ʯʸʨʥʫʶ ʦʢʨʘʩʢʫ. ʆʩʘʜʦʢ ʙʳʣ ʦʪʜʝʣʸʥ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʪʷʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ ʤʝʪʦʜʦʤ ʕɼʉ: K : I : Sm : Se = 31.8(6) : 16.8(10) : 5.0(4) : 18.6(11) 

ʘʪ. %, ~ 6 : 3 : 1 : 3. ʈʘʩʪʚʦʨ ʙʳʣ ʧʝʨʝʥʝʩʸʥ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʫʶ ʘʤʧʫʣʫ, ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʜʦ 1 ʤʣ, 

ʨʘʟʙʘʚʣʝʥ 3 ʤʣ ʛʝʢʩʘʥʘ ʠ ʟʘʧʘʷʥ. ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʯʸʨʥʦ-ʟʝʣʸʥʳʝ ʧʣʘʩʪʠʥʢʠ 

ʢʦʤʧʣʝʢʩʘ [Sm(Nacnac)I(thf)2] (6-Sm) ʩ ʧʨʠʤʝʩʴʶ ʢʨʘʩʥʳʭ ʧʣʘʩʪʠʥʦʢ 1-Sm ʠ ʢʨʠʩʪʘʣʣʦʚ 

ʜʠʠʦʜʠʜʘ ʩʘʤʘʨʠʷ ʥʝʠʟʚʝʩʪʥʦʡ ʨʘʥʝʝ ʤʦʜʠʬʠʢʘʮʠʠ SmI2(thf)5Ā1.25thf. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ K2Se, ʧʦʣʫʯʝʥʥʦʛʦ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʤʝʪʦʜʘʤʠ ð 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʣʝʤʝʥʪʦʚ ʊɻʌ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʬʪʘʣʠʥʘ ʠ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ, ʘ ʪʘʢʞʝ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʥʝʝ ʚʳʜʝʣʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 1-Sm. 



63 

 

ʇʨʷʤʦʡ ʩʠʥʪʝʟ 6-Sm: 171 ʤʛ (0.423 ʤʤʦʣʴ) SmI2 ʠ 202 ʤʛ (0.442 ʤʤʦʣʴ) K(Nacnac) 

ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ 7 ʤʣ ʊɻʌ 2 ʯʘʩʘ. ʆʩʘʜʦʢ KI ʙʳʣ ʦʪʜʝʣʸʥ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʠ ʧʨʠ 

ʤʝʜʣʝʥʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʜʦ 0.5 ʤʣ ʦʙʨʘʟʦʚʘʣʠʩʴ ʤʝʣʢʠʝ ʪʸʤʥʳʝ ʠʛʦʣʴʯʘʪʳʝ 

ʢʨʠʩʪʘʣʣʳ 6ô-Sm ʜʨʫʛʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʦʪʣʠʯʥʦʡ ʦʪ 6-Sm. ʆʩʪʘʪʢʠ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʜʝʢʘʥʪʠʨʦʚʘʣʠʩʴ, ʢʨʠʩʪʘʣʣʳ ʧʨʦʤʳʚʘʣʠʩʴ ʵʬʠʨʦʤ ʠ ʚʳʩʫʰʠʚʘʣʠʩʴ ʚ ʚʘʢʫʫʤʝ. ɺʳʭʦʜ 204 ʤʛ 

(60%). ɼʣʷ C37H57IN2O2Sm (839.13) ʨʘʩʩʯʠʪʘʥʦ C 52.95, H 6.85, N 3.34 %; ʥʘʡʜʝʥʦ C 53.6, H 7.05, 

N 3.5 %. ʕɼʉ: Sm : I = 4.4(8) : 3.6(5) ʘʪ. %. ʀʂ (ɡmax, cʤ
ï1): 3058 ʩʣ, 2960 ʩ, 2928 ʩʨ, 2869 ʩʨ, 1624 

ʩʨ, 1551 ʩ, 1489 ʩʣ, 1463 ʩʨ, 1436 ʩʨ, 1381 ʩʨ, 1363 ʩʨ, 1323 ʩʨ, 1274 ʩʨ, 1254 ʩʨ, 1174 ʩʨ, 1099 ʩʣ, 

1059 ʩʣ, 1022 ʩʣ, 934 ʩʣ, 838 ʩʣ, 787 ʩʨ, 759 ʩʨ, 731 ʩʨ, 701 ʩʨ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ SmI3 ʩ K2Se. 57 ʤʛ (0.11 ʤʤʦʣʴ) SmI3 ʠ 25 ʤʛ (0.16 ʤʤʦʣʴ) K2Se 

ʟʘʧʘʠʚʘʣʠʩʴ ʩ 2 ʤʣ ʊɻʌ ʚ ʥʝʙʦʣʴʰʦʡ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʝ (ʩ ʜʝʛʘʟʘʮʠʝʡ). ɸʤʧʫʣʘ ʚʳʜʝʨʞʠʚʘʣʘʩʴ 

1 ʜʝʥʴ ʧʨʠ 45 Áʉ (ʥʝʪ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ), ʟʘʪʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʚʳʰʘʣʘʩʴ ʜʦ 70 Áʉ, ʠ ʘʤʧʫʣʘ 

ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʝʱʸ 15 ʯʘʩʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʞʸʣʪʳʡ ʨʘʩʪʚʦʨ ʦʙʝʩʮʚʝʯʠʚʘʣʩʷ, ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʨʳʞʝʛʦ ʦʩʘʜʢʘ, ʠ ʧʨʠ ʜʘʣʴʥʝʡʰʝʤ ʥʘʛʨʝʚʘʥʠʠ ʩʤʝʩʠ ʙʦʣʴʰʝ ʠʟʤʝʥʝʥʠʡ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ SmI2 ʩ K2Se2. 49 ʤʛ (0.12 ʤʤʦʣʴ) SmI2 ʠ 16 ʤʛ (0.07 ʤʤʦʣʴ) K2Se2 

ʟʘʧʘʠʚʘʣʠʩʴ ʩ 2 ʤʣ ʊɻʌ ʚ ʥʝʙʦʣʴʰʦʡ ʩʪʝʢʣʷʥʥʦʡ ʪʨʫʙʢʝ (ʩ ʜʝʛʘʟʘʮʠʝʡ). ɸʤʧʫʣʘ ʚʳʜʝʨʞʠʚʘʣʘʩʴ 

ʧʨʠ 70 Áʉ 5 ʜʥʝʡ, ʧʦʩʣʝ ʯʝʛʦ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘ ʩʪʝʥʢʘʭ ʞʸʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʩʦʚʧʘʜʘʶʱʠʭ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʕʗ ʩ SmI3(thf)3.5 (Refcode TOVZAF CCDC). ɿʘ ʩʣʝʜʫʶʱʠʝ 15 ʩʫʪʦʢ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʞʸʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʝʜʣʝʥʥʦʝ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ. 

ʅʘ ʢʦʥʝʮ ʵʢʩʧʝʨʠʤʝʥʪʘ ʨʘʩʪʚʦʨ ʥʝ ʦʙʝʩʮʚʝʪʠʣʩʷ ʦʢʦʥʯʘʪʝʣʴʥʦ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʧʨʠʩʫʪʩʪʚʠʠ 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʝʛʦ SmI2 ʠ ʥʝʧʦʣʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ. 

2.2.4. ʀʟʫʯʝʥʠʝ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʦʚ Sm(II ) ʠ ʠʭ ʨʝʘʢʮʠʦʥʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

2.2.4.1. ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 6-Sm  

ɼʝʩʦʣʴʚʘʪʘʮʠʷ ʤʝʪʦʜʦʤ çʪʦʣʫʦʣʴʥʦʛʦ ʢʠʧʷʯʝʥʠʷè ʧʨʝʜʧʦʣʘʛʘʝʪ ʩʣʝʜʫʶʱʠʝ ʤʘʥʠʧʫʣʷʮʠʠ. 

ɼʝʛʘʟʠʨʦʚʘʥʥʳʡ ʨʘʩʪʚʦʨ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʚ ʪʦʣʫʦʣʝ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 90ï100Áʉ ʚ ʩʦʩʫʜʝ ʐʣʝʥʢʘ 

ʩ ʪʝʬʣʦʥʦʚʳʤ ʢʨʘʥʦʤ, ʠ ʧʨʠ ʧʨʦʜʦʣʞʘʶʱʝʤʩʷ ʥʘʛʨʝʚʝ ʨʘʩʪʚʦʨʠʪʝʣʴ ʤʝʜʣʝʥʥʦ ʦʪʛʦʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

1.5ï2 ʯʘʩʦʚ ʯʝʨʝʟ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʡ ʤʦʩʪʠʢ ʚ ʢʦʣʙʫ, ʧʦʤʝʱʸʥʥʫʶ ʚ ʞʠʜʢʠʡ ʘʟʦʪ, ʜʦ ʧʦʣʥʦʛʦ 

ʚʳʩʳʭʘʥʠʷ ʚʝʱʝʩʪʚʘ ʚ ʩʦʩʫʜʝ ʐʣʝʥʢʘ. ʈʘʩʪʚʦʨʠʤʳʝ ʧʨʦʜʫʢʪʳ ʵʢʩʪʨʘʛʠʨʫʶʪʩʷ ʠʟ ʪʚʸʨʜʦʛʦ ʦʩʪʘʪʢʘ 

ʪʦʣʫʦʣʦʤ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ 1-Ln . 

ʄʝʪʦʜ ɸ: 617 ʤʛ (1.53 ʤʤʦʣʴ) SmI2 ʠ 639 ʤʛ (1.53 ʤʤʦʣʴ) K(Nacnac) ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ 10 

ʤʣ ʊɻʌ ʚ ʪʝʯʝʥʠʝ ʜʥʷ, ʧʦʩʣʝ ʨʘʩʪʚʦʨʠʪʝʣʴ ʙʳʣ ʫʧʘʨʝʥ ʠ ʟʘʤʝʥʸʥ ʥʘ ʪʦʣʫʦʣ. ʇʦʩʣʝ ʜʚʫʢʨʘʪʥʦʡ 

ʧʨʦʮʝʜʫʨʳ ʪʦʣʫʦʣʴʥʦʛʦ ʢʠʧʷʯʝʥʠʷ ʩʫʭʦʡ ʦʩʪʘʪʦʢ ʙʳʣ ʨʘʩʪʚʦʨʸʥ ʚ ʪʦʣʫʦʣʝ, ʧʨʦʬʠʣʴʪʨʦʚʘʥ ʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʚ ʭʦʜʝ ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ. ʂʦʤʧʣʝʢʩ [{Sm(Nacnac)I} 4] 
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ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʚʠʜʝ ʯʸʨʥʳʭ ʟʝʣʝʥʦʚʘʪʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ 7-SmĀTol. ɺʳʭʦʜ 1008 ʤʛ 

(92%). ɼʣʷ C123H172N8I4Sm4 (2871.8): ʨʘʩʩʯʠʪʘʥʦ C 51.44, H 6.04, N 3.90%; ʥʘʡʜʝʥʦ C 50.9, H 6.3, 

N 3.95%. ʀʂ (ɡmax, cʤ
ï1):  3060 ʩʣ, 2961 ʩ, 928 ʩ, 2868 ʩʨ, 1622 ʩʨ, 1546 ʩ, 1514 ʩ, 1460 ʩ, 1432 ʩ, 

1400 ʩ, 1384 ʩʨ ʰ, 1363 ʩʨ, 1314 ʩʨ, 1270 ʩʨ, 1253 ʩʨ, 1226 ʩʨ, 1192 ʩʣ, 1170 ʩʨ, 1100 ʩʨ, 1056 ʩʨ, 

1040 ʩʨ ʰ, 1017 ʩʨ, 926 ʩʣ, 883 ʩʣ ʰ, 832 ʩʣ, 806 ʩʣ, 786 ʩʨ, 755 ʩʨ, 729 ʩʨ, 707 ʩʣ, 694 ʩʣ, 669 ʩʨ, 

630 ʩʣ, 506 ʩʣ.  

ʅʝʧʦʣʥʘʷ ʜʝʩʦʣʴʚʘʪʘʮʠʷ ʧʨʠ ʙʦʣʴʰʠʭ ʟʘʛʨʫʟʢʘʭ ʠ ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʬʦʨʤ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʊɻʌ. ʆʜʥʦʢʨʘʪʥʦʝ 

ʪʦʣʫʦʣʴʥʦʝ ʢʠʧʷʯʝʥʠʝ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤʫ ʧʨʦʜʫʢʪʫ, ʩʦʜʝʨʞʘʱʝʤʫ ʢʦʤʧʣʝʢʩʳ 

7-Sm, 7-Sm* , 8-Sm ʠ 9-Sm ʚ ʨʘʟʥʳʭ ʩʦʦʪʥʦʰʝʥʠʷʭ. 

ʄʝʪʦʜ ɹ: 200 ʤʛ [Sm(Nacnac)I(thf)2] (0.238 ʤʤʦʣʴ) ʙʳʣʦ ʧʦʤʝʱʝʥʦ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ ʠ 

ʥʘʛʨʝʚʘʣʦʩʴ ʩ ʧʝʨʝʤʝʰʠʚʘʥʠʝʤ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ (10ī3 ʊʦʨʨ, 183ī190 ÁC) ʜʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʜʘʚʣʝʥʠʷ, ʠʟʤʝʨʷʝʤʦʛʦ ʚʘʢʫʫʤʤʝʪʨʦʤ (3 ʯʘʩʘ). ʊʸʤʥʦ-ʟʝʣʸʥʦʝ ʚʝʱʝʩʪʚʦ ʙʳʣʦ ʨʘʩʪʚʦʨʝʥʦ ʚ 

ʪʦʣʫʦʣʝ ʠ ʧʨʦʵʢʩʪʨʘʛʠʨʦʚʘʥʦ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ. ɺʳʭʦʜ ʢʨʠʩʪʘʣʣʦʚ 7-SmĀTol ʩʦʩʪʘʚʠʣ 

150 ʤʛ (88%). ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʩ ʧʦʤʦʱʴʶ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ 

(ʧʨʠʣʦʞʝʥʠʝ 7ʘ). 

2.2.4.2. ʈʝʘʢʮʠʠ 7-Sm ʩ ʊɻʌ 

ɼʣʷ ʪʦʯʥʦʛʦ ʜʦʙʘʚʣʝʥʠʷ ʥʫʞʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʊɻʌ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʨʘʩʪʚʦʨ ʊɻʌ ʚ 

ʪʦʣʫʦʣʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 0.617 ʠ 0.0617 ʄ. ɺʩʝ ʨʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ: 

ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʫʶ ʘʤʧʫʣʫ ʧʦʤʝʱʘʣʘʩʴ ʥʘʚʝʩʢʘ 7-Sm, ʜʦʙʘʚʣʷʣʦʩʴ 3 ʤʣ ʪʦʣʫʦʣʘ ʠ ʘʣʠʢʚʦʪʘ 

ʨʘʩʪʚʦʨʘ ʊɻʌ ʚ ʪʦʣʫʦʣʝ. ɸʤʧʫʣʘ ʜʝʛʘʟʠʨʦʚʘʣʘʩʴ, ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʠ 

ʤʝʜʣʝʥʥʦ ʫʧʘʨʠʚʘʣʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʣʦ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. 

ɺ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Sm/ʊɻʌ 3:1. ɹʳʣʦ ʚʟʷʪʦ 101 ʤʛ (0.0352 ʤʤʦʣʴ) 7-SmĀTol ʠ 757 

ʤʢʣ (C = 0.0617 M, 0.0465 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʘ ʊɻʌ. ʋʧʘʨʠʚʘʥʠʝ ʧʨʠʚʝʣʦ ʢ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʤʝʩʠ 

ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʝʡ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 7*-Sm [{ Sm(Nacnac)I(thf)} 2{ Sm(Nacnac)I} 2]. ʉʦʛʣʘʩʥʦ 

ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ, ʩʤʝʩʴ ʩʦʜʝʨʞʘʣʘ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ 7-SmĀTol (ʧʨʠʣʦʞʝʥʠʝ 

5ʘ). 

ɺ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ Sm/ʊɻʌ 2:1. ɹʳʣʦ ʚʟʷʪʦ 127 ʤʛ (0.0442 ʤʤʦʣʴ) 7-SmĀTol ʠ 143 

ʤʢʣ (C = 0.617 M, 0.088 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʘ ʊɻʌ. ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʘʣ ʚ ʦʩʥʦʚʥʦʡ ʤʘʩʩʝ ʢʦʤʧʣʝʢʩ [{Sm(Nacnac)I(thf)} 

{ Sm(Nacnac)I} 2] (8-SmĀ0.5Tol) ʩ ʧʨʠʤʝʩʴʶ 7*-Sm ʧʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ 

(ʧʨʠʣʦʞʝʥʠʝ 5ʙ). ɺʳʭʦʜ 120 ʤʛ (~90%, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʟʘʛʨʫʟʢʝ 7-SmĀTol). ɼʣʷ 8-SmĀ0.5Tol, 

C94.5H135I3N6OSm3 (2202.9), ʨʘʩʩʯʠʪʘʥʦ C 51.52, H 6.18, N 3.81%; ʜʣʷ 8-SmĿTol, C98H139I3N6OSm3 

(2249.0), ʨʘʩʩʯʠʪʘʥʦ C 52.34, H 6.23, N 3.74%; ʥʘʡʜʝʥʦ C 52.3, H 6.6, N 4.0%. ʈʝʟʫʣʴʪʘʪʳ 
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ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʨʠʩʫʪʩʪʚʠʶ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʪʦʣʫʦʣʘ ʥʘ ʤʦʣʝʢʫʣʫ 

ʢʦʤʧʣʝʢʩʘ 8-Sm. ʀʂ (ɡmax, cʤ
ï1): 3058 ʩʣ, 3024 ʩʣ, 2960 ʩ, 2928 ʩ, 2868 ʩ, 1623 ʩʣ, 1546 ʩʨ, 1518 ʩ, 

1458 ʩ, 1431 ʩ, 1401 ʩ ʰ, 1364 ʩ, 1267 ʩʨ, 1253 ʩʨ, 1225 ʩʨ, 1168 ʩ, 1100 ʩʨ, 1056 ʩʣ, 1019 ʩʨ, 926 

ʩʨ, 874 ʩʣ ʰ, 832 ʩʣ, 808 ʩʣ, 786 ʩʨ, 756 ʩʨ, 729 ʩʨ, 695 ʩʣ, 621 ʩʣ. ʅʝʧʦʣʥʘʷ ʜʝʩʦʣʴʚʘʪʘʮʠʷ 6-Sm 

ʧʦ ʤʝʪʦʜʫ ɸ ʚ ʦʜʥʦʤ ʠʟ ʩʣʫʯʘʝʚ ʧʨʠʚʝʣʘ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 8-Sm, ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʧʦ 

ʧʘʨʘʤʝʪʨʘʤ ʥʝʩʢʦʣʴʢʠʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʩʦʦʪʥʦʰʝʥʠʠ Sm/ʊɻʌ 1:1. ɹʳʣʦ ʚʟʷʪʦ 110 ʤʛ (0.0383 ʤʤʦʣʴ) 7-SmĀTol ʠ 2480 ʤʢʣ (C = 

0.0617 M, 0.153 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʘ ʊɻʌ. ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʧʨʝʜʩʪʘʚʣʷʣ ʩʦʙʦʡ ʯʠʩʪʳʡ ʢʦʤʧʣʝʢʩ [{Sm(Nacnac)I}{ Sm(Nacnac)I}] ʚ 

ʬʦʨʤʝ ʩʦʣʴʚʘʪʘ 9-SmĀTol. ɺʳʭʦʜ 78 ʤʛ (68%). ɼʣʷ 9-SmĀTol, C69H98I2N4OSm2 (1554.1), ʨʘʩʩʯʠʪʘʥʦ 

C 53.33, H 6.36, N 3.61%; ʜʣʷ 9-Sm, C62H90I2N4OSm2 (1461.9), ʨʘʩʩʯʠʪʘʥʦ C 50.94, H 6.21, N 3.83%; 

ʥʘʡʜʝʥʦ C 49.8, H 6.35, N 3.75%. ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ 

ʜʠʬʨʘʢʮʠʠ (ʧʨʠʣʦʞʝʥʠʝ 5ʚ). ʀʂ (ɡmax, cʤ
ï1): 3060 ʩʣ, 2961 ʩ, 928 ʩ, 2868 ʩʨ, 1622 ʩʨ, 1550 ʩ, 1485 

ʩʨ, 1460 ʩ, 1439 ʩ, 1400 ʩʨ, 1382 ʩʨ, 1363 ʩʨ, 1323 ʩʨ, 1275 ʩʨ, 1255 ʩʨ, 1224 ʩʣ ʰ, 1174 ʩʨ, 1102 ʩʨ, 

1057 ʩʨ, 1042 ʩʨ, 1021 ʩʨ, 923 ʩʣ, 878 ʩʣ ʰ, 833 ʩʨ, 787 ʩʨ, 757 ʩʨ, 732 ʩʣ, 704 ʩʣ, 669 ʩʨ, 623 ʩʣ. 

ʄʦʥʦʢʨʠʩʪʘʣʣʳ 9-SmĀTol ʙʳʣʠ ʪʘʢʞʝ ʧʦʣʫʯʝʥʳ ʠʟ ʨʝʘʢʮʠʠ SmI2 ʩ K(Nacnac)Ŀ0.6thf ʚ 

ʪʦʣʫʦʣʝ ʠ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʪʦʣʫʦʣʴʥʦʤ ʢʠʧʷʯʝʥʠʠ ʢʦʤʧʣʝʢʩʘ [Sm(Nacnac)I(thf)2] ʧʦ ʤʝʪʦʜʫ ɸ, 

ʥʦ ʬʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʵʪʠʭ ʧʨʦʜʫʢʪʦʚ ʥʝ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ. 

2.2.4.3. ʀʟʫʯʝʥʠʝ ʧʝʨʝʭʦʜʦʚ ʤʝʞʜʫ 7*-Sm ʠ 9-Sm 

ʂʦʤʧʣʝʢʩ 9-Sm ʙʳʣ ʧʦʣʫʯʝʥ in situ, ʢʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʠʟ 67 ʤʛ (0.023 ʤʤʦʣʴ) 7-SmĀTol ʠ 

1502 ʤʢʣ (C = 0.0617 M, 0.093 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʘ ʊɻʌ ʚ ʪʦʣʫʦʣʝ. ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 

4 ʯʘʩʦʚ, ʨʘʩʪʚʦʨ ʙʳʣ ʤʝʜʣʝʥʥʦ ʫʧʘʨʝʥ ʧʨʠ ʧʦʜʜʝʨʞʘʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʘ ʥʘ ʫʨʦʚʥʝ 0Áʉ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʜʝʩʦʣʴʚʘʪʘʮʠʠ. ʂ ʪʚʸʨʜʦʤʫ ʦʩʪʘʪʢʫ ʙʳʣʦ ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʦ 10 ʤʣ ʪʦʣʫʦʣʘ. 

ʉʤʝʩʴ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʧʨʠ 100Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʟʘʪʝʤ ʙʳʣʘ ʦʭʣʘʞʜʝʥʘ ʜʦ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʫʧʘʨʝʥʘ ʜʦ ʪʚʸʨʜʦʛʦ ʦʩʪʘʪʢʘ ʙʝʟ ʥʘʛʨʝʚʘʥʠʷ. ʇʦʣʫʯʝʥʥʳʡ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ ʙʳʣ ʠʟʫʯʝʥ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ. ʇʦʨʦʰʢʦʛʨʘʤʤʘ 

ʩʦʜʝʨʞʠʪ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʝ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʢʦʤʧʣʝʢʩʘʤ 7*-Sm, 8-Sm, ʠ 9-Sm ʚ 

ʩʨʘʚʥʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ (ʧʨʠʣʦʞʝʥʠʝ 8). 

2.2.4.4. ʀʟʫʯʝʥʠʝ ʨʝʘʢʮʠʠ SmI2 ʩ K(Nacnac) ʚ ʩʤʝʩʷʭ ʊɻʌ ʩ ʪʦʣʫʦʣʦʤ 

ɺ ʯʠʩʪʦʤ ʪʦʣʫʦʣʝ. 137 ʤʛ SmI2 (0.339 ʤʤʦʣʴ) ʠ 156 ʤʛ (0.342 ʤʤʦʣʴ) ʙʝʩʩʦʣʴʚʘʪʥʦʛʦ 

K(Nacnac) ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ, ʠ ʙʳʣʦ ʩʢʦʥʜʝʥʩʠʨʦʚʘʥʦ 3 ʤʣ ʪʦʣʫʦʣʘ. ʉʤʝʩʴ 

ʥʘʛʨʝʚʘʣʘʩʴ (100 ÁC) ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ, ʟʘʪʝʤ ʙʳʣʘ ʧʝʨʝʥʝʩʝʥʘ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʫʶ ʘʤʧʫʣʫ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʪʨʘʢʮʠʠ ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʪʸʤʥʳʝ ʚʠʥʥʦ-ʢʨʘʩʥʳʝ ʠʛʣʳ ʠʟʚʝʩʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Sm(Nacnac)2]ĀTol ʚ ʢʦʣʠʯʝʩʪʚʝ 133 ʤʛ (72%). ɼʣʷ [Sm(Nacnac)2]ĀTol, C65H90N4Sm (1077.8), 
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ʨʘʩʩʯʠʪʘʥʦ C 72.43, H 8.42, N 5.20%; ʜʣʷ [Sm(Nacnac)2], C58H82N4Sm (985.7), ʨʘʩʩʯʠʪʘʥʦ C 70.67, 

H 8.39, N 5.68%; ʥʘʡʜʝʥʦ C 70.4, H 8.8, N 5.2%. ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ 

ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ (ʧʨʠʣʦʞʝʥʠʝ 5ʛ). ʀʂ (ɡmax, cʤ
ï1): 3059 ʩʣ, 3021 ʩʣ, 2962 ʩ, 2926 ʩ ʧʣ, 2867 

ʩ, 1623 ʩʣ, 1549 ʩʨ, 1518 ʩʨ, 1496 ʩʨ, 1460 ʩ, 1431 ʩ, 1401 ʩ, 1384 ʩʨ ʧʣ, 1364 ʩ, 1324 ʩ, 1305 ʩʨ ʧʣ, 

1270 ʩʨ, 1254 ʩʨ, 1223 ʩʨ, 1170 ʩ, 1110 ʩʨ, 1100 ʩʨ, 1055 ʩʣ, 1038 ʩʣ, 1013 ʩʨ, 923 ʩʨ, 788 ʩʨ, 773 

ʩʨ, 756 ʩʨ, 730 ʩʨ, 705 ʩʣ, 695 ʩʣ, 621 ʩʣ. ʅʝʨʘʩʪʚʦʨʠʤʳʡ ʦʩʘʜʦʢ ʚʦ ʚʪʦʨʦʡ ʯʘʩʪʠ ʘʤʧʫʣʳ ʙʳʣ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʦʜʦʤ ʕɼʉ ʠ ʩʦʩʪʦʠʪ ʠʟ ʩʤʝʩʠ SmI2 ʠ KI; ʩʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʥʳʭ ʜʦʣʝʡ 

Sm:I:K ʩʦʩʪʘʚʣʷʝʪ 4.7:15.9:8.3 ʘʪ. %. 

ɺ ʩʤʝʩʷʭ ʪʦʣʫʦʣ-ʊɻʌ 

ʄʝʪʦʜ ɸ: ʨʘʩʪʚʦʨʝʥʠʝ ʨʝʘʛʝʥʪʦʚ ʚ ʪʦʣʫʦʣʝ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʜʦʙʘʚʣʝʥʠʝʤ ʘʣʠʢʚʦʪʳ ʊɻʌ. 

ɺ ʩʦʦʪʥʦʰʝʥʠʠ Sm/ʊɻʌ 3:1. ʂ ʩʤʝʩʠ 143 ʤʛ SmI2 (0.354 ʤʤʦʣʴ) ʠ 162 ʤʛ (0.354 ʤʤʦʣʴ) 

K(Nacnac) ʚ 5 ʤʣ ʪʦʣʫʦʣʘ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 192 ʤʢʣ (C = 0.617 M, 0.118 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʘ ʊɻʌ ʚ 

ʪʦʣʫʦʣʝ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʦʩʣʝ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ ʦʩʘʜʦʢ KI ʙʳʣ ʦʪʜʝʣʸʥ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ, ʠ ʨʘʩʪʚʦʨ ʙʳʣ ʟʘʧʘʷʥ ʚ ʜʝʛʘʟʠʨʦʚʘʥʥʦʡ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ. ʇʦʩʣʝ 

ʵʢʩʪʨʘʢʮʠʠ ʨʘʩʪʚʦʨʠʤʳʡ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʘʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʢʨʠʩʪʘʣʣʳ [Sm(Nacnac)2]ĀTol; 

ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʮʠʷ ʪʘʢʞʝ ʧʦʢʘʟʘʣʘ ʧʨʠʩʫʪʩʪʚʠʝ 8-SmĀ0.5Tol, ʥʝʨʘʟʣʠʯʠʤʳʝ ʚ ʦʪʦʙʨʘʥʥʦʤ 

ʜʣʷ ʨʘʩʩʤʦʪʨʝʥʠʷ ʦʙʨʘʟʮʝ (ʧʨʠʣʦʞʝʥʠʝ 6ʙ). ɿʝʣʸʥʳʡ ʦʩʘʜʦʢ SmI2 ʦʩʪʘʣʩʷ ʚʦ ʚʪʦʨʦʡ ʩʝʢʮʠʠ 

ʘʤʧʫʣʳ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ. 

ɺ ʩʦʦʪʥʦʰʝʥʠʠ Sm/ʊɻʌ 1:1. ɸʥʘʣʦʛʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ ʙʳʣʘ ʧʦʚʪʦʨʝʥʘ ʜʣʷ ʩʤʝʩʠ 1498 ʤʛ 

SmI2 (3.706 ʤʤʦʣʴ) ʠ 1691 ʤʛ (3.702 ʤʤʦʣʴ) K(Nacnac) ʚ 15 ʤʣ ʪʦʣʫʦʣʘ; ʙʳʣ ʜʦʙʘʚʣʝʥ 301 ʤʢʣ 

ʯʠʩʪʦʛʦ ʊɻʌ. ʇʦʣʫʯʝʥʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʘʣ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ 

[Sm(Nacnac)2]ĀTol ʩ ʧʨʠʤʝʩʴʶ 9-SmĀTol, ʩʦʛʣʘʩʥʦ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ (ʧʨʠʣʦʞʝʥʠʝ 6ʘ). 

ʄʝʪʦʜ ɹ: ʜʦʙʘʚʣʝʥʠʝ ʢ ʨʝʘʛʝʥʪʘʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʤʝʰʘʥʥʳʭ ʊɻʌ ʠ ʪʦʣʫʦʣʘ ʩ ʟʘʜʘʥʥʳʤ 

ʢʦʣʠʯʝʩʪʚʦʤ ʊɻʌ. 

ɺ ʩʦʦʪʥʦʰʝʥʠʠ Sm/ʊɻʌ 6:1. ʂ ʩʤʝʩʠ 94 ʤʛ SmI2 (0.231 ʤʤʦʣʴ) ʠ 106 ʤʛ (0.232 ʤʤʦʣʴ) 

K(Nacnac) ʙʳʣʦ ʙʳʩʪʨʦ ʜʦʙʘʚʣʝʥʦ 627 ʤʢʣ ʨʘʩʪʚʦʨʘ ʊɻʌ ʚ ʪʦʣʫʦʣʝ (C = 0.0617 M, 0.0387 ʤʤʦʣʴ). 

