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3.3.1.2. ʉʠʩʪʝʤʘ M 2+ / [B12H12]2ï / Bipy 

ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʘʥʠʦʥʘ [B10H10]
2ï, ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ 

ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʥʳʤ ʘʥʠʦʥʦʤ 

ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʚ CH3CN.  

ɺ ʩʣʫʯʘʝ 2,2ᾳ-ʙʠʧʠʨʠʜʠʣʘ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʧʨʠʨʦʜʳ ʤʝʪʘʣʣʘ, ʩʦʦʪʥʦʰʝʥʠʷ ʠ 

ʧʨʠʨʦʜʳ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʦʙʨʘʟʫʶʪʩʷ ʪʨʠʩ-ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[M(Bipy)3][B12H12] (M = Zn(II ) (12), Cd(II ) (13)) (ʩʭʝʤʘ 8). 

 

ʉʭʝʤʘ 8. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 12 Ā 4CH3CN ʠ 13. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ [Zn(Bipy)3][B12H12] Ā 4CH3CN (12 Ā 4CH3CN) ʚʳʧʦʣʥʝʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ. 

ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 12 Ā 4CH3CN (ʨʠʩ. 42) ʧʦʩʪʨʦʝʥʳ ʠʟ ʘʥʠʦʥʦʚ [ɺ12ʅ12]
2ï 

ʠ ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʠʦʥʦʚ [Zn(Bipy)3]
2+. ɺ ʤʦʥʦʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ (C2/c) 

ʢʦʤʧʣʝʢʩʘ 12 Ā 4CH3CN ʘʥʠʦʥ ʠ ʢʘʪʠʦʥ ʥʘʭʦʜʷʪʩʷ ʚ ʯʘʩʪʥʦʡ ʧʦʟʠʮʠʠ ʥʘ ʦʩʠ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ. 

 

ʈʠʩʫʥʦʢ 42. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn(Bipy)3][ B12H12]  Ā 4CH3CN (12 Ā 

4CH3CN). 
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ʀʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Zn(II ) ʬʦʨʤʠʨʫʶʪ h ʝʩʪʴ ʘʪʦʤʦʚ 

ʘʟʦʪʘ ʦʪ ʪʨʝʭ ʤʦʣʝʢʫʣ 2,2ᾳ-ʙʠʧʠʨʠʜʠʣʘ. ɼʣʠʥʳ ʩʚʷʟʝʡ ZnïN ʥʘʭʦʜʷʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 

2.146(3)ï2.187(3) ¡. 

ʏʝʨʝʜʫʶʱʠʝʩʷ ʚ ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ ʢʘʪʠʦʥʳ [Zn(Bipy)3]
2+ ʠ ʘʥʠʦʥʳ 

[ɺ12ʅ12]
2ï ʦʙʨʘʟʫʶʪ ʩʣʦʠ, ʦʪʜʝʣʝʥʥʳʝ ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʤʦʣʝʢʫʣʘʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʨʠʩ. 

43a). ʈʘʩʧʦʣʦʞʝʥʥʳʝ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʚ ʫʛʣʘʭ ʧʘʨʘʣʣʝʣʦʛʨʘʤʤʘ ʢʘʪʠʦʥʳ ʠ ʘʥʠʦʥʳ 

ʦʙʨʘʟʫʶʪ ʢʘʥʘʣʳ, ʢʦʪʦʨʳʝ ʟʘʧʦʣʥʝʥʳ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ 

ʘʮʝʪʦʥʠʪʨʠʣʘ. ɸʥʠʦʥ [ɺ12ʅ12]
2ï, ʦʢʨʫʞʝʥʥʳʡ ʩ ʰʝʩʪʠ ʩʪʦʨʦʥ ʢʘʪʠʦʥʘʤʠ, ʩʚʷʟʘʥ ʩ 

ʥʠʤʠ ʢʦʨʦʪʢʠʤʠ CHéHB ʠ CHéB ʢʦʥʪʘʢʪʘʤʠ, ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʠʟ ʢʦʪʦʨʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʘʥʠʦʥʘ ʢʨʘʩʥʳʤʠ ʧʷʪʥʘʤʠ (ʨʠʩ. 43ʙ).  

 

ʈʠʩʫʥʦʢ 43. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʢʦʤʧʣʝʢʩʘ 12 Ā 4CH3CN (ʘ), 

ʧʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʘʥʠʦʥʘ [ɺ12ʅ12]
2ï, ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, 

ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʙ). 

3.3.2. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Phen  

3.3.2.1. ʉʠʩʪʝʤʘ M 2+ / [B10H10]2ï / Phen 

ʍʦʜ ʨʝʘʢʮʠʡ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ 

ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʧʨʦʮʝʩʩʦʚ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʚʳʰʝ. ɼʣʷ ʨʝʘʢʮʠʡ, 

ʧʨʦʚʦʜʠʤʳʭ ʩ ʥʠʪʨʘʪʦʤ ʮʠʥʢʘ(II), ʘʥʠʦʥʦʤ [B10H10]
2ï ʠ Phen, ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʨʠʨʦʜʘ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ DMF ʠʟ ʨʝʘʢʮʠʦʥʥʦʛʦ 

ʨʘʩʪʚʦʨʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʨʘʢʮʠʦʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦ ʚʨʝʤʝʥʠ ʚʳʜʝʣʝʥʳ 
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ʩʣʝʜʫʶʱʠʝ ʧʨʦʜʫʢʪʳ: ʪʨʠʩ-ʭʝʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ [Zn(Phen)3][B10H10] (14) ʚ ʢʘʯʝʩʪʚʝ 

ʧʝʨʚʦʡ ʬʨʘʢʮʠʠ, ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ [Zn(Phen)2[B10H10]]  (15) (2-ʷ 

ʬʨʘʢʮʠʷ) ʠ ʢʦʤʧʣʝʢʩ [Zn(DMF)6][B10H10] (1) ʚ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʡ ʬʨʘʢʮʠʠ (ʉʭʝʤʘ 9). 

 

ʉʭʝʤʘ 9. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʥʢʘ(II) ʩ ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʳʤ ʘʥʠʦʥʦʤ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Phen ʚ DMF. 

ʉʦʚʝʨʰʝʥʥʦ ʠʥʘʯʝ ʧʨʦʪʝʢʘʝʪ ʪʘ ʞʝ ʨʝʘʢʮʠʷ ʚ CH3CN. ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ 

ʧʨʦʜʫʢʪʘ ʩʝʣʝʢʪʠʚʥʦ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ 15. ʉʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ [Zn(DMF)6][B10H10] ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʘ 

ʚ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ M : L 

ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 15 (ʩʭʝʤʘ 10). 

 

ʉʭʝʤʘ 10. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 15. 

ɺ ʩʣʫʯʘʝ ʢʘʜʤʠʷ(II) ʥʘ ʭʦʜ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʦʤʠʤʦ ʧʨʠʨʦʜʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʩʦʦʪʥʦʰʝʥʠʝ ʨʝʘʛʝʥʪʦʚ Cd : Phen. 
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ʊʘʢ, ʚ CH3CN ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʠʪʨʘʪʘ ʢʘʜʤʠʷ(II) ʩ ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-

ʜʝʢʘʙʦʨʘʪʦʤ ʪʨʠʵʪʠʣʘʤʤʦʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Phen ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ M : L, ʨʘʚʥʳʤ 

1 : 2, ʩʝʣʝʢʪʠʚʥʦ ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ [Cd(Phen)2[B10H10]] 

(16). ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ 

Cd : Phen, ʨʘʚʥʳʤ 1 : 3, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʘ 16 ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʡ 

ʬʨʘʢʮʠʠ ʠ ʧʦʣʠʤʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cd(Phen)(NO3)2]n (17) ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʡ 

ʬʨʘʢʮʠʠ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ DMF ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ 

ʪʨʠʩ-ʭʝʣʘʪʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cd(Phen)3][B10H10] (18) (ʩʭʝʤʘ 11). 

 

ʉʭʝʤʘ 11. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 16ï18. 

ɼʣʷ ʢʦʤʧʣʝʢʩʘ 17 ʚʳʧʦʣʥʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʦʤʫ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ C2/c). ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʘʪʦʤ Cd(II), ʥʠʪʨʘʪ-ʠʦʥ ʠ ʧʦʣʦʚʠʥʫ ʤʦʣʝʢʫʣʳ 

Phen. ɸʪʦʤ Cd(II) ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʝʥʥʦʤ ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʝʩʣʠ 

ʧʨʠʥʷʪʴ, ʯʪʦ ɖ2-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʳ ʟʘʥʠʤʘʶʪ ʦʜʥʦ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ. ʄʦʣʝʢʫʣʘ Phen ʠ ɖ2-ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʝ ʘʥʠʦʥʳ (NO3)
ï 

ʟʘʥʠʤʘʶʪ ʵʢʚʘʪʦʨʠʘʣʴʥʫʶ ʧʦʟʠʮʠʶ, ʠ ʦʜʠʥ ʘʪʦʤ ʢʠʩʣʦʨʦʜʘ ʢʘʞʜʦʡ ʥʠʪʨʦʛʨʫʧʧʳ 

ʟʘʥʠʤʘʝʪ ʘʧʠʢʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʜʚʫʭ ʩʦʩʝʜʥʠʭ ʘʪʦʤʦʚ ʢʘʜʤʠʷ, ʦʙʨʘʟʫʷ 1D-ʧʦʣʠʤʝʨ 

(ʨʠʩ. 44). ɼʣʠʥʳ ʩʚʷʟʝʡ CdïN ʩʦʩʪʘʚʣʷʶʪ 2.307(2) ¡, CdïOʵʢʚ ï 2.370(2) ¡ ʠ 2.555(2) 

¡, ʘ CdïOʘʧʠʢ ï 2.5051(17) ¡. 
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ʈʠʩʫʥʦʢ 44. ʄʦʥʦʤʝʨʥʦʝ ʟʚʝʥʦ (a) ʚ ʧʦʣʠʤʝʨʥʦʡ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ 

[Cd(Phen)(NO3)2] n (17) (ʙ). 

3.3.2.2. ʉʠʩʪʝʤʘ M 2+ / [B12H12]2ï / Phen 

ʅʘ ʭʦʜ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʩ ʜʦʜʝʢʘʛʠʜʨʦ-

ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʥʳʤ ʘʥʠʦʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʧʨʠʨʦʜʘ ʤʝʪʘʣʣʘ.  

ɺ ʩʣʫʯʘʝ ʮʠʥʢʘ(II) ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ ʪʘʢʞʝ 

ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʩʦʦʪʥʦʰʝʥʠʝ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ. ʊʘʢ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʥʠʪʨʘʪʘ ʮʠʥʢʘ(II) ʩ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʦʤ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ Phen ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ M : L, ʨʘʚʥʳʤ 1 : 3, ʩʝʣʝʢʪʠʚʥʦ ʦʙʨʘʟʫʝʪʩʷ 

ʪʨʠʩ-ʭʝʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ ʩʦʩʪʘʚʘ [Zn(Phen)3][B12H12] Ā 3CH3CN (19 Ā 3CH3CN). 

ʇʨʦʚʝʜʝʥʠʝ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʠ ʩʦʦʪʥʦʰʝʥʠʠ Zn : 

Phen, ʨʘʚʥʳʤ 1 : 2, ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦʢʘʪʠʦʥʥʦʡ ʩʦʣʠ 

[Zn(Phen)2(ɖ
2-O2NO)]2[(Phen)2Zn(Õ-NO3)2Zn(Phen)2][B12H12]2 Ā 1.5CH3CN (20 Ā 

1.5CH3CN) (ʩʭʝʤʘ 12). 
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ʉʭʝʤʘ 12. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 19 Ā 3CH3CN ʠ 20 Ā 1.5CH3CN.  

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʥʝʜʦʩʪʘʪʢʘ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ Phen, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʮʠʥʢʘ(II) ʜʦʧʦʣʥʷʝʪʩʷ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʦʡ. 

ɼʣʷ ʚʩʝʭ ʨʝʘʢʮʠʡ, ʧʨʦʚʦʜʠʤʳʭ ʩ ʥʠʪʨʘʪʦʤ ʢʘʜʤʠʷ(II) ʥʝʟʘʚʠʩʠʤʦ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ M : L, ʦʙʨʘʟʫʝʪʩʷ ʪʨʠʩ-ʭʝʣʘʪʥʳʡ ʢʦʤʧʣʝʢʩ 

[Cd(Phen)3][B12H12] (21) (ʩʭʝʤʘ 13). 

 

ʉʭʝʤʘ 13. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 21. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʦʚ [M(DMF)6][B12H12] (M = 

Zn(II ), Cd(II)) ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʢʫʨʩʦʨʦʚ ʚ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ c Phen 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʨʝʘʛʝʥʪʦʚ ʤʝʪʘʣʣ : ʣʠʛʘʥʜ ʚ ʩʣʫʯʘʝ Cd(II) ʧʨʠʚʦʜʠʪ ʢ 

ʩʝʣʝʢʪʠʚʥʦʤʫ ʦʙʨʘʟʦʚʘʥʠʶ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cd(Phen)2[B12H12]]  

(22) ʩ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʥʳʤ ʘʥʠʦʥʦʤ, ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ ʘʪʦʤʦʤ 

ʤʝʪʘʣʣʘ (ʩʭʝʤʘ 14). ɼʣʷ Zn(II) ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʦʙʨʘʟʫʝʪʩ ̫ʪʨʠʩ-ʭʝʣʘʪʥʳʡ 

ʢʦʤʧʣʝʢʩ 19 Ā 3CH3CN, ʦʧʠʩʘʥʥʳʡ ʚʳʰʝ.  
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ʉʭʝʤʘ 14. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 19 Ā 3CH3CN ʠ 22. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʚʭʦʞʜʝʥʠʷ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʙʦʨʘ 

[BnHn]
2ï (n = 10, 12) ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʩʬʝʨʫ ʤʝʪʘʣʣʘ-

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ ʤʝʪʘʣʣʘ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, 

ʵʪʦ ʤʝʪʘʣʣʳ ï çʤʷʛʢʠʝè ʢʠʩʣʦʪʳ ʧʦ ʇʠʨʩʦʥʫ (ʩʝʨʝʙʨʦ(I) ʠ ʩʚʠʥʝʮ(II)). ʄʝʪʘʣʣʳ 

Zn(II) ʠ Cd(II), ʢʘʢ ʠʟʚʝʩʪʥʦ, ʷʚʣʷʶʪʩʷ ʢʠʩʣʦʪʘʤʠ-ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʛʨʫʧʧʳ ʧʦ 

ʇʠʨʩʦʥʫ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʠʝ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʥʠʦʥʦʤ [B12H12]
2ï ʚʳʧʦʣʥʷʣ 

ʨʦʣʴ ʚʥʫʪʨʠʩʬʝʨʥʦʛʦ ʣʠʛʘʥʜʘ ʟʘʜʘʯʘ ʪʨʫʜʥʦʚʳʧʦʣʥʠʤʘʷ. ʊʦʣʴʢʦ ʥʘʣʠʯʠʝ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʧʦ ʩʠʣʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʦʛʦ ʣʠʛʘʥʜʘ ʠ ʙʦʣʝʝ ʤʷʛʢʦʛʦ 

çʞʝʩʪʢʦʛʦè ʤʝʪʘʣʣʘ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ, ʢʘʢʦʚʳʤ ʷʚʣʷʝʪʩʷ ʢʘʜʤʠʡ(II), 

ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʜʘʥʥʫʶ ʟʘʜʘʯʫ.  

ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ 19 Ā 3CH3CN ʠ 20 Ā 1.5CH3CN, ʚʳʧʦʣʥʝʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ.  

ʂʨʠʩʪʘʣʣʳ ʩʦʝʜʠʥʝʥʠʷ 19 Ā 3CH3CN (ʨʠʩ. 45) ʧʦʩʪʨʦʝʥʳ ʠʟ ʢʦʤʧʣʝʢʩʥʳʭ 

ʢʘʪʠʦʥʦʚ [Zn(Phen)3]
2+ ʠ ʘʥʠʦʥʦʚ [ɺ12ʅ12]

2ï ʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ. ɺ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ (R-3) ʢʦʤʧʣʝʢʩʘ 19 Ā 3CH3CN, ʦʜʠʥ ʘʥʠʦʥ ʠ 

ʜʚʘ ʢʘʪʠʦʥʘ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ, ʘ ʝʱʝ ʜʚʘ ʘʥʠʦʥʘ ï ʚ ʮʝʥʪʨʝ 

ʠʥʚʝʨʩʠʠ ʠ ʥʘ ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ. 
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ʈʠʩʫʥʦʢ 45. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn(Phen)3][ɺ12ʅ12] Ā 3CH3CN (19 Ā 

3CH3CN). 

ʀʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Zn(II ) ʬʦʨʤʠʨʫʶʪ h ʝʩʪʴ ʘʪʦʤʦʚ 

ʘʟʦʪʘ ʦʪ ʪʨʝʭ ʤʦʣʝʢʫʣ 1,10-ʬʝʥʘʥʪʨʦʣʠʥʘ. ɼʣʠʥʳ ʩʚʷʟʝʡ Zn1ïN1 ʠ Zn1ïN2 

ʩʦʩʪʘʚʣʷʶʪ 2.159(4) ʠ 2.166(4) ¡. 

ɸʥʠʦʥʳ ʚ ʢʨʠʩʪʘʣʣʝ ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʚʦʩʴʤʠ ʢʘʪʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʩ ʢʦʪʦʨʳʤʠ ʩʚʷʟʘʥʳ ʢʦʨʦʪʢʠʤʠ CHéHB ʠ CHéB ʢʦʥʪʘʢʪʘʤʠ (ʨʠʩ. 

46). ʇʨʠ ʵʪʦʤ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ ʢʦʥʪʘʢʪʳ (ʢʨʘʩʥʳʝ ʦʙʣʘʩʪʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʍʠʨʰʬʝʣʴʜʘ) ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤ ʧʨʦʪʦʥʦʚ CH-ʛʨʫʧʧ ʤʦʣʝʢʫʣ 1,10-

ʬʝʥʘʥʪʨʦʣʠʥʘ ʩ ʙʦʨʥʳʤ ʦʩʪʦʚʦʤ.  

 

ʈʠʩʫʥʦʢ 46. ʇʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʘʥʠʦʥʘ [ɺ12ʅ12]
2ï, ʦʪʦʙʨʘʞʝʥʥʘʷ 

ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʩʦʝʜʠʥʝʥʠʠ 19 Ā 3CH3CN. 
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ʉʤʝʰʘʥʥʦʢʘʪʠʦʥʥʘʷ ʩʦʣʴ 20 Ț 1.5CH3CN (ʨʠʩ. 47) ʩʦʩʪʦʠʪ ʠʟ ʘʥʠʦʥʦʚ 

[ɺ12ʅ12]
2ï ʠ ʢʘʪʠʦʥʦʚ [Zn(Phen)2(ɖ

2-O2NO)]+ (ʜʣʠʥʳ ʩʚʷʟʠ ZnïN ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 

2.084(2)ï2.163(2) ¡, ʜʣʠʥʳ ʩʚʷʟʠ ZnïO ʩʦʩʪʘʚʣʷʶʪ 2.086(2) ʠ 2.427(2) ¡) ʠ 

[(Phen)2Zn(Õ-NO3)2Zn(Phen)2]
2+ (ʜʣʠʥʳ ʩʚʷʟʠ ZnïN ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 2.0871(2) ï 

2.163(2) ¡, ʜʣʠʥʳ ʩʚʷʟʝʡ ZnïO ʩʦʩʪʘʚʣʷʶʪ 2.149(2) ʠ 2.205(2) ¡). 

ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʘʷ ʯʘʩʪʴ ʪʨʠʢʣʠʥʥʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (P-1) 

ʩʦʝʜʠʥʝʥʠʷ ʩʦʜʝʨʞʠʪ ʦʜʠʥ ʘʥʠʦʥ, ʦʜʠʥ ʢʘʪʠʦʥ [Zn(Phen)2(ɖ
2-O2NO)]+, ʧʦʣʦʚʠʥʫ 

ʙʠʷʜʝʨʥʦʛʦ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ ʠ ʜʚʝ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ.  

 

ʈʠʩʫʥʦʢ 47. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn(Phen)2(Л
2-O2NO)] 2[(Phen)2Zn(Õ-

NO3)2Zn(Phen)2] [B12H12]2 Ā 1.5CH3CN (20 Ā 1.5CH3CN). 

ʂʘʪʠʦʥʳ [Zn(Phen)2(ɖ
2-O2NO)]+ ʠ [(Phen)2Zn(Õ-NO3)2Zn(Phen)2]

2+ ʩʚʷʟʘʥʳ 

ʤʝʞʜʫ ʩʦʙʦʡ ʙʦʣʴʰʠʤ ʯʠʩʣʦʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ -́  ́ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʠ 

CHéO ʢʦʥʪʘʢʪʦʚ, ʦʙʨʘʟʫʷ ʩʣʦʠ, ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʷʪʩʷ ʘʥʠʦʥʳ [ɺ12ʅ12]
2ï ʠ 

ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ (ʨʠʩ. 48ʘ, ʙ). ɸʥʠʦʥʳ ʩʚʷʟʳʚʘʶʪ ʩʣʦʠ ʤʝʞʜʫ ʩʦʙʦʡ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ CHéHB ʠ CHéB ʢʦʥʪʘʢʪʘʤʠ (ʨʠʩ. 48ʚ).  
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ʈʠʩʫʥʦʢ 48. -́  ́ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʤʧʣʝʢʩʝ 20 Ā 1.5CH3CN (ʘ), 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ (ʙ), ʧʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʘʥʠʦʥʘ [ɺ12ʅ12]
2ï, 

ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʚ). 

3.3.3. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BPA  

3.3.3.1. ʉʠʩʪʝʤʘ M 2+ / [B10H10]2ï / BPA 

ɺ ʩʣʫʯʘʝ 2,2ᾳ-ʙʠʧʠʨʠʜʠʣʘʤʠʥʘ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʦʢʘʟʘʣʠʩʴ 

ʥʘʠʙʦʣʝʝ ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʤʘʣʝʡʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ.  

ɺ ʩʣʫʯʘʝ ʮʠʥʢʘ(II) ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ, ʚ ʢʦʪʦʨʳʭ ʘʪʦʤ 

Zn(II ) ʢʦʦʨʜʠʥʠʨʦʚʘʣ ʘʥʠʦʥ [B10H10]
2ï ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ ʥʠʪʨʘʪʘ ʮʠʥʢʘ(II), ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʘ ʪʨʠʵʪʠʣʘʤʤʦʥʠʷ ʠ 

BPA ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʝʡ DMF ʠʣʠ CH3CN, ʦʢʘʟʘʣʦʩʴ 

ʥʝʚʦʟʤʦʞʥʳʤ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ CH3CN ʚ 
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ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʡ ʬʨʘʢʮʠʠ ʧʦʣʫʯʝʥʳ ʙʝʣʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ 

[Zn(BPA)2(NO3)]NO3 Ā CH3CN (23 Ā CH3CN), ʘ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʡ ʬʨʘʢʮʠʠ ʧʦʣʫʯʝʥ 

ʢʦʤʧʣʝʢʩ [Zn(BPA)2(NO3)]2[B10H10] Ā 2CH3CN (24 Ā 2CH3CN). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ DMF ʚʳʜʝʣʝʥ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʡ ʢʦʤʧʣʝʢʩ 

[Zn(DMF)6][B10H10] (1) (ʩʭʝʤʘ 15).  

 

ʉʭʝʤʘ 15. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʮʠʥʢʘ(II) ʩ ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʳʤ 

ʘʥʠʦʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BPA. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʪʣʠʯʠʝ ʦʪ Bipy ʠ Phen, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʦ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʪʨʠʩ-ʭʝʣʘʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [M IIL3][An], ʛʜʝ M = Fe, Co, Ni; An 

= [B10H10]
2ï, [B12H12]

2ï, [B10Cl10]
2ï, ʜʣʷ BPA ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʩʚʦʡʩʪʚʝʥʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʩʪʘʚʘ [M IIL2Lᾳ][BnHn], ʛʜʝ  Lᾳ = H2O 

[33]. ʕʪʠ ʜʘʥʥʳʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʦʤ, ʧʦʣʫʯʝʥʥʳʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ 

ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʥʘ ʩʭʝʤʝ 15, ʦʜʥʘʢʦ ʚ ʢʘʯʝʩʪʚʝ Lᾳ ʚʳʩʪʫʧʘʝʪ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʘ 

(NO3)
ï.  