ʉʫʩʧʝʥʟʠʷ ʧʝʨʝʤʝʰʠʚʘʣʘʩʴ ʥʝʩʢʦʣʴʢʦ ʤʠʥʫʪ, ʟʘʪʝʤ ʙʳʣʦ ʜʦʙʘʚʣʝʥʦ 4 ʤʣ ʪʦʣʫʦʣʘ, ʯʪʦʙʳ 

ʨʘʩʪʚʦʨʠʪʴ ʚʩʝ ʨʝʘʛʝʥʪʳ. ʇʦʩʣʝ ʬʠʣʴʪʨʦʚʘʥʠʷ ʠ ʵʢʩʪʨʘʢʮʠʠ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ, 

ʧʦʣʫʯʝʥʥʳʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ ʩʦʜʝʨʞʘʣ ʢʨʠʩʪʘʣʣʳ [Sm(Nacnac)2]ĀTol ʠ 8-SmĀ0.5Tol ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ (ʧʨʠʣʦʞʝʥʠʝ 6ʛ). 

ɺ ʩʦʦʪʥʦʰʝʥʠʠ Sm/ʊɻʌ 1:1. ɸʥʘʣʦʛʠʯʥʘʷ ʧʨʦʮʝʜʫʨʘ ʙʳʣʘ ʧʨʦʚʝʜʝʥʘ ʜʣʷ ʩʤʝʩʠ 91 ʤʛ SmI2 

(0.23 ʤʤʦʣʴ) ʠ 103 ʤʛ (0.225 ʤʤʦʣʴ) K(Nacnac); ʙʳʣʦ ʙʳʩʪʨʦ ʜʦʙʘʚʣʝʥʦ 3.65 ʤʣ ʨʘʩʪʚʦʨʘ ʊɻʌ ʚ 

ʪʦʣʫʦʣʝ (C = 0.0617 M, 0.0387 ʤʤʦʣʴ). ʇʦʣʫʯʝʥʥʘʷ ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʧʨʦʜʫʢʪʦʚ ʩʦʜʝʨʞʘʣʘ 

ʢʨʠʩʪʘʣʣʳ [Sm(Nacnac)2]ĀTol ʠ 7-SmĀTol, ʦʧʨʝʜʝʣʸʥʥʳʝ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʕʗ. ʆʜʥʘʢʦ ʧʦʨʦʰʢʦʚʘʷ 
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ʜʠʬʨʘʢʮʠʷ ʧʦʢʘʟʘʣʘ ʧʨʠʩʫʪʩʪʚʠʝ 8-SmĀ0.5Tol ʢʘʢ ʚʪʦʨʦʛʦ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʚ ʩʤʝʩʠ, ʚʤʝʩʪʦ 7-

SmĀTol, ʥʝʨʘʟʣʠʯʠʤʦʛʦ ʥʘ ʧʦʨʦʰʢʦʛʨʘʤʤʝ (ʧʨʠʣʦʞʝʥʠʝ 6ʚ). 

2.2.4.5. ʈʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ 7-Sm ʩ ʠʦʜʦʤ 

180 ʤʛ (0.0627 ʤʤʦʣʴ) ʢʦʤʧʣʝʢʩʘ 7-SmĀTol ʙʳʣʦ ʨʘʩʪʚʦʨʝʥʦ ʚ 3 ʤʣ ʪʦʣʫʦʣʘ. 16 ʤʛ I2 (0.063 

ʤʤʦʣʴ) ʙʳʣʦ ʦʪʜʝʣʴʥʦ ʨʘʩʪʚʦʨʝʥʦ ʚ 1.5 ʤʣ ʪʦʣʫʦʣʘ, ʠ ʨʘʩʪʚʦʨʳ ʙʳʣʠ ʩʣʠʪʳ ʚʤʝʩʪʝ ʧʨʠ 

ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʊʸʤʥʦ-ʢʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ 2 ʯʘʩʘ, ʟʘʪʝʤ ʙʳʣ ʧʝʨʝʥʝʩʸʥ ʚ 

ʜʚʫʭʩʝʢʮʠʦʥʥʫʶ ʘʤʧʫʣʫ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʢʩʪʨʘʢʮʠʠ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʦʚ: ʪʸʤʥʦ-

ʢʦʨʠʯʥʝʚʳʭ ʢʦʤʧʣʝʢʩʘ [{Sm(Nacnac)I} 4I] (10-Sm) ʠ ʢʨʘʩʥʳʭ ʢʦʤʧʣʝʢʩʘ [{Sm(Nacnac)I2} 2] (11-

Sm). ʉʦʝʜʠʥʝʥʠʷ ʦʙʣʘʜʘʶʪ ʨʘʟʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʛʝʢʩʘʥʝ (ʢʦʤʧʣʝʢʩ 11-Sm ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ) 

ʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʵʢʩʪʨʘʢʮʠʝʡ. ʊʘʢʞʝ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʷ 10-Sm ʠ 11-Sm 

ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢ ʠʩʭʦʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ 7-SmĀTol ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ 

ʢʦʣʠʯʝʩʪʚ ʠʦʜʘ, ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʚ ʪʦʣʫʦʣʝ. ɼʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʝʘʢʮʠʡ ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʨʘʩʪʚʦʨ 

ʠʦʜʘ ʚ ʪʦʣʫʦʣʝ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 0.064 ʄ.  

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ 10-Sm ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 99 ʤʛ (0.034 ʤʤʦʣʴ) 7-SmĀTol ʠ 268 ʤʢʣ 

(0.017 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʘ ʠʦʜʘ. ɺʳʭʦʜ 45 ʤʛ (46%). ɼʣʷ C116H164N8I5Sm4 (2906.6) ʨʘʩʩʯʠʪʘʥʦ C 

47.93, H 5.69, N 3.86%; ʥʘʡʜʝʥʦ C 47.6, H 5.9, N 3.7%. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʕɼʉ, ʩʦʦʪʥʦʰʝʥʠʝ 

ʘʪʦʤʥʳʭ ʜʦʣʝʡ ʪʷʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʜʫʢʪʝ Sm:I = 4.2(6):5.7(7) ʘʪ. %. ʀʂ (ɡmax, cʤ
ï1): 3056 ʩʣ, 

3017 ʩʣ ʧʣ, 2962 ʩ, 2936 ʩʨ ʧʣ, 2867 ʩʨ, 1623 ʩʣ, 1546 ʩʨ, 1515 ʩ, 1461 ʩ, 1434 ʩ, 1397 ʩ, 1385 ʩ ʧʣ, 

1366 ʩ, 1314 ʩ, 1254 ʩ, 1234 ʩʨ ʧʣ, 1170 ʩʨ, 1100 ʩʣ, 1053 ʩʣ, 1019 ʩʣ, 927 ʩʣ, 836 ʩʣ, 787 ʩʨ, 756 

ʩʣ, 731 ʩʣ, 624 ʩʣ. 

ɼʣʷ ʩʠʥʪʝʟʘ ʢʦʤʧʣʝʢʩʘ 11-Sm ʙʳʣʦ ʠʩʧʦʣʴʟʦʚʘʥʦ 101 ʤʛ (0.0352 ʤʤʦʣʴ) 7-SmĀTol ʠ 1094 

ʤʢʣ (0.070 ʤʤʦʣʴ) ʨʘʩʪʚʦʨʘ ʠʦʜʘ. ɺʳʭʦʜ 93 ʤʛ (81%). ɼʣʷ C58H82I4N4Sm2 (1643.7) ʨʘʩʩʯʠʪʘʥʦ 

C42.38, H 5.03, N 3.41%; ʜʣʷ 11-SmĿTol, C65H90I4N4Sm2 (1735.8) ʨʘʩʩʯʠʪʘʥʦ C 44.98, H 5.23, N 

3.23%; ʥʘʡʜʝʥʦ C 44.8, H 5.2, N 3.2%. ɼʘʥʥʳʝ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʪʦʣʫʦʣʘ ʥʘ ʤʦʣʝʢʫʣʫ ʢʦʤʧʣʝʢʩʘ. ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʕɼʉ, ʩʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʥʳʭ 

ʜʦʣʝʡ ʪʷʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʧʨʦʜʫʢʪʝ Sm:I = 4.1(6):8.6(10) ʘʪ. %. ʀʂ (ɡmax, cʤ
ï1): 3064 ʩʣ, 3021 ʩʣ 

ʧʣ, 2960 ʩ, 2926 ʩ ʧʣ, 2867 ʩ, 1939 ʩʣ, 1872 ʩʣ, 1807 ʩʣ, 1624 ʩʣ, 1551 ʩʨ, 1514 ʩ, 1462 ʩ, 1435 ʩ, 

1380 ʩ, 1353 ʩ ʧʣ, 1313 ʩ, 1258 ʩ, 1170 ʩʨ, 1103 ʩʨ, 1037 ʩʨ ʧʣ, 1015 ʩʨ, 929 ʩʨ, 845 ʩʨ, 795 ʩ, 787 

ʩʣ ʧʣ, 756 ʩʨ, 732 ʩʣ, 700 ʩʣ, 629 ʩʣ, 597 ʩʣ. 

ʂʦʤʧʣʝʢʩ 11-Sm ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 1-Sm. ɼʣʷ ʩʠʥʪʝʟʘ 

ʙʳʣʦ ʚʟʷʪʦ 121 ʤʛ (0.228 ʤʤʦʣʴ) SmI3 ʠ 105 ʤʛ (0.230 ʤʤʦʣʴ) K(Nacnac), ʠ 1-Sm ʙʳʣ ʧʦʣʫʯʝʥ in 

situ ʚ 5 ʤʣ ʊɻʌ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʙʳʣ ʫʧʘʨʝʥ ʠ ʟʘʤʝʥʸʥ ʥʘ ʪʦʣʫʦʣ. ʇʦʩʣʝ ʪʦʣʫʦʣʴʥʦʛʦ ʢʠʧʷʯʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʳʡ ʧʨʦʜʫʢʪ ʙʳʣ ʵʢʩʪʨʘʛʠʨʦʚʘʥ ʪʦʣʫʦʣʦʤ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ 
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ʧʦʣʫʯʝʥʦ 140 ʤʛ (75%) ʢʨʘʩʥʦ-ʦʨʘʥʞʝʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 11-Sm. ʌʘʟʦʚʘʷ ʯʠʩʪʦʪʘ ʙʳʣʘ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ (ʧʨʠʣʦʞʝʥʠʝ 7ʙ). 

2.2.4.6. ʈʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʚ 7-Sm ʠ 8-Sm ʩ TePnBu3 ʠ 7-Sm ʩ SePPh3 

ɼʣʷ ʨʝʘʢʮʠʠ 7-Sm ʩ TePnBu3 ʙʳʣʦ ʚʟʷʪʦ 155 ʤʛ (0.0540 ʤʤʦʣʴ) 7-SmĀTol ʠ 36 ʤʛ (0.11 

ʤʤʦʣʴ) TePnBu3. ʈʝʘʛʝʥʪʳ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʫʶ ʘʤʧʫʣʫ, ʨʘʩʪʚʦʨʝʥʳ ʚ 5 ʤʣ ʪʦʣʫʦʣʘ 

ʠ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ɿʘʪʝʤ ʨʘʩʪʚʦʨ ʙʳʣ ʫʧʘʨʝʥ ʚ ʚʘʢʫʫʤʝ, ʜʦʙʘʚʣʝʥʦ 10 ʤʣ 

ʛʝʢʩʘʥʘ, ʠ ʘʤʧʫʣʘ ʙʳʣʘ ʜʝʛʘʟʠʨʦʚʘʥʘ ʠ ʟʘʧʘʷʥʘ. ʂʦʨʠʯʥʝʚʦʝ ʚʝʱʝʩʪʚʦ ʙʳʣʦ ʧʨʦʵʢʩʪʨʘʛʠʨʦʚʘʥʦ, 

ʘ ʚ ʥʝʨʘʩʪʚʦʨʠʤʦʤ ʦʩʪʘʪʢʝ ʦʩʪʘʣʩʷ ʢʦʤʧʣʝʢʩ 11-Sm, ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʡ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʕʗ 

ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʪʦʣʫʦʣʘ. ʂʦʨʠʯʥʝʚʳʡ ʨʘʩʪʚʦʨ ʙʳʣ ʫʧʘʨʝʥ ʜʦʩʫʭʘ, ʠ ʨʘʩʪʚʦʨʠʤʳʝ 

ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʧʨʦʵʢʩʪʨʘʛʠʨʦʚʘʥʳ ʙʝʥʟʦʣʦʤ ʚ ʥʦʚʦʡ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ. ʇʦʩʣʝ 

ʤʝʜʣʝʥʥʦʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʷ ʨʘʩʪʚʦʨʘ ʠ ʦʭʣʘʞʜʝʥʠʷ ʜʦ 2Áʉ, ʚʳʧʘʣ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ 

ʢʦʨʠʯʥʝʚʳʡ ʦʩʘʜʦʢ, ʩʨʝʜʠ ʢʦʪʦʨʦʛʦ ʫʜʘʣʦʩʴ ʨʘʟʣʠʯʠʪʴ ʥʝʩʢʦʣʴʢʦ ʠʛʦʣʴʯʘʪʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

ʢʦʤʧʣʝʢʩʘ [{Sm(Nacnac)I3} E2], ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʚ ʚʠʜʝ 12-SmĀ3C6H6. 

ɼʣʷ ʨʝʘʢʮʠʠ 7-Sm ʩ TePnBu3 ʙʳʣʦ ʚʟʷʪʦ 93 ʤʛ (0.032 ʤʤʦʣʴ) 7-SmĀTol ʠ 23 ʤʛ (0.067 

ʤʤʦʣʴ) SePPh3. ʈʝʘʛʝʥʪʳ ʙʳʣʠ ʧʦʤʝʱʝʥʳ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʫʶ ʘʤʧʫʣʫ, ʨʘʩʪʚʦʨʝʥʳ ʚ 5 ʤʣ ʪʦʣʫʦʣʘ 

ʠ ʧʝʨʝʤʝʰʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ. ʇʦʩʣʝ ʵʢʩʪʨʘʢʮʠʠ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ 

ʨʘʩʪʚʦʨʘ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʜʚʘ ʧʨʦʜʫʢʪʘ: ʢʨʘʩʥʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ 11-Sm ʠ 

ʦʨʘʥʞʝʚʳʝ ʧʣʘʩʪʠʥʢʠ ʢʦʤʧʣʝʢʩʘ [{Sm(Nacnac)I3} SeI], ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʝʛʦʩʷ ʚ ʚʠʜʝ 13-

SmĀPPh3. ʆʩʪʘʣʴʥʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʥʝ ʙʳʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ. 

169 ʤʛ (0.0767 ʤʤʦʣʴ) 8-SmĀ0.5Tol ʠ 50 ʤʛ (0.15 ʤʤʦʣʴ) TePnBu3 ʙʳʣʠ ʨʘʩʪʚʦʨʝʥʳ ʚ 5 ʤʣ 

ʪʦʣʫʦʣʘ ʠ ʟʘʧʘʷʥʳ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʡ ʘʤʧʫʣʝ. ʈʘʩʪʚʦʨ ʧʝʨʝʤʝʰʠʚʘʣʩʷ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ, ʟʘʪʝʤ 

ʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʜʫʢʪʳ ʙʳʣʠ ʧʨʦʵʢʩʪʨʘʛʠʨʦʚʘʥʳ. ʈʘʩʪʚʦʨ ʙʳʣ ʩʢʦʥʮʝʥʪʨʠʨʦʚʘʥ ʜʦ ʦʙʲʸʤʘ ʚ 1 

ʤʣ, ʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʭʦʣʦʜʠʣʴʥʠʢʝ ʜʦ 2Áʉ ʦʙʨʘʟʦʚʘʣʩʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ. ʈʘʩʪʚʦʨ 

ʙʳʣ ʜʝʢʘʥʪʠʨʦʚʘʥ, ʦʩʘʜʦʢ ʙʳʣ ʧʨʦʤʳʪ ʜʚʘʞʜʳ ʛʝʢʩʘʥʦʤ, ʯʪʦʙʳ ʫʜʘʣʠʪʴ PnBu3, ʠ ʚʳʩʫʰʝʥ ʚ 

ʚʘʢʫʫʤʝ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʚʝʱʝʩʪʚʦ 

ʙʳʣʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʦ ʠʟ ʙʝʥʟʦʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʦʙʨʘʟʦʚʘʣʠʩʴ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 

[{ Sm(Nacnac)I} 3(thf)(Te2)] (14-Sm), ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʚʰʝʛʦʩʷ ʚ ʚʠʜʝ 14-SmĀ4C6H6. ʏʠʩʪʦʪʘ 

ʩʚʝʞʝʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʮʠʠ 

(ʧʨʠʣʦʞʝʥʠʝ 7ʚ). ʈʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʣʫʯʰʝ ʚʩʝʛʦ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʬʦʨʤʫʣʝ 14-

SmĀ3Tol: C112H155N6I3OSm3 (2688.5) ʨʘʩʩʯʠʪʘʥʦ C 50.04, H 5.81, N 3.13%; ʥʘʡʜʝʥʦ C 49.4, H 6.2, 

N 3.0%. ɺʳʭʦʜ 175 ʤʛ (89%). ʀʂ (ɡmax, cʤ
ï1): 3059 ʩʨ, 2961 ʩ, 2929 ʩ, 2867 ʩ, 1623 ʩʣ, 1550 ʩʨ, 1519 

ʩ, 1461 ʩ, 1434 ʩ, 1384 ʩ, 1367 ʩ ʧʣ, 1315 ʩ, 1260 ʩ, 1240 ʩʨ ʧʣ, 1189 ʩʣ ʧʣ, 1170 ʩʨ, 1106 ʩʨ, 1105 

ʩʨ, 1038 ʩʣ ʧʣ, 1016 ʩʨ, 965 ʩʣ, 928 ʩʨ, 868 ʩʣ ʰ, 839 ʩʣ, 791 ʩʨ, 757 ʩ, 729 ʩʨ, 714 ʩʣ, 702 ʩʣ, 695 

ʩʣ, 635 ʩʣ, 556 ʩʣ. 
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ɻʣʘʚʘ 3. ʈʝʟʫʣʴʪʘʪʳ ʠ ʦʙʩʫʞʜʝʥʠʝ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʙʳʣ ʚʳʙʨʘʥ ʨʷʜ ʣʘʥʪʘʥʦʠʜʦʚ, ʩʦʝʜʠʥʝʥʠʷ ʢʦʪʦʨʳʭ ʧʦʪʝʥʮʠʘʣʴʥʦ ʦʙʣʘʜʘʶʪ 

ʧʦʣʝʟʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ʊʘʢ, ʜʣʷ Nd ʚ ʧʦʜʭʦʜʷʱʝʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʦʢʨʫʞʝʥʠʠ ʚʦʟʤʦʞʥʦ ʧʨʦʷʚʣʝʥʠʝ ʵʤʠʩʩʠʠ ʚ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ, Tb ʠ Sm 

ʦʙʣʘʜʘʶʪ ʣʶʤʠʥʝʩʮʝʥʮʠʝʡ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ, ʘ Sm3+ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥ ʜʦ Sm2+; 

ʩʦʝʜʠʥʝʥʠʷ Gd ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʣʠʛʘʥʜʦʚ ʧʨʠ ʠʟʫʯʝʥʠʠ 

ʣ ʤʁʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ Dy ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʧʨʦʷʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʭ ʠ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. ʂʘʢ ʧʦʢʘʟʘʣ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ, ʥʘ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʚʳʧʦʣʥʝʥʠʷ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʦʰʝʜʰʠʭ ʚ ʜʠʩʩʝʨʪʘʮʠʶ, ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʭʣʦʨʠʜʥʳʝ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʝʡ ʢʦʤʤʝʨʯʝʩʢʦʡ ʜʦʩʪʫʧʥʦʩʪʴʶ 

ʙʝʟʚʦʜʥʳʭ ʭʣʦʨʠʜʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʥʠʟʢʦʡ ʮʝʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʛʘʣʦʛʝʥʠʜʘʤʠ ʣʘʥʪʘʥʦʠʜʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʥʘʤʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʠʦʜʠʜʳ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ, ʧʦʩʢʦʣʴʢʫ ʧʨʠ ʜʘʣʴʥʝʡʰʠʭ ʨʝʘʢʮʠʷʭ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʩ ʭʘʣʴʢʦʛʝʥ-ʜʦʥʦʨʥʳʤʠ 

ʣʠʛʘʥʜʘʤʠ ʟʘʤʝʱʝʥʠʝ çʤʷʛʢʦʛʦè ʦʩʥʦʚʘʥʠʷ ʃʴʶʠʩʘ, ʠʦʜʠʜ-ʘʥʠʦʥʘ, ʥʘ ʭʘʣʴʢʦʛʝʥ-ʜʦʥʦʨʥʳʝ 

ʣʠʛʘʥʜʳ ʩ çʤʷʛʢʠʤʠè ʜʦʥʦʨʥʳʤʠ ʘʪʦʤʘʤʠ ʜʦʣʞʥʦ ʧʨʦʪʝʢʘʪʴ ʣʝʛʯʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʭʣʦʨʠʜ-

ʘʥʠʦʥʦʚ. 

ʀʦʜʠʜʳ ʣʘʥʪʘʥʦʠʜʦʚ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʧʦ ʫʣʫʯʰʝʥʥʦʡ ʣʠʪʝʨʘʪʫʨʥʦʡ ʤʝʪʦʜʠʢʝ: 

ʚʤʝʩʪʦ ʠʟʙʳʪʢʘ ʠʦʜʘ ʙʨʘʣʩʷ ʠʟʙʳʪʦʢ ʤʝʪʘʣʣʘ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʤʝʪʘʣʣ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʥʝ 

ʪʦʣʴʢʦ ʚ ʚʠʜʝ ʧʦʨʦʰʢʘ, ʥʦ ʠ ʚ ʚʠʜʝ ʩʪʨʫʞʢʠ. ʇʨʦʜʫʢʪ ʤʦʞʝʪ ʙʳʪʴ ʣʝʛʢʦ ʦʯʠʱʝʥ, ʘ ʠʟʙʳʪʦʢ 

ʤʝʪʘʣʣʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʧʦʚʪʦʨʥʦ. ɺ ʩʣʫʯʘʝ ʩʘʤʘʨʠʷ ʨʝʘʢʮʠ ̫ʠʦʜʘ ʩ ʠʟʙʳʪʢʦʤ ʤʝʪʘʣʣʘ 

ʚ ʊɻʌ ʠʜʸʪ ʯʝʨʝʟ ʦʙʨʘʟʦʚʘʥʠʝ SmI3, ʢʦʪʦʨʳʡ ʜʘʣʝʝ ʧʦʣʥʦʩʪʴʶ ʨʝʘʛʠʨʫʝʪ ʩ ʤʝʪʘʣʣʦʤ ʜʘʞʝ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʭ ʢʦʣʠʯʝʩʪʚ (1:1) ʠʦʜʘ ʠ ʩʘʤʘʨʠʷ [150]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ 

ʜʠʠʦʜʠʜ ʩʘʤʘʨʠʷ SmI2Ānthf, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʜʝʩʦʣʴʚʘʪʠʨʦʚʘʥ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 

150 Áʉ ʚ ʚʘʢʫʫʤʝ. ɼʣʷ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ SmI3 ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʱʠʡʩʷ ʜʠʠʦʜʠʜ ʩʘʤʘʨʠʷ ʧʦʢʨʳʚʘʝʪ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʞʢʫ 

ʥʝʨʘʩʪʚʦʨʠʤʳʤ ʩʣʦʝʤ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʜʘʣʴʥʝʡʰʝʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʘʤʘʨʠʷ ʩ 

ʠʦʜʦʤ. ɼʘʣʝʝ ʜʠʠʦʜʠʜ ʩʘʤʘʨʠʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʨʝʘʛʠʨʫʝʪ ʩ ʠʦʜʦʤ ʚ ʨʘʩʪʚʦʨʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ SmI3 ʜʘʞʝ ʚ ʩʣʫʯʘʝ ʠʟʙʳʪʢʘ ʤʝʪʘʣʣʘ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. ɺʩʝ ʩʠʥʪʝʟʳ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦ ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʦʤ ʩʦʩʫʜʝ (ʧʨʠʣʦʞʝʥʠʝ 4ʚ), ʩʦʩʪʦʷʱʝʤ ʠʟ ʜʚʫʭ 

ʩʝʢʮʠʡ, ʩʦʝʜʠʥʸʥʥʳʭ ʧʦʨʠʩʪʳʤ ʬʠʣʴʪʨʦʤ. ʇʦʩʣʝ ʟʘʛʨʫʟʢʠ ʨʝʘʛʝʥʪʦʚ ʠ ʥʘʧʘʨʠʚʘʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʦʩʫʜ ʚʘʢʫʫʤʠʨʦʚʘʣʩʷ ʠ ʟʘʧʘʠʚʘʣʩʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʧʘʜʘʥʠʷ ʚʦʟʜʫʭʘ ʟʘ 

ʚʨʝʤʷ ʩʠʥʪʝʟʘ. ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʧʦ ʠʩʯʝʟʥʦʚʝʥʠʶ ʠʦʜʥʦʡ 

ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ, ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʬʠʣʴʪʨʦʚʘʣʘʩʴ, ʘ ʟʘʪʝʤ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʡ ʠʦʜʠʜ 
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ʣʘʥʪʘʥʦʠʜʘ ʵʢʩʪʨʘʛʠʨʦʚʘʣʩʷ ʚ ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ ʢʦʤʥʘʪʥʦʡ ʜʦ 50 Áʉ ʠ ʚʳʩʫʰʠʚʘʣʩʷ ʚ 

ʚʘʢʫʫʤʝ. 

3.1. ʉʝʨʠʠ ʠʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ (1-Ln) ʠ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ-ʪʠʦʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ (2-Ln, 3-Ln, 4-Ln) 

ʍʘʣʴʢʦʛʝʥʠʜʥʳʝ ʠ ʭʘʣʴʢʦʛʝʥʦʣʘʪʥʳʝ ʣʠʛʘʥʜʳ ʩʦʟʜʘʶʪ ʦʢʨʫʞʝʥʠʝ ʪʷʞʸʣʳʭ ʘʪʦʤʦʚ ʚʦʢʨʫʛ 

ʢʘʪʠʦʥʦʚ ʣʘʥʪʘʥʦʠʜʦʚ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʪʫʰʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Ln3+ ʙʣʘʛʦʜʘʨʷ 

ʦʪʩʫʪʩʪʚʠʶ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʭ CïH, OïH ʢʦʣʝʙʘʥʠʡ ʧʦʙʣʠʟʦʩʪʠ. ʀʭ ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʠʚʦʜʠʣʦ 

ʙʳ ʢ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʠ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʢʚʘʥʪʦʚʦʛʦ 

ʚʳʭʦʜʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ Ln3+. ʕʪʦʪ ʧʨʠʸʤ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʪʫʰʝʥʠʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʣʠʷʜʝʨʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʣʘʩʪʝʨʦʚ Nd, Er ʚ ʙʣʠʞʥʝʡ ʀʂ ʦʙʣʘʩʪʠ [5, 151ï

154]. ɹʦʣʝʝ ʘʢʪʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʩʦʯʝʪʘʝʪ ʚʚʝʜʝʥʠʝ ʭʨʦʤʦʬʦʨʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚʢʫʧʝ ʩ ʩʦʟʜʘʥʠʝʤ 

ʦʢʨʫʞʝʥʠʷ ʪʷʞʸʣʳʭ ʘʪʦʤʦʚ [155ï157]. ʆʜʥʘʢʦ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʝ ʪʠʦʬʝʥʦʣʷʪʥʳʝ (SPhï) ʣʠʛʘʥʜʳ 

ʨʘʥʝʝ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʝʥʥʳ ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ, ʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʪʦʣʴʢʦ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʦʜʭʦʜʷʱʝʛʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ [158], ʧʦʵʪʦʤʫ ʙʳʣʦ ʨʝʰʝʥʦ ʠʩʩʣʝʜʦʚʘʪʴ 

ʠʭ ʘʥʪʝʥʥʳʝ ʩʚʦʡʩʪʚʘ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʩʚʷʟʠ LnïO ʪʘʢʞʝ ʤʦʛʫʪ ʪʫʰʠʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʶ 

ʣʘʥʪʘʥʦʠʜʦʚ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʬʦʥʦʥʦʚ [5], ʠ ʜʣʷ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ 

ʪʠʦʬʝʥʦʣʷʪʥʳʤ ʙʳʣʠ ʚʳʙʨʘʥʳ 2-ʧʠʨʠʜʠʣʪʠʦʣʘʪʥʳʝ (SPyï) ʣʠʛʘʥʜʳ. ʆʥʠ ʩʦʜʝʨʞʘʪ ʛʝʪʝʨʦʘʪʦʤ ʚ 

ʘʨʦʤʘʪʠʯʝʩʢʦʤ ʢʦʣʴʮʝ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʢʦʦʨʜʠʥʘʮʠʶ ʣʠʛʘʥʜʘ ʠ 

ʪʝʤ ʩʘʤʳʤ ʚʳʪʝʩʥʷʪʴ ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʊɻʌ) ʠʟ ʂʉ. 

ɼʣʷ ɓ-ʜʠʢʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʠʩʩʣʝʜʦʚʘʣʘʩʴ. ɺ ʝʜʠʥʩʪʚʝʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʘ ʠʟʫʯʝʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʢʦʤʧʣʝʢʩʘ [{Tb(Nacnaco-

Xyl)Cl(thf)}(Õ-Cl)2{ Li (thf)2}] ʠ ʩʜʝʣʘʥʦ ʟʘʢʣʶʯʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʣʠʛʘʥʜʳ ʪʘʢʞʝ 

ʤʦʛʫʪ ʩʝʥʩʠʙʠʣʠʟʠʨʦʚʘʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ [15]. ʊʘʢʞʝ 

ʥʝʠʟʫʯʝʥʥʳʤ ʦʩʪʘʸʪʩʷ ʩʦʚʤʝʩʪʥʳʡ ʘʥʪʝʥʥʳʡ ʵʬʬʝʢʪ ʪʠʦʣʘʪʦʚ ʠ ʜʠʢʝʪʠʤʠʥʘʪʦʚ ʚ ʦʜʥʦʤ 

ʢʦʤʧʣʝʢʩʝ. 