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ, ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʫʶ ʯʘʩʪʴ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʛʨʫʧʧʘ ʩʠʤʤʝʪʨʠʷ Pbca) ʢʦʤʧʣʝʢʩʘ 

[Zn(BPA)2(NO3)]NO3 Ā CH3CN (23 Ā CH3CN) (ʨʠʩ. 49ʘ) ʚʭʦʜʠʪ ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ 

[Zn(BPA)2(NO3)]
+, ʘʥʠʦʥ (NO3)

ï ʠ ʩʦʣʴʚʘʪʥʘʷ ʤʦʣʝʢʫʣʘ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʆʢʨʫʞʝʥʠʝ 

ʘʪʦʤʘ ʤʝʪʘʣʣʘ ï ʪʨʠʛʦʥʘʣʴʥʘʷ ʙʠʧʠʨʘʤʠʜʘ, ʝʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʥʠʪʨʘʪ-ʠʦʥ ʟʘʥʠʤʘʝʪ 

ʦʜʥʫ ʢʦʦʨʜʠʥʘʮʠʦʥʥʫʶ ʧʦʟʠʮʠʶ.  
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ʈʠʩʫʥʦʢ 49. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn(BPA)2(NO3)]NO3 Ā CH3CN (23 Ā CH3CN). 

ɸʥʠʦʥʳ ʠ ʢʘʪʠʦʥʳ ʚ ʢʦʤʧʣʝʢʩʝ 23 Ā CH3CN, ʩʚʷʟʘʥʥʳʝ ʩʝʪʴʶ ʩʣʘʙʳʭ 

ʚʦʜʦʨʦʜʥʳʭ NHéO ʩʚʷʟʝʡ (2.926(3) ʠ 3.022(3) ¡, ʫʛʣʳ 145.2 ʠ 146.1Á), ʦʙʨʘʟʫʶʪ 

2D ʧʦʣʠʤʝʨʥʳʝ ʩʝʪʠ (ʨʠʩ.49ʙ).   

ʂʦʤʧʣʝʢʩ 24 Ā 2CH3CN ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ ʩʠʥʛʦʥʠʠ 

(ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ C2/c). ɺ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʫʶ ʯʘʩʪʴ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʚʭʦʜʠʪ ʦʜʠʥ ʢʘʪʠʦʥ [Zn(BPA)2(NO3)]
+, ʧʦʣʦʚʠʥʘ ʘʥʠʦʥʘ 

[B10H10]
2ï ʠ ʤʦʣʝʢʫʣʘ ʘʮʝʪʦʥʠʪʨʠʣʘ. ɸʪʦʤ Zn(II) ʥʘʭʦʜʠʪʩʷ ʚ ʩʠʣʴʥʦ ʠʩʢʘʞʝʥʥʦʤ 

ʪʨʠʛʦʥʘʣʴʥʦ-ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʤ ʦʢʨʫʞʝʥʠʠ (ʨʠʩ. 50), ʝʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ɖ2-

ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʡ ʥʠʪʨʘʪ-ʠʦʥ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ. 

ɸʧʠʢʘʣʴʥʳʝ ʧʦʟʠʮʠʠ ʧʨʠ ʵʪʦʤ ʟʘʥʷʪʳ ʜʚʫʤʷ ʘʪʦʤʘʤʠ N ʦʪ ʜʚʫʭ ʨʘʟʥʳʭ ʣʠʛʘʥʜʦʚ.  

 

ʈʠʩʫʥʦʢ 50. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn(BPA)2(NO3)]2[B10H10] Ā 2CH3CN (24 Ā 

2CH3CN) (ʘ), ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ Zn(II) (ʙ). 
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ɼʣʠʥʳ ʩʚʷʟʝʡ ZnïO ʩʦʩʪʘʚʣʷʶʪ 2.275(4) ʠ 2.316(4) ¡, ZnïN ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 

2.052(5)ï2.109(5) ¡. 

ɸʥʘʣʦʛʠʯʥʦ ʩʪʨʫʢʪʫʨʝ 8, ʚ ʩʪʨʫʢʪʫʨʝ 24 Ā 2CH3CN ʦʙʨʘʟʫʶʪʩʷ ʢʘʪʠʦʥʥʦ-

ʘʥʠʦʥʥʳʝ ʩʣʦʠ, ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʵʪʦʤ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʥʝʙʦʣʴʰʠʭ 

ʢʘʥʘʣʘʭ ʤʝʞʜʫ ʘʥʠʦʥʘʤʠ [B10H10]
2ï (ʨʠʩ. 51ʘ). 

 

ʈʠʩʫʥʦʢ 51. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʢʦʤʧʣʝʢʩʘ 24 Ā 2CH3CN (ʘ), ʧʦʚʝʨʭʥʦʩʪʴ 

ʍʠʨʰʬʝʣʴʜʘ, ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʜʘʥʥʦʤ ʩʦʝʜʠʥʝʥʠʠ. ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CƄH ... HƄB ʠ NƄHéHƄB. 

 ɸʪʦʤʳ ʅ ʘʥʠʦʥʦʚ [ɺ10ʅ10]
2ï ʦʙʨʘʟʫʶʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ ʩ ʘʪʦʤʘʤʠ 

ʚʦʜʦʨʦʜʘ ʉH-ʛʨʫʧʧ ʠ ʦʜʥʦʡ ʠʟ NH-ʛʨʫʧʧ ʢʘʪʠʦʥʘ [Zn(BPA)2(NO3)]
+. ʂʨʘʩʥʳʝ ʪʦʯʢʠ 

ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʢʘ dnorm ʫʢʘʟʳʚʘʶʪ ʥʘ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ ʩ ʫʯʘʩʪʠʝʤ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ (ʨʠʩ. 51ʙ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʳʜʚʠʥʫʪʦʝ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ʮʠʥʢʘ(II) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʟʘʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ 

ʣʠʛʘʥʜʦʚ, ʥʝʦʙʭʦʜʠʤʦ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʢʫʨʠʨʫʶʱʠʭ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ, ʦʢʘʟʘʣʦʩʴ ʢʦʨʨʝʢʪʥʳʤ ʜʣʷ BPA.  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ [Zn(DMF)6][B10H10] ʧʦʟʚʦʣʠʣʦ 

ʨʝʰʠʪʴ ʟʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [Zn(BPA)2[B10H10]] (25), ʚ ʢʦʪʦʨʦʤ ʢʣʘʩʪʝʨʥʳʡ 

ʘʥʠʦʥ ʙʦʨʘ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ (ʩʭʝʤʘ 16).  
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ʉʭʝʤʘ 16. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 25. 

ɸʥʘʣʦʛʠʯʥʦ ʢʦʤʧʣʝʢʩʫ [Cd(Bipy)2[B10H10]] Ā DMF (10 Ā DMF), ʚ ʢʦʤʧʣʝʢʩʝ 25 

(ʨʠʩ. 52a) ʘʪʦʤ Zn(II ) ʥʘʭʦʜʠʪʩʷ ʚ ʢʚʘʟʠ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ (ʨʠʩ. 52ʙ), 

ʦʙʨʘʟʦʚʘʥʥʦʤ ʘʧʠʢʘʣʴʥʳʤ ʨʝʙʨʦʤ ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ ʠ 

ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ N ʦʪ ʜʚʫʭ ʤʦʣʝʢʫʣ BPA. ʈʘʩʩʪʦʷʥʠʷ ZnïB(ʅ) ʩʦʩʪʘʚʣʷʶʪ 

2.650(2) ʠ 2.743(2) ¡, ZnïH(B) ï 2.07(2) ʠ 2.41(2) ¡. ʋʛʣʳ ZnHB ʩʦʩʪʘʚʣʷʶʪ 95 ʠ 

107ę. ɼʣʠʥʳ ʩʚʷʟʝʡ ZnïN ʚ ʢʦʤʧʣʝʢʩʝ ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 2.076(2)ï2.079(2) ¡. 

 

ʈʠʩʫʥʦʢ 52. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn(BPA)2[B10H10]]  (25) (ʘ) ʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ 

ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Zn(II) (ʙ). 

ɸʪʦʤʳ ʅ ʘʥʠʦʥʦʚ [ɺ10ʅ10]
2ï ʦʙʨʘʟʫʶʪ ɺʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳ ʢʦʥʪʘʢʪʳ (ʨʠʩ. 53) 

ʩ ʘʪʦʤʘʤʠ ʅ ʉH ʠ NH-ʛʨʫʧʧ BPA. ɼʣʠʥʘ ʢʦʥʪʘʢʪʦʚ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ BʅéʅN ʩʦʩʪʘʚʣʷʝʪ 1.94 ʠ 2.05 ¡.  
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ʈʠʩʫʥʦʢ 53. ʇʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ, ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʦʝʜʠʥʝʥʠʠ 25. ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ NƄH...HƄB ʠ CƄH...HƄB. 