ʀʟʚʝʩʪʥʳʝ ʪʠʦʬʝʥʦʣʷʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʩ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʤʠ ʣʠʛʘʥʜʘʤʠ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʷʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʠʬʝʥʠʣʜʠʩʫʣʴʬʠʜʘ ʣʠʙʦ ʢʦʤʧʣʝʢʩʦʤ Sm(II ) ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ [{Sm(Nacnac)(SPh)2} 2] [28], ʣʠʙʦ ʛʠʜʨʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʩʦʩʪʘʚʝ ʢʦʤʧʣʝʢʩʘ 

Yb(II) ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ [{Yb(tBuNacnacR)(SPh)} 2] ʠʣʠ [Yb(tBuNacnacR)(SPh)2] (R = 

(en)N(Me)(En)N(Me2)) [27]. ɼʨʫʛʠʝ ʪʠʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩ rʠʪʪʨʠʷ ʠ ʵʨʙʠʷ [{ RE(NacnacDipp,en-

Pyr)} 2(ɛ-S(CH2Tms))2(SNacnacDipp,enPyr)] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʨʝʘʢʮʠʠ ʚʥʝʜʨʝʥʠʷ ʩʝʨʳ ʧʦ ʩʚʷʟʠ REï

C ʚ ʘʣʢʠʣʴʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [13]. ʀʩʭʦʜʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʜʣʷ ʵʪʠʭ ʩʠʥʪʝʟʦʚ ʥʝʫʜʦʙʥʳ ʚ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ: ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʤʧʣʝʢʩʘʤʠ Ln(II) ʦʛʨʘʥʠʯʝʥʦ ʪʦʣʴʢʦ ʪʨʦʡʢʦʡ ʫʩʪʦʡʯʠʚʳʭ ʚ 

ʵʪʦʡ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ Sm, Eu, Yb, ʘʣʢʠʣʴʥʳʝ ʢʦʤʧʣʝʢʩʳ ʟʘʯʘʩʪʫʶ ʪʝʨʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳ, ʘ 
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ʤʝʪʦʜʠʢʘ ʩʠʥʪʝʟʘ ʛʠʜʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚʢʣʶʯʘʝʪ ʥʝʩʢʦʣʴʢʦ ʩʪʘʜʠʡ, ʧʨʠ ʵʪʦʤ ʦʥʠ ʪʘʢʞʝ 

ʪʝʨʤʠʯʝʩʢʠ ʥʝʫʩʪʦʡʯʠʚʳ. ɹʦʣʝʝ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʚʚʝʜʝʥʠʷ ʪʠʦʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʙʳʣʘ ʙʳ ʨʝʘʢʮʠʷ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʛʘʣʦʛʝʥʠʜʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʠ ʩʦʣʴʶ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ AM(SR). 

ɼʘʥʥʘʷ ʯʘʩʪʴ ʨʘʙʦʪʳ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ-

ʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʠ ʠʟʫʯʝʥʠʶ ʠʭ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʣʠʷʥʠʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩʦʝʜʠʥʝʥʠʡ. 

3.1.1. ʆʩʦʙʝʥʥʦʩʪʠ ʩʠʥʪʝʟʘ ʠ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʀʦʜʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ [Ln(Nacnac)I2(thf)n] (n = 2, Ln = Nd, Sm, Gd, Tb, 1-Ln ; 

n = 1, 1ô-Dy, 1ô-Nd) ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʨʝʘʢʮʠʷʤ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʵʢʚʠʤʦʣʷʨʥʳʤʠ 

ʢʦʣʠʯʝʩʪʚʘʤʠ ʠʦʜʠʜʘ ʣʘʥʪʘʥʦʠʜʘ ʠ ʜʠʢʝʪʠʤʠʥʘʪʦʤ ʢʘʣʠʷ ʚ ʊɻʌ. ʈʘʥʝʝ ʥʘ ʧʨʠʤʝʨʝ ʘʥʘʣʦʛʠʯʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʠʪʪʨʠʷ [Y(Nacnac)I2(thf)] ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʦʪʝʢʘʝʪ 

ʜʦʩʪʘʪʦʯʥʦ ʙʳʩʪʨʦ, ʚ ʪʝʯʝʥʠʝ 2 ʯʘʩʦʚ [100], ʠ ʚ ʩʣʫʯʘʝ ʩ ʠʦʜʠʜʘʤʠ ʜʨʫʛʠʭ ʣʘʥʪʘʥʦʠʜʦʚ ʨʝʘʢʮʠʠ 

ʧʨʦʪʝʢʘʣʠ ʪʘʢʠʤ ʞʝ ʦʙʨʘʟʦʤ. ʀʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʊɻʌ, 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʪʦʣʫʦʣʝ ʠ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʜʘʶʪ ʚʷʟʢʠʝ ʤʘʩʣʘ. ɼʦʙʘʚʣʝʥʠʝ ʢ ʤʘʩʣʘʤ ʤʝʥʝʝ 

ʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (ʛʝʢʩʘʥ, ʵʬʠʨ) ʧʨʠʚʦʜʠʪ ʢ ʚʳʧʘʜʝʥʠʶ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʭ ʧʦʨʦʰʢʦʚ, ʥʦ 

ʥʘʩʳʱʝʥʥʳʡ ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʧʦʣʥʦʤ ʦʩʘʞʜʝʥʠʠ ʧʨʦʜʫʢʪʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʯʘʩʪʠʯʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ 1-Ln. ʆʧʠʩʘʥʥʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʯʘʩʪʠ ʧʨʦʮʝʜʫʨʘ 

ʵʢʩʪʨʘʢʮʠʠ (ʧʨʠʣʦʞʝʥʠʝ 4) ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʘʷ ʜʣʷ 

ʚʳʜʝʣʝʥʠʷ ʯʠʩʪʳʭ ʚʝʱʝʩʪʚ ʙʝʟ ʤʠʥʦʨʥʦʡ ʧʨʠʤʝʩʠ ʠʦʜʠʜʘ ʢʘʣʠʷ ʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʨʠʛʦʜʥʳʭ ʜʣʷ 

ʩʪʨʫʢʪʫʨʥʦʡ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. ɼʣʷ ʵʢʩʪʨʘʢʮʠʠ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ 

ʦʢʘʟʘʣʘʩʴ ʩʤʝʩʴ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʊɻʌ ʠ ʛʝʢʩʘʥʘ, ʚ ʦʙʲʸʤʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:2. 

ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʟʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʠʭ ʩʤʝʩʝʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʳ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 1-Nd ʠʟ ʩʤʝʩʠ ʊɻʌ ʠ ʛʝʢʩʘʥʘ (1:2) ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ ʦʙʨʘʟʫʶʪʩʷ 

ʢʨʠʩʪʘʣʣʳ 1-NdĀ1.5thf, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʣʠʯʝʩʪʚʘ ʛʝʢʩʘʥʘ ʚ ʩʤʝʩʠ ʜʦ ʩʦʦʪʥʦʰʝʥʠʷ 1:10 ʙʳʣʠ 

ʚʳʜʝʣʝʥʳ ʢʨʠʩʪʘʣʣʳ ʙʝʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ 

ʪʦʣʫʦʣʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ 1-NdĀ1.5Tol, ʘ ʥʘʛʨʝʚʘʥʠʝ 

ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʪʦʣʫʦʣʝ (~40 Áʉ) ʠ ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ 

ʢʦʤʧʣʝʢʩʦʤ ʦʜʥʦʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʊɻʌ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ 

[Nd(Nacnac)I2(thf)]Ā0.5Tol (1ô-Nd). ʇʦʪʝʨʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʊɻʌ ʚ ʪʘʢʠʭ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʝʛʦ ʣʘʙʠʣʴʥʦʩʪʠ, ʦʜʥʘʢʦ ʧʦʣʥʘʷ ʜʝʩʦʣʴʚʘʪʘʮʠʷ ʧʨʦʪʝʢʘʝʪ ʚ ʙʦʣʝʝ ʞʸʩʪʢʠʭ 

ʫʩʣʦʚʠʷʭ (ʩʤ. ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʨʦʙʥʦʩʪʠ ʚ ʯʘʩʪʠ 2.2.2.2). ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1-Sm ʪʘʢʞʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʨʘʟʥʳʝ ʩʦʢʨʠʩʪʘʣʣʠʟʘʪʳ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʭ: 1-SmĀthf ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 
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ʠʟ ʵʢʩʪʨʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ 

ʢʦʤʧʣʝʢʩ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʩʤʝʩʠ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʝʢʩʘʥʘ (1:10). ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 

ʦʩʪʘʣʴʥʳʭ ʣʘʥʪʘʥʦʠʜʦʚ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʦʣʴʢʦ ʩʤʝʩʴ ʊɻʌ ʠ ʛʝʢʩʘʥʘ (1:2), ʥʦ ʧʦʣʫʯʝʥʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʩ ʨʘʟʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ: 1-GdĀthf, 1ô-DyĀ0.5thf 

ʠ ʙʝʩʩʦʣʴʚʘʪʥʳʡ 1-Tb. ʇʨʠ ʭʨʘʥʝʥʠʠ ʚ ʙʦʢʩʝ ʚʝʱʝʩʪʚʘ ʪʝʨʷʶʪ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ [149], ʯʪʦ ʚʣʠʷʝʪ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʵʣʝʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʩʪʝʭʠʦʤʝʪʨʠʶ ʜʘʣʴʥʝʡʰʠʭ 

ʨʝʘʢʮʠʡ. ɹʦʣʝʝ ʥʘʜʸʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʦʤʧʣʝʢʩʳ 1-Ln  ʙʝʟ ʚʳʜʝʣʝʥʠʷ, ʧʦʣʫʯʘʷ ʠʭ in situ ʚ 

ʨʘʩʪʚʦʨʝ ʚ ʊɻʌ, ʠʣʠ ʧʨʦʤʳʚʘʪʴ ʧʦʣʫʯʝʥʥʳʝ ʪʚʸʨʜʳʝ ʬʘʟʳ ʛʝʢʩʘʥʦʤ ʜʣʷ ʧʦʣʥʦʛʦ ʫʜʘʣʝʥʠʷ 

ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ. ʆʙʨʘʟʦʚʘʥʠʝ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʟʘʪʨʫʜʥʠʪʝʣʴʥʦ (ʩʤ. ʯʘʩʪʠ 

1.2.1 ʠ 1.2.2), ʠ ʥʝʪ ʦʩʥʦʚʘʥʠʡ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʶʪ ʥʝ ʢʦʣʠʯʝʩʪʚʝʥʥʦ. ʆʪʥʦʩʠʪʝʣʴʥʦ 

ʚʳʩʦʢʠʝ ʚʳʭʦʜʳ (ʧʦʨʷʜʢʘ 70%) ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʪʦʣʴʢʦ ʥʝʧʦʣʥʳʤ ʧʝʨʝʥʦʩʦʤ ʚʝʱʝʩʪʚʘ ʚ 

ʧʨʦʮʝʩʩʝ ʚʳʜʝʣʝʥʠʷ. 

 

ʉʭʝʤʘ 3.1. ʆʙʱʘʷ ʩʭʝʤʘ ʩʠʥʪʝʟʘ ʩʝʨʠʡ ʢʦʤʧʣʝʢʩʦʚ 1-Ln , 2-Ln , 3-Ln  ʠ 4-Ln . 

 

ɼʘʣʴʥʝʡʰʝʝ ʟʘʤʝʱʝʥʠʝ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʪʠʦʣʘʪʥʳʝ ʣʠʛʘʥʜʳ 

(SPh, SPy) ʪʘʢʞʝ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠʦʜʠʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʩ ʢʘʣʠʝʚʦʡ ʩʦʣʴʶ, ʥʦ ʜʣʷ 

ʧʦʣʥʦʛʦ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʪʨʝʙʫʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʩʠʥʪʝʟʘ ʠ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦ 60ï70 Áʉ (ʩʭʝʤʘ 3.1). ɼʠʪʠʦʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʥʝʦʜʠʤʘ ʠ ʩʘʤʘʨʠʷ, [Ln(Nacnac)(SPh)2(thf)] (2-

Ln) ʠ [Ln(Nacnac)(SPy)2] (3-Ln ), ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʨʘʩʪʚʦʨʦʚ ʢʦʤʧʣʝʢʩʦʚ 1-Nd, 1-

Sm ʩ ʜʚʫʤʷ ʵʢʚʠʚʘʣʝʥʪʘʤʠ ʪʠʦʬʝʥʦʣʷʪʘ ʠʣʠ 2-ʧʠʨʠʜʠʣʪʠʦʣʘʪʘ ʢʘʣʠʷ ʚ ʪʝʯʝʥʠʝ ʪʨʸʭ ʯʘʩʦʚ. ʇʨʠ 



73 

 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ 1-Nd ʠ KSPy ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʢʨʠʩʪʘʣʣʳ ʚʳʜʝʣʝʥʥʦʛʦ ʧʨʦʜʫʢʪʘ 

ʩʦʜʝʨʞʘʣʠ ʧʨʠʤʝʩʴ ʤʦʥʦʪʠʦʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Nd(Nacnac)(SPy)I(thf)] (3ô-Nd) (ʧʦʨʷʜʢʘ 8% 

ʧʦʟʠʮʠʡ, ʩʤ. ʜʘʣʝʝ). ʇʨʠ ʩʠʥʪʝʟʝ ʢʦʤʧʣʝʢʩʦʚ Gd, Tb, Dy ʠʦʜʠʜʳ ʣʘʥʪʘʥʦʠʜʦʚ, ɓ-ʜʠʢʝʪʠʤʠʥʘʪ 

ʢʘʣʠʷ ʠ ʜʚʘ ʵʢʚʠʚʘʣʝʥʪʘ ʪʠʦʣʘʪʘ ʢʘʣʠʷ ʧʦʤʝʱʘʣʠʩʴ ʚ ʩʦʩʫʜ ʐʣʝʥʢʘ ʦʜʥʦʚʨʝʤʝʥʥʦ, ʠ ʦʙʱʝʝ 

ʚʨʝʤʷ ʨʝʘʢʮʠʠ ʧʨʠ 70 Áʉ ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʜʦ ʜʚʫʭ ʜʥʝʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ 2-Dy 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʨʠʤʝʩʴ ʪʠʦʬʝʥʦʣʷʪ-ʠʦʜʠʜʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ [Dy(Nacnac)(SPh)I(thf)] (2ô-Dy) (ʦʢʦʣʦ 

2% ʧʦʟʠʮʠʡ, ʩʤ. ʜʘʣʝʝ). ɺ ʩʣʫʯʘʝ ʜʠʩʧʨʦʟʠʷ ʥʝʧʦʣʥʦʝ ʟʘʤʝʱʝʥʠʝ ʧʨʠ ʦʧʪʠʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʠʥʪʝʟʘ ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʤʝʥʴʰʠʤ ʨʘʟʤʝʨʦʤ ʢʘʪʠʦʥʘ, ʯʪʦ ʩʦʟʜʘʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʩʪʝʨʠʯʝʩʢʠʝ 

ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʡ. 

ʂʦʤʧʣʝʢʩʳ 2-Ln  ʠ 3-Ln ʤʝʥʝʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʠ ʠʭ ʩʤʝʩʷʭ ʩ 

ʊɻʌ, ʯʝʤ ʠʦʜʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ. ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʊɻʌ : ʛʝʢʩʘʥ ʜʣʷ 

ʵʢʩʪʨʘʢʮʠʠ ð ~2:3. ʂʦʤʧʣʝʢʩʳ 2-Ln  ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʙʝʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʘ 

ʢʦʤʧʣʝʢʩʳ 3-Ln  ʚʢʣʶʯʘʶʪ ʧʦʣʦʚʠʥʫ ʤʦʣʝʢʫʣʳ ʊɻʌ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʢʦʤʧʣʝʢʩʘ. ʂʦʤʧʣʝʢʩ 3-

Nd, ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʡ ʠʟ ʪʦʣʫʦʣʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʜʝʨʞʠʪ ʧʦʣʦʚʠʥʫ ʤʦʣʝʢʫʣʳ ʪʦʣʫʦʣʘ. 

ʇʨʦʮʝʜʫʨʘ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʤʝʪʦʜʦʤ ʢʠʧʷʯʝʥʠʷ ʪʦʣʫʦʣʴʥʦʛʦ ʨʘʩʪʚʦʨʘ ʠʩʭʦʜʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʊɻʌ, ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʤʝʜʣʝʥʥʳʤ ʫʜʘʣʝʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [{ Nd(Nacnac)(SPh)} 2(ɛ-SPh)2] (4-Nd). ɼʣʷ ʵʪʦʛʦ in situ 

ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʤʧʣʝʢʩ 2-Nd ʚ ʊɻʌ, ʟʘʪʝʤ ʧʦʣʫʯʝʥʥʳʡ ʨʘʩʪʚʦʨ 2-Nd ʙʳʣ ʦʪʜʝʣʸʥ ʦʪ ʦʩʘʜʢʘ 

KI ʠ ʫʧʘʨʝʥ ʥʘʩʫʭʦ. ʇʨʠ ʜʚʦʡʥʦʤ ʢʠʧʷʯʝʥʠʠ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 90 Áʉ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ 

ʊɻʌ ʧʦʣʥʦʩʪʴʶ ʫʜʘʣʷʶʪʩʷ, ʠ ʧʨʦʠʩʭʦʜʠʪ ʜʠʤʝʨʠʟʘʮʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʠʦʬʝʥʦʣʷʪʥʳʭ 

ʤʦʩʪʠʢʦʚ. ɺʝʨʦʷʪʥʦ, ʠʟ-ʟʘ ʤʝʥʴʰʝʛʦ ʨʘʜʠʫʩʘ ʢʘʪʠʦʥʘ, ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ 

ʢʦʤʧʣʝʢʩ 4-Tb ʥʝ ʫʜʘʣʦʩʴ, ʠ ʜʣʷ ʥʝʛʦ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠʥʘʷ ʤʝʪʦʜʠʢʘ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪ-ʪʠʦʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ç2-Tbè ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʵʬʠʨ, 

ʤʝʥʝʝ ʧʨʦʯʥʦ ʢʦʦʨʜʠʥʠʨʫʶʱʠʡʩʷ ʚ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ. ʇʨʦʤʝʞʫʪʦʯʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʥʝ 

ʚʳʜʝʣʷʣʦʩʴ, ʠ ʩʨʘʟʫ ʧʦʩʣʝ ʫʧʘʨʠʚʘʥʠʷ ʵʬʠʨʘ ʧʨʦʚʦʜʠʣʘʩʴ ʜʚʫʢʨʘʪʥʘʷ ʜʝʩʦʣʴʚʘʪʘʮʠʷ ʢʠʧʷʯʝʥʠʝʤ 

ʚ ʪʦʣʫʦʣʝ, ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʠʣʘ ʧʦʣʫʯʠʪʴ ʞʝʣʘʝʤʳʡ ʧʨʦʜʫʢʪ. ʆʙʘ ʢʦʤʧʣʝʢʩʘ, 4-Nd ʠ 4-Tb, 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʩ ʜʚʫʤʷ ʤʦʣʝʢʫʣʘʤʠ ʪʦʣʫʦʣʘ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʢʦʤʧʣʝʢʩʘ. 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʧʦʧʳʪʢʝ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 4-Nd ʪʘʢʠʤ ʞʝ ʩʧʦʩʦʙʦʤ, ʢʘʢ ʠ 4-Tb, 

ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʧʨʦʜʫʢʪʦʤ ʦʢʘʟʘʣʩʷ ʢʦʤʧʣʝʢʩ 

[Nd(Nacnac)(Nacnacdep)] (5-Nd). ʂʦʤʧʣʝʢʩʳ ʪʘʢʦʛʦ ʞʝ ʩʦʩʪʘʚʘ, ʩ ʜʚʘʞʜʳ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʥʳʤ 

ʜʝʢʠʪʠʤʠʥʦʤ, ʫʞʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʜʣʷ Y [87], La [88], Tm [58], ʥʦ ʦʥʠ ʦʙʨʘʟʦʚʳʚʘʣʠʩʴ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʟʙʳʪʢʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ (3 ʵʢʚ.) ʩ ʛʘʣʦʛʝʥʠʜʦʤ ʣʘʥʪʘʥʦʠʜʘ (ʩʤ. ʯʘʩʪʴ 1.2.2.1). ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʘʢʮʠʷ ʠʜʸʪ ʧʦʜʦʙʥʳʤ ʦʙʨʘʟʦʤ ʠʟ-ʟʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ: ʪʠʦʬʝʥʦʣʷʪ ʢʘʣʠʷ ʠ ʠʦʜʠʜ ʥʝʦʜʠʤʘ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʵʬʠʨʝ, ʯʝʤ 

ɓ-ʜʠʢʝʪʠʤʠʥʘʪ ʢʘʣʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʦʟʜʘʸʪʩʷ ʣʦʢʘʣʴʥʳʡ ʠʟʙʳʪʦʢ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʠ 
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ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 5-Nd. ɺʝʨʦʷʪʥʦ, ʚ ʩʣʫʯʘʝ ʪʝʨʙʠʷ ʪʘʢʦʛʦ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟ-ʟʘ ʥʝʧʦʣʥʦʡ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʠʦʜʠʜʘ ʪʝʨʙʠʷ ʚ ʧʨʦʮʝʩʩʝ ʝʛʦ ʩʠʥʪʝʟʘ (ʩʦʩʪʘʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʬʦʨʤʫʣʝ TbI3(thf)2.4), ʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʊɻʌ ʧʦʚʳʰʘʶʪ ʝʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. 

ʇʦʩʢʦʣʴʢʫ ʢʦʤʧʣʝʢʩʳ [Ln(Nacnac)(Nacnacdep)] ʫʞʝ ʙʳʣʠ ʠʟʚʝʩʪʥʳ ʨʘʥʝʝ, ʧʨʦʜʫʢʪ 5-Nd ʥʝ 

ʧʨʝʜʩʪʘʚʣʷʣ ʙʦʣʴʰʦʛʦ ʠʥʪʝʨʝʩʘ ʠ ʥʝ ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʯʠʩʪʦʤ ʚʠʜʝ. 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʧʦʟʚʦʣʷʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʧʦʜʪʚʝʨʜʠʪʴ ʩʦʩʪʘʚ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

ɓ-ɼʠʢʝʪʠʤʠʥʘʪ ʠ ʪʠʦʣʘʪʳ ʦʙʣʘʜʘʶʪ ʨʷʜʦʤ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʭ ʢʦʣʝʙʘʥʠʡ ʚ ʀʂ-ʩʧʝʢʪʨʝ, ʧʦ 

ʢʦʪʦʨʳʤ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʡ ʟʘʤʝʱʝʥʠʷ (ʊʘʙʣʠʮʘ 3.1) ʠ ʯʘʩʪʠʯʥʦʤ ʛʠʜʨʦʣʠʟʝ 

(ʢʦʣʝʙʘʥʠʝ ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʳ, ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʥʘ 1620 ʩʤï1) ʩʦʝʜʠʥʝʥʠʡ ʧʨʠ ʩʠʥʪʝʟʝ ʠʣʠ ʚʦ 

ʚʨʝʤʷ ʩʲʸʤʢʠ. ʏʫʚʩʪʚʠʪʝʣʴʥʘʷ ʢ ʠʟʤʝʥʝʥʠʶ ʛʝʦʤʝʪʨʠʠ ʂʉ ʩʦʧʨʷʞʸʥʥʘʷ ʩʠʩʪʝʤʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ 

ʪʘʢʞʝ ʨʝʘʛʠʨʫʝʪ ʥʘ ʟʘʤʝʱʝʥʠʝ ʣʠʛʘʥʜʦʚ; ʪʘʢ, ʜʘʞʝ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʥʘ 

ʪʠʦʣʘʪʥʳʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʙʦʣʴʰʦʝ (ʧʦʨʷʜʢʘ 5-10 ʩʤï1) ʩʤʝʱʝʥʠʝ ʧʦʣʦʩ ʢʦʣʝʙʘʥʠʡ ʜʠʢʝʪʠʤʠʥʘʪʘ 

ʧʨʠ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʡ ʩʦʭʨʘʥʥʦʩʪʠ ʛʝʦʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʠ ʢʦʦʨʜʠʥʘʮʠʠ 

ʜʠʢʝʪʠʤʠʥʘʪʘ. ʇʦ ʀʂ ʩʧʝʢʪʨʘʤ ʤʦʞʥʦ ʦʙʥʘʨʫʞʠʪʴ ʧʨʠʩʫʪʩʪʚʠʝ ʊɻʌ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ ʧʦ 

ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʡ ʧʦʣʦʩʝ ʚ ʨʘʡʦʥʝ 850 ʩʤï1. 

ʊʘʙʣʠʮʘ 3.1. ʍʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʯʘʩʪʦʪʳ ʢʦʣʝʙʘʥʠʡ ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 

ʩʘʤʘʨʠʷ ʠ ʥʝʦʜʠʤʘ ʚ ʩʨʘʚʥʝʥʠʠ ʩ H(Nacnac) ʠ K(Nacnac). 

ɺʝʱʝʩʪʚʦ Nacnac, ɡ(C=C) + ɡ(C=N), ɡ(CïCH3) SPh or SPy thf 

H(Nacnac) 1622, 1550, 1322, 1174, 935 ð ð 

K(Nacnac) 1564, 1416, 1320, 1165, 922 ð ð 

1-Nd 1515, 1387, 1313, 1169, 929 ð 847 

1-Sm 1528, 1398, 1314, 1166, 924 ð 853 

2-Nd 1518, 1393, 1308, 1163, 926 1576, 1086, 1024, 740, 695 855 

2-Sm 1518, 1391, 1308, 1165, 926 1577, 1086, 1024, 739, 694 855 

3-Nd 1519, 1383, 1312, 1171, 933 1587, 1413, 1133, 759, 726 ð 

3-Sm 1518, 1383, 1312, 1172, 934 1588, 1413, 1133, 757, 727 ð 

 

  3.1.2. ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ 

ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʨʘʟʥʦʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʦʝʜʠʥʝʥʠʷ 1-NdĀ1.5Tol, 1-

SmĀthf ʠ 1-GdĀthf ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʦʝ ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ. ɺ ʥʠʭ ʘʪʦʤ ʣʘʥʪʘʥʦʠʜʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʩʢʘʞʸʥʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʛʜʝ ʘʪʦʤʳ ʠʦʜʘ ʟʘʥʠʤʘʶʪ ʪʨʘʥʩ-ʧʦʣʦʞʝʥʠʷ. ʋʛʦʣ I1ï

LnïI2 ʩʦʩʪʘʚʣʷʝʪ 153.7ï155.4Á, ʠ ʘʪʦʤʳ ʠʦʜʘ ʥʘʢʣʦʥʝʥʳ ʚ ʩʪʦʨʦʥʫ, ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʫ (ʜʘʥʥʳʝ ʦ ʜʣʠʥʘʭ ʩʚʷʟʝʡ ʠ ʫʛʣʘʭ ʚ ʤʦʣʝʢʫʣʘʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.2 

ʚ ʢʦʥʮʝ ʨʘʟʜʝʣʘ). ʋʛʦʣ HalïLnïHal ʧʨʠʥʠʤʘʝʪ ʪʠʧʠʯʥʳʝ ʟʥʘʯʝʥʠʷ ʚ ʧʨʝʜʝʣʘʭ 10Á. ʊʘʢʠʝ ʟʥʘʯʝʥʠʷ 



75 

 

ʫʛʣʘ ʭʘʨʘʢʪʝʨʥʳ ʜʣʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʦʙʲʸʤʥʳʤ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʦʤ: ʥʘʧʨʠʤʝʨ, 149.9Á 

ʚ [La(Nacnac)Br2(thf)2] [120], 155.0Á ʚ [Nd(Nacnac)Cl2(thf)2] [73]. ɺ ʢʦʤʧʣʝʢʩʘʭ ʩ ʤʝʥʝʝ ʦʙʲʸʤʥʳʤʠ 

ʜʠʢʝʪʠʤʠʥʘʪʘʤʠ ʩ ʥʝʟʘʤʝʱʸʥʥʳʤʠ ʠʣʠ ʟʘʤʝʱʸʥʥʳʤʠ ʧʦ ʧʘʨʘ-ʧʦʣʦʞʝʥʠʶ ʘʨʠʣʴʥʳʤʠ 

ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʧʨʠ ʘʪʦʤʘʭ ʘʟʦʪʘ ʫʛʦʣ HalïLnïHal ʧʨʠʥʠʤʘʝʪ ʯʫʪʴ ʙʦʣʴʰʠʝ ʟʥʘʯʝʥʠʷ, ʙʣʠʞʝ ʢ 

ʨʘʟʚʸʨʥʫʪʦʤʫ ʫʛʣʫ, ʥʘʧʨʠʤʝʨ, 175.1Á ʚ [Sm(NacnacPh)Cl2(thf)2] [70]. ʂʦʩʚʝʥʥʦ ʦʥ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ 

ʥʘ ʩʪʝʨʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʜʠʢʝʪʠʤʠʥʘʪʘ ʚ ʢʦʤʧʣʝʢʩʝ. 

ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ Gd ʢ Tb ʥʘʙʣʶʜʘʝʪʩʷ ʠʩʢʘʞʝʥʠʝ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ 

(ʨʠʩʫʥʦʢ 3.1). ʇʦ ʚʠʜʠʤʦʤʫ, ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ 

ʩʬʝʨʳ ʚ 1-Tb ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʟʚʦʨʦʪ ʦʜʥʦʛʦ ʠʟ ʬʝʥʠʣʴʥʳʭ ʢʦʣʝʮ ʟʘʤʝʩʪʠʪʝʣʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʣʦʩʢʦʩʪʠ ʜʠʢʝʪʠʤʠʥʘʪʘ: 85.5 ʠ 70.5Á ʧʨʦʪʠʚ 72.0Á ʚ 1-Gd (ʤʦʣʝʢʫʣʘ ʢʦʤʧʣʝʢʩʘ ʚ ʧʦʩʣʝʜʥʝʤ 

ʥʘʭʦʜʠʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ ʥʘ ʧʣʦʩʢʦʩʪʠ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ). ʂʨʦʤʝ ʪʦʛʦ, ʪʝʨʷʝʪʩʷ 

ʟʝʨʢʘʣʴʥʘʷ ʩʠʤʤʝʪʨʠʷ ʠʟ-ʟʘ ʩʤʝʱʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʩʪʦʨʦʥʫ ʨʝʙʨʘ N1O1 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ʠ ʚʳʭʦʜʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʆ2 ʠʟ ʧʣʦʩʢʦʩʪʠ (Tb N1 N2 O1). 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʜʣʷ ʩʘʤʘʨʠʷ ʥʘʙʣʶʜʘʣʘʩʴ ʪʘʢʘʷ ʞʝ ʤʦʣʝʢʫʣʷʨʥʘʷ ʛʝʦʤʝʪʨʠʷ ʧʨʠ 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 1-Sm ʠʟ ʩʤʝʩʠ ʊɻʌ ʠ ʛʝʢʩʘʥʘ ʩ ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʛʝʢʩʘʥʘ, ʥʦ ʜʣʷ ʜʨʫʛʠʭ 

ʣʘʥʪʘʥʦʠʜʦʚ ʪʘʢʘʷ ʛʝʦʤʝʪʨʠʷ ʥʝ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ.  

 

ʈʠʩʫʥʦʢ 3.1. ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʘ) 1-Gd; ʙ) 1-Tb; ʚ) 1ô-Dy. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʠ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʫʜʘʣʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ, ʪʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʥʝ-ʫʛʣʝʨʦʜʥʳʭ 

ʘʪʦʤʦʚ ʠʟʦʙʨʘʞʝʥʳ ʩ 50% ʚʝʨʦʷʪʥʦʩʪʴʶ. ɼʣʷ ʢʦʤʧʣʝʢʩʘ 1ô-Dy ʦʙʦʟʥʘʯʝʥʘ ʥʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ 

ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ ʜʠʢʝʪʠʤʠʥʘʪʘ. 

 

ɺ ʩʦʝʜʠʥʝʥʠʠ 1ô-DyĀ0.5thf ʩ ʝʱʸ ʤʝʥʴʰʠʤ ʢʘʪʠʦʥʦʤ ʩʪʝʨʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ 

ʫʭʦʜʫ ʦʜʥʦʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʳ ʊɻʌ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ ʢʦʤʧʣʝʢʩ ʩʦʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ 

ʩ ʧʦʣʦʚʠʥʦʡ ʤʦʣʝʢʫʣʳ ʊɻʌ ʥʘ ʦʜʥʫ ʤʦʣʝʢʫʣʫ ʢʦʤʧʣʝʢʩʘ. ɺ ʢʦʤʧʣʝʢʩʘʭ [Ln(Nacnac)I2(thf)] ʫʛʦʣ 

I1ïLnïI2 ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʝʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʳʤ, ʧʦʩʢʦʣʴʢʫ ʥʝ ʫʜʘʸʪʩʷ ʧʨʦʚʝʩʪʠ ʣʠʥʝʡʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʤʝʞʜʫ ʝʛʦ ʟʥʘʯʝʥʠʝʤ ʠ ʨʘʟʤʝʨʦʤ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ ʚ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ: 

149.0Á ʚ 1ô-Dy, 132.2ï137.5Á ʚ ʢʦʤʧʣʝʢʩʘʭ ʤʝʥʴʰʠʭ ʧʦ ʨʘʟʤʝʨʫ Y, Ho, Er, [104, 110, 170] ʠ ʚ ʪʦ ʞʝ 

ʚʨʝʤʷ 135.8Á ʚ ʧʦʣʫʯʝʥʥʦʤ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʢʦʤʧʣʝʢʩʝ 1ô-Nd. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠ ʦʜʠʥ ʠʟ 
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ʠʦʜʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʥʝ ʧʨʦʷʚʣʷʝʪ ʪʝʥʜʝʥʮʠʠ ʢ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ, ʚ ʦʪʣʠʯʠʠ ʦʪ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʭ ʭʣʦʨʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʪʘʢʠʤ ʞʝ ʜʠʢʝʪʠʤʠʥʘʪʦʤ. ɺʜʦʙʘʚʦʢ, ʥʠ ʜʣʷ ʦʜʥʦʡ 

ʢʦʤʙʠʥʘʮʠʠ Ln/Cl, Ln/Br ʥʝ ʠʟʚʝʩʪʥʳ ʢʦʤʧʣʝʢʩʳ ʚʠʜʘ [Ln(RNacnacR1)Hal2(thf)]. ʇʦ-ʚʠʜʠʤʦʤʫ, 

ʪʘʢʦʝ ʨʘʟʣʠʯʠʝ ʦʙʫʩʣʦʚʣʝʥʦ ʙʦʣʴʰʠʤ ʨʘʟʤʝʨʦʤ ʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʦʡ ʜʦʥʦʨʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ 

ʠʦʜʠʜ-ʘʥʠʦʥʦʚ, ʠʟ-ʟʘ ʯʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʠʦʜʠʜʥʳʭ ʤʦʩʪʠʢʦʚ ʨʝʞʝ ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʢʦʤʧʣʝʢʩʘʭ 

ʣʘʥʪʘʥʦʠʜʦʚ. 

ɽʱʸ ʦʜʥʦʡ ʚʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʫʢʘʟʳʚʘʶʱʝʡ ʥʘ ʩʪʝʨʠʯʝʩʢʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ, ʷʚʣʷʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ d ʦʪ Ln ʜʦ ʧʣʦʩʢʦʩʪʠ ʜʠʢʝʪʠʤʠʥʘʪʘ (N1 C1 C3 N2) 

(ʩʤ. ʨʠʩʫʥʦʢ 1.1.5 ʚ ʯʘʩʪʠ 1.1.3). ʀʩʭʦʜʷ ʠʟ ʠʟʚʝʩʪʥʳʭ ʩʪʨʫʢʪʫʨ ʢʦʤʧʣʝʢʩʦʚ Ln(III ), ʵʪʦ 

ʨʘʩʩʪʦʷʥʠʝ ʧʦ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ, ʥʦ ʧʨʦʷʚʣʷʶʪʩʷ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. ɼʣʷ ʮʝʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ (ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʨʷʜʘ) ʭʘʨʘʢʪʝʨʥʳ ʙʦʣʴʰʠʝ 

ʟʥʘʯʝʥʠʷ d (ʧʦʨʷʜʢʘ 1 ¡) ʧʨʠ ʥʠʟʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʂʉ, ʘ ʜʣʷ ʠʪʪʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ (ʚʪʦʨʘʷ 

ʧʦʣʦʚʠʥʘ ʨʷʜʘ) ʟʥʘʯʝʥʠʷ d, ʢʘʢ ʧʨʘʚʠʣʦ, ʤʝʥʴʰʝ, ʪʘʢ ʢʘʢ ʨʘʟʤʝʨ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ ʧʦʟʚʦʣʷʝʪ 

ʝʤʫ ʧʨʠʙʣʠʟʠʪʴʩʷ ʢ ʧʣʦʩʢʦʩʪʠ ʜʠʢʝʪʠʤʠʥʘʪʘ ʙʝʟ ʜʝʬʦʨʤʘʮʠʠ ʜʦʚʦʣʴʥʦ ʞʸʩʪʢʦʡ ʩʦʧʨʷʞʸʥʥʦʡ 

ʩʠʩʪʝʤʳ { N1 C1 C2 C3 N2} . ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠ ʫʤʝʥʴʰʝʥʠʠ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʟʥʘʯʝʥʠʝ d ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʨʘʟʤʝʨʘ ʢʘʪʠʦʥʘ, ʧʨʠ ʵʪʦʤ 

ʜʠʢʝʪʠʤʠʥʘʪ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʤʝʩʪʘ ʚ ʂʉ ʚʧʣʦʪʴ ʜʦ ʰʘʧʦʯʥʦʡ ɖ5-ʢʦʦʨʜʠʥʘʮʠʠ. ʉʫʜʠʪʴ ʦ 

ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʂʉ ʧʦ ʨʘʩʩʪʦʷʥʠʶ ʦʪ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ ʜʦ ʧʣʦʩʢʦʩʪʠ 

ʜʠʢʝʪʠʤʠʥʘʪʘ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʪʦʣʴʢʦ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʦʜʠʥʘʢʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʦʭʦʞʝʛʦ ʩʪʨʦʝʥʠʷ. 

ʊʘʢ, ʙʦʣʝʝ ʯʸʪʢʦ ʢʦʨʨʝʣʷʮʠʷ ʧʨʦʩʣʝʞʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʩʝʨʠʠ [Ln(Nacnac)I2(thf)], ʛʜʝ d = 1.04 (1ô-

Nd), 0.98 (1ô-Dy), 0.95 ¡ (Y, Ho, Er [100, 106, 159]; ʨʘʟʥʠʮʘ ʚ 0.005 ¡ ʚ ʧʦʩʣʝʜʥʠʭ ʪʨʸʭ ʠʟʤʝʨʝʥʠʷʭ 

ʧʝʨʝʢʨʳʚʘʝʪʩʷ ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ). ʅʝʣʠʥʝʡʥʦ ʤʝʥʷʝʪʩʷ d ʚ [Ln(Nacnac)I2(thf)2]: 0.72 ¡ 

ʜʣʷ 1-NdĀ1.5Tol ʠ 1-Nd; 0.69 ¡ ʜʣʷ 1-SmĀthf, ʥʦ 0.90 ʠ 1.04 ¡ ʜʣʷ 1-Sm; 0.72 ¡ ʜʣʷ 1-GdĀthf; 1.02, 

0.89 ʠ 0.92 ¡ ʜʣʷ 1-Tb. ʉʨʘʚʥʠʚʘʷ ʩʪʨʫʢʪʫʨʳ ʩ ʦʜʠʥʘʢʦʚʳʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, 

ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ d ʜʣʷ 1-Nd ʠ 1-Sm, ʘ ʪʘʢ ʞʝ 1-SmĀthf  ʠ 1-GdĀthf, ʢ 

ʠʟʤʝʥʝʥʠʶ ʨʘʜʠʫʩʘ ʢʘʪʠʦʥʘ ʧʨʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʭ ʧʨʦʯʠʭ ʧʘʨʘʤʝʪʨʘʭ, ʥʦ ʚ 1-Tb d 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʠʩʢʘʞʝʥʠʶ ʛʝʦʤʝʪʨʠʠ. ʄʦʞʥʦ 

ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʪʘʢʠʝ ʪʦʥʢʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʨʠ ʦʜʠʥʘʢʦʚʦʤ ʪʠʧʝ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʥʝ 

ʧʦʟʚʦʣʷʶʪ ʦʜʥʦʟʥʘʯʥʦ ʦʮʝʥʠʪʴ ʩʪʝʨʠʯʝʩʢʫʶ ʟʘʛʨʫʞʝʥʥʦʩʪʴ ʂʉ. 

ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʡ ʩʝʨʠʡ 2-Ln  ʠ 3-LnĀ0.5thf ʠʟʦʩʪʨʫʢʪʫʨʥʳ ʚʥʫʪʨʠ ʢʘʞʜʦʡ ʩʝʨʠʠ 

(ʨʠʩʫʥʦʢ 3.2). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 2-Gd ʥʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʦʜʥʘʢʦ 

ʢʦʤʧʣʝʢʩ ʙʳʣ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥ, ʘ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʦʜʪʚʝʨʞʜʘʣʩʷ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ʌʦʨʤʘʣʴʥʦʝ ʂʏ ʚ 2-Ln  ʨʘʚʥʦ 5, ʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʢʦʦʨʜʠʥʘʮʠʷ CïC 

ʩʚʷʟʠ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ (ɖ3) ʦʜʥʦʛʦ ʠʟ ʪʠʦʣʘʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʫʚʝʣʠʯʝʥʠʶ ʜʦ 6. ʈʘʩʩʪʦʷʥʠʝ ʦʪ 
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ʮʝʥʪʨʘ ʙʣʠʞʘʡʰʝʡ CïC ʩʚʷʟʠ ʜʦ ʣʘʥʪʘʥʦʠʜʘ ʤʝʥʷʝʪʩʷ ʦʪ 3.11 ʜʦ 3.05 ¡ ʦʪ Nd ʢ Dy, ʯʪʦ ʤʝʥʴʰʝ 

ʩʫʤʤʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʭ ʨʘʜʠʫʩʦʚ (4.72 ¡ ʜʣʷ NdïC [160]). ʕʪʦ ʨʘʩʩʪʦʷʥʠʝ 

ʙʣʠʟʢʦ ʢ ʨʘʩʩʪʦʷʥʠʷʤ ʦʪ ʣʘʥʪʘʥʦʠʜʘ ʜʦ ɖ2-Ph ʛʨʫʧʧ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʘʥʠʦʥʘʤʠ BPh4
ï (ʥʘʧʨʠʤʝʨ, 

[SmCp*2(BPh4)] [161]), ʢʦʪʦʨʳʝ ʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 2.73ï3.11 ¡ ʜʣʷ ʠʟʚʝʩʪʥʳʭ ʢʦʤʙʠʥʘʮʠʡ Lnï

BPh4 ʧʦ ʜʘʥʥʳʤ CCDC [162]. ʂʦʦʨʜʠʥʘʮʠʷ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʦʜʥʦʛʦ ʠʟ ʪʠʦʣʘʪʦʚ ʚʣʝʯʸʪ 

ʫʤʝʥʴʰʝʥʠʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʫʛʣʘ LnïSïC ʜʦ 83.5ï84.6Á ʧʦ ʩʨʘʚʥʝʥʠ ʁ ʩ ʠʟʚʝʩʪʥʳʤʠ 

ʟʥʘʯʝʥʠʷʤʠ ʜʣʷ ʚʩʝʭ ʤʝʪʘʣʣʦʚ ʚ ʧʨʝʜʝʣʘʭ 91.0ï131.1Á ʠ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʚ 109Á ʧʦ ʜʘʥʥʳʤ 

CCDC [162]. ɺ ʠʟʚʝʩʪʥʳʭ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʜʠʘʧʘʟʦʥ ʝʱʸ ʫʞʝ: 98.0ï124.9Á. ʋʛʦʣ LnïSïC 

ʚʪʦʨʦʛʦ ʪʠʦʣʘʪʘ ʧʨʠ ʵʪʦʤ ʦʩʪʘʸʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 94.7ï97.2Á. ʇʨʠ ʪʦʤ, ʯʪʦ ʪʠʦʣʘʪʳ ʟʘʥʠʤʘʶʪ 

ʧʨʠʤʝʨʥʦ ʪʝ ʞʝ ʧʦʟʠʮʠʠ, ʯʪʦ ʠ ʠʦʜʠʜʳ ʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʬʝʥʠʣʴʥʦʝ 

ʢʦʣʴʮʦ ʟʘʥʠʤʘʝʪ ʤʝʩʪʦ ʦʜʥʦʛʦ ʠʟ ʣʘʙʠʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʊɻʌ. 

 

ʈʠʩʫʥʦʢ 3.2. ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʘ) 3-Ln; ʙ) 2-Ln; ʚ) 4-Ln. ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʠ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʝ ʫʜʘʣʝʥʳ ʜʣʷ ʷʩʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ, ʪʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʠʟʦʙʨʘʞʝʥʳ ʩ 50% 

ʚʝʨʦʷʪʥʦʩʪʴʶ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 2-Ln ʠ 4-Ln  ʦʙʦʟʥʘʯʝʥʘ ʥʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ ʚ ʫʛʣʝʨʦʜʥʦʡ ʮʝʧʠ 

ʜʠʢʝʪʠʤʠʥʘʪʘ. 

 

ʉʪʨʫʢʪʫʨʘ 2-Dy ʣʫʯʰʝ ʚʩʝʛʦ ʨʝʰʘʝʪʩʷ ʢʘʢ ʩʦʢʨʠʩʪʘʣʣʠʟʘʪ [Dy(Nacnac)(SPh)2(thf)] ʠ 

[Dy(Nacnac)(SPh)I(thf)] (2ô-Dy, ʨʠʩʫʥʦʢ 3.3 ʘ), ʟʘʥʠʤʘʶʱʠʭ ʦʜʥʠ ʠ ʪʝ ʞʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ 

ʧʦʟʠʮʠʠ ʩ ʟʘʩʝʣʸʥʥʦʩʪʴʶ 97.4 ʠ 2.6% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʤʠʥʦʨʥʦʤ ʢʦʤʧʦʥʝʥʪʝ ʘʪʦʤ ʠʦʜʘ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʚ ʧʦʟʠʮʠʠ ʩʝʨʝʜʠʥʳ CïS ʩʚʷʟʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʥʝ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʪʠʦʣʘʪʘ, 

ʧʦʣʦʞʝʥʠʝ ʦʩʪʘʣʴʥʳʭ ʣʠʛʘʥʜʦʚ ʥʝ ʤʝʥʷʝʪʩʷ. 

ʉʦʝʜʠʥʝʥʠʷ 3-NdĀ0.5thf ʠ 3-DyĀ0.5thf ʠʟʦʩʪʨʫʢʪʫʨʥʳ, ʘ 3-SmĀ0.5Tol ʠʤʝʝʪ ʜʨʫʛʠʝ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʟ-ʟʘ ʜʨʫʛʦʛʦ ʩʦʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʦʤʧʣʝʢʩʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ 3-GdĀ0.5thf ʠ 3-TbĀ0.5thf ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʧʘʨʘʤʝʪʨʘʤ ʕʗ ʠ ʧʦʜʦʙʥʳ ʧʝʨʚʳʤ 

ʜʚʫʤ. ʌʘʟʦʚʘ ̫ ʯʠʩʪʦʪʘ ʩʦʝʜʠʥʝʥʠʡ ʧʦʜʪʚʝʨʞʜʘʣʘʩʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ 

ʤʦʣʝʢʫʣʘʭ ʢʦʤʧʣʝʢʩʦʚ ʦʙʘ 2-ʧʠʨʠʜʠʣʪʠʦʣʘʪʥʳʭ ʣʠʛʘʥʜʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʭʝʣʘʪʥʦ, ʘʪʦʤʘʤʠ 

ʩʝʨʳ ʠ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʘ, ʧʦʣʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʷ ʢʦʦʨʜʠʥʘʮʠʶ ʊɻʌ (ʂʏ = 6). ʀʟ-ʟʘ ʞʸʩʪʢʦʡ 
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ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʫʛʣʳ LnïSïC ʩʪʘʥʦʚʷʪʩʷ ʝʱʸ ʤʝʥʴʰʝ ʠ ʩʦʩʪʘʚʣʷʶʪ 80.7ï82.4Á. 

ʇʣʦʩʢʦʩʪʴ ʦʜʥʦʛʦ ʪʠʦʣʘʪʘ ʙʣʠʟʢʘ ʢ ʧʣʦʩʢʦʩʪʠ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʧʣʦʩʢʦʩʪʴ ʜʨʫʛʦʛʦ ʪʠʦʣʘʪʘ 

ʨʘʟʚʸʨʥʫʪʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ. 

 

ʈʠʩʫʥʦʢ 3.3. ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʢʦʤʧʣʝʢʩʦʚ ʘ) 2-Dy; ʙ) 3-Nd ʩ ʤʠʥʦʨʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

(ʪʠʦʣʘʪʳ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠʟʦʙʨʘʞʝʥʳ ʧʦʣʫʧʨʦʟʨʘʯʥʦ). ɸʪʦʤʳ ʚʦʜʦʨʦʜʘ ʫʜʘʣʝʥʳ ʜʣʷ 

ʷʩʥʦʩʪʠ ʚʦʩʧʨʠʷʪʠʷ, ʪʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʠʟʦʙʨʘʞʝʥʳ ʩ 50% ʚʝʨʦʷʪʥʦʩʪʴʶ. 

 

ɺ ʩʪʨʫʢʪʫʨʝ 3-NdĀ0.5thf ʩʦʜʝʨʞʠʪʩʷ ʤʠʥʦʨʥʳʡ ʢʦʤʧʦʥʝʥʪ [Nd(Nacnac)(SPy)I(thf)] (3ô-Nd, 

8% ʧʦʟʠʮʠʡ), ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʪʝʭ ʞʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ, ʯʪʦ ʠ ʦʩʥʦʚʥʦʡ ʢʦʤʧʣʝʢʩ 

[Nd(Nacnac)(SPy)(thf)] (3-Nd, ʨʠʩʫʥʦʢ 3.3 ʙ). ɸʪʦʤ Nd, ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ ʠ ʪʠʦʣʘʪʥʳʡ ʣʠʛʘʥʜʳ 

ʟʘʥʠʤʘʶʪ ʦʜʠʥʘʢʦʚʳʝ ʧʦʣʦʞʝʥʠʷ ʚ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʘʭ, ʘʪʦʤ I ʥʝʩʢʦʣʴʢʦ ʩʤʝʱʝʥ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʘʪʦʤʘ S, ʘ ʮʠʢʣ ʊɻʌ ʧʨʘʢʪʠʯʝʩʢʠ ʩʦʚʧʘʜʘʝʪ ʩ ʮʠʢʣʦʤ Py ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʕʪʦʪ ʧʨʦʜʫʢʪ 

ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ~18 

ʯʘʩʦʚ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʦʜʫʢʪʦʤ 2-Dy, ʩʠʥʪʝʟ ʢʦʪʦʨʦʛʦ ʚʸʣʩʷ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ 

ʪʝʯʝʥʠʝ 2 ʩʫʪʦʢ, ʟʘʤʝʱʝʥʠʝ ʠʦʜʠʜʦʚ ʥʘ ʧʠʨʠʜʠʣʪʠʦʣʘʪʳ ʚ ʢʦʤʧʣʝʢʩʝ ʥʝʦʜʠʤʘ ʠʜʸʪ ʣʝʛʯʝ, ʯʪʦ 

ʤʦʞʥʦ ʩʚʷʟʘʪʴ ʩ ʙʦʣʴʰʝʡ ʦʪʢʨʳʪʦʩʪʴʶ ʂʉ (ʧʨʠ ʣʘʙʠʣʴʥʳʭ ʣʠʛʘʥʜʘʭ ʊɻʌ) ʠʟ-ʟʘ ʙʦʣʝʝ ʢʨʫʧʥʦʛʦ 

ʢʘʪʠʦʥʘ. 

ʇʦʩʢʦʣʴʢʫ ʚ ʢʦʤʧʣʝʢʩʘʭ 2-Ln  ʦʜʥʦ ʠʟ ʧʦʣʦʞʝʥʠʡ, ʟʘʥʠʤʘʝʤʳʭ ʚ ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʘʭ 1-

Ln  ʤʦʣʝʢʫʣʘʤʠ ʊɻʌ, ʙʣʦʢʠʨʫʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʪʠʦʣʘʪʘ, 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʜʝʩʦʣʴʚʘʪʘʮʠʷ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʘʥʘʣʦʛʠʯʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʚʪʦʨʦʛʦ ʪʠʦʣʘʪʘ. 

ʅʘ ʧʨʘʢʪʠʢʝ ʚʤʝʩʪʦ ɖ3-ʢʦʦʨʜʠʥʘʮʠʠ ʦʙʦʠʭ ʪʠʦʣʘʪʦʚ ʧʨʦʠʩʭʦʜʠʪ ʜʠʤʝʨʠʟʘʮʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ 

ʪʠʦʬʝʥʦʣʷʪʥʳʭ ʤʦʩʪʠʢʦʚ ʢʘʢ ʚ ʩʣʫʯʘʝ Nd, ʪʘʢ ʠ ʚ ʩʣʫʯʘʝ Tb. ʇʨʠ ʤʦʩʪʠʢʦʚʦʡ ʢʦʦʨʜʠʥʘʮʠʠ 

ʪʠʦʣʘʪʦʚ ʥʝ ʦʩʪʘʸʪʩʷ ʤʝʩʪʘ ʜʣʷ ɖ3-ʢʦʦʨʜʠʥʘʮʠʠ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʪʠʦʣʘʪʘ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ ʯʪʦ 

ʬʦʨʤʘʣʴʥʦʝ ʂʏ ʨʘʚʥʦ 5. ʄʦʣʝʢʫʣʳ ʢʦʤʧʣʝʢʩʦʚ ʚ ʩʪʨʫʢʪʫʨʘʭ 4-NdĀ2Tol ʠ 4-TbĀ2Tol ʟʘʥʠʤʘʶʪ 
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ʯʘʩʪʥʳʝ ʧʦʟʠʮʠʠ ʠ ʥʘʭʦʜʷʪʩʷ ʥʘ ʮʝʥʪʨʝ ʠʥʚʝʨʩʠʠ, ʧʦʵʪʦʤʫ ʚʩʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʚʦʢʨʫʛ ʢʘʞʜʦʛʦ 

ʢʘʪʠʦʥʘ ʵʢʚʠʚʘʣʝʥʪʥʳ (ʪʘʙʣʠʮʘ 3.2). ʎʝʥʪʨʘʣʴʥʳʡ ʬʨʘʛʤʝʥʪ Ln2S2 ʦʙʨʘʟʫʝʪ ʧʣʦʩʢʠʡ ʨʦʤʙ, ʩʚʷʟʠ 

LnïÕ-S ʥʝʤʥʦʛʦ (ʦʢʦʣʦ 0.15 ¡) ʜʣʠʥʥʝʝ ʩʚʷʟʝʡ ʩ ʪʝʨʤʠʥʘʣʴʥʳʤʠ ʪʠʦʣʘʪʘʤʠ, ʘ ʩʚʷʟʠ CïÕ-S 

ʧʨʘʢʪʠʯʝʩʢʠ 

ʊʘʙʣʠʮʘ 3.2. ʅʝʢʦʪʦʨʳʝ ʜʣʠʥʳ ʩʚʷʟʝʡ ʠ ʫʛʣʳ ʚ ʩʪʨʫʢʪʫʨʘʭ 1ï4-Ln . 

ʂʉ 

ʈʘʩʩʪʦʷʥʠʝ (¡) ʋʛʦʣ (Á) 

LnïN1, 

LnïN2 

LnïI1, LnïI2 

ʠʣʠ 

LnïS1, LnïS2 

LnïC4, 

LnïC5 ʠʣʠ 

LnïN3, LnïN4 

LnïNacnac I1ïLnïI2 

ʠʣʠ S1ï

LnïS2 

LnïS1ïC, 

LnïS2ïC (Ph 

ʠʣʠ Py) 

1-NdĿ1.5Tol 2.42, 2.43 3.13, 3.04 ð 0.72 155.4 ð 

1-Nd 2.42, 2.44 3.09, 3.07 ð 0.72 154.3 ð 

1-Nd'Ŀ0.5Tol 2.33, 2.37 3.04, 3.03 ð 1.04 137.5 ð 

1-SmĿthf 2.40ʘ 3.08, 3.01 ð 0.69 153.7 ð 

1-Smʙ 
2.40, 2.39; 

2.41, 2.35 

3.03, 3.07; 

3.07, 3.06 
ð 

0.90; 1.04 165.5; 

161.6 
ð 

1-GdĿthf 2.38ʘ 3.06, 2.98 ð 0.72 154.6 ð 

1-Tbʚ 2.32, 2.39 3.02, 3.02 ð 1.02 164.5 ð 

1ô-DyĿ0.5thf 2.25, 2.29 2.97, 2.97 ð 0.98 149.0 ð 

2-Nd 2.50, 2.38 2.74, 2.72 3.08, 3.11 0.66 127.0 83.5, 94.7 

2-Sm 2.47, 2.37 2.71, 2.70 3.07, 3.10 0.66 127.783(3) 83.8, 95.8 

2-Tb 2.33, 2.42 2.66, 2.67 3.06, 3.08 0.65 128.4 84.4, 96.7  

2-Dyʛ 2.40, 2.31 2.66, 2.65 3.05, 3.08 0.64 128.8 84.6, 97.2 

2ô-Dyʜ 2.40, 2.31 2.66, 2.98ʝ 3.05, ð 0.64 149.8ʞ 84.7, ð 

3-NdĿ0.5thfʛ 2.39, 2.38 2.83, 2.84 2.54, 2.52 1.00 139.2 81.8, 81.7 

3ô-Ndʜ 2.39, 2.38 2.83, 3.16ʝ 2.54, ð 1.00 142.7ʞ 81.8, ð 

3-SmĿ0.5Tol 2.36, 2.35 2.80, 2.81 2.53, 2.50 1.11 136.2 82.4, 81.8 

3-DyĿ0.34thf 2.30, 2.32 2.74, 2.77 2.44, 2.47 0.94 139.1 80.7, 81.3 

4-NdĿ2Tolʟ 2.35, 2.36 
2.74ʤ, 2.91, 

2.87 
ð 

1.54 81.4 ʠ, 

63.5 

124.6ʣ, 

117.6ʣ, 106.8ʤ 

4-TbĿ2Tolʟ 2.28, 2.29 
2.68ʤ, 2.83, 

2.79 
ð 

1.41 81.0 ʠ, 

63.8 

124.8ʣ, 

118.7ʣ, 108.4ʤ 

ʘ ʄʦʣʝʢʫʣʘ ʣʝʞʠʪ ʥʘ ʧʣʦʩʢʦʩʪʠ ʟʝʨʢʘʣʴʥʦʛʦ ʦʪʨʘʞʝʥʠʷ; ʙ ɼʚʝ ʥʝʟʘʚʠʩʠʤʳʝ ʤʦʣʝʢʫʣʳ 

[174]; ʚ ʅʝʨʘʟʫʧʦʨʷʜʦʯʝʥʥʘʷ ʤʦʣʝʢʫʣʘ; ʛ ʆʩʥʦʚʥʦʡ ʢʦʤʧʦʥʝʥʪ; ʜ ʄʠʥʦʨʥʳʡ ʢʦʤʧʦʥʝʥʪ, 

ʩʦʜʝʨʞʘʱʠʡ ʥʝʟʘʤʝʱʸʥʥʳʡ ʪʝʨʤʠʥʘʣʴʥʳʡ ʠʦʜʠʜ; ʝ ʉʚʷʟʴ LnïI; ʞ ʋʛʦʣ SïLnïI; ʟ ɼʣʷ 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ɛ-SPh ʬʨʘʛʤʝʥʪʦʚ ʜʘʥʳ ʫʩʨʝʜʥʸʥʥʳʝ ʟʥʘʯʝʥʠʷ; ʠ ʋʛʦʣ S1ïTbïS2; ʢ ʋʛʦʣ S2ï

TbïS2ô; ʣ ʄʦʩʪʠʢʦʚʳʡ ʪʠʦʣʘʪ; ʤ
 ʊʝʨʤʠʥʘʣʴʥʳʡ ʪʠʦʣʘʪ 
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ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʦʪʨʝʟʢʫ LnĀĀĀLn (86.7ï87.2Á). ɺ 4-Ln  ʬʝʥʠʣʴʥʦʝ ʢʦʣʴʮʦ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʪʠʦʣʘʪʘ 

ʩʙʣʠʞʘʝʪʩʷ ʩ ʧʣʦʩʢʦʩʪʴʶ ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʳ ʜʠʢʝʪʠʤʠʥʘʪʘ ʜʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 3.4 ¡, ʯʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʝ ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʥʠʤʠ. ɺ ʙʣʠʟʢʠʭ ʢʦʤʧʣʝʢʩʘʭ 2-Ln ʪʘʢʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ. ɺʝʨʦʷʪʥʦ, ʚ 4-Ln  ʦʥʠ ʚʦʟʥʠʢʘʶʪ ʠʟ-ʟʘ ʩʪʝʨʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʦʪʪʘʣʢʠʚʘʥʠʷ) ʪʨʸʭ ʪʠʦʣʘʪʦʚ, ʠ ʥʘʨʷʜʫ ʩ ʚʳʪʘʣʢʠʚʘʥʠʝʤ 

ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʪʠʦʣʘʪʘ ʚ ʩʪʦʨʦʥʫ ʧʣʦʩʢʦʩʪʠ ʜʠʢʝʪʠʤʠʥʘʪʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʨʘʩʩʪʦʷʥʠʝ ʦʪ 

ʧʣʦʩʢʦʩʪʠ (N1 C1 C3 N2) ʜʦ ʘʪʦʤʘ ʣʘʥʪʘʥʦʠʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʤʧʣʝʢʩʘʤʠ 2-Ln  (1.54 ¡ ʜʣʷ Nd, 

1.41 ¡ ʜʣʷ Tb). ʉʫʜʷ ʧʦ ʵʪʠʤ ʨʘʩʩʪʦʷʥʠʷʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʥʝ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʜʦʩʪʘʪʦʯʥʫʶ ʟʘʢʨʳʪʦʩʪʴ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ, ʠ ʢʦʦʨʜʠʥʘʮʠʷ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʙʣʠʟʢʘ ʢ ɖ5 ʜʣʷ 

ʦʙʝʩʧʝʯʝʥʠʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʣʘʥʪʘʥʦʠʜʘ. ʆʜʥʘʢʦ, ʥʝʣʴʟʷ ʩʢʘʟʘʪʴ ʦʜʥʦʟʥʘʯʥʦ, ʯʪʦ 

ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʥʘʙʣʶʜʘʝʤʦʡ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ: ˊ-ˊ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ 

ʪʠʦʣʘʪʦʤ ʠ ʜʠʢʝʪʠʤʠʥʘʪʦʤ ʠʣʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʥʘʩʳʱʝʥʠʝ ʟʘ ʩʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʜʠʢʝʪʠʤʠʥʘʪʘ. ɺʝʨʦʷʪʥʦ, ʦʙʘ ʵʪʠʭ ʬʘʢʪʦʨʘ ʧʨʠʚʦʜʷʪ ʢ ʩʪʘʙʠʣʠʟʘʮʠʠ ʥʘʙʣʶʜʘʝʤʦʡ 

ʩʪʨʫʢʪʫʨʳ. 