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ 

ʢʘʜʤʠʷ(II), ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Bipy ʠ BPA, ʩʭʦʞʠ. ʊʘʢ, 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ [Cd(BPA)2[B10H10]] (26) ʦʙʨʘʟʫʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ, 

ʘʥʘʣʦʛʠʯʥʳʭ Bipy (ʩʭʝʤʘ 17).  

 

ʉʭʝʤʘ 17. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 26. 

3.3.3.2. ʉʠʩʪʝʤʘ M 2+ / [B12H12]2ï / BPA 

ʈʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʩ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-

ʜʦʜʝʢʘʙʦʨʘʪʥʳʤ ʘʥʠʦʥʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 2,2ᾳ-ʙʠʧʠʨʠʜʠʣʘʤʠʥʘ ʪʘʢʞʝ ʦʢʘʟʘʣʠʩʴ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʤʘʣʝʡʰʠʤ ʠʟʤʝʥʝʥʠʷʤ ʧʘʨʘʤʝʪʨʦʚ ʧʨʦʮʝʩʩʘ. 

ʊʘʢ,  ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʠʪʨʘʪʦʚ ʮʠʥʢʘ(II) ʠʣʠ ʢʘʜʤʠʷ(II) ʩ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-

ʜʦʜʝʢʘʙʦʨʘʪʦʤ ʪʝʪʨʘʙʫʪʠʣʘʤʤʦʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BPA ʧʨʠʚʝʣʦ ʢ ʚʳʜʝʣʝʥʠʶ ʚ 

ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [M(BPA)2(NO3)]NO3 
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(M = Zn(II ) (23), Cd(II ) (27)), ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʥʦʛʦ 

ʘʥʠʦʥʘ (ʩʭʝʤʘ 18).  

 

ʉʭʝʤʘ 18. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 23 ʠ 27. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʛʦ ʢʘʪʠʦʥʘ 

[Zn(BPA)2(NO3)]
+ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʨʘʥʝʝ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʠʪʨʘʪʘ ʮʠʥʢʘ(II) ʩ 

ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʦʤ ʪʨʠʵʪʠʣʘʤʤʦʥʠʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ BPA, ʦʜʥʘʢʦ ʨʦʣʴ 

ʧʨʦʪʠʚʦʠʦʥʘ ʚ ʩʦʝʜʠʥʝʥʠʠ 24 Ā 2CH3CN ʚʳʧʦʣʥʷʣ  ʘʥʠʦʥ [B10H10]
2ï. 

ɸʥʘʣʠʟʠʨʫʷ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʩʦʛʣʘʩʥʦ ʩʭʝʤʘʤ 15 ʠ 18, ʤʦʞʥʦ 

ʧʨʝʜʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

[Zn(BPA)2(NO3)][B10H10] ʠ [Zn(BPA)2(NO3)]NO3.  

ʇʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʥʠʪʨʘʪʘ ʮʠʥʢʘ(II) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ in situ ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ [Zn(CH3CN)6]
2+. ɺ ʜʘʣʴʥʝʡʰʝʤ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʘʟʦʪ- ʠ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʭ ʣʠʛʘʥʜʦʚ (BPA ʠ ʥʠʪʨʘʪ-

ʠʦʥʦʚ) ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʤʝʪʘʣʣʘ ʠʟʤʝʥʷʝʪʩʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʟʫʝʪʩʷ 

ʢʦʤʧʣʝʢʩʥʳʡ ʤʦʥʦʢʘʪʠʦʥ [Zn(BPA)2(NO3)]
+, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʩʪʘʙʠʣʠʟʠʨʦʚʘʥ 

ʥʠʪʨʘʪ-ʠʦʥʦʤ ʠʣʠ ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ [BnHn]
2ï (n = 10, 12) (ʩʭʝʤʘ 19).  
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ʉʭʝʤʘ 19. ɺʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ ʚ [Zn(CH3CN)6]
2+ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ BPA ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʠʦʥʦʚ (NO3)
ï, [B10H10]

2ï ʠ [B12H12]
2ï. 

ʈʝʰʠʪʴ  ʟʘʜʘʯʫ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʩ 

BPA, ʩʦʜʝʨʞʘʱʠʭ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʥʳʡ ʘʥʠʦʥ, ʫʜʘʣʦʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ï ʧʨʝʢʫʨʩʦʨʦʚ [M(DMF)6][B12H12] (M = Zn(II ) (5), Cd(II ) (6)). 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ [Zn(DMF)6][B12H12] ʩ BPA ʚ CH3CN ʧʨʠʚʝʣʦ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ 

ʚʳʜʝʣʝʥʠʶ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Zn(BPA)2(DMF)2][B12H12] (30), ʚ 

ʢʦʪʦʨʦʤ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʥʳʡ ʘʥʠʦʥ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʠʦʥʘ (ʩʭʝʤʘ 20).  

 

ʉʭʝʤʘ 20. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 30. 
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ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʝʢʫʨʩʦʨʘ ʩ 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʤʠ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʤʠ ʣʠʛʘʥʜʘʤʠ ï 

ʤʦʣʝʢʫʣʘʤʠ BPA ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʘʥʠʦʥʦʤ-ʣʠʛʘʥʜʦʤ - ʥʝʦʨʛʘʥʠʯʝʩʢʠʤ çʤʷʛʢʠʤè 

ʦʩʥʦʚʘʥʠʝʤ [B12H12]
2ï, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʪʘʢ ʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʝʤ ʣʠʛʘʥʜʦʚ, ʚ ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʬʦʨʤʠʨʫʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʢʘʪʠʦʥ 

[Zn(BPA)2(DMF)2]
2+, ʩʪʘʙʠʣʠʟʠʨʫʝʤʳʡ ʘʥʠʦʥʦʤ [B12H12]

2ï (ʩʭʝʤʘ 21). 

 

ʉʭʝʤʘ 21. ɺʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʚʟʘʠʤʦʟʘʤʝʱʝʥʠʷ ʣʠʛʘʥʜʦʚ ʚ [Zn(DMF)6]
2+ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ BPA ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʘʥʠʦʥʘ [B12H12]
2ï. 

ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ [Cd(DMF)6][B12H12] ʠʟ ʨʝʘʢʮʠʦʥʥʦʛʦ ʨʘʩʪʚʦʨʘ 

([Cd(DMF)6][B12H12] / BPA / CH3CN) ʚʳʜʝʣʝʥ ʢʦʤʧʣʝʢʩ [Cd(BPA)2[ɛ-B12H12]] 2 (31), 

ʚ ʢʦʪʦʨʦʤ ʘʪʦʤʳ ʢʘʜʤʠʷ(II ) ʢʦʦʨʜʠʥʠʨʫʶʪ ʜʚʘ ʘʥʠʦʥʘ [B12H12]
2ï, ʦʙʨʘʟʫʷ ʜʠʤʝʨ. 

ɺʚʠʜʫ ʥʠʟʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʜʠʤʝʨʘ, ʚʦ ʚʨʝʤʝʥʠ ʦʥ ʧʝʨʝʭʦʜʠʪ 

ʚ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ [Cd(BPA)2(CH3CN)2][B12H12] Ā 2CH3CN (32 Ā 

2CH3CN) (ʩʭʝʤʘ 22). 
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ʉʭʝʤʘ 22. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ [Cd(DMF)6][B12H12] ʩ BPA. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ, ʚ ʢʦʤʧʣʝʢʩʝ 31 ʘʪʦʤʳ Cd(II ) ʜʚʫʭ ʬʨʘʛʤʝʥʪʦʚ 

[Cd(BPA)2]
2+ ʩʚʷʟʳʚʘʶʪ ʜʚʘ ʤʦʩʪʠʢʦʚʳʭ ʘʥʠʦʥʘ [ɺ12ʅ12]

2ï, ʦʙʨʘʟʫʷ ʜʠʤʝʨ (ʨʠʩ. 54). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ ʦʙʨʘʟʦʚʘʥʦ 

ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʦʪ ʜʚʫʭ ʤʦʣʝʢʫʣ BPA (ʜʣʠʥʳ ʩʚʷʟʠ CdïN 2.268(4) ʠ 

2.237(4) ¡) ʠ ʜʚʫʤʷ ʚʦʜʦʨʦʜʘʤʠ ʦʪ ʜʚʫʭ ʘʥʠʦʥʦʚ [ɺ12ʅ12]
2ï (ʜʣʠʥʳ ʩʚʷʟʠ CdïH 2.27 

¡, ʫʛʦʣ CdïHïB ʨʘʚʝʥ 154.8ę).  