3.1.3. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ 1ï4-Ln 

ɼʣʷ ʠʦʜʠʜʥʳʭ ʠ ʪʠʦʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Sm, Gd, Tb, Dy ʙʳʣʠ ʟʘʧʠʩʘʥʳ ʵʣʝʢʪʨʦʥʥʳʝ 

ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʜʣʷ ʨʘʩʪʚʦʨʦʚ ʯʠʩʪʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʊɻʌ, ʘ ʜʣʷ 4-Tb ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ 

ʠ ʪʦʣʫʦʣʝ (ʨʠʩʫʥʦʢ 3.4). ɺ ʩʧʝʢʪʨʘʭ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʣʠʛʘʥʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ; ʜʣʷ ʚʩʝʭ ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʣʷʶʪʩʷ ʜʚʝ ʧʦʣʦʩʳ ʥʘ 325 ʠ 235 ʥʤ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʧʦʛʣʦʱʝʥʠʶ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ (ˊŸˊ* ʠ nŸˊ* ʧʝʨʝʭʦʜʳ). ɺ ʩʧʝʢʪʨʘʭ ʪʠʦʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʪʠʦʣʘʪʥʳʭ ʣʠʛʘʥʜʦʚ (nŸˊ* ʧʝʨʝʭʦʜʳ), 

ʩʤʝʱʸʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʢʘʣʠʝʚʳʭ ʩʦʣʝʡ KSPh, KSPy ʚ ʙʦʣʝʝ 

ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ ʦʙʣʘʩʪʴ (275 ʠ 280 ʥʤ ʚʤʝʩʪʦ 300 ʠ 298 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʭ ʢʦʦʨʜʠʥʘʮʠʝʡ ʢ ʣʘʥʪʘʥʦʠʜʫ. 

ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 4-Tb ʙʳʣ ʟʘʧʠʩʘʥ ʚ CH2Cl2 ʠ ʪʦʣʫʦʣʝ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʠ ʊɻʌ (ʨʠʩʫʥʦʢ 3.4 ʛ). ʉʧʝʢʪʨ ʚ ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʩʦʚʧʘʜʘʝʪ ʩʦ ʩʧʝʢʪʨʦʤ 2-Tb, 

ʟʘʧʠʩʘʥʥʦʤ ʚ ʊɻʌ, ʥʦ ʚ ʪʦʣʫʦʣʝ ʧʨʦʷʚʣʷʝʪʩʷ ʠʥʪʝʥʩʠʚʥʘʷ ʧʦʣʦʩʘ ʥʘ 370 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ, 

ʚʝʨʦʷʪʥʦ, ˊŸˊ* ʧʝʨʝʭʦʜʫ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʢʘʢ ʙʣʠʟʢʠʤ ʢʦʥʪʘʢʪʦʤ ˊ-ʩʠʩʪʝʤʳ 

ʜʠʢʝʪʠʤʠʥʘʪʘ ʩ ʬʝʥʠʣʴʥʳʤ ʢʦʣʴʮʦʤ ʪʝʨʤʠʥʘʣʴʥʦʛʦ ʪʠʦʣʘʪʘ, ʧʨʦʷʚʣʷʶʱʠʤʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʝ, ʪʘʢ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʩ ˊ-ʩʠʩʪʝʤʦʡ ʪʦʣʫʦʣʘ. ʆʪʩʫʪʩʪʚʠʝ ʵʪʦʡ ʧʦʣʦʩʳ ʚ ʩʧʝʢʪʨʝ ʚ 

ʭʣʦʨʠʩʪʦʤ ʤʝʪʠʣʝʥʝ ʤʦʞʝʪ ʦʟʥʘʯʘʪʴ ʦʪʩʫʪʩʪʚʠʝ ˊ-ʩʪʵʢʠʥʛʘ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ ʚ ʢʦʤʧʣʝʢʩʝ ʠʟ-ʟʘ 

ʣʫʯʰʝʡ ʩʦʣʴʚʘʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʵʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʩʢʦʣʴʢʫ ʜʝʛʨʘʜʘʮʠʷ ʩʦʝʜʠʥʝʥʠʷ ʚ 

ʨʘʩʪʚʦʨʝ ʧʨʠʚʝʣʘ ʙʳ ʢ ʩʤʝʱʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʚ ʙʦʣʝʝ ʢʦʨʦʪʢʦʚʦʣʥʦʚʫʶ 

ʦʙʣʘʩʪʴ, ʤʳ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʤ, ʯʪʦ ʭʣʦʨʠʩʪʳʡ ʤʝʪʠʣʝʥ ʧʨʠʚʸʣ ʢ ʧʨʦʪʦʥʠʨʦʚʘʥʠʶ ʣʠʛʘʥʜʦʚ. 
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ʆʜʥʘʢʦ, ʟʘ ʩʯʸʪ ʩʦʣʴʚʘʪʘʮʠʠ 4-Tb, ʚ ʨʘʩʪʚʦʨʝ ʚʦʟʤʦʞʥʘ ʤʦʥʦʤʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ, ʧʨʠʚʦʜʷʱʘʷ 

ʢ ʠʟʤʝʥʝʥʠʶ ʚʠʜʘ ʩʧʝʢʪʨʘ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʧʦʜʦʙʥʳʡ ʚʠʜʫ ʩʧʝʢʪʨʘ ʜʣʷ 2-Tb. 

 

ʈʠʩʫʥʦʢ 3.4. ʉʧʝʢʪʨʳ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʘ) ʜʣʷ K(Nacnac) ʠ ʢʦʤʧʣʝʢʩʦʚ 1-Ln  (ʊɻʌ); ʙ) 

ʜʣʷ KSPh, ʢʦʤʧʣʝʢʩʦʚ 2-Ln  (ʊɻʌ) ʠ 4-Tb (CH2Cl2); ʚ) ʜʣʷ KSPy ʠ 3-Ln  (ʊɻʌ); ʛ) ʩʨʘʚʥʝʥʠʝ 

ʩʧʝʢʪʨʦʚ ʜʣʷ 2-Tb (ʊɻʌ), 4-Tb (CH2Cl2) ʠ 4-Tb (ʪʦʣʫʦʣ). ɼʣʷ ʩʦʣʝʡ KSPh ʠ KSPy ʩʧʝʢʪʨʳ 

ʧʨʠʚʝʜʝʥʳ ʜʣʷ ʥʘʛʣʷʜʥʦʩʪʠ ʙʝʟ ʪʦʯʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʢʩʪʠʥʢʮʠʠ ʚ ʩʚʷʟʠ ʩ ʠʭ 

ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ. 

 

ɼʣʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ ʩʧʝʢʪʨʳ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʙʳʣʠ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʧʨʠ 77 ʂ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʨʠʧʣʝʪʥʳʭ ʫʨʦʚʥʝʡ ʣʠʛʘʥʜʦʚ (ʨʠʩʫʥʦʢ 3.5). ʉʧʝʢʪʨ 

1-Gd ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʫʧʝʨʧʦʟʠʮʠʶ ʥʝʨʘʟʜʝʣʸʥʥʳʭ ʧʦʣʦʩ, ʤʘʢʩʠʤʫʤʳ ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʙʳʪʴ 

ʦʧʨʝʜʝʣʝʥʳ ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʩʧʝʢʪʨʘ ɻʘʫʩʩʦʚʳʤʠ ʢʨʠʚʳʤʠ ʢʘʢ 450, 477 ʠ 513 ʥʤ 

(ʘʧʧʨʦʢʩʠʤʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʰʢʘʣʝ). ɹʦʣʝʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʧʦʣʦʩʘ, 

450 ʥʤ (2.22Ā104 ʩʤï1), ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʦʣʛʦʞʠʚʫʱʝʤʫ 0-ʬʦʥʥʦʥʥʦʤʫ ʧʝʨʝʭʦʜʫ E0-0 T1ŸS0 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʣʠʛʘʥʜʘ. ɺ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ 2-Gd ʠ 3-Gd 

ʙʦʣʝʝ ʚʳʨʘʞʝʥʘ ʢʦʣʝʙʘʪʝʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ (ʨʠʩʫʥʦʢ 3.5 ʙ ʠ ʚ), ʩʧʝʢʪʨʳ ʪʘʢʞʝ ʙʳʣʠ ʨʘʟʣʦʞʝʥʳ ʥʘ 
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ɻʘʫʩʩʠʘʥʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ ʥʘ 462, 471, 488 ʠ 515 ʥʤ ʜʣʷ 2-Gd ʠ 463, 472, 491 ʠ 519 ʥʤ ʜʣʷ 3-Gd. 

ʄʘʢʩʠʤʫʤʳ ʧʝʨʚʦʡ ʧʦʣʦʩʳ ʜʣʷ ʥʠʭ ʩʦʚʧʘʜʘʶʪ ʩ ʧʝʨʚʳʤʠ ʤʘʢʩʠʤʫʤʘʤʠ ʚ ʨʘʟʣʦʞʝʥʠʠ ʥʘ 

ɻʘʫʩʩʠʘʥʳ. ʅʘʠʙʦʣʝʝ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʝʨʝʭʦʜʳ ʜʣʷ ʦʙʦʠʭ ʢʦʤʧʣʝʢʩʦʚ ʠʤʝʶʪ ʵʥʝʨʛʠʶ 

2.16Ā104 ʩʤï1 ʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʠʞʝ ʧʦ ʵʥʝʨʛʠʠ, ʯʝʤ ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʚ ʩʚʷʟʠ 

ʩ ʯʝʤ ʠʟ-ʟʘ ʥʝʙʦʣʴʰʦʡ ʨʘʟʥʠʮʳ ʚ ʪʨʠʧʣʝʪʥʳʭ ʫʨʦʚʥʷʭ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʩ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʦʯʝʚʠʜʥʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʫʨʦʚʝʥʴ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʪʠʦʣʘʪʥʦʛʦ ʣʠʛʘʥʜʘ, ʦʪʢʫʜʘ ʠ ʠʜʸʪ ʠʟʣʫʯʝʥʠʝ. 

 

ʈʠʩʫʥʦʢ 3.5. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ɻʘʫʩʩʦʚʳʤʠ ʢʨʠʚʳʤʠ ʩʧʝʢʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʢʦʤʧʣʝʢʩʦʚ ʛʘʜʦʣʠʥʠʷ, ʠʟʤʝʨʝʥʥʳʭ ʧʨʠ 77 ʂ: ʘ) 1-Gd; ʙ) 2-Gd; ʚ) 3-Gd. 

 

ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʙʳʣʠ 

ʦʧʨʝʜʝʣʝʥʳ ʵʥʝʨʛʠʠ ʨʝʟʦʥʘʥʩʥʳʭ ʫʨʦʚʥʝʡ ʜʣʷ ʚʩʝʭ ʣʘʥʪʘʥʦʠʜʦʚ. ɼʣʷ ʢʘʪʠʦʥʦʚ Sm3+, Tb3+, Dy3+ 

ʦʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 1.78Ā104, 2.04Ā104 ʠ 2.10Ā104 ʩʤï1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʧʪʠʤʘʣʴʥʳʡ ʟʘʟʦʨ ʤʝʞʜʫ 

ʪʨʠʧʣʝʪʥʳʤ ʫʨʦʚʥʝʤ ʣʠʛʘʥʜʘ ʠ ʚʦʟʙʫʞʜʸʥʥʳʤ ʫʨʦʚʥʝʤ ʣʘʥʪʘʥʦʠʜʘ ʜʦʣʞʝʥ ʩʦʩʪʘʚʣʷʪʴ 2500ï

4000 ʩʤï1 ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʣʠʛʘʥʜ ʩʣʫʞʠʣ ʘʥʪʝʥʥʦʡ ʜʣʷ ʚʦʟʙʫʞʜʝʥʠʷ ʩʦʙʩʪʚʝʥʥʦʡ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʘʥʪʘʥʦʠʜʦʚ. ʉʫʜʷ ʧʦ ʦʧʨʝʜʝʣʸʥʥʳʤ ʵʥʝʨʛʠʷʤ ʪʨʠʧʣʝʪʥʳʭ ʫʨʦʚʥʝʡ 

ʜʠʢʝʪʠʤʠʥʘʪʘ ʠ ʪʠʦʣʘʪʦʚ, ʚʩʝ ʦʥʠ ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʘʥʪʝʥʥʘʤʠ ʜʣʷ ʫʢʘʟʘʥʥʳʭ ʢʘʪʠʦʥʦʚ, ʥʦ ʨʘʟʥʠʮʘ 

ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʷʭ ʤʦʞʝʪ ʙʳʪʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ. 
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ɺʦʟʙʫʞʜʸʥʥʳʡ ʫʨʦʚʝʥʴ ʥʝʦʜʠʤʘ ʣʝʞʠʪ ʛʦʨʘʟʜʦ ʥʠʞʝ (ʦʢ. 1.15Ā104 ʩʤï1), ʧʦʵʪʦʤʫ, ʩ ʚʳʩʦʢʦʡ 

ʚʝʨʦʷʪʥʦʩʪʴʶ, ʵʥʝʨʛʠʷ ʩ ʪʨʠʧʣʝʪʥʦʛʦ ʫʨʦʚʥʷ ʣʠʛʘʥʜʘ ʜʦʣʞʥʘ ʣʠʙʦ ʨʘʩʩʝʠʚʘʪʴʩʷ 

ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦ, ʣʠʙʦ ʧʨʠʚʦʜʠʪʴ ʢ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʠʛʘʥʜʘ. 

 ʂʦʤʧʣʝʢʩʳ ʪʝʨʙʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʷʚʣʷʶʪ ʷʨʢʫʶ ʟʝʣʸʥʫʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʢʘʢ ʚ ʨʘʩʪʚʦʨʝ, ʪʘʢ ʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ ʩ ʪʠʧʠʯʥʳʤʠ ʜʣʷ Tb3+ ʫʟʢʠʤʠ 

ʧʦʣʦʩʘʤʠ ʥʘ 494, 545, 586, 619, ʠ 660 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ f-f ʧʝʨʝʭʦʜʘʤ 5D4ï
7FJ (J = 6õ2) 

(ʨʠʩʫʥʦʢ 3.6). ɺ ʩʧʝʢʪʨʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʰʠʨʦʢʦʡ ʧʦʣʦʩʳ ʵʤʠʩʩʠʠ ʣʠʛʘʥʜʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʦ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʥʦʤ ʧʝʨʝʥʦʩʝ ʵʥʝʨʛʠʠ ʥʘ ʢʘʪʠʦʥ ʣʘʥʪʘʥʦʠʜʘ. ɸʙʩʦʣʶʪʥʳʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ 

ʜʣʷ 2-Tb ʠ 3-Tb ʜʦʩʪʠʛʘʶʪ 18 ʠ 28% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ; ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʙʦʣʴʰʠʡ ʢʚʘʥʪʦʚʳʡ 

ʚʳʭʦʜ ʜʣʷ 3-Tb ʦʙʫʩʣʦʚʣʝʥ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ ʧʝʨʝʥʦʩʦʤ ʵʥʝʨʛʠʠ ʟʘ ʩʯʸʪ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ 

ʢʦʦʨʜʠʥʘʮʠʠ ʧʠʨʠʜʠʣʪʠʦʣʘʪʦʚ. ɺ ʩʧʝʢʪʨʘʭ 2-Tb ʠ 3-Tb ʦʩʥʦʚʥʦʡ ʧʠʢ ʵʤʠʩʩʠʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʧʝʨʝʭʦʜʫ 5D4ï
7F5, ʨʘʩʱʝʧʣʸʥ ʥʘ ʜʚʘ ʤʘʢʩʠʤʫʤʘ ʥʘ 544 ʠ 548(550) ʥʤ, ʯʪʦ 

ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʥʠʟʢʦʡ ʩʠʤʤʝʪʨʠʠ ʣʦʢʘʣʴʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ [164]. 

ʉʥʠʞʝʥʠʝ ʩʠʤʤʝʪʨʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʢʘʪʠʦʥʘ ʣʘʥʪʘʥʦʠʜʘ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʟʘ ʩʯʸʪ ʩʥʷʪʠʷ ʟʘʧʨʝʪʘ ʧʦ ʯʸʪʥʦʩʪʠ ʯʘʩʪʠ 

ʠʟʣʫʯʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 2-Tb ʠ 3-Tb ʟʘʤʝʪʥʦ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʘʷ, ʯʝʤ ʫ 

ʢʦʤʧʣʝʢʩʘ 1-Tb. ɼʘʥʥʳʝ ʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ 

ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ 3.3. 

ʊʘʙʣʠʮʘ 3.3. ʌʦʪʦʬʠʟʠʯʝʩʢʠʝ ʜʘʥʥʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ. 

ɺʝʱʝʩʪʚʦ ɚex, 

nm 

ʇʝʨʝʭʦʜ 

5D4Ÿ
7FJ, J 

% ʦʪ ʦʙʱʝʡ 

ʵʤʠʩʩʠʠ 

ʌ, % ɺʨʝʤʷ 

ʞʠʟʥʠ, ɛʩ 

ʌ ʚ 

ʨʘʩʪʚʦʨʝ, % 

1-Tb 280 6 

5 

4 

3 

2 

16.4 

64.9 

11.0 

6.8 

0.9 

<1 551 3 

2-Tb 390 6 

5 

4 

3 

2 

19.4 

63.8 

8.1 

6.7 

2.0 

18 366 76 

3-Tb 

Ā0.5thf 

390 6 

5 

4 

3 

2 

14.4 

63.6 

11.0 

8.2 

2.8 

28 371 54 

4-TbĀ2tol 380 6 

5 

4 

3 

2 

16.0 

63.9 

9.5 

8.7 

1.9 

<1 26 46 (CH2Cl2) 

5 (ʊʦʣʫʦʣ) 
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ʈʠʩʫʥʦʢ 3.6. ʉʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʢʦʤʧʣʝʢʩʦʚ ʪʝʨʙʠʷ ʘ) ʚ ʨʘʩʪʚʦʨʝ: ʜʣʷ 

ʢʦʤʧʣʝʢʩʦʚ 1ï3 ʚ ʊɻʌ, ʜʣʷ 4-Tb# ʚ ʪʦʣʫʦʣʝ (ʟʝʣʸʥʘʷ ʣʠʥʠʷ), 4-Tb*  ʚ CH2Cl2 (ʬʠʦʣʝʪʦʚʘʷ 

ʣʠʥʠʷ); ʙ) ʚ ʪʚʸʨʜʦʤ ʚʠʜʝ. 

 

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ, ʫʜʘʣʠʚ ʊɻʌ ʠ ʩʦʟʜʘʚ ʦʢʨʫʞʝʥʠʝ ʠʟ ʪʷʞʸʣʳʭ ʘʪʦʤʦʚ (S) ʚʦʢʨʫʛ Tb 

ʫʜʘʩʪʩʷ ʧʦʚʳʩʠʪʴ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʥʦ ʠʟ-ʟʘ ʜʠʤʝʨʠʟʘʮʠʠ ʚʤʝʩʪʦ ˊ-

ʢʦʦʨʜʠʥʘʮʠʠ ʚʪʦʨʦʛʦ ʪʠʦʣʘʪʘ ʣʦʢʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ Tb3+ ʚ 4-Tb ʦʢʘʟʳʚʘʝʪʩʷ ʙʦʣʝʝ 
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ʚʳʩʦʢʦʩʠʤʤʝʪʨʠʯʥʳʤ, ʠ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʝʛʦ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʠʞʝ, ʯʝʤ ʫ 

ʩʦʜʝʨʞʘʱʝʛʦ ʊɻʌ ʢʦʤʧʣʝʢʩʘ 2-Tb. ɼʨʫʛʦʡ ʧʨʠʯʠʥʦʡ ʙʦʣʝʝ ʥʠʟʢʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ ʜʣʷ 

ʢʦʤʧʣʝʢʩʘ 4-Tb ʤʦʞʝʪ ʙʳʪʴ ʦʪʩʫʪʩʪʚʠʝ ʧʨʷʤʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʪʠʦʣʘʪʘ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʥʘ ʢʘʪʠʦʥ Tb3+. ʊʘʢʞʝ ʚʣʠʷʥʠʝ ʤʦʞʝʪ 

ʦʢʘʟʳʚʘʪʴ ʢʦʦʨʜʠʥʘʮʠʷ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʙʣʠʟʢʘʷ ʢ ɖ5, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʡ ʨʷʜʦʤ ʩ 

ʤʝʪʘʣʣʦʮʝʥʪʨʦʤ ʦʢʘʟʳʚʘʶʪʩʷ ʤʝʪʠʣʴʥʳʝ ʛʨʫʧʧʳ, ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ CïH ʩʚʷʟʝʡ 

ʢʦʪʦʨʳʭ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʣʘʢʩʘʮʠʠ. ɺ ʧʦʣʴʟʫ ʧʦʩʣʝʜʥʝʛʦ ʛʦʚʦʨʠʪ ʠ ʥʘ 

ʧʦʨʷʜʦʢ ʤʝʥʴʰʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʯʝʤ ʚ ʢʦʤʧʣʝʢʩʘʭ 1ï3-Ln . 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʢʚʘʥʪʦʚʳʝ ʚʳʭʦʜʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 1-3-Tb ʚ ʨʘʩʪʚʦʨʝ ʛʦʨʘʟʜʦ ʚʳʰʝ, ʯʝʤ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ (3, 76 ʠ 54% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʪʫʰʘʱʠʭ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʚʢʣʶʯʘʷ ˊ-ʩʪʵʢʠʥʛ), 

ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ. ɹʦʣʝʝ ʚʳʩʦʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʵʤʠʩʩʠʠ 2-Tb, 

ʯʝʤ ʫ 3-Tb, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʦʙʨʘʟʮʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʤʠʥʦʨʥʳʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʤʦʣʝʢʫʣʷʨʥʦʡ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʨʘʩʪʚʦʨ ʠ ʤʝʥʝʝ ʞʸʩʪʢʠʤ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʤ ʦʢʨʫʞʝʥʠʝʤ. ɼʣʷ ʨʘʩʪʚʦʨʘ 4-Tb ʚ CH2Cl2 ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ ʜʦʩʪʠʛʘʝʪ 46%. ɺ 

ʪʘʢʠʭ ʤʷʛʢʠʭ ʫʩʣʦʚʠʷʭ, ʚ ʥʝʢʦʦʨʜʠʥʠʨʫʶʱʝʤ ʨʘʩʪʚʦʨʠʪʝʣʝ, ʤʳ ʥʝ ʧʨʝʜʧʦʣʘʛʘʝʤ ʜʠʩʩʦʮʠʘʮʠʶ 

ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʥʘ ʤʦʥʦʷʜʝʨʥʳʝ ʯʘʩʪʠʮʳ. ʉʢʦʨʝʝ, ʫʚʝʣʠʯʝʥʠʶ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʤʝʥʝʝ ʞʸʩʪʢʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʜʠʢʝʪʠʤʠʥʘʪ ʤʝʥʝʝ 

ʩʢʣʦʥʝʥ ʢ ɖ5-ʢʦʦʨʜʠʥʘʮʠʠ, ʠ ʦʩʣʘʙʣʝʥʠʝ ˊ-ʩʪʵʢʠʥʛʦʚʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʣʠʛʘʥʜʘʤʠ. ɺ 

ʧʦʣʴʟʫ ʧʦʩʣʝʜʥʝʛʦ ʛʦʚʦʨʠʪ ʥʠʟʢʠʡ ʢʚʘʥʪʦʚʳʡ ʚʳʭʦʜ (5%) ʜʣʷ ʨʘʩʪʚʦʨʘ 4-Tb ʚ ʪʦʣʫʦʣʝ, ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʘʨʠʣʴʥʳʤʠ ʟʘʤʝʩʪʠʪʝʣʷʤʠ ʪʠʦʣʘʪʦʚ ʠ ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʦʡ 

ʜʠʢʝʪʠʤʠʥʘʪʘ. ɺ ʩʧʝʢʪʨʘʭ ʵʤʠʩʩʠʠ 2-Tb ʠ 3-Tb ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʱʝʧʣʝʥʠʷ ʧʠʢʘ ʜʣʷ ʧʝʨʝʭʦʜʘ 

5D4ï
7F5, ʦʜʥʘʢʦ ʦʥʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʧʝʢʪʨʝ 4-Tb ʚ CH2Cl2. ʕʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦʙ ʠʟʤʝʥʝʥʠʠ 

ʛʝʦʤʝʪʨʠʠ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʨʘʩʪʚʦʨ ʠ ʧʦʥʠʞʝʥʠʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʤʤʝʪʨʠʠ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʢʦʤʧʣʝʢʩʦʚ ʜʠʩʧʨʦʟʠʷ ʧʨʦʷʚʣʷʶʪ ʩʣʘʙʫʶ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʚ 

ʪʠʧʠʯʥʦʡ ʜʣʷ ʥʠʭ ʦʙʣʘʩʪʠ ʩ ʧʝʨʝʭʦʜʘʤʠ 4F9/2Ÿ
6HJ/2 (J = 13õ9) ʥʘ 485, 573 ʠ 666 ʥʤ, ʚ ʨʘʩʪʚʦʨʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʶ ʥʝ ʫʜʘʣʦʩʴ (ʨʠʩʫʥʦʢ 3.7 ʘ). ʅʘʠʙʦʣʴʰʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 2-Dy, ʥʦ ʦʥʘ ʦʢʘʟʘʣʘʩʴ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ. ɺ ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʘ 1ô-Dy ɻ ʤʠʩʩʠʷ ʢʘʪʠʦʥʘ Dy3+ ʟʥʘʯʠʪʝʣʴʥʦ ʧʝʨʝʢʨʳʚʘʝʪʩʷ 

ʚʥʫʪʨʠʣʠʛʘʥʜʥʦʡ ʵʤʠʩʩʠʝʡ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʝʝ ʚʳʩʦʢʠʡ ʧʦ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʳʡ ʫʨʦʚʝʥʴ 

ʜʠʢʝʪʠʤʠʥʘʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʠʦʣʘʪʘʤʠ. ʕʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʢʘʢ ʦ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʦʤ ʧʝʨʝʥʦʩʝ 

ʵʥʝʨʛʠʠ ʩ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʪʘʢ ʠ ʦ ʥʝʧʦʜʭʦʜʷʱʝʡ ʛʝʦʤʝʪʨʠʠ ʢʦʤʧʣʝʢʩʘ. ɹʦʣʝʝ ʵʬʬʝʢʪʠʚʥʘʷ 

ʵʤʠʩʩʠʷ 2-Dy ʠ 3-Dy ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʪʘʙʠʣʠʟʠʨʫʶʱʝʤ ʵʬʬʝʢʪʝ ʘʪʦʤʦʚ ʩʝʨʳ ʚ 

ʪʠʦʣʘʪʘʭ. 
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ʈʠʩʫʥʦʢ 3.7. ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʵʤʠʩʩʠʠ ʢʦʤʧʣʝʢʩʦʚ ʜʠʩʧʨʦʟʠʷ 1-3-Dy. 

 

ʄʘʪʝʨʠʘʣʳ ʨʘʟʜʝʣʘ 3.1 ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʘʭ [141, 165]. 

3.2 ʈʝʘʢʮʠʠ 1-Ln (Ln = Nd, Sm) ʩ ʤʦʥʦ- ʠ ʜʠʭʘʣʴʢʦʛʝʥʠʜʘʤʠ ʢʘʣʠʷ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʛʘʣʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ 

[CptNdCl2(thf)2]2 ʠ {[Cp
tLn(thf)]2(ɛ

2-Cl)2(ɛ
3-Cl)3Na(thf)}n (Ln = Nd, Sm; Cpt = ʪʨʝʪ-ʙʫʪʠʣ-

ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣ) ʩ ʧʦʣʠʩʝʣʝʥʠʜʘʤʠ (Se5
2ï) ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ ʩʦʩʪʘʚʘ [Na(thf)6][Ln6Cpt
6(Õ

6-Se)(Õ-Se2)6] (Ln = Nd 

[166], Sm [167]) ʠʣʠ [Li (thf)4][Nd6Cpt
6(Õ

6-Se)(Õ-Se2)6] [167]. ɸʚʪʦʨʳ ʥʝ ʦʙʩʫʞʜʘʶʪ ʦʩʦʙʝʥʥʦʩʪʠ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ɺʝʨʦʷʪʥʦ, ʘʥʠʦʥ Se5
2ï ʚ ɻʪʠʭ ʢʦʤʧʣʝʢʩʘʭ ʣʘʥʪʘʥʦʠʜʦʚ ʦʢʘʟʳʚʘʝʪʩʷ ʤʝʥʝʝ 

ʫʩʪʦʡʯʠʚ, ʯʝʤ ʧʝʥʪʘʭʘʣʴʢʦʛʝʥʠʜ ʚ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʘʭ [Nd(Isq)2(Q5)] (Isq = ʙʠʩ-(4,6-ʜʠ-

ʪʨʝʪ-ʙʫʪʠʣ-2-Dipp-ʠʤʠʥʦʩʝʤʠʭʠʥʦʥ; Q = S, Se) [168] ʠ [Y(TpMe2)(S5)(thf)] (TpMe2 = ʪʨʠʩ-(3,5-

ʜʠʤʝʪʠʣʧʠʨʘʟʦʣʠʣ)ʙʦʨʘʪ) [169], ʠ ʜʠʩʧʨʦʧʦʨʮʠʦʥʠʨʫʝʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʦʚ Se2ï ʠ Se2
2ï. 

ʆʪʩʫʪʩʪʚʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʙʫʜʠʣʦ ʥʘʩ ʠʩʩʣʝʜʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʨʝʘʢʮʠʷʭ ʩ ʤʦʥʦ- ʠ ʜʠʭʘʣʴʢʦʛʝʥʠʜʘʤʠ ʢʘʣʠʷ. ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ 

ʟʘʤʝʱʝʥʠʝ ʜʚʫʭ ʠʦʜʠʜʦʚ ʥʘ ʭʘʣʴʢʦʛʝʥʠʜ ʠʣʠ ʜʠʭʘʣʴʢʦʛʝʥʠʜ ʧʨʠʚʝʜʸʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʷʜʝʨʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʤʦʥʦ- ʠʣʠ ʜʠ-ʭʘʣʴʢʦʛʝʥʠʜʥʳʤʠ ʤʦʩʪʠʢʘʤʠ. ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʨʝʘʢʮʠʠ ʜʦʣʞʥʦ 

ʚʳʩʪʫʧʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʠʦʜʠʜʘ ʢʘʣʠʷ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʝʚʳʩʦʢʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ ʜʠʭʘʣʴʢʦʛʝʥʠʜʦʚ ʢʘʣʠʷ ʚ ʊɻʌ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʪʘʢʦʡ ʧʨʦʮʝʩʩ 

ʚʦʟʤʦʞʝʥ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʩʣʝʜʫʶʱʠʭ ʫʩʣʦʚʠʡ. ʄʦʞʥʦ ʦʮʝʥʠʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʤʦʣʝʡ KI 

(ȹfG
Á
298 = ï324.9 ʢɼʞ/ʤʦʣʴ) ʠʟ ʦʜʥʦʛʦ ʤʦʣʷ K2S (ȹfG

Á
298 = ï364.0 ʢɼʞ/ʤʦʣʴ [170]) ʜʘʸʪ 
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ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʚʳʠʛʨʳʰ ʚ 285.8 ʢɼʞ. ʇʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʠʦʜʠʜʥʦʛʦ 

ʠ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʘ ʙʣʠʟʢʠ, ʵʪʦʛʦ ʚʳʠʛʨʳʰʘ ʤʦʞʝʪ ʙʳʪʴ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ 

ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ. ɼʣʷ ʜʨʫʛʠʭ K2Qn ʚ ʣʠʪʝʨʘʪʫʨʝ ʥʝʪ ʜʘʥʥʳʭ ʦ ʵʥʝʨʛʠʷʭ ɻʠʙʙʩʘ ʦʙʨʘʟʦʚʘʥʠʷ. 

ʈʝʘʢʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ, ʘʥʘʣʦʛʠʯʥʳʭ ʫʩʣʦʚʠʷʤ ʧʦʣʫʯʝʥʠʷ ʪʠʦʣʘʪʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ: ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʠʩʭʦʜʥʳʭ ʚʝʱʝʩʪʚ ʚ ʊɻʌ, ʦʜʥʘʢʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʨʝʘʢʮʠʠ 

ʜʦ 1 ʥʝʜʝʣʠ. ʀʩʭʦʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 1-Sm, 1-Nd ʧʦʣʫʯʘʣʠʩʴ in situ. ʆ ʧʨʦʪʝʢʘʥʠʠ (ʠʣʠ ʦʙ 

ʦʪʩʫʪʩʪʚʠʠ) ʨʝʘʢʮʠʠ ʩʫʜʠʣʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ ʨʘʩʪʚʦʨʘ ʠ ʀʂ ʩʧʝʢʪʨʘʤ ʨʘʩʪʚʦʨʠʤʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʦʪʜʝʣʸʥʥʳʭ ʦʪ ʦʩʘʜʢʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʠ ʚʳʩʫʰʝʥʥʳʭ. ɺʦʟʤʦʞʥʦʩʪʴ ʦʮʝʥʢʠ 

ʤʝʪʦʜʦʤ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʦʡ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ, 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ (ʩʤ. ʨʘʟʜʝʣ 3.1.1). 

ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʢʨʦʤʝ ʨʝʘʢʮʠʠ 1-Sm ʩ K2Se, ʧʨʦʪʝʢʘʥʠʝ ʨʝʘʢʮʠʠ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʠ 

ʚʠʟʫʘʣʴʥʦ, ʥʠ ʩ ʧʦʤʦʱʴʶ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʉʧʝʢʪʨʳ ʠʩʭʦʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʚ ʪʦʯʥʦʩʪʠ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʩʧʝʢʪʨʘʤ ʪʚʸʨʜʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʦʚ. 

ɺ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 1-Sm ʩ K2Se ʥʘʙʣʶʜʘʣʦʩʴ ʤʝʜʣʝʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʢʨʘʩʢʠ 

ʨʘʩʪʚʦʨʘ ʩ ʢʨʘʩʥʦʡ ʥʘ ʢʦʨʠʯʥʝʚʫʶ ʥʘ ʚʪʦʨʦʡ ʜʝʥʴ, ʧʨʠ ʧʨʦʜʦʣʞʝʥʠʠ ʥʘʛʨʝʚʘ ʩʤʝʩʴ ʪʝʤʥʝʣʘ 

ʚʧʣʦʪʴ ʜʦ ʯʸʨʥʦ-ʟʝʣʸʥʦʛʦ. ʇʦʩʣʝ ʧʨʝʢʨʘʱʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʮʚʝʪʘ ʨʘʩʪʚʦʨʘ ʥʘ ʪʨʝʪʠʡ ʜʝʥʴ 

ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ ʚʳʜʝʨʞʠʚʘʣʘʩʴ ʝʱʸ ʩʫʪʢʠ, ʧʦʩʣʝ ʯʝʛʦ ʥʝʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʜʫʢʪʳ ʦʪʜʝʣʷʣʠʩʴ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ. ʈʘʩʪʚʦʨʠʤʳʝ ʧʨʦʜʫʢʪ rʙʳʣʠ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥ rʤʝʜʣʝʥʥʳʤ ʫʧʘʨʠʚʘʥʠʝʤ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʧʨʝʜʩʪʘʚʣʷʪʁ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʩʘʤʘʨʠʷ [Sm(Nacnac)I(thf)2] (6-

Sm) ʠ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 1-Sm, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʛʦ ʦ 

ʥʝʧʦʣʥʦʤ ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ. ʀʂ ʩʧʝʢʪʨ ʧʨʦʜʫʢʪʘ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʧʝʢʪʨʘ 

ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʟ-ʟʘ ʠʟʤʝʥʝʥʠʷ ʚ ʜʣʠʥʘʭ ʩʚʷʟʝʡ SmïN, SmïO ʠ ʦʙʱʝʤ ʚʣʠʷʥʠʠ ʠʟʤʝʥʝʥʠʷ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʦʢʨʫʞʝʥʠʷ ʥʘ ɓ-ʜʠʢʝʪʠʤʠʥʘʪ (ʪʘʙʣʠʮʘ 3.4). ʆʪʜʝʣʸʥʥʳʡ ʦʩʘʜʦʢ ʙʳʣ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʦʜʦʤ ʕɼʉ; ʩʦʦʪʥʦʰʝʥʠʝ ʪʷʞʸʣʳʭ ʵʣʝʤʝʥʪʦʚ K : I : Sm : Se ʩʦʩʪʘʚʣʷʝʪ ~ 6 : 

3 : 1 : 3, ʯʪʦ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʤʝʩʠ ʧʨʦʜʫʢʪʦʚ 3KI + 0.5Sm2Se3 + 1.5K2Se. 

ʊʘʙʣʠʮʘ 3.4. ʉʨʘʚʥʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʭ ʯʘʩʪʦʪ ʢʦʣʝʙʘʥʠʡ ʚ ʀʂ ʩʧʝʢʪʨʘʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩʘʤʘʨʠʷ 1-Sm ʠ 6-Sm. 

ɺʝʱʝʩʪʚʦ Nacnac, ɡ(C=C) + ɡ(C=N), ɡ(CïCH3) thf 

H(Nacnac) 1622, 1550, 1322, 1174, 935 ð 

1-Sm 1528, 1398, 1314, 1166, 924 853 

6-Sm 1551, 1381, 1324, 1174, 934 840 

 

ʂʦʤʧʣʝʢʩ 6-Sm ʙʳʣ ʚʳʜʝʣʝʥ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʦʤ ʚʠʜʝ ʚ ʥʘʧʨʘʚʣʝʥʥʦʤ ʩʠʥʪʝʟʝ, ʧʦ ʨʝʘʢʮʠʠ 

ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ ʜʠʠʦʜʠʜʦʤ ʩʘʤʘʨʠʷ ʠ ʜʠʢʝʪʠʤʠʥʘʪʦʤ ʢʘʣʠʷ ʚ ʊɻʌ. ʉʦʝʜʠʥʝʥʠʝ ʭʦʨʦʰʦ 

ʨʘʩʪʚʦʨʠʤʦ ʚ ʪʦʣʫʦʣʝ, ʤʝʥʝʝ ʨʘʩʪʚʦʨʠʤʦ ʚ ʛʝʢʩʘʥʝ ʠ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʚʠʜʝ ʯʸʨʥʳʭ ʧʨʠʟʤ ʚ 
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ʨʘʟʥʳʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʧʨʠ 

ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʚ ʊɻʌ (6-Smô) ʠʣʠ ʚ ʩʤʝʩʠ ʩ ʛʝʢʩʘʥʦʤ (1:5, 6-Sm). ʄʦʣʝʢʫʣʷʨʥʘ ̫ʩʪʨʫʢʪʫʨʘ 

6-Sm ʦʙʩʫʞʜʘʝʪʩʷ ʚ ʨʘʟʜʝʣʝ 3.3.4. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ Sm3+ ʜʦ Sm2+ ʚ ʦʪʩʫʪʩʪʚʠʝ ʦʯʝʚʠʜʥʳʭ ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ ʥʝʦʙʳʯʥʦ. ɼʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠʤʝʩʴʶ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʠʷ ʚ K2Se, ʦʥ ʙʳʣ 

ʩʠʥʪʝʟʠʨʦʚʘʥ ʜʚʫʤʷ ʤʝʪʦʜʘʤʠ: ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʝʘʛʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʘʤʤʠʘʢʝ ʠ ʚ 

ʪʝʪʨʘʛʠʜʨʦʬʫʨʘʥʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʥʘʬʪʘʣʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʝʥʦʩʯʠʢʘ ʵʣʝʢʪʨʦʥʦʚ. ɺʦ ʚʪʦʨʦʤ 

ʩʣʫʯʘʝ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʦʪʩʫʪʩʪʚʠʷ ʧʨʠʤʝʩʠ K2Se2 ʢʘʣʠʡ ʙʨʘʣʩʷ ʚ 7% ʠʟʙʳʪʢʝ. ʉʠʥʪʝʟ 

ʧʨʦʚʦʜʠʣʩʷ ʚ ʜʚʫʭʩʝʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ ʐʣʝʥʢʘ, ʠ ʦʯʠʩʪʢʘ ʧʨʦʜʫʢʪʘ ʦʪ ʠʟʙʳʪʢʘ ʢʘʣʠʷ ʧʨʦʚʦʜʠʣʘʩʴ 

ʜʝʢʘʥʪʘʮʠʝʡ ʦʢʨʘʰʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʚ ʜʨʫʛʫʶ ʩʝʢʮʠʶ, ʧʝʨʝʧʘʨʠʚʘʥʠʝʤ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʙʨʘʪʥʦ ʠ 

ʧʦʚʪʦʨʥʦʡ ʜʝʢʘʥʪʘʮʠʝʡ. ʇʨʦʮʝʜʫʨʘ ʧʦʚʪʦʨʷʣʘʩʴ ʜʦ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʟʝʣʸʥʦʡ ʦʢʨʘʩʢʠ 

ʨʘʩʪʚʦʨʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʥʘʬʪʘʣʠʜʘ ʢʘʣʠʷ ʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʠʷ ʚ ʧʨʦʜʫʢʪʝ. 

ʇʦʩʢʦʣʴʢʫ ʨʝʟʫʣʴʪʘʪʳ ʪʠʪʨʦʚʘʥʠʷ ʥʘ ʩʝʣʝʥ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʪʝʦʨʠʝʡ, ʚʦʟʤʦʞʥʳʝ 

ʦʩʪʘʪʦʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʩʚʦʙʦʜʥʦʛʦ ʢʘʣʠʷ ʥʝ ʤʦʛʣʠ ʧʨʠʚʝʩʪʠ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 1-Sm. 

 ɺ ʧʨʝʜʧʦʣʦʞʝʥʠʠ, ʯʪʦ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩ K2Se ʥʘ ʧʝʨʚʦʡ ʩʪʘʜʠʠ ʚʩʸ ʞʝ ʦʙʨʘʟʫʝʪʩʷ 

ʩʝʣʝʥʠʜʥʳʡ ʢʦʤʧʣʝʢʩ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ ʩʦʩʪʘʚʘ ñ[{Sm(Nacnac)} 2I2(ɛ-Se)]ò (1), ʦʥ ʤʦʞʝʪ ʙʳʪʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥ K2Se ʜʦ ʢʦʤʧʣʝʢʩʘ 6-Sm: 

2[Sm(Nacnac)I2(thf)2] + K2Se Ÿ ñ[{Sm(Nacnac)}2I2(ɛ-Se)]ò + 2KIŹ   (1) 

ñ[{Sm(Nacnac)}2I2(ɛ-Se)]ò + K2Se Ÿ 2[Sm(Nacnac)I(thf)2] + K2Se2Ź   (2) 

ʇʦʩʢʦʣʴʢʫ ʜʣʷ K2Se ʠ K2Se2 ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʦʪʝʥʮʠʘʣʳ ʚ ʊɻʌ 

ʥʝʠʟʚʝʩʪʥʳ, ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʨʝʘʢʮʠʠ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʠʭ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʩ ʧʘʨʦʡ Sm2+/Sm3+ (EÁ = ï1.41 ɺ ʜʣʷ ʧʘʨʳ SmI2
+/SmI2 

ʚ ʊɻʌ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʳ Fc+/Fc [171]). ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʝʘʛʝʥʪʳ ʧʦʤʝʱʘʣʠʩʴ ʚ ʥʝʙʦʣʴʰʠʝ 

ʩʪʝʢʣʷʥʥʳʝ ʘʤʧʫʣʳ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʦʙʘʚʣʷʣʩʷ ʧʝʨʝʧʘʨʠʚʘʥʠʝʤ, ʠ ʘʤʧʫʣʘ ʟʘʧʘʠʚʘʣʘʩʴ. ɺ ʧʝʨʚʦʤ 

ʩʣʫʯʘʝ ʠʟʫʯʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ SmI3 ʩ K2Se. ʇʨʠ 45Áʉ ʠʟʤʝʥʝʥʠʡ ʚʦ ʚʥʝʰʥʝʤ ʚʠʜʝ 

ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ, ʧʦʩʣʝ ʧʦʚʳʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 70Áʉ 

ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʝʩʮʚʝʯʠʚʘʥʠʝ ʨʘʩʪʚʦʨʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʨʳʞʝʛʦ ʦʩʘʜʢʘ, ʜʘʣʴʥʝʡʰʠʭ ʠʟʤʝʥʝʥʠʡ ʥʝ 

ʧʨʦʠʩʭʦʜʠʣʦ. ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ K2Se ð ʦʞʠʜʘʝʤʦ ʤʝʥʝʝ ʩʠʣʴʥʳʡ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ ʚ ʊɻʌ, ʯʝʤ Sm(II), ʠ ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ SmI3 ʧʨʠʚʦʜʠʪ ʢ ʦʙʤʝʥʫ ʣʠʛʘʥʜʦʚ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʩʝʣʝʥ-ʩʦʜʝʨʞʘʱʠʭ ʩʦʣʝʡ Sm(III). ɺʦ ʚʪʦʨʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʠʟʫʯʘʣʦʩʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ SmI2 ʩ K2Se2. ʈʝʘʢʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 70Áʉ ʚ ʪʝʯʝʥʠʝ 20 ʜʥʝʡ. ʇʦʩʣʝ 

5 ʜʥʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʞʸʣʪʳʭ ʢʨʠʩʪʘʣʣʦʚ SmI3(thf)3.5 (Refcode TOVZAF 

CCDC) ʥʘ ʩʪʝʥʢʘʭ ʘʤʧʫʣʳ, ʩʦ ʚʨʝʤʝʥʝʤ ʠʭ ʩʪʘʥʦʚʠʣʦʩʴ ʙʦʣʴʰʝ, ʘ ʨʘʩʪʚʦʨ ʤʝʜʣʝʥʥʦ 

ʦʙʝʩʮʚʝʯʠʚʘʣʩʷ. ʅʘ ʢʦʥʝʮ ʵʢʩʧʝʨʠʤʝʥʪʘ ʦʥ ʦʙʝʩʮʚʝʪʠʣʩʷ ʥʝ ʜʦ ʢʦʥʮʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʧʦʣʥʦʤ 
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ʧʨʦʪʝʢʘʥʠʠ ʨʝʘʢʮʠʠ. ʇʨʦʚʝʜʸʥʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʛʦʚʦʨʷʪ ʦ ʪʦʤ, ʯʪʦ ʝʩʣʠ ʚ 

ʫʩʣʦʚʠʷʭ ʨʝʘʢʮʠʠ ʧʨʦʪʝʢʘʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ Sm3+ ʩʝʣʝʥʠʜʦʤ ʢʘʣʠʷ, ʪʦ ʠʤʝʥʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ Sm3+ ʚ ʢʦʤʧʣʝʢʩʝ ñ[{Sm(Nacnac)} 2I2(ɛ-Se)]ò ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ ʙʦʣʝʝ 

ʣʸʛʢʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ. 

ɺʦʩʩʪʘʥʦʚʣʝʥʠʝ Sm(III) ʜʦ Sm(II) ʪʘʢʞʝ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʚ ʭʦʜʝ ʪʘʢ ʥʘʟʳʚʘʝʤʦʛʦ 

ʩʪʝʨʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (sterically induced reduction, SIR). ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ 

ʥʘʟʚʘʥʠʷ, ʦʥʦ ʧʨʦʪʝʢʘʝʪ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʩʪʝʨʠʯʝʩʢʠ ʧʝʨʝʛʨʫʞʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ. 

ʇʨʠ ʵʪʦʤ ʦʜʠʥ ʠʟ ʘʥʠʦʥʥʳʭ ʣʠʛʘʥʜʦʚ ʦʢʠʩʣʷʝʪʩʷ ʠ ʫʭʦʜʠʪ ʚ ʚʠʜʝ ʥʝʡʪʨʘʣʴʥʦʡ ʯʘʩʪʠʮʳ 

(ʥʘʧʨʠʤʝʨ, Nacnacï ï e←  O 0.5Nacnac2), ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʦʜʥʦʛʦ ʠʟ ʦʩʪʘʚʰʠʭʩʷ ʣʠʛʘʥʜʦʚ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ ʠʣʠ ʣʘʥʪʘʥʦʠʜʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʩʥʷʪʠʶ ʩʪʝʨʠʯʝʩʢʦʡ ʟʘʛʨʫʞʝʥʥʦʩʪʠ ʂʉ. ɺ ʩʣʫʯʘʝ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ 

ʠʟʚʝʩʪʥʦ ʧʨʦʪʝʢʘʥʠʝ ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠ ̫ ʝʚʨʦʧʠʷ, ʦʙʣʘʜʘʶʱʝʛʦ 

ʥʘʠʤʝʥʴʰʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ [62, 83]. ɼʣʷ ʩʘʤʘʨʠʷ ʠʟʚʝʩʪʝʥ ʝʜʠʥʩʪʚʝʥʥʳʡ 

ʧʨʠʤʝʨ ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ Sm2+, ʢʦʪʦʨʦʝ ʧʨʦʪʝʢʘʝʪ ʚ ʨʝʘʢʮʠʠ 

[Sm(ʦ-C6H4(NMe2)CH2)3] c ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʦʙʲʸʤʥʳʤ ʠ ʞʸʩʪʢʠʤ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʦʤ HCpBIG 

(HC5(4-nBuPhen)5)) [94]. ɺ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʜʘʞʝ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʦʙʨʘʟʫʝʪʩʷ ʢʠʥʝʪʠʯʝʩʢʠ 

ʫʩʪʦʡʯʠʚʳʡ ʢʦʤʧʣʝʢʩ [SmCpBIG
2], ʚ ʩʣʫʯʘʝ ʞʝ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʘ ʠʪʪʨʠʷ ʦʙʨʘʟʫʝʪʩʷ 

ʤʦʥʦʟʘʤʝʱʸʥʥʳʡ ʛʝʪʝʨʦʣʝʧʪʠʯʝʩʢʠʡ ʢʦʤʧʣʝʢʩ [YCpBIG(2-Me2N-benzyl)2], ʧʦʩʢʦʣʴʢʫ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ Y2+ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʩʘʤʘʨʠʷ. 

ɺ ʩʣʫʯʘʝ ʧʨʦʪʝʢʘʥʠʷ ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʚ ʨʝʘʢʮʠʠ 1-Sm ʩ K2Se 

ʜʦʣʞʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʪʝʨʠʯʝʩʢʠ ʥʘʧʨʷʞʸʥʥʳʡ ʢʦʤʧʣʝʢʩ, ʢʘʢʠʤ ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʤʝʜʠʘʪ 

ñ[Sm(Nacnac)2I]ò. ʇʨʦʪʝʢʘʥʠʶ ʵʪʦʡ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʣʠʛʘʥʜʦʚ 

ʧʦʜ ʜʝʡʩʪʚʠʝʤ K2Se ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩʘʤʘʨʠʷ (3). ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʧʦʜʦʙʥʳʡ ʢʦʤʧʣʝʢʩ ʪʫʣʠʷ (ʠʦʥʥʳʡ ʨʘʜʠʫʩ Tm3+ ʤʝʥʴʰʝ, ʯʝʤ ʫ Sm3+, ʥʘ 0.08¡ [89]) 

[Tm(Nacnac)2]
+ ʥʝʫʩʪʦʡʯʠʚ ʠ ʧʝʨʝʭʦʜʠʪ ʚ ʢʦʤʧʣʝʢʩ [Tm(Nacnac)(Nacnacô)] ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʦʩʥʦʚʘʥʠʡ, ʥʦ ʤʦʞʝʪ ʙʳʪʴ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ ʘʥʠʦʥʥʳʤ ʩʣʘʙʦʢʦʦʨʜʠʥʠʨʫʶʱʠʤ ʘʥʠʦʥʦʤ ʚ ʚʠʜʝ 

ʠʦʥʥʦʡ ʧʘʨʳ [Tm(Nacnac)2][BPh4] [58]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣ ʧʦʣʫʯʝʥ 

ʢʦʤʧʣʝʢʩ [Sm(Nacnac)2(NO2)], ʧʦʢʘʟʳʚʘʶʱʠʡ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʚʠʜʘ 

[Sm3+(Nacnac)2L] (L ð ʤʘʣʝʥʴʢʠʡ ʘʥʠʦʥʥʳʡ ʣʠʛʘʥʜ) [28]. 

4[Sm(Nacnac)I2(thf)2] + 3K2Se Ÿ 2ñ[Sm(Nacnac)2I]ò + Sm2Se3Ź + 6KIŹ  (3) 

ʂʘʢ ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʯʘʩʪʠ 1.2.2.2, ʧʨʠ ʧʨʦʪʝʢʘʥʠʠ ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦ ʢʦʤʧʣʝʢʩʘ [Eu(Nacnac)2], ʚ ʢʦʪʦʨʦʤ ʩʘʤ ʜʠʢʝʪʠʤʠʥʘʪ ʚʳʩʪʫʧʘʝʪ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʤ, ʦʙʨʘʟʫʝʪʩʷ ʙʠʩ-ʜʠʢʝʪʠʤʠʥ (Nacnac)2 [62]. ɼʨʫʛʦʡ ʚʘʨʠʘʥʪ, ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ ʩ 

ʙʦʣʴʰʠʤʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʧʦʪʝʥʮʠʘʣʘʤʠ ð ʩʪʝʨʠʯʝʩʢʠ-ʠʥʜʫʮʠʨʦʚʘʥʦʝ ʜʝʧʨʦʪʦʥʠʨʦʚʘʥʠʝ 

ʜʠʢʝʪʠʤʠʥʘʪʘ (ʩʤ. ʯʘʩʪʴ 1.2.2.1), ʠ ʚ ʪʘʢʦ ʩʣʫʯʘʝ ʦʙʨʘʟʫʶʪʩʷ ʢʦʤʧʣʝʢʩʳ [Ln(Nacnac)(Nacnacô)], ʩ 
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Ln(III). ʆʜʥʘʢʦ ʥʠ ʙʝʣʳʭ (ʙʝʩʮʚʝʪʥʳʭ) ʢʨʠʩʪʘʣʣʦʚ (Nacnac)2, ʥʠ ʩʚʝʪʣʳʭ ʢʨʘʩʥʳʭ ʠʣʠ ʞʸʣʪʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʘ Sm(III) ʚ ʭʦʜʝ ʨʝʘʢʮʠʠ ʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝ ʦʙʨʘʟʦʚʳʚʘʣʦʩʴ. ʕʪʦ ʜʘʸʪ 

ʦʩʥʦʚʘʥʠʝ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʨʝʘʢʮʠʠ ʧʨʠʩʫʪʩʪʚʦʚʘʣ ʤʝʥʝʝ ʦʯʝʚʠʜʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʢʘʢʠʤ 

ʤʦʛ ʙʳ ʙʳʪʴ K2Se. ɽʛʦ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ SmI3, 

ʦʜʥʘʢʦ ʥʝʫʩʪʦʡʯʠʚʳʡ ʧʝʨʝʛʨʫʞʝʥʥʳʡ ʠʥʪʝʨʤʝʜʠʘʪ ñ[{Sm(Nacnac)} 2I]ò ʜʦʣʞʝʥ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʣʝʛʯʝ: 

2ñ[Sm(Nacnac)2I]ò + 2K2Se Ÿ 2[Sm(Nacnac)2] + K2Se2 + 2KIŹ  (4) 

ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʯʥʫʶ ə2 ʠʣʠ ɖ5 ʢʦʦʨʜʠʥʘʮʠʶ, ɓ-ʜʠʢʝʪʠʤʠʥʘʪʳ ð ʜʦʚʦʣʴʥʦ ʣʘʙʠʣʴʥʳʝ 

ʣʠʛʘʥʜʳ ʚ ʭʠʤʠʠ ʣʘʥʪʘʥʦʠʜʦʚ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʳ [{Yb(RNacnacRô)(thf)} 2(Õ-I)2] 

(R = Me, Rô = Dipp; R = Ph, Rô = Tms) ʤʦʛʫʪ ʙʳʪʴ ʚʳʜʝʣʝʥʳ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʤʝʞʜʫ YbI2 

ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʤ ʢʦʤʧʣʝʢʩʦʤ ʚ ʊɻʌ [125]. ʃʘʙʠʣʴʥʦʩʪʴ ʜʠʢʝʪʠʤʠʥʘʪʘ 

ʪʘʢʞʝ ʧʨʦʷʚʣʷʣʘʩʴ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ LnCl3 ʩ AM(PhNacnacTms) ʚ ʵʢʚʠʤʦʣʷʨʥʦʤ 

ʩʦʦʪʥʦʰʝʥʠʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ 1:1, ʥʘʙʣʶʜʘʣʘʩʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʪʦʣʴʢʦ ʙʠʩ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Ln(PhNacnacTms)2Cl].  ʂʘʢ ʦʙʩʫʞʜʘʣʦʩʴ ʚ ʯʘʩʪʠ 1.2.4, ʘʚʪʦʨʳ 

ʦʙʲʷʩʥʷʶʪ ʵʪʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʤʘʪʦʯʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʦʪʝʢʘʝʪ ʣʠʛʘʥʜʥʳʡ ʦʙʤʝʥ, 

ʧʨʠʚʦʜʷʱʠʡ ʢ ʚʳʧʘʜʝʥʠʶ ʤʘʣʦʨʘʩʪʚʦʨʠʤʦʛʦ ʭʣʦʨʠʜʘ ʣʘʥʪʘʥʦʠʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʙʠʩ-

ʜʠʢʝʪʠʤʠʥʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [57, 61]. ʀ ʥʘ ʩʣʝʜʫʶʱʝʡ ʩʪʘʜʠʠ ʨʝʘʢʮʠʠ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ 

ʣʠʛʘʥʜʥʳʡ ʦʙʤʝʥ ʤʝʞʜʫ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤ [Sm(Nacnac)I2(thf)2] ʠ [Sm(Nacnac)2]: 

[Sm(Nacnac)2] + [Sm(Nacnac)I2(thf)2] Ÿ [Sm(Nacnac)I(thf)2] + ñ[Sm(Nacnac)2I]ò (5) 

ʇʨʠ ʦʜʥʦʡ ʠʟ ʢʨʠʩʪʘʣʣʠʟʘʮʠʡ ʦʪʜʝʣʸʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 6-Sm ʚ ʛʝʢʩʘʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ 

ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ SmI2(thf)5, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʧʦʜʪʚʝʨʞʜʝʥʠʝʤ ʧʨʦʪʝʢʘʥʠʷ 

ʪʘʢʦʛʦ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ. 

 

ʉʭʝʤʘ 3.2. ɺʦʟʤʦʞʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ [Sm(Nacnac)I2(thf)2] + K2Se. ʄʦʣʝʢʫʣʳ ʊɻʌ ʠ 

ʢʦʤʧʣʝʢʩʥʳʝ ʩʢʦʙʢʠ ʥʝ ʧʦʢʘʟʘʥʳ ʚ ʩʚʷʟʠ ʩ ʥʝʠʟʚʝʩʪʥʳʤ ʩʪʨʦʝʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. 
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ʆʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʤʝʥʘ (5) ñ[Sm(Nacnac)2I]ò ʚʩʪʫʧʘʝʪ ʚ ʜʘʣʴʥʝʡʰʫʶ ʨʝʘʢʮʠʶ 

ʩ K2Se. ʉʫʤʤʘʨʥʦ ʚʦʟʤʦʞʥʳʝ ʧʨʦʪʝʢʘʶʱʠʝ ʧʨʦʮʝʩʩʳ ʚ ʩʠʩʪʝʤʝ, ʚʢʣʶʯʘʶʱʠʝ ʩʪʝʨʠʯʝʩʢʠ-

ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ, ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʥʘ ʫʧʨʦʱʸʥʥʦʡ ʩʭʝʤʝ 3.2. ʀʩʭʦʜʷ ʠʟ 

ʩʜʝʣʘʥʥʳʭ ʧʨʝʜʧʦʣʦʞʝʥʠʡ ʚʠʜʥʦ, ʯʪʦ ʨʝʘʢʮʠʷ ʥʝ ʧʨʦʪʝʢʘʝʪ ʜʦ ʢʦʥʮʘ, ʠ ʥʝʢʦʪʦʨʳʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʧʨʦʜʫʢʪʳ ʤʦʛʫʪ ʦʩʪʘʚʘʪʴʩʷ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ. 

 

ʄʘʪʝʨʠʘʣʳ ʨʘʟʜʝʣʘ 3.2 ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʨʘʙʦʪʝ [172]. 

3.3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 6-Sm ʧʨʠ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʠ ʚʣʠʷʥʠʷ 

ʩʨʝʜʳ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʠʦʥʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ SmI2 ʠ K(Nacnac) ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ 

ʧʨʦʜʫʢʪʦʚ 

ʇʦʤʠʤʦ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ, ʩʘʤʘʨʠʡ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʝʥ ʩʨʝʜʠ ʣʘʥʪʘʥʦʠʜʦʚ ʢʘʢ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ; ʦʥ, ʚʤʝʩʪʝ ʩ ʝʚʨʦʧʠʝʤ ʠ ʠʪʪʝʨʙʠʝʤ, ʠʤʝʝʪ ʫʩʪʦʡʯʠʚʫʶ ʩʪʝʧʝʥʴ ʦʢʠʩʣʝʥʠʷ 2+ ʠ 

ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (EÁ = ï1.41 ɺ ʜʣʷ ʧʘʨʳ SmI2
+/SmI2 ʚ ʊɻʌ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʘʨʳ Fc+/Fc [171]). ʀʦʜʠʜ ʩʘʤʘʨʠʷ (II) ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

ʠ ʠʟʚʝʩʪʝʥ ʢʘʢ ʨʝʘʛʝʥʪ ʂʘʛʘʥʘ [173, 174]. ʂʘʢ ʧʨʘʚʠʣʦ, ʨʝʘʢʮʠʠ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ 

ʧʨʦʚʦʜʷʪʩʷ ʚ ʧʦʣʷʨʥʳʭ ʘʧʨʦʪʦʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʪʘʢʠʭ ʢʘʢ ʊɻʌ ʠ ʜʠʵʪʠʣʦʚʳʡ ʵʬʠʨ. ʈʝʘʢʮʠʠ 

ʚ ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʢʘʢ ʪʦʣʫʦʣ ʠ ʛʝʢʩʘʥ, ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʦʠʟʫʯʝʥʳ. ɺ ʦʪʜʝʣʴʥʦʤ 

ʧʨʠʤʝʨʝ, ʛʜʝ ʠʟʫʯʘʣʘʩʴ ʢʠʥʝʪʠʢʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʛʘʣʦʛʝʥʘʣʢʘʥʦʚ (1-ʙʨʦʤʦʜʦʜʝʢʘʥʘ ʠ 1-

ʭʣʦʨʦʜʦʜʝʢʘʥʘ) ʢʦʤʧʣʝʢʩʦʤ [Sm(N(SiMe3)2)2(thf)2], ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʥʘʠʙʦʣʝʝ ʥʝʧʦʣʷʨʥʦʤ 

ʠʟ ʚʳʙʨʘʥʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ð ʛʝʢʩʘʥʝ ð ʨʝʘʢʮʠʷ ʠʜʸʪ ʚ ʪʨʠ ʨʘʟʘ ʙʳʩʪʨʝʝ, ʯʝʤ ʚ ʊɻʌ [175]. 

ɸʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʪʘʢʫʶ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʘ ʧʨʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʜʦʥʦʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʪʘʙʠʣʠʟʘʮʠʝʡ ʧʝʨʝʭʦʜʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʚ ʥʝʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ɺ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʢʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʤʦʣʝʢʫʣʳ ʊɻʌ ʤʦʛʫʪ 

ʫʤʝʥʴʰʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʩ ʬʦʩʬʦʨ-ʜʦʥʦʨʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ʠʟ-ʟʘ ʨʘʩʢʨʳʪʠʷ ʮʠʢʣʘ 

ʊɻʌ ʠ ʝʛʦ ʚʥʝʜʨʝʥʠʷ ʧʦ ʩʚʷʟʠ LnïP [104], ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʠʥʪʝʨʝʩ ʢʘʢ ʘʢʪʠʚʥʳʝ FLP ʮʝʥʪʨʳ 

(ʩʤ. ʯʘʩʪʴ 1.2.3). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʝʨʝʭʦʜ ʢ ʥʝʧʦʣʷʨʥʳʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʦʨʛʘʥʠʯʝʩʢʦʤ ʩʠʥʪʝʟʝ. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʘʣʣʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʫʜʘʣʝʥʠʝ ʠʟ ʂʉ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʳʟʳʚʘʝʪ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʠʟʤʝʥʝʥʠʷ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ. ɿʘʯʘʩʪʫʶ ʢʦʦʨʜʠʥʘʮʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʷʜʝʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʥʳ ʦʣʠʛʦʤʝʨʠʟʦʚʘʪʴʩʷ ʧʨʠ ʫʜʘʣʝʥʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʨʠʤʝʨʳ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʚʩʪʨʝʯʘʶʪʩʷ ʥʝ ʪʘʢ ʯʘʩʪʦ, ʢʘʢ ʯʘʩʪʠʯʥʘʷ 

ʜʝʩʦʣʴʚʘʪʘʮʠʷ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠʟ ʥʝʧʦʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ, 

ʢʘʢ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʯʘʩʪʠ 1.2.4 ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʜʣʷ ʭʣʦʨʦ-ɓ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. 
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ʀʟʚʝʩʪʥʳʝ ʨʘʙʦʪʳ ʧʦ ʥʘʧʨʘʚʣʝʥʥʦʤʫ ʫʜʘʣʝʥʠʶ ʠʟ ʂʉ ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʪʥʦʩʷʪʩʷ 

ʢ ʮʠʢʣʦʧʝʥʪʘʜʠʝʥʠʣʴʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʣʘʥʪʘʥʦʠʜʦʚ. 

3.3.1. ʀʟʫʯʝʥʠʝ ʫʩʣʦʚʠʡ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 6-Sm ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʯʘʩʪʠʯʥʦ ʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʭ ʬʦʨʤ 

ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ (3.2), ʢʦʤʧʣʝʢʩ [Sm(Nacnac)I(thf)2] (6-Sm) 

ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ SmI2 ʠ K(Nacnac) ʚ ʊɻʌ. ʇʨʠ ʵʪʦʤ ʙʳʣʦ ʥʝʠʟʚʝʩʪʥʦ, 

ʧʨʦʪʝʢʘʝʪ ʣʠ ʨʝʘʢʮʠʷ ʚ ʘʧʦʣʷʨʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʨʠ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʨʝʘʛʝʥʪʦʚ (SmI2 

ʥʝʨʘʩʪʚʦʨʠʤ ʚ ʪʦʣʫʦʣʝ, K(Nacnac) ʤʘʣʦʨʘʩʪʚʦʨʠʤ). ɺ ʨʝʟʫʣʴʪʘʪʝ ʩʣʫʯʘʡʥʦʛʦ ʩʪʝʯʝʥʠʷ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚ, ʜʣʷ ʧʝʨʚʦʡ ʨʝʘʢʮʠʠ SmI2 ʩ K(Nacnac) ʚ ʪʦʣʫʦʣʝ ʙʳʣ ʚʟʷʪ ʜʠʢʝʪʠʤʠʥʘʪ ʢʘʣʠʷ, ʥʝ 

ʧʦʣʥʦʩʪʴʶ ʣʠʰʸʥʥʳʡ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ ʤʦʣʝʢʫʣ ʊɻʌ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʦʨʤʫʣʝ 

K(Nacnac)Ā0.6thf ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʗʄʈ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʦ ʚʳʜʝʣʝʥʦ ʥʝʩʢʦʣʴʢʦ ʢʨʠʩʪʘʣʣʦʚ 

ʢʦʤʧʣʝʢʩʘ [{Sm(Nacnac)I(thf)}{ Sm(Nacnac)I}] ( 9-Sm), ʧʨʝʜʩʪʘʚʣʷʶʱʝʛʦ ʩʦʙʦʡ ʙʠʷʜʝʨʥʳʡ 

ʢʦʤʧʣʝʢʩ ʩ ʦʜʥʦʡ ʤʦʣʝʢʫʣʦʡ ʊɻʌ ʥʘ ʜʚʘ ʘʪʦʤʘ ʩʘʤʘʨʠʷ. ʇʦʩʢʦʣʴʢʫ ʧʨʦʜʫʢʪ ʥʝ ʙʳʣ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥ ʤʝʪʦʜʦʤ ʈʌɸ, ʥʝ ʫʜʘʣʦʩʴ ʫʩʪʘʥʦʚʠʪʴ ʧʦʣʥʦʪʫ ʧʨʦʪʝʢʘʥʠʷ ʨʝʘʢʮʠʠ ʠ ʯʠʩʪʦʪʫ 

ʧʨʦʜʫʢʪʘ, ʦʜʥʘʢʦ ʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʥʘʪʦʣʢʥʫʣʦ ʥʘ ʠʜʝʶ ʚʦʟʤʦʞʥʦʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʙʦʣʴʰʝʡ ʥʫʢʣʝʘʨʥʦʩʪʠ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʬʨʘʛʤʝʥʪʦʚ {Sm(Nacnac)I}.   

ʇʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ 9-Sm ʤʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʦ ʧʦʣʫʯʠʪʴ ʧʨʠ ʜʝʩʦʣʴʚʘʪʘʮʠʠ 

ʢʦʤʧʣʝʢʩʘ 6-Sm ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʚ ʪʦʣʫʦʣʝ ʩ ʧʘʨʘʣʣʝʣʴʥʦʡ ʦʪʛʦʥʢʦʡ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɹʦʣʝʝ ʚʳʩʦʢʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ ʪʦʣʫʦʣʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʊɻʌ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʪʨʳʚʫ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʭ 

ʉʭʝʤʘ 3.3. ʆʣʠʛʦʤʝʨʠʟʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 6-Sm ʚ ʭʦʜʝ ʜʝʩʦʣʴʚʘʪʘʮʠʠ. ʊ* ð çʪʦʣʫʦʣʴʥʦʝ 

ʢʠʧʷʯʝʥʠʝè, ʜʣʷ ʧʦʜʨʦʙʥʦʩʪʝʡ ʩʤ. ʨʘʟʜʝʣ 2.2.4.1. 
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ʤʦʣʝʢʫʣ ʊɻʌ ʠ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʨʘʛʤʝʥʪʦʚ, ʯʴʷ ʢʦʦʨʜʠʥʘʮʠʦʥʥʘʷ ʩʬʝʨʘ 

ʥʝʜʦʩʪʘʪʦʯʥʦ ʟʘʧʦʣʥʝʥʘ. ʆʜʥʘʢʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʪʦʣʫʦʣʴʥʦʝ ʢʠʧʷʯʝʥʠʝ ʧʨʦʪʝʢʘʝʪ ʥʝʩʝʣʝʢʪʠʚʥʦ, 

ʠ ʥʘʨʷʜʫ ʩ 9-Sm ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʤʝʥʝʝ ʥʘʩʳʱʝʥʥʳʝ ʊɻʌ ʢʦʤʧʣʝʢʩʳ (ʩʭʝʤʘ 3.3). ɺ ʨʘʟʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʚʟʷʪʦʛʦ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʢʦʤʧʣʝʢʩʘ 6-Sm ʠ ʦʙʲʸʤʘ 

ʪʦʣʫʦʣʘ, ʥʘʙʣʶʜʘʣʦʩʴ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʣʝʢʩʦʚ 

[{ Sm(Nacnac)I(thf)}{ Sm(Nacnac)I} 2] (8-Sm) ʠ [{ Sm(Nacnac)I} 4] (7-Sm). ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ 

ʫʩʣʦʚʠʡ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʙʳʣ ʧʨʦʚʝʜʸʥ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʨʘʟʣʦʞʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 6-Sm. 

ʋʯʠʪʳʚʘʷ ʚʳʩʦʢʫʶ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʢʠʩʣʝʥʠʶ ʩʦʝʜʠʥʝʥʠʡ Sm2+, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ 

ʢʨʠʚʳʝ ʧʨʠʛʦʜʥʳ ʪʦʣʴʢʦ ʜʣʷ ʢʘʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʤʝʨʳ ʧʨʝʜʦʩʪʦʨʦʞʥʦʩʪʠ ʜʣʷ 

ʩʦʭʨʘʥʝʥʠʷ ʦʙʨʘʟʮʘ, ʧʦʜʘʚʘʝʤʳʡ ʛʝʣʠʡ ʤʦʛ ʩʦʜʝʨʞʘʪʴ ʦʩʪʘʪʦʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ ʠ 

ʧʦʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ ʧʦʪʝʨʠ ʤʘʩʩʳ ʦʙʨʘʟʮʦʤ. ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʦʪʨʘʞʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.8. 

 

ʈʠʩʫʥʦʢ 3.8. ʊʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʜʣʷ ʢʦʤʧʣʝʢʩʦʚ ʘ) [Sm(Nacnac)I(thf)2] (6-Sm); ʙ) 

[{ Sm(Nacnac)I} 4] (7-Sm); ʚ) ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʘʷ ʢʨʠʚʘʷ ʜʣʷ [Sm(Nacnac)I(thf)2] (6-Sm) ʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

 

ʇʨʠ ʣʠʥʝʡʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʢʦʤʧʣʝʢʩʘ 6-Sm ʚ ʜʠʘʧʘʟʦʥʝ 25ï580Áʉ (10Áʉ/ʤʠʥ) ʧʨʦʠʩʭʦʜʠʪ 

ʦʪʨʳʚ ʜʚʫʭ ʤʦʣʝʢʫʣ ʊɻʌ ʩ ʥʝʷʚʥʦ ʚʳʨʘʞʝʥʥʳʤʠ ʩʪʫʧʝʥʷʤʠ (ʨʠʩʫʥʦʢ 3.8ʘ). ʇʨʠ 124Áʉ ʧʦʪʝʨʷ 

ʤʘʩʩʳ ʜʦʩʪʠʛʘʝʪ 8.6%, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʪʨʳʚʫ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʊɻʌ, ʘ ʧʦʪʝʨʷ ʤʘʩʩʳ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʧʦʪʝʨʝ ʜʚʫʭ ʤʦʣʝʢʫʣ ʊɻʌ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ 210Áʉ. ʇʨʠ 133Áʉ ʧʦʪʝʨʷ ʤʘʩʩʳ 
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ʩʦʩʪʘʚʣʷʝʪ 9.2%, ʠ ʩʢʦʨʦʩʪʴ ʟʘʤʝʜʣʷʝʪʩʷ ʚʧʣʦʪʴ ʜʦ 170 Áʉ. ʅʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʢʨʠʚʦʡ ʥʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʯʸʪʢʦ ʨʘʟʣʠʯʠʤʳʭ ʩʪʫʧʝʥʝʡ, ʘ ʧʦʪʝʨʷ ʚʪʦʨʦʡ ʤʦʣʝʢʫʣʳ ʊɻʌ ʧʝʨʝʭʦʜʠʪ ʚ ʦʩʥʦʚʥʫʶ 

ʩʪʫʧʝʥʴ ʨʘʟʣʦʞʝʥʠ ̫ʢʦʤʧʣʝʢʩʘ. ɼʚʫʭʩʪʫʧʝʥʯʘʪʫʶ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʫʶ ʧʦʪʝʨʶ ʜʚʫʭ ʤʦʣʝʢʫʣ ʊɻʌ 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʵʢʩʧʝʨʠʤʝʥʪ (ʨʠʩʫʥʦʢ 3.8ʚ). ʅʘʛʨʝʚʘʥʠʝ ʠ ʚʳʜʝʨʞʠʚʘʥʠʝ ʦʙʨʘʟʮʘ 

6-Sm ʧʨʠ 80Áʉ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʤʘʩʩʳ ʜʦ 93% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʦʡ ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʦʪʨʳʚʫ 0.8 ʤʦʣʝʢʫʣ ʊɻʌ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 150Áʉ ʟʘ 1 ʯʘʩ ʦʩʪʘʪʦʢ ʤʘʩʩʳ ʜʦʭʦʜʠʪ ʜʦ 82.8% ʠ 

ʧʨʦʜʦʣʞʘʝʪ ʩʥʠʞʘʪʴʩʷ ʩ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʦʜʠʥʘʢʦʚʦʡ ʩʢʦʨʦʩʪʴʶ. ʕʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʤʘʩʩʳ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʦʩʥʦʚʥʘʷ 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʚ ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʣʠʷʪʴ ʧʨʠʤʝʩʴ ʢʠʩʣʦʨʦʜʘ ʚ ʪʦʢʝ ʛʝʣʠʷ (ʥʝ ʙʦʣʝʝ 4 ppm), ʧʦʩʢʦʣʴʢʫ ʦʙʨʘʟʝʮ 

ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝʝ ʚʨʝʤʷ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʛʨʘʜʠʝʥʪʥʦʛʦ 

ʠʟʤʝʨʝʥʠʷ (1 ʯʘʩ ʧʨʦʪʠʚ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 23 ʤʠʥʫʪ ð ʦʪ 25 ʜʦ 255Áʉ, ʢʦʛʜʘ ʥʘʯʠʥʘʝʪʩʷ ʦʩʥʦʚʥʦʡ 

ʵʪʘʧ ʨʘʟʣʦʞʝʥʠʷ). ʇʨʠ ʵʪʦʤ ʤʦʛʫʪ ʧʨʦʪʝʢʘʪʴ ʧʨʦʮʝʩʩʳ ʤʝʜʣʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʘʤʘʨʠʷ ʠ 

ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʱʝʧʣʝʥʠʷ ʠʦʜʠʜʥʦʛʦ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ. ɺ ʦʙʦʠʭ ʩʣʫʯʘʷʭ, ʧʨʠ 

ʛʨʘʜʠʝʥʪʥʦʤ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʧʨʠ ʩʪʫʧʝʥʯʘʪʦʤ, ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʫʧʝʥʝʡ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʨʘʟʦʚʘʥʠʶ ʫʩʪʦʡʯʠʚʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʦʨʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʊɻʌ ʢʘʢ ʚ 

ʢʦʤʧʣʝʢʩʘʭ 8-Sm (14.3%) ʠ 9-Sm (12.8%). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʦʯʝʚʠʜʥʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, 

ʯʪʦ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʠʮʘʤʠ {Sm(Nacnac)I}, 

{ Sm(Nacnac)I(thf)} ʠ {Sm(Nacnac)I(thf)2}, ʢʦʪʦʨʦʝ ʙʳ ʧʨʠʚʦʜʠʣʦ ʢ ʦʣʠʛʦʤʝʨʠʟʘʮʠʠ ʠ ʯʘʩʪʠʯʥʦʡ 

ʧʦʪʝʨʝ ʤʦʣʝʢʫʣ ʊɻʌ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʨʦʙʥʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʊɻʌ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʩʪʦʚʘ 

{ Sm(Nacnac)I}.  ɺ ʪʘʢʦʤ ʩʣʫʯʘʝ, ʯʘʩʪʠʮʳ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʊɻʌ ʧʝʨʝʭʦʜʷʪ ʚ ʢʦʤʧʣʝʢʩʳ 

ʙʦʣʴʰʝʡ ʷʜʝʨʥʦʩʪʠ ʧʨʠ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʪʦʣʫʦʣʘ. 

ʇʨʠ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʢʦʤʧʣʝʢʩʘ 7-Sm ʩʥʘʯʘʣʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦʩʪʝʧʝʥʥʘʷ 

ʧʦʪʝʨʷ ʤʘʩʩʳ ʚʧʣʦʪʴ ʜʦ 150Áʉ, ʘ ʟʘʪʝʤ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʦʪʯʸʪʣʠʚʳʝ ʩʪʫʧʝʥʠ ʨʘʟʣʦʞʝʥʠʷ ʚ 

ʨʝʛʠʦʥʘʭ 150ï260Áʉ ʠ 260ï350Áʉ (ʨʠʩʫʥʦʢ 3.8ʙ). ʇʝʨʚʘʷ ʩʪʫʧʝʥʴ ʨʘʟʣʦʞʝʥʠ ̫ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʝʥʴʰʠʭ, ʯʝʤ ʦʩʥʦʚʥʘʷ ʩʪʫʧʝʥʴ ʪʝʨʤʦʨʘʩʧʘʜʘ ʢʦʤʧʣʝʢʩʘ 6-Sm. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʠʜʝʶ ʦ ʪʦʤ, ʯʪʦ ʘʛʣʦʤʝʨʘʮʠʷ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʨʷʤʦʡ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʪʚʸʨʜʦʛʦ ʦʙʨʘʟʮʘ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʘʟʣʦʞʝʥʠʝ ʠʤʝʝʪ ʪʘʢʦʡ ʩʪʫʧʝʥʯʘʪʳʡ ʭʘʨʘʢʪʝʨ ʠʟ-ʟʘ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʩʢʝʣʝʪʘ ʪʷʞʸʣʳʭ ʘʪʦʤʦʚ {Sm4I4}, ʚ ʢʦʪʦʨʦʤ ʦʪʨʳʚ Õ2- ʠ Õ3-ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ ʟʘʪʨʫʜʥʸʥ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ. ʇʨʠ ʵʪʦʤ ʫʭʦʜ ʜʠʢʝʪʠʤʠʥʘʪʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʝ 

ʟʘʪʨʫʜʥʸʥ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʷʜʝʨʥʳʤ ʢʦʤʧʣʝʢʩʦʤ, ʘ ʚʦʟʤʦʞʥʦ ʠ ʦʙʣʝʛʯʝʥ ʙʣʘʛʦʜʘʨʷ 

ʦʪʪʘʣʢʠʚʘʥʠʶ ʦʙʲʸʤʥʳʭ ʟʘʤʝʩʪʠʪʝʣʝʡ ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʣʠʛʘʥʜʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ. 

ʇʦʩʢʦʣʴʢʫ ʤʘʩʩʘ ʦʩʪʘʪʢʘ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʩʦʦʪʥʝʩʝʥʘ ʩ ʢʘʢʦʡ-ʣʠʙʦ ʧʨʦʩʪʦʡ 

ʬʦʨʤʫʣʦʡ, ʚʝʨʦʷʪʥʦ, ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʳʚ ʜʠʢʝʪʠʤʠʥʘʪʘ ʠ ʥʝʧʦʣʥʦʝ ʫʜʘʣʝʥʠʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ. 
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ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʵʪʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʤʝʥʪʥʦʛʦ ʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ 

ʦʩʪʘʪʢʘ ʧʦʩʣʝ ʨʘʟʣʦʞʝʥʠʷ, ʢʦʪʦʨʦʝ ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ ʚʚʠʜʫ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʚʦʟʜʫʭʝ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʥʝʪʦʯʥʦʩʪʴ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʜʝʩʦʣʴʚʘʪʘʮʠʠ ʠʣʠ ʨʘʟʣʦʞʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ, ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʟʚʦʣʠʣ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʣʥʦʡ 

ʜʝʩʦʣʴʚʘʪʘʮʠʠ 6-Sm. ʇʦʩʢʦʣʴʢʫ ʜʝʩʦʣʴʚʘʪʘʮʠʷ ʧʨʦʚʦʜʠʪʩʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ, ʚʦʟʤʦʞʥʦ 

ʧʨʦʚʦʜʠʪʴ ʝʸ ʧʨʠ ʥʝʩʢʦʣʴʢʦ ʤʝʥʴʰʝʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʯʝʤ ʚʦ ʚʨʝʤʷ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ, ʚʦ 

ʠʟʙʝʞʘʥʠʝ ʥʘʯʘʣʘ ʨʘʟʣʦʞʝʥʠʷ ʚʝʱʝʩʪʚʘ. ɼʘʣʝʝ ʜʝʩʦʣʴʚʘʪʘʮʠʷ ʧʨʦʚʦʜʠʣʘʩʴ ʧʨʠ 190 Áʉ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ (10ï3 ʊʦʨʨ), ʧʨʦʜʫʢʪ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʳʚʘʣʩʷ ʠʟ ʪʦʣʫʦʣʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʧʦʣʫʯʠʪʴ 7-Sm ʩ ʭʦʨʦʰʠʤ ʚʳʭʦʜʦʤ. 

ʇʨʦʤʝʞʫʪʦʯʥʳʝ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʊɻʌ ʢʦʤʧʣʝʢʩʳ 8-Sm ʠ 9-Sm ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʊɻʌ ʢ ʢʦʤʧʣʝʢʩʫ 7-Sm (ʩʭʝʤʘ 3.4). ʆʜʥʘʢʦ ʦʢʘʟʘʣʦʩʴ, ʯʪʦ ʦʩʪʦʚ 7-Sm ʫʩʪʦʡʯʠʚ ʢ 

ʩʦʣʴʚʘʪʘʮʠʠ, ʠ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʢʦʣʠʯʝʩʪʚ ʊɻʌ, ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠ ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʢʦʤʧʣʝʢʩʘ 8-Sm (Sm:ʊɻʌ 3:1), ʚʤʝʩʪʦ ʥʝʛʦ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 

[{ Sm(Nacnac)I(thf)} 2{ Sm(Nacnac)I} 2] (7-Sm* ), ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʳʡ ʊɻʌ, ʥʦ ʩʦʭʨʘʥʷʶʱʠʡ ʩʢʝʣʝʪ 

ʪʷʞʸʣʳʭ ʘʪʦʤʦʚ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘ, 7-Sm. ɼʣʷ ʧʨʝʚʨʘʱʝʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʠ ʠʩʭʦʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

ʚ 8-Sm ʥʝʦʙʭʦʜʠʤʦ ʜʦʙʘʚʣʝʥʠʝ ʙʦ╠ʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʊɻʌ (Sm:ʊɻʌ = 2:1). ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ, 

ʧʨʠ ʩʪʝʭʠʦʤʝʪʨʠʠ Sm:ʊɻʌ = 3:1 7-Sm ʥʝ ʧʦʣʥʦʩʪʴʶ ʧʝʨʝʭʦʜʠʪ ʚ 7-Sm*, ʘ ʧʨʠ ʩʪʝʭʠʦʤʝʪʨʠʠ 

Sm:ʊɻʌ = 2:1 ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ 8-Sm ʟʘʛʨʷʟʥʸʥ ʧʨʠʤʝʩʴʶ 7-Sm*. ʊʝʤ ʥʝ ʤʝʥʝʝ, 8-Sm ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʝʘʢʮʠʡ ʚ ʚʠʜʫ ʥʝʟʥʘʯʠʪʝʣʴʥʦʩʪʠ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʠ 7-Sm* . 

ʂʦʤʧʣʝʢʩ 9-Sm ʧʦʣʫʯʘʝʪʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʧʨʠ ʩʪʝʭʠʦʤʝʪʨʠʠ Sm:ʊɻʌ = 1:1. ʆʧʨʝʜʝʣʝʥʠʝ ʩʦʩʪʘʚʘ 

ʩʤʝʩʝʡ ʠ ʯʠʩʪʦʪʳ ʧʨʦʜʫʢʪʦʚ ʟʘʪʨʫʜʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʧʦ ʩʦʦʪʥʦʰʝʥʠʶ ʵʣʝʤʝʥʪʦʚ C, H, N 

ʩʦʝʜʠʥʝʥʠʷ ʙʣʠʟʢʠ ʚ ʧʨʝʜʝʣʘʭ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʷ, ʘ ʀʂ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʘʸʪ ʣʠʰʴ 

ʢʘʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ. ɽʜʠʥʩʪʚʝʥʥʳʤ ʥʘʜʸʞʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ ʧʦʨʦʰʢʦʚʘʷ ʜʠʬʨʘʢʮʠʷ. 

 

ʉʭʝʤʘ 3.4. ʏʘʩʪʠʯʥʘʷ ʩʦʣʴʚʘʪʘʮʠʷ ʢʦʤʧʣʝʢʩʘ 7-Sm. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʸʥ ʧʦ ʜʘʥʥʳʤ ʈʌɸ 

(ʩʤ. ʧʨʠʣʦʞʝʥʠʝ 5). 
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3.3.2. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʨʝʜʳ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʤʝʞʜʫ K(Nacnac) ʠ SmI2 ʥʘ ʩʦʩʪʘʚ 

ʧʨʦʜʫʢʪʦʚ 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 7ï9-Sm ʥʘʧʨʷʤʫʶ ʠʟ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʘ ʢʘʣʠʷ ʠ ʠʦʜʠʜʘ ʩʘʤʘʨʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʨʝʘʢʮʠʠ K(Nacnac):SmI2 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

1:1 ʚ ʩʨʝʜʘʭ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʊɻʌ. ɺ ʯʠʩʪʦʤ ʪʦʣʫʦʣʝ ʦʙʨʘʟʫʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟʚʝʩʪʥʳʡ 

ʙʠʩ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ [Sm(Nacnac)2], ʘ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ ʠʦʜʠʜ ʩʘʤʘʨʠʷ ʤʦʞʝʪ ʙʳʪʴ 

ʦʪʜʝʣʸʥ ʦʪ ʧʨʦʜʫʢʪʘ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ. ʆʙʨʘʟʦʚʘʥʠʝ ʬʦʨʤ ʙʦʣʴʰʝʡ ʷʜʝʨʥʦʩʪʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʜʘʞʝ 

ʧʨʠ ʢʠʧʷʯʝʥʠʠ ʨʘʩʪʚʦʨʘ (100Áʉ, ʩʤ. ʧʦʜʨʦʙʥʦʩʪʠ ʚ ʨʘʟʜʝʣʝ 2.2.4.4) ʚ ʪʝʯʝʥʠʝ ʤʝʩʷʮʘ ʠ ʛʦʚʦʨʠʪ 

ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʣʠʛʘʥʜʥʦʛʦ ʦʙʤʝʥʘ ʤʝʞʜʫ SmI2 ʠ [Sm(Nacnac)2] ʚ ʪʦʣʫʦʣʝ. ʈʝʟʫʣʴʪʘʪ ʥʝ ʤʝʥʷʝʪʩʷ 

ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʚʨʝʤʝʥʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʘʢʮʠʠ. ʇʦ ʚʥʝʰʥʝʤʫ ʚʠʜʫ ʢʨʠʩʪʘʣʣʦʚ 

ʢʦʤʧʣʝʢʩ [Sm(Nacnac)2] ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʯʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʵʪʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ, ʠ ʝʛʦ 

ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʚʩʝʛʜʘ ʣʝʛʢʦ ʦʧʨʝʜʝʣʠʪʴ ʚʠʟʫʘʣʴʥʦ. ʊʘʢ, ʦʥ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ 

ʚʠʜʝ ʢʨʫʧʥʳʭ ʪʸʤʥʳʭ ʚʠʥʥʦ-ʢʨʘʩʥʳʭ ʠʛʣ [Sm(Nacnac)2]ĀTol, ʘ ʠʦʜʦ-ʜʠʢʝʪʠʤʠʥʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

Sm(II) ʠʤʝʶʪ ʪʸʤʥʦ-ʟʝʣʸʥʫʶ ʦʢʨʘʩʢʫ ʠ ʬʦʨʤʫ ʦʪ ʥʝʙʦʣʴʰʠʭ ʠʛʣ ʜʦ ʧʣʘʩʪʠʥʦʢ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʩ ʨʘʟʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʊɻʌ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʚʘ ʤʝʪʦʜʘ: ʚ 

ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢ ʪʚʸʨʜʦʡ ʩʤʝʩʠ ʨʝʘʛʝʥʪʦʚ ʜʦʙʘʚʣʷʣʩʷ ʪʦʣʫʦʣ, ʘ ʟʘʪʝʤ ʙʳʩʪʨʦ ð ʥʫʞʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʊɻʌ, ʚʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʟʘʨʘʥʝʝ ʧʨʠʛʦʪʦʚʣʝʥʥʳʝ ʩʤʝʩʠ ʊɻʌ-ʪʦʣʫʦʣ ʩ 

ʟʘʜʘʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʊɻʌ. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ, ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 

[Sm(Nacnac)2] ʠ ʦʩʪʘʸʪʩʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ SmI2, ʘ ʢʦʤʧʣʝʢʩ 7-Sm ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʥʠ ʚ ʦʜʥʦʡ 

ʨʝʘʢʮʠʠ. ɺ ʧʨʠʩʫʪʩʪʚʠʠ ʊɻʌ ʧʦʨʦʰʢʦʛʨʘʤʳ ʩʦʜʝʨʞʘʪ ʧʠʢʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 8-Sm ʠ 9-Sm ʚ 

ʥʝʩʪʝʭʠʦʤʝʪʨʠʯʥʳʭ ʢʦʣʠʯʝʩʪʚʘʭ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, (ʯʘʩʪʠʯʥʦ) ʜʝʩʦʣʴʚʘʪʠʨʦʚʘʥʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ 

7ï9-Sm ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʥʘʧʨʷʤʫʶ ʠʟ ɓ-ʜʠʢʝʪʠʤʠʥʘʪʘ ʢʘʣʠʷ ʠ ʠʦʜʠʜʘ 

ʩʘʤʘʨʠʷ, ʠ ʝʜʠʥʩʪʚʝʥʥʳʡ ʩʧʦʩʦʙ ʠʭ ʩʠʥʪʝʟʘ ð ʧʦʣʥʘʷ ʜʝʩʦʣʴʚʘʪʘʮʠʷ 6-Sm ʠ ʜʦʙʘʚʣʝʥʠʝ 

ʟʘʜʘʥʥʳʭ ʢʦʣʠʯʝʩʪʚ ʊɻʌ ʢ ʦʙʨʘʟʦʚʘʚʰʝʤʫʩʷ ʢʦʤʧʣʝʢʩʫ 7-Sm. 