 

ʈʠʩʫʥʦʢ 54. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cd(BPA)2[ɛ-B12H12]] 2 (31). 
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ʇʨʠ ʫʧʘʢʦʚʢʝ ʩʦʝʜʠʥʝʥʠʷ [Cd(BPA)2[ɛ-B12H12]] 2 (31) ʦʙʨʘʟʫʶʪʩʷ ʩʪʦʧʢʠ, ʚ 

ʢʦʪʦʨʳʭ ʢʦʤʧʣʝʢʩʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʨʷʜ ʜʨʫʛ ʥʘʜ ʜʨʫʛʦʤ ʚʜʦʣʴ ʦʩʠ c, ʚʪʦʨʦʡ ʨʷʜ 

ʢʦʤʧʣʝʢʩʦʚ ʩʤʝʱʝʥ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʝʨʚʦʛʦ ʥʘ ʧʦʣʦʚʠʥʫ ʪʨʘʥʩʣʷʮʠʠ ʧʦ ʦʩʠ b, ʙʝʟ 

ʩʤʝʱʝʥʠʷ ʧʦ ʦʩʠ ʩ (ʨʠʩ. 55ʘ). ɸʥʠʦʥʳ ʩʚʷʟʘʥʳ ʚ ʩʪʦʧʢʘʭ CHéHB ʢʦʥʪʘʢʪʘʤʠ, ʘ 

ʩʪʦʧʢʠ ʤʝʞʜʫ ʩʦʙʦʡ ʜʦʧʦʣʥʠʪʝʣʴʥʦ NHé(H)B ʢʦʥʪʘʢʪʘʤʠ (ʨʠʩ. 55ʙ). ɺ ʨʷʜʘʭ 

ʤʝʞʜʫ ʩʪʦʧʢʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʢʘʥʘʣʳ, ʚ ʢʦʪʦʨʳʭ ʨʘʩʧʦʣʦʞʝʥʳ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʝ 

ʤʦʣʝʢʫʣʳ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

 ʉʚʷʟʴ CdïH ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʘʥʠʦʥʘ ʧʦʢʘʟʘʥʘ ʚ ʚʠʜʝ 

ʠʥʪʝʥʩʠʚʥʦʛʦ ʢʨʘʩʥʦʛʦ ʧʷʪʥʘ, ʪʘʢ ʞʝ ʚʠʜʥʦ, ʯʪʦ ʘʥʠʦʥ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʦʙʨʘʟʫʝʪ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ CHéB ʢʦʥʪʘʢʪʳ ʩ 2,2ᾳ-ʙʠʧʠʨʠʜʠʣʘʤʠʥʦʤ (ʨʠʩ. 55ʚ).  

 

ʈʠʩʫʥʦʢ 55. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʢʦʤʧʣʝʢʩʘ 31 (ʘ), ʧʦʚʝʨʭʥʦʩʪʴ 

ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʘʥʠʦʥʘ [ɺ12ʅ12]
2ï, ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʙ, ʚ). 

ʅʠʟʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ 31 ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ, ʠʩʭʦʜʷ ʠʟ ʝʛʦ ʩʪʨʦʝʥʠʷ. 

ʉʦʛʣʘʩʥʦ ʈʉɸ ʚ ʜʘʥʥʦʤ ʢʦʤʧʣʝʢʩʝ ʢʦʦʨʜʠʥʘʮʠʷ ʘʥʠʦʥʘ [B12H12]
2ï ʘʪʦʤʦʤ 

ʢʘʜʤʠʷ(II) ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʯʝʨʝʟ ʤʥʦʛʦʮʝʥʪʨʦʚʫʶ ʩʚʷʟʴ ʄʅɺ. ʇʨʦʯʥʦʩʪʴ ʜʘʥʥʦʡ 

ʩʚʷʟʠ ʤʘʢʩʠʤʘʣʴʥʘ ʧʨʠ ʨʘʚʥʦʮʝʥʥʦʤ ʫʯʘʩʪʠʠ ʪʨʝʭ ʘʪʦʤʦʚ ʚ ʝʝ ʦʙʨʘʟʦʚʘʥʠʠ, ʯʪʦ 
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ʜʦʩʪʠʛʘʝʪʩʷ ʧʨʠ ʫʛʣʝ ÏMHB ʩʦʩʪʘʚʣʷʝʪ ~90Á.  ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʜʘʥʥʳʡ ʫʛʦʣ 

ʩʦʩʪʘʚʣʷʝʪ 154.8ę ʠ ʨʘʩʩʪʦʷʥʠʝ CdïB 3.326 ¡, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʦʤ, ʯʪʦ ʘʪʦʤ ʙʦʨʘ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʫʯʘʩʪʚʫʝʪ ʚʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʬʦʨʤʠʨʦʚʘʥʠʶ 

ʧʨʘʢʪʠʯʝʩʢʠ ʣʠʥʝʡʥʦʡ ʩʚʷʟʠ 2ʮ2ʵ. ʊʘʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʧʨʦʯʥʳʤ 

ʠ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ ʩʧʦʩʦʙʥʦ ʜʝʛʨʘʜʠʨʦʚʘʪʴ, ʬʦʨʤʠʨʫʷ ʙʦʣʝʝ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʫʩʪʦʡʯʠʚʦʝ ʩʦʝʜʠʥʝʥʠʝ 32 Ā 2CH3CN.  

ʄʦʥʦʢʨʠʩʪʘʣʣʳ ʢʦʤʧʣʝʢʩʘ [Cd(BPA)2(CH3CN)2][B12H12] Ā 2CH3CN (32 Ā 

2CH3CN) (ʨʠʩ. 56) ʧʦʩʪʨʦʝʥʳ ʠʟ ʘʥʠʦʥʦʚ [ɺ12ʅ12]
2ï, ʢʦʤʧʣʝʢʩʥʳʭ ʢʘʪʠʦʥʦʚ 

[Cd(BPA)2(CH3CN)2]
2+ ʠ ʩʦʣʴʚʘʪʥʳʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ. ɺ ʪʨʠʢʣʠʥʥʦʡ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ (P-1) ʘʥʠʦʥ ʠ ʢʘʪʠʦʥ ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʮʝʥʪʨʝ ʠʥʚʝʨʩʠʠ.  

 

ʈʠʩʫʥʦʢ 56. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cd(BPA)2(CH3CN)2][ B12H12]  (32 Ā 2CH3CN). 

ʂʘʪʠʦʥʳ ʠ ʘʥʠʦʥʳ ʢʦʤʧʣʝʢʩʘ 32 Ā 2CH3CN ʪʘʢ ʞʝ ʦʙʨʘʟʫʶʪ ʚ ʢʨʠʩʪʘʣʣʝ 

ʢʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʳʝ ʩʣʦʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʧʣʦʩʢʦʩʪʠ ab (ʨʠʩ. 57ʘ), ʚ ʧʫʩʪʦʪʘʭ ʤʝʞʜʫ 

ʢʦʪʦʨʳʤʠ ʥʘʭʦʜʷʪʩʷ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ. ʂʘʪʠʦʥʳ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʚ 

ʜʠʘʛʦʥʘʣʴʥʳʝ ʮʝʧʦʯʢʠ -́  ́ ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʫʛʦʣ 0ę, ʨʘʩʩʪʦʷʥʠʝ 

ʮʝʥʪʨʦʠʜ-ʮʝʥʪʨʦʠʜ 3.690 ¡, ʩʜʚʠʛ 0.852 ¡) (ʨʠʩ. 57ʙ), ʘ ʮʝʧʠ ʤʝʞʜʫ ʩʦʙʦʡ CHéN 

ʢʦʥʪʘʢʪʘʤʠ. ʂʘʪʠʦʥʥʦ-ʘʥʠʦʥʥʳʝ ʩʣʦʠ ʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ (N)CHéB ʠ 

(N)CHéHB ʢʦʥʪʘʢʪʘʤʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʘʥʠʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ ʪʨʝʭ 

ʢʘʪʠʦʥʦʚ [Cd(BPA)2(CH3CN)2]
2+ (ʨʠʩ. 57ʚ). ɼʣʠʥʳ ʥʘʠʙʦʣʝʝ ʢʦʨʦʪʢʠʭ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ NHéB ʢʦʥʪʘʢʪʦʚ ʩʦʩʪʘʚʣʷʶʪ 2.72 ʠ 2.73 ¡, a NHéHB 

ʢʦʥʪʘʢʪʦʚ 2.20 ʠ 2.22 ¡. 
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ʈʠʩʫʥʦʢ 57. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʢʦʤʧʣʝʢʩʘ 32 Ț 2CH3CN (ʘ), -́  ́ʩʪʝʢʠʥʛ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʤʧʣʝʢʩʝ (ʙ), ʧʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʘʥʠʦʥʘ [ɺ12ʅ12]
2ï, 

ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʚ). 