ʇʦʩʢʦʣʴʢʫ ʚ ʧʝʨʚʳʡ ʨʘʟ ʢʦʤʧʣʝʢʩ 9-Sm ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ K(Nacnac)Ā0.6thf ʢ 

SmI2 ʚ ʪʦʣʫʦʣʝ, ʫʩʣʦʚʠʷ ʨʝʘʢʮʠʡ (5)ï(8) ʜʦʣʞʥʳ ʙʳʣʠ ʠʤʠʪʠʨʦʚʘʪʴ ʫʩʣʦʚʠʷ ʧʝʨʚʦʡ ʧʨʦʙʥʦʡ 

ʨʝʘʢʮʠʠ. ʆʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʦʪʣʠʯʘʣʠʩʴ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʊɻʌ ʚ ʢʘʣʠʝʚʦʡ ʩʦʣʠ ʩʦʜʝʨʞʘʣʩʷ 

ʥʝ ʚ ʚʠʜʝ ʩʦʣʴʚʘʪʥʦʡ ʤʦʣʝʢʫʣʳ, ʘ ʙʳʣ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʢ ʢʘʪʠʦʥʫ ʢʘʣʠʷ, ʧʦʵʪʦʤʫ ʦʢʘʟʘʣʩʷ ʙʣʠʟʢʦ 

ʢ ʨʝʘʢʮʠʦʥʥʦʤʫ ʮʝʥʪʨʫ ʠ ʧʝʨʝʰʸʣ ʥʘ ʢʘʪʠʦʥ ʩʘʤʘʨʠʷ. ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ 

ʢʦʦʨʜʠʥʘʮʠʠ ʊɻʌ ʢ ʢʘʣʠʶ K(Nacnac) ʙʳʣ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʥ ʠʟ ʩʤʝʩʠ ʊɻʌ-ʛʝʢʩʘʥ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʘ ʧʦʣʫʯʝʥʘ ʥʦʚʘʷ ʩʪʨʫʢʪʫʨʘ [K(Nacnac)(thf)2], ʚ ʢʦʪʦʨʦʡ ʜʚʝ ʤʦʣʝʢʫʣʳ ʊɻʌ 

ʜʦʧʦʣʥʷʶʪ ʂʉ ʢʘʪʠʦʥʘ ʢʘʣʠʷ (ʧʨʠʣʦʞʝʥʠʝ 9). 
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ʉʭʝʤʘ 3.5. ʅʘʙʦʨ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʡ SmI2 ʩ K(Nacnac) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʩʳʱʝʥʥʦʩʪʠ ʩʨʝʜʳ 

ʊɻʌ ʠ ʧʦʨʷʜʢʘ ʜʦʙʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʅʘʜ ʩʪʨʝʣʢʘʤʠ ʫʢʘʟʘʥʦ ʢʦʣʠʯʝʩʪʚʦ ʊɻʌ ʥʘ 1 Sm. 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʸʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʳʭ ʈʌɸ (ʧʨʠʣʦʞʝʥʠʝ 5ʛ, ʧʨʠʣʦʞʝʥʠʝ 6), 

ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʡ SmI2 ʦʩʪʘʚʘʣʩʷ ʚ ʚʠʜʝ ʥʝʨʘʩʪʚʦʨʠʤʦʛʦ ʦʩʘʜʢʘ ʧʨʠ ʵʢʩʪʨʘʢʮʠʠ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʩʭʝʤʳ 3.5 ʠ ʙʫʜʝʪ ʧʦʜʨʦʙʥʦ ʦʧʠʩʘʥʦ ʚ ʯʘʩʪʠ 3.3.4, ʢʦʤʧʣʝʢʩ 9-Sm ʷʚʣʷʝʪʩʷ 

ʜʠʤʝʨʦʤ 7*-Sm. ʇʦʜʦʙʥʳʝ ʩʣʫʯʘʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʦʣʠʛʦʤʝʨʠʠ ʦʯʝʥʴ ʨʝʜʢʠ ʚ ʭʠʤʠʠ 

ʢʦʤʧʣʝʢʩʦʚ ʣʘʥʪʘʥʦʠʜʦʚ. ʊʘʢ, ʪʨʠʩ-ʜʠʧʠʚʘʣʦʠʣʤʝʪʘʥʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʜʠʩʧʨʦʟʠʷ ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʦʚʘʪʴ ʢʘʢ ʚ ʚʠʜʝ ʤʦʥʦʤʝʨʘ [Dy(dpm)3], ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʧʨʠ ʩʫʙʣʠʤʘʮʠʠ (10
ï2 ʊʦʨʨ, 165ï

170 Áʉ), ʪʘʢ ʠ ʚ ʚʠʜʝ ʜʠʤʝʨʘ [Dy(dpm)3]2, ʢʦʪʦʨʳʡ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʨʠ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ 

ʚʝʱʝʩʪʚʘ ʚ ʛʝʧʪʘʥʝ [187]. ʇʨʠ ʜʠʤʝʨʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʩʪʨʦʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʢʠʩʣʦʨʦʜʥʳʭ ʤʦʩʪʠʢʦʚ ʜʚʫʭ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳʭ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʠ ʜʠʧʠʚʘʣʦʠʣʤʝʪʘʥʘʪʦʚ. 

ʊʦʪ ʬʘʢʪ, ʯʪʦ 9-Sm ʠ 7*-Sm ʦʙʨʘʟʫʶʪʩʷ ʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʫʢʘʟʳʚʘʝʪ ʣʠʙʦ 

ʥʘ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʵʪʠʤʠ ʬʦʨʤʘʤʠ, ʣʠʙʦ ʙʦʣʴʰʫʶ ʢʠʥʝʪʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʣʝʢʩʦʚ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʤʝʞʜʫ ʬʦʨʤʘʤʠ, ʢʦʤʧʣʝʢʩ 9-Sm 

ʙʳʣ ʧʦʣʫʯʝʥ in situ ʠʟ 7-Sm (ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʌɸ, 9-Sm ̫ ʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʨʦʜʫʢʪʦʤ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ 1 ʵʢʚ. ʊɻʌ ʢ 7-Sm) ʠ ʥʘʛʨʝʚʘʣʩʷ ʚ ʪʦʣʫʦʣʝ ʧʨʠ 100 Áʉ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ. 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʨʦʜʫʢʪ, ʧʦʣʫʯʝʥʥʳʡ ʧʦʩʣʝ ʘʢʢʫʨʘʪʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩʦʜʝʨʞʘʣ ʚ 

ʩʨʘʚʥʠʤʳʭ ʢʦʣʠʯʝʩʪʚʘʭ ʚʩʝ ʪʨʠ ʢʦʤʧʣʝʢʩʘ 9-Sm, 8-Sm ʠ 7*-Sm (ʩʤ. ʧʦʨʦʰʢʦʛʨʘʤʤʫ ʚ 

ʧʨʠʣʦʞʝʥʠʠ 8). ʉʦʛʣʘʩʥʦ ʘʥʘʣʠʟʫ ʧʦʨʦʰʢʦʛʨʘʤʤʳ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ GSAS-II , ʩʤʝʩʴ 

ʩʦʜʝʨʞʠʪ ʧʦʨʷʜʢʘ 7% 9-Sm, 53% 8-Sm ʠ 40% 7*-Sm, ʦʜʥʘʢʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʥʝ ʤʦʛʫʪ ʩʯʠʪʘʪʴʩʷ 

ʜʦʩʪʦʚʝʨʥʳʤʠ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʚ ʩʚʷʟʠ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʧʨʦʚʝʜʝʥʠʷ ʧʦʨʦʰʢʦʚʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʜʠʤʝʨʠʟʘʮʠʷ 9-Sm, ʥʦ ʠ ʦʙʨʘʟʦʚʘʥʠʝ 
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ʢʦʤʧʣʝʢʩʦʚ ʙʦʣʴʰʝʡ ʷʜʝʨʥʦʩʪʠ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʪʝʢʘʪʴ ʯʝʨʝʟ ʬʨʘʛʤʝʥʪʘʮʠʶ ʠʩʭʦʜʥʦʛʦ 

ʢʦʤʧʣʝʢʩʘ, ʯʝʤʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

3.3.3. ʈʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 7-Sm ʠ 8-Sm 

ʂʦʤʧʣʝʢʩʳ 7-Sm ʠ 8-Sm, ʧʦʪʝʥʮʠʘʣʴʥʦ, ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʭ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʝʡ (ʥʘ 4 ʠ 3 Ǜ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ɼʣʷ ʠʟʫʯʝʥʠʷ ʠʭ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʙʳʣʠ 

ʠʟʫʯʝʥʳ ʨʝʘʢʮʠʠ 7-Sm ʩ ʵʣʝʤʝʥʪʘʨʥʳʤ ʠʦʜʦʤ ʠ ʠʩʪʦʯʥʠʢʦʤ ʩʝʣʝʥʘ ð SePPh3, ʘ ʪʘʢʞʝ 7-Sm ʠ 8-

Sm ʩ ʠʩʪʦʯʥʠʢʦʤ ʪʝʣʣʫʨʘ ð TePnBu3 (ʩʭʝʤʳ 3.6 ʠ 3.7). ɺʦ ʠʟʙʝʞʘʥʠʝ ʩʦʣʴʚʘʪʘʮʠʠ ʠʩʭʦʜʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʚʩʝ ʨʝʘʢʮʠʠ ʦʢʠʩʣʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʦʣʫʦʣʝ. 

ʈʝʘʢʮʠʷ 7-Sm c I2 ʚ ʤʦʣʴʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 (Sm:I = 4:2) ʧʨʦʪʝʢʘʝʪ ʩ ʙʳʩʪʨʳʤ 

ʠʟʤʝʥʝʥʠʝʤ ʮʚʝʪʘ ʨʘʩʪʚʦʨʘ ʩ ʯʸʨʥʦʛʦ ʥʘ ʢʦʨʠʯʥʝʚʳʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʤʝʜʣʝʥʥʦʛʦ ʫʧʘʨʠʚʘʥʠʷ 

ʦʙʨʘʟʫʶʪʩʷ ʧʣʘʩʪʠʥʢʠ ʢʨʠʩʪʘʣʣʦʚ ʜʚʫʭ ʮʚʝʪʦʚ, ʢʦʨʠʯʥʝʚʦʛʦ ʠ ʢʨʘʩʥʦʛʦ. ʇʝʨʚʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʉʭʝʤʘ 3.6. ʈʝʘʢʮʠʠ 7-Sm ʩ ʨʘʟʥʳʤʠ ʦʢʠʩʣʠʪʝʣʷʤʠ. T* ð çʪʦʣʫʦʣʴʥʦʝ ʢʠʧʷʯʝʥʠʝè, ʜʣʷ 

ʧʦʜʨʦʙʥʦʩʪʝʡ ʩʤ. ʨʘʟʜʝʣ r2.2.4.5 ʠ 2.2.4.6. 
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʪʝʨʦʚʘʣʝʥʪʥʳʡ ʯʝʪʳʨʸʭʲʷʜʝʨʥʳʡ ʢʦʤʧʣʝʢʩ [{ Sm(Nacnac)I} 4I] (10-Sm) ð 

ʨʝʟʫʣʴʪʘʪ ʯʘʩʪʠʯʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʣʝʢʩʘ 7-Sm ʚ ʩʦʦʪʥʦʰʝʥʠʠ Sm:I = 4:1. ʌʦʨʤʘʣʴʥʦ, ʦʥ 

ʩʦʜʝʨʞʠʪ ʪʨʠ ʢʘʪʠʦʥʘ Sm2+ ʠ ʦʜʠʥ ʢʘʪʠʦʥ Sm3+, ʩʚʷʟʘʥʥʳʡ ʩ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʠʦʜʠʜʥʳʤ 

ʣʠʛʘʥʜʦʤ. ɺʪʦʨʦʡ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʠ ð ʢʦʤʧʣʝʢʩ ʪʨʸʭʚʘʣʝʥʪʥʦʛʦ ʩʘʤʘʨʠʷ [{Sm(Nacnac)I2} 2] (11-

Sm). ʇʨʦʜʫʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʘʟʜʝʣʝʥʳ ʟʘ ʩʯʸʪ ʨʘʟʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʛʝʢʩʘʥʝ (11-Sm 

ʥʝʨʘʩʪʚʦʨʠʤ, 10-Sm ʨʘʩʪʚʦʨʠʤ), ʦʜʥʘʢʦ ʚ ʙʦʣʝʝ ʯʠʩʪʦʤ ʚʠʜʝ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʦʢʠʩʣʝʥʠʷ 7-Sm ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ 0.5 ʠ 2 ʵʢʚʠʚʘʣʝʥʪʦʚ 

I2, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʦʤʧʣʝʢʩ 11-Sm ʪʘʢʞʝ ʙʳʣ ʧʦʣʫʯʝʥ ʧʨʠ ʜʝʩʦʣʴʚʘʪʘʮʠʠ 1-Sm ʧʨʠ ʪʦʣʫʦʣʴʥʦʤ 

ʢʠʧʷʯʝʥʠʠ. ɼʨʫʛʠʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ, ʩʦʜʝʨʞʘʱʠʭ Sm2+/Sm3+ ʚ ʠʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʭ ʤʝʞʜʫ 3 (ʢʘʢ ʚ 10-Sm) ʠ 0 (ʢʘʢ ʚ 11-Sm), ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʨʫʛʦʛʦ ʜʦʩʪʫʧʥʦʛʦ ʦʢʠʩʣʠʪʝʣʷ ʙʳʣ ʚʳʙʨʘʥ TePnBu3. ɺ ʦʪʣʠʯʠʠ ʦʪ I2, TePnBu3 

ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʚʫʭʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩ ʚʚʝʜʝʥʠʝʤ ʦʜʥʦʛʦ ʘʪʦʤʘ ʪʝʣʣʫʨʘ. 

ʊʝʣʣʫʨʠʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʣʘʥʪʘʥʦʠʜʦʚ ʥʘʠʙʦʣʝʝ ʠʥʪʝʨʝʩʥ rʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʪʝʣʣʫʨ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʤʝʪʘʣʣʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩʨʝʜʠ 

ʭʘʣʴʢʦʛʝʥʦʚ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʤʝʥʝʝ ʩʢʣʦʥʝʥ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʠʘʥʠʦʥʥʦʛʦ ʣʠʛʘʥʜʘ. ɿʘʯʘʩʪʫʶ 

ʢʦʤʧʣʝʢʩʳ ʩ ʪʝʣʣʫʨʦʤ ʪʝʨʤʠʯʝʩʢʠ ʠ ʬʦʪʦʯʫʚʩʪʚʠʪʝʣʴʥʳ. ʂʨʦʤʝ ʪʦʛʦ, ʜʠʘʥʠʦʥ Te2ï ʤʦʛ ʙʳ ʟʘʥʷʪʴ 

ʧʦʟʠʮʠʶ ʮʝʥʪʨʘʣʴʥʦʛʦ ʠʦʜʠʜʘ ʚ ʢʦʤʧʣʝʢʩʝ 10-Sm ʠ ʦʙʨʘʟʦʚʘʪʴ ʤʦʩʪʠʢ ʤʝʞʜʫ ʜʚʫʤʷ 

ʢʘʪʠʦʥʘʤʠ Sm3+. 

ʈʝʘʢʮʠʷ 7-Sm ʩ 2 ʵʢʚ. TePnBu3 (Sm:Te = 2:1) ʧʨʦʪʝʢʘʝʪ ʙʝʟ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʠʟʤʝʥʝʥʠʷ 

ʦʢʨʘʩʢʠ ʨʘʩʪʚʦʨʘ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʩʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʘʷ ʝʜʠʥʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ 11-Sm. ɹʦʣʝʝ ʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ 

ʙʳʣʠ ʵʢʩʪʨʘʛʠʨʦʚʘʥʳ ʛʝʢʩʘʥʦʤ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʙʳʣ ʟʘʤʝʥʸʥ ʥʘ ʙʝʥʟʦʣ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ 

ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʯʘʩʪʴ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʦʚʘʣʘʩʴ ʚ ʚʠʜʝ ʧʨʠʟʤ 

ʢʦʤʧʣʝʢʩʘ [{Sm(Nacnac)I} 3E2] (12-Sm), ʩʦʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʩ ʪʨʝʤʷ ʤʦʣʝʢʫʣʘʤʠ ʙʝʥʟʦʣʘ. 

ʇʨʦʜʫʢʪ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳʜʝʣʝʥ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʚ ʚʠʜʫ ʙʣʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩ ʦʩʪʘʣʴʥʳʤʠ 

ʥʝʠʟʚʝʩʪʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʨʝʘʢʮʠʠ. ʄʦʩʪʠʢʦʚʳʝ ʘʪʦʤʳ Õ3-ɽ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʈʉɸ, ʧʦʩʢʦʣʴʢʫ ʪʝʣʣʫʨʠʜ ʠ ʠʦʜʠʜ ʠʟʦʵʣʝʢʪʨʦʥʥʳ, ʘ ʤʦʣʝʢʫʣʘ ʢʦʤʧʣʝʢʩʘ ʥʘʭʦʜʠʪʩʷ ʚ 

ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ, ʥʘ ʟʝʨʢʘʣʴʥʦ-ʧʦʚʦʨʦʪʥʦʡ ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʧʨʦʭʦʜʷʱʝʡ ʯʝʨʝʟ ʦʙʘ ʘʪʦʤʘ ɽ. 

ɸʪʦʤʳ ɽ ʤʦʛʫʪ ʙʳʪʴ ʜʚʫʤʷ ʠʦʜʠʜʥʳʤʠ ʣʠʛʘʥʜʘʤʠ, ʠ ʪʦʛʜʘ ʢʦʤʧʣʝʢʩ ʩʦʜʝʨʞʠʪ ʜʚʘ ʢʘʪʠʦʥʘ Sm3+ 

ʠ ʦʜʠʥ Sm2+, ʘ ʤʦʛʫʪ ʙʳʪʴ ʠʦʜʠʜʥʳʤ ʠ ʪʝʣʣʫʨʠʜʥʳʤ ʣʠʛʘʥʜʘʤʠ, ʠ ʚ ʪʘʢʦʤ ʩʣʫʯʘʝ ʚʩʝ ʢʘʪʠʦʥʳ ð 

Sm3+. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʚ ʢʦʤʧʣʝʢʩʝ 12-Sm ʩʦʦʪʥʦʰʝʥʠʝ Sm:I ʙʦʣʴʰʝ, ʯʝʤ 1:1, ʢʘʢ ʚ 7-Sm. 

ʆʯʝʚʠʜʥʦ, ʩʨʝʜʠ ʥʝʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʩʦʜʝʨʞʘʪʩʷ ʩʦʝʜʠʥʝʥʠʷ, ʙʦʣʝʝ ʥʘʩʳʱʝʥʥʳʝ 

ʪʝʣʣʫʨʦʤ ʠ ʩ ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʜʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʠʩʭʦʜʥʦʤʫ ʢʦʤʧʣʝʢʩʫ. ʅʝʩʤʦʪʨʷ ʥʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʚʩʝʭ ʧʨʦʜʫʢʪʦʚ ʨʝʘʢʮʠʠ, ʦʙʨʘʟʦʚʘʥʠʝ 11-Sm ʠ 12-Sm ʛʦʚʦʨʠʪ ʦ 

ʪʦʤ, ʯʪʦ ʢʦʤʧʣʝʢʩ 7-Sm ʥʝ ʨʝʘʛʠʨʫʝʪ ʢʘʢ ʝʜʠʥʳʡ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʳʡ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴ, ʠ ʨʝʘʢʮʠʠ 
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ʦʢʠʩʣʝʥʠʷ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʝʛʦ ʬʨʘʛʤʝʥʪʘʮʠʠ, ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʜʫʢʪʦʚ ʤʝʥʴʰʝʡ ʥʫʢʣʝʘʨʥʦʩʪʠ 

ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʦʜʠʜʥʳʭ ʣʠʛʘʥʜʦʚ. 

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 7-Sm ʩ 2 ʵʢʚ. SePPh3 (Sm:Se = 2:1) ʮʚʝʪ ʨʘʩʪʚʦʨʘ ʙʳʩʪʨʦ ʤʝʥʷʝʪʩʷ ʥʘ 

ʢʨʘʩʥʳʡ. ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʫʧʘʨʠʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ 

ʪʠʧʦʚ ʢʨʠʩʪʘʣʣʦʚ: ʢʨʘʩʥʳʭ ʧʨʠʟʤ 11-Sm ʠ ʦʨʘʥʞʝʚʳʭ ʧʨʠʟʤ ʩʦʝʜʠʥʝʥʠʷ 

[{ Sm(Nacnac)I} 3ISe]ĀPPh3 (13-SmĀPPh3). ʇʨʦʜʫʢʪʳ ʥʝ ʧʨʦʷʚʣʷʶʪ ʧʨʠʟʥʘʢʦʚ ʨʘʟʣʦʞʝʥʠʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ RTï80Áʉ ʠ ʚ ʧʝʨʩʧʝʢʪʠʚʝ ʤʦʛʫʪ ʙʳʪʴ ʦʯʠʱʝʥʳ ʦʪ PPh3 ʝʛʦ ʚʦʟʛʦʥʢʦʡ ʚ 

ʜʠʥʘʤʠʯʝʩʢʦʤ ʚʘʢʫʫʤʝ. ʆʜʥʘʢʦ, ʢʦʤʧʣʝʢʩʳ 11-Sm ʠ 13-Sm ʦʙʣʘʜʘʶʪ ʙʣʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ 

ʠ ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʥʦʩʪʴʶ ʨʘʟʜʝʣʝʥʳ, ʢ ʪʦʤʫ ʞʝ, ʦʥʠ ʦʙʘ ʩʦʜʝʨʞʘʪ ʙʦʣʴʰʝ ʠʦʜʘ ʥʘ ʘʪʦʤ ʩʘʤʘʨʠʷ, 

ʯʝʤ ʠʩʭʦʜʥʳʡ ʢʦʤʧʣʝʢʩ 7-Sm, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʩʤʝʩʠ ʜʨʫʛʠʭ ʧʨʦʜʫʢʪʦʚ, ʩ 

ʤʝʥʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʜʘ ʠ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʝʣʝʥʘ, ʯʝʤ ʚ 7-Sm. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

13-Sm ʥʝ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʢʦʤʧʣʝʢʩʫ 12-Sm, ʙʣʠʟʦʩʪʴ ʠʭ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʩʪʨʦʝʥʠʷ (ʩʤ. ʨʘʟʜʝʣ 

3.3.5) ʢʦʩʚʝʥʥʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʘʥʘʣʦʛʠʯʥʳʡ ʩʦʩʪʘʚ 12-Sm, ʪʦ ʝʩʪʴ [{Sm(Nacnac)I} 3ITe]. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ 8-Sm ʪʘʢʞʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ 2 ʵʢʚ. TePnBu3 (ʩʭʝʤʘ 3.7). 

ʈʝʘʢʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʙʳʩʪʨʦʤʫ ʠʟʤʝʥʝʥʠʶ ʮʚʝʪʘ ʩ ʯʸʨʥʦʛʦ ʥʘ ʢʦʨʠʯʥʝʚʳʡ. ʇʨʠ ʫʧʘʨʠʚʘʥʠʠ 

ʨʘʩʪʚʦʨʘ ʦʙʨʘʟʫʝʪʩʷ ʤʝʣʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʦʩʘʜʦʢ, ʠ ʧʦʣʫʯʠʪʴ ʧʨʠʛʦʜʥʳʝ ʜʣʷ ʈʉɸ ʢʨʠʩʪʘʣʣʳ 

ʠʟ ʪʦʣʫʦʣʘ ʥʝ ʫʜʘʸʪʩʷ. ʇʨʠ ʟʘʤʝʥʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʙʝʥʟʦʣ ʠ ʤʝʜʣʝʥʥʦʤ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʠʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ [{Sm(Nacnac)I} 3Te2(thf)] (14-Sm), ʩʦʢʨʠʩʪʘʣʣʠʟʫʶʱʝʛʦʩʷ ʚ ʚʠʜʝ 

14-SmĀ4C6H6. ʂʦʤʧʣʝʢʩ ʩʦʭʨʘʥʷʝʪ ʩʦʩʪʘʚ ʪʷʞʸʣʳʭ ʘʪʦʤʦʚ Sm3I3 ʠʩʭʦʜʥʦʛʦ 8-Sm, ʬʨʘʛʤʝʥʪʘʮʠʠ 

ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʣʠʛʘʥʜʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. ʆʥ ʩʦʜʝʨʞʠʪ ʜʠʪʝʣʣʫʨʠʜʥʳʡ ʤʦʩʪʠʢ 

Te2
2ï, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʟʘʨʷʜʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʢʘʪʠʦʥʦʚ ʩʘʤʘʨʠʷ ʢʘʢ ʜʚʘ Sm3+ ʠ ʦʜʠʥ Sm2+. ɺ 

ʨʝʘʢʮʠʠ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʧʦʙʦʯʥʳʡ ʧʨʦʜʫʢʪ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ, ʠʤʝʶʱʠʡ ʤʝʥʴʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʦʩʥʦʚʥʳʤ ʧʨʦʜʫʢʪʦʤ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʪʦʛʦ, ʯʪʦ ʢʦʤʧʣʝʢʩ 8-Sm 

ʩʦʜʝʨʞʘʣ ʧʨʠʤʝʩʴ 7*-Sm. ɼʣʷ ʥʘʜʸʞʥʦʡ ʦʯʠʩʪʢʠ 14-Sm ʦʪ ʧʦʙʦʯʥʳʭ ʧʨʦʜʫʢʪʦʚ, ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ ʫʧʘʨʠʚʘʣʘʩʴ, ʨʘʩʪʚʦʨʠʤʳʝ ʧʨʦʜʫʢʪʳ ʵʢʩʪʨʘʛʠʨʦʚʘʣʠʩʴ ʛʝʢʩʘʥʦʤ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʟʘʤʝʥʷʣʩʷ 

ʥʘ ʙʝʥʟʦʣ, ʠ 14-Sm ʚʳʜʝʣʷʣʩʷ ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʧʦʩʣʝ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʫʧʘʢʦʚʢʝ ʤʦʣʝʢʫʣʳ ʙʝʥʟʦʣʘ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʢʘʥʘʣʘʭ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʉʭʝʤʘ 3.7. ʈʝʘʢʮʠʷ 8-Sm ʩ ʠʩʪʦʯʥʠʢʦʤ ʪʝʣʣʫʨʘ. 
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ʢʦʤʧʣʝʢʩʘ, ʠ ʜʘʞʝ ʧʦʩʣʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʭʨʘʥʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ ʧʨʦʠʩʭʦʜʠʣʘ 

ʘʤʦʨʬʠʟʘʮʠʷ ʚʝʱʝʩʪʚʘ. ʇʦʨʦʰʢʦʛʨʘʤʤʫ, ʧʦʜʪʚʝʨʞʜʘʶʱʫʶ ʬʘʟʦʚʫʶ ʯʠʩʪʦʪʫ 14-SmĀ4C6H6, 

ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʜʣʷ ʩʚʝʞʝʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʠ ʥʝ ʚʳʩʫʰʝʥʥʦʛʦ ʚ ʚʘʢʫʫʤʝ ʦʙʨʘʟʮʘ. 

3.3.4. ʄʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ 6-9-Sm 

ʂʦʤʧʣʝʢʩ 6-Sm ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʜʚʫʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʊɻʌ, 6-Smô, ʠʣʠ ʛʝʢʩʘʥ-ʊɻʌ 5:1, 6-Sm), ʥʦ ʦʙʝ ʥʝ ʩʦʜʝʨʞʘʪ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʕʗ ʩʦʜʝʨʞʠʪ ʜʚʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ 

ʥʝʟʘʚʠʩʠʤʳʝ ʤʦʣʝʢʫʣʳ, ʤʦʣʝʢʫʣʷʨʥʦʝ ʩʪʨʦʝʥʠʝ ʦʪʣʠʯʘʝʪʩʷ ʪʦʣʴʢʦ ʟʥʘʯʝʥʠʷʤʠ ʫʛʣʦʚ ʠ ʜʣʠʥ 

ʩʚʷʟʝʡ ʢʘʢ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʦʜʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ, ʪʘʢ ʠ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʟʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ. 

ʄʦʣʝʢʫʣʳ 6-Sm ʚ ʦʙʝʠʭ ʤʦʜʠʬʠʢʘʮʠʷʭ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʦʜʠʥʘʢʦʚʦ ʜʨʫʛ ʦʪʥʦʩʠʪʝʣʴʥʦ ʜʨʫʛʘ; 

ʘʪʦʤ ʠʦʜʘ ʦʜʥʦʡ ʤʦʣʝʢʫʣʳ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ ʮʠʢʣʘʤʠ ʊɻʌ ʩʦʩʝʜʥʝʡ ʤʦʣʝʢʫʣʳ, ʬʦʨʤʠʨʫʷ 

ʩʪʦʧʢʠ, ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʠʝʩʷ ʚʜʦʣʴ ʦʩʠ ʘ (ʨʠʩʫʥʦʢ 3.9 ʙ). ʆʪʣʠʯʠʝ ʚ ʤʦʜʠʬʠʢʘʮʠʷʭ ʟʘʢʣʶʯʘʝʪʩʷ 

ʚʦ ʚʟʘʠʤʥʦʤ ʨʘʩʧʦʣʦʞʝʥʠʠ ʩʪʦʧʦʢ. 

ɺ ʢʦʤʧʣʝʢʩʝ 6-Sm ʢʘʪʠʦʥ Sm2+ ʠʤʝʝʪ ʥʠʟʢʦʝ ʂʏ = 5, ʢʦʪʦʨʦʝ ʚʩʪʨʝʯʘʣʦʩʴ ʨʘʥʝʝ ʜʣʷ ɓ-

ʜʠʢʝʪʠʤʠʥʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Ln(II) ʪʦʣʴʢʦ ʚ ʨʦʜʩʪʚʝʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʠʪʪʝʨʙʠʷ [{Yb(Nacnac)(Õ-

I)(thf)} 2] [125]. ʉʨʘʚʥʠʚʘʷ ʦʙʘ ʢʦʤʧʣʝʢʩʘ, ʤʦʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʢʦʤʧʣʝʢʩ Yb2+ ʩ ʠʦʥʥʳʤ ʨʘʜʠʫʩʦʤ 

ʢʘʪʠʦʥʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ Sm2+ (1.08 ʠ 1.22 ¡ ʧʨʠ ʂʏ = 7, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [89]), ʠʤʝʝʪ ʜʠʤʝʨʥʦʝ 

ʩʪʨʦʝʥʠʝ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʘ ʊɻʌ ʟʘʥʠʤʘʝʪ ʙʦʣʴʰʝ ʤʝʩʪʘ ʚ ʂʉ, ʯʝʤ ʠʦʜʠʜ-

ʈʠʩʫʥʦʢ 3.9. ʘ) ʄʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ 6-Sm; ʜʣʷ ʣʠʛʘʥʜʘ ʧʦʢʘʟʘʥʘ ʥʫʤʝʨʘʮʠʷ ʘʪʦʤʦʚ 

ʫʛʣʝʨʦʜʘ ʩʦʧʨʷʞʸʥʥʦʡ ʩʠʩʪʝʤʳ, ʪʝʧʣʦʚʳʝ ʵʣʣʠʧʩʦʠʜʳ ʥʝ-ʫʛʣʝʨʦʜʥʳʭ ʘʪʦʤʦʚ ʠʟʦʙʨʘʞʝʥʳ ʩ 

50% ʚʝʨʦʷʪʥʦʩʪʴʶ. ʙ) ɺʟʘʠʤʥʦʝ ʨʘʩʧʦʣʦʞʝʥʠʝ ʩʪʦʧʦʢ ʤʦʣʝʢʫʣ ʚ ʩʪʨʫʢʪʫʨʝ 6-Smô. ɸʪʦʤʳ 

ʚʦʜʦʨʦʜʘ ʥʝ ʧʦʢʘʟʘʥʳ ʜʣʷ ʷʩʥʦʩʪʠ. 
































