3.4. ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʦʤʧʣʝʢʩʦʚ  

ɺʩʝ ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʳ ʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ 

ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʦʨʜʠʥʘʮʠʷ ʤʦʣʝʢʫʣ ʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ 

(Bipy, Phen ʠ BPA) ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʯʝʨʝʟ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ ʛʝʪʝʨʦʮʠʢʣʦʚ ʚ 

ʢʦʤʧʣʝʢʩʘʭ 8ï32 Ț 2CH3CN  ʦʪʨʘʞʘʝʪʩʷ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʦ-

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ ʉN, ʉʉ ʚ ʠʥʪʝʨʚʘʣʝ 1500ï1650 ʩʤï1, ʘ ʪʘʢʞʝ 

ʠʟʤʝʥʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 1600ï600 ʩʤï1 ʠ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʇʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ ʚʘʣʝʥʪʥʦ-

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ɜ(CN, CC) ʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 

ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʧʝʢʪʨʘʤʠ 

ʠʩʭʦʜʥʳʭ ʣʠʛʘʥʜʦʚ, ȹɜ ~ 20ï35 ʩʤï1, ʯʪʦ ʦʪʨʘʞʘʝʪ ʩʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ 
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ʧʣʦʪʥʦʩʪʠ ˊ-ʩʠʩʪʝʤʳ ʘʟʘʛʝʪʝʨʦʮʠʢʣʦʚ ʢ ʜʦʥʦʨʥʳʤ ʘʪʦʤʘʤ ʘʟʦʪʘ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ.  

ʂʦʦʨʜʠʥʘʮʠʷ ʤʦʣʝʢʫʣ BPA ʢ ʤʝʪʘʣʣʫ ʦʪʨʘʞʘʝʪʩʷ ʪʘʢʞʝ ʠ ʥʘ ʧʦʣʦʞʝʥʠʠ 

ʯʘʩʪʦʪʳ ʚʘʣʝʥʪʥʦʛʦ ʢʦʣʝʙʘʥʠʷ ɜ(NH), ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʙʦʣʝʝ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʠ 3322 ʩʤï1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ 

BPA, ȹɜ ~ 80 ʩʤï1. 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 9, 10 Ā DMF, 15, 16, 22, 25, 26 ʠ 31 ʩ ʢʣʘʩʪʝʨʥʳʤʠ 

ʘʥʠʦʥʘʤʠ ʙʦʨʘ, ʥʘʭʦʜʷʱʠʤʠʩʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ, ʚ ʦʙʣʘʩʪʠ 

ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ BH-ʛʨʫʧʧ ʧʦʤʠʤʦ ʭʘʨʘʢʪʝʨʥʦʡ ʧʦʣʦʩʳ çʩʚʦʙʦʜʥʳʭè ɺH-

ʩʚʷʟʝʡ (ɜ(ɺH)) ʚ ʠʥʪʝʨʚʘʣʝ 2550ï2400 ʩʤï1 ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʦʩʘ 

ɜ(ɺH)MHB ʦʢʦʣʦ 2360ï2320 ʩʤï1 (ʨʠʩ. 58), ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʘʷ ʦ ʥʘʣʠʯʠʠ 

ʪʨʝʭʮʝʥʪʨʦʚʳʭ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ ʠ 

ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ ʙʦʨʘ.  

 

ʈʠʩʫʥʦʢ 58. ʀʂ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ [Zn(Bipy)2[B10H10]] (9) (ʘ) ʠ 

[Cd(Bipy)2[B10H10]] (10) (ʙ) ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ ɺH. 

ʄʫʣʴʪʠʧʣʝʪʥʦʝ ʨʘʩʱʝʧʣʝʥʠʝ ʧʦʣʦʩʳ ɜ(ɺH) ɺʅ-ʛʨʫʧʧ, ʥʝ ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʢʦʥʪʘʢʪʘʭ ʩ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ, ʥʘ ʥʝʩʢʦʣʴʢʦ ʢʦʤʧʦʥʝʥʪ ʦʪʨʘʞʘʝʪ ʠʟʤʝʥʝʥʠʷ 

ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʘʥʠʦʥʦʚ [BnHn]
2ï (n = 10, 12) ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʥʘʣʠʯʠʠ ʜʘʣʴʥʠʭ ʥʝ ʚʘʣʝʥʪʥʳʭ ʢʦʥʪʘʢʪʦʚ ʙʦʨʦʚʦʜʦʨʦʜʥʳʭ ʘʥʠʦʥʦʚ ɺïʅéʅïC ʩ 
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ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʘʟʘʛʝʪʝʨʦʮʠʢʣʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ L (L = Bipy, BPA 

ʠ Phen).  

ʅʘʣʠʯʠʝ ʜʚʫʭ ʧʦʣʦʩ ʚʘʣʝʥʪʥʳʭ ʢʦʣʝʙʘʥʠʡ ɜas(N=O) ʧʨʠ ~1460 ʩʤï1 ʠ ɜs(N=O) 

ʧʨʠ ~1300 ʩʤï1 ʚ ʀʂ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 17, 20 Ā 1.5CH3CN, 23 Ā CH3CN, 24 Ā 

2CH3CN ʠ 27 ʦʪʨʘʞʘʝʪ ʢʦʦʨʜʠʥʘʮʠʶ ʥʠʪʨʘʪʦ-ʛʨʫʧʧ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ ʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʦʥʠʞʝʥʠʠ ʪʦʯʝʯʥʦʡ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʘʥʠʦʥʘ (NO3)
ï c C3V ʜʦ 

C2V ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʦʨʜʠʥʘʮʠʠ. 

3.5. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ 

ʣʠʛʘʥʜʘʤʠ L ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʘʥʠʦʥʦʚ 

Clï,  (NO3)ï, [BnHn]2ï (n = 10, 12) 

ʌʝʥʠʣʩʦʜʝʨʞʘʱʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʙʝʥʟʠʤʠʜʘʟʦʣʘ 1-ʤʝʪʠʣʙʝʥʟʠʤʠʜʘʟʦ-2-ʠʣ-

ʤʝʪʠʣʝʥʘʥʠʣʠʥ C15H13N3 (L1) ʠ 1-ʵʪʠʣ-2-(4-ʤʝʪʦʢʩʠʬʝʥʠʣ)ʘʟʦʙʝʥʟʠʤʠʜʘʟʦʣ 

C16H16N4O (L2) ʩ ʣʠʥʢʝʨʥʳʤʠ C=N ʠʣʠ N=N ʛʨʫʧʧʘʤʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʣʶʤʠʥʦʬʦʨʦʚ. ʀʟʫʯʝʥʘ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʚ ʨʝʘʢʮʠʷʭ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʜʘʥʥʳʤʠ 

ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʦʥʢʫʨʝʥʪʦʩʧʦʩʦʙʥʳʭ 

ʣɻʝʢʪʨʦʥʦʜʦʥʦʨʥʳʭ ʘʥʠʦʥʦʚ-ʣʠʛʘʥʜʦʚ Clï, (NO3)
ï, [BnHn]

2ï (n = 10, 12). 

ʆʧʨʝʜʝʣʝʥʳ ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʠ ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ ʩʚʦʙʦʜʥʳʭ ʣʠʛʘʥʜʦʚ L1 ʠ L2, ʠ ʨʷʜʘ ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʠʭ 

ʦʩʥʦʚʝ. 

ʅʘ ʨʠʩʫʥʢʝ 59 ʧʨʠʚʝʜʝʥʦ ʩʪʨʦʝʥʠʝ ʣʠʛʘʥʜʦʚ L1 ʠ L2 ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʝ ʩʧʦʩʦʙʳ 

ʠʭ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ.  
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ʈʠʩʫʥʦʢ 59. ʉʪʨʦʝʥʠʝ ʣʠʛʘʥʜʦʚ L1 ʠ L2 ʠ ʩʧʦʩʦʙʳ ʠʭ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʤ 

ʤʝʪʘʣʣʘ.  

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʪʦʥʠʨʦʚʘʥʠʷ ʣʠʛʘʥʜʘ L2 ʚ ʩʠʩʪʝʤʝ CH3CN/CF3COOH 

ʧʦʣʫʯʝʥʘ ʩʦʣʴ (HL2)CF3COO Ā H2O (ʉʭʝʤʘ 22). 

 

ʉʭʝʤʘ 22. ʇʨʦʪʦʥʠʨʦʚʘʥʠʝ ʣʠʛʘʥʜʘ L2 ʚ ʩʠʩʪʝʤʝ CH3CN/CF3COOH. 

ʇʦʣʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʥʦ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʈʉɸ (ʨʠʩ. 60ʘ). 

 

ʈʠʩʫʥʦʢ 60. ʉʪʨʫʢʪʫʨʘ (HL2)CF3COO Ā H2O (ʘ) ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ 

ʜʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (ʙ). 

ɹʝʥʟʠʤʠʜʘʟʦʣʴʥʦʝ ʠ ʤʝʪʦʢʩʠʙʠʥʟʠʣʴʥʳʝ ʢʦʣʴʮʘ ʢʘʪʠʦʥʘ (HL2)+ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘʭʦʜʷʪʩʷ ʚ ʦʜʥʦʡ ʧʣʦʩʢʦʩʪʠ (RMSD 0.105 ¡). ʊʦʨʩʠʦʥʥʳʡ ʫʛʦʣ N3N4C10C11 
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ʩʦʩʪʘʚʣʷʝʪ 3.8Ü, ʘ ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ N1C1N3N4 3.4Ü. ʇʨʠ ʫʧʘʢʦʚʢʝ ʘʪʦʤʳ ʚʦʜʦʨʦʜʘ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʦʙʨʘʟʫʶʪ ʩʨʝʜʥʝʡ ʩʠʣʳ ʚʦʜʦʨʦʜʥʫʶ ʩʚʷʟʴ ʩ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ 

ʜʚʫʭ ʨʘʟʥʳʭ ʪʨʠʬʪʦʨʘʮʝʪʘʪ-ʘʥʠʦʥʦʚ, ʟʘʤʳʢʘʷ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʜʚʝʥʘʜʮʘʪʠʯʣʝʥʥʳʡ 

ʮʠʢʣ. NH-ʛʨʫʧʧʳ ʜʚʫʭ ʢʘʪʠʦʥʦʚ (HL2)+ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦ ʥʘ 

ʘʪʦʤʳ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣ ʚʦʜʳ (ʨʠʩ. 60ʙ). ɼʘʥʥʳʝ ʘʥʩʘʤʙʣʠ ʫʧʘʢʦʚʳʚʘʶʪʩʷ 

ʩʪʦʧʢʘʤʠ, ʩʚʷʟʘʥʥʳʤʠ ˊ-ˊ ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ ʤʝʞʜʫ ʰʝʩʪʠʯʣʝʥʥʳʤʠ 

ʮʠʢʣʘʤʠ ʤʝʪʦʢʩʠʙʝʥʟʠʣʴʥʦʡ ʠ ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʦʡ ʛʨʫʧʧ (ʫʛʦʣ 8.4Ü, ʨʘʩʩʪʦʷʥʠʝ 

ʮʝʥʪʨʦʠʜ-ʮʝʥʪʨʦʠʜ 3.649 ¡, ʩʜʚʠʛ 1.352 ¡). 

ɺ ʀʂ-ʩʧʝʢʪʨʝ ʩʦʣʠ ʧʨʠʩʫʪʩʪʚʫʶʪ ʩʣʘʙʳʝ ʫʰʠʨʝʥʥʳʝ ʧʦʣʦʩʳ ʚʘʣʝʥʪʥʳʭ 

ʢʦʣʝʙʘʥʠʡ n(ʆʅ)ʅ2ʆ ʠ n(NH)  ʦʢʦʣʦ 3400 ʩʤï1 ʠ 3150 ʩʤï1 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʦʥʠʨʦʚʘʥʠʠ L1 c ʦʙʨʘʟʦʚʘʥʠʝʤ NH-ʛʨʫʧʧʳ, ʯʪʦ ʪʘʢʞʝ 

ʦʪʨʘʞʘʝʪʩʷ ʚ ʩʧʝʢʪʨʝ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ 

ʢʦʣʝʙʘʥʠʡ n(C=N). ɺʤʝʩʪʦ ʜʚʫʭ ʠʥʪʝʥʩʠʚʥʳʭ ʧʦʣʦʩ ʧʨʠ 1630 ʩʤï1 ʠ 1589 ʩʤï1, 

ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʩʧʝʢʪʨʝ çʩʚʦʙʦʜʥʦʛʦè ʣʠʛʘʥʜʘ, ʚ ʩʧʝʢʪʨʝ ʩʦʣʠ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʜʥʘ ʧʦʣʦʩʘ ʧʨʠ 1597 ʩʤï1. ʉʣʘʙʘʷ ʧʦʣʦʩʘ ʚ ʩʧʝʢʪʨʝ ʩʦʣʠ ʧʨʠ 1783 ʩʤï1 ʫʢʘʟʳʚʘʝʪ 

ʥʘ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʦʥʠʝʚʦʛʦ ʠʦʥʘ ʅ3ʆ
+. ɼʘʥʥʳʡ ʬʘʢʪ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʥʪʘʢʪʝ 

ʧʨʦʪʦʥʘ NH-ʛʨʫʧʧʳ ʩ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʤʦʣʝʢʫʣʳ ʚʦʜʳ. ʇʦʣʦʩʘ ʧʨʠ 1694 ʩʤï1, 

ʦʪʥʦʩʷʱʘʷʩʷ ʢ ʚʘʣʝʥʪʥʦʤʫ ʢʦʣʝʙʘʥʠʶ n(ʉ=ʆ) ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ 

ʪʨʠʬʪʦʨʘʮʝʪʘʪʥʦʛʦ ʘʥʠʦʥʘ, ʥʘʭʦʜʠʪʩʷ ʚ ʙʦʣʝʝ ʥʠʟʢʦʯʘʩʪʦʪʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ n(ʉ=ʆ) ʩʚʦʙʦʜʥʦʡ ʢʠʩʣʦʪʳ, ʢʦʪʦʨʘʷ ʧʨʦʧʠʩʳʚʘʝʪʩʷ ʧʨʠ 1784 ʩʤï1, ʯʪʦ 

ʦʪʨʘʞʘʝʪ ʢʦʥʪʘʢʪʳ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʢʘʨʙʦʢʩʠʣʘʪʥʦʡ ʛʨʫʧʧʳ ʩ ʠʦʥʦʤ 

ʛʠʜʨʦʢʩʦʥʠʷ. ɺʘʣʝʥʪʥʳʝ ʢʦʣʝʙʘʥʠʷ n(ʉF) ʥʘʙʣʶʜʘʶʪʩʷ ʚ ʩʧʝʢʪʨʝ ʧʨʠ 1134 ʩʤï1. 

3.5.1. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʣʠʛʘʥʜʦʚ (NO3)ï ʠ Clï 

ʉʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ [ML 2Cl2] (33ï36) ʩ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʦʡ 

ʢʦʦʨʜʠʥʘʮʠʝʡ ʣʠʛʘʥʜʘ L1 ʠ ʤʦʥʦʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʣʠʛʘʥʜʘ L2 ʦʙʨʘʟʫʶʪʩʷ 

ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʭʣʦʨʠʜʦʚ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʣʠʛʘʥʜʘʤʠ L 

ʚ ʩʤʝʩʠ ʘʮʝʪʦʥʠʪʨʠʣ/N,N-ʜʠʤʝʪʠʣʬʦʨʤʘʤʠʜ (ʩʭʝʤʘ 23). 
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ʉʭʝʤʘ 23. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 33ï36. 

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠʟ ʥʠʪʨʘʪʦʚ 

ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ ʦʙʨʘʟʫʶʪʩʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[ML2(NO3)2] (37ï39) ʩ ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʣʠʛʘʥʜʦʚ L (ʩʭʝʤʘ 

24). 

 

ʉʭʝʤʘ 24. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 37ï39.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʩʣʫʯʘʝ 

ʥʠʪʨʘʪʘ ʮʠʥʢʘ(II) ʠ ʣʠʛʘʥʜʘ L1 ʦʙʨʘʟʫʝʪʩʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʡ ʢʦʤʧʣʝʢʩ 40, ʚ 

ʢʦʪʦʨʦʤ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʦʙʨʘʟʦʚʘʥʦ ʦʜʥʠʤ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ L, ʜʚʫʤʷ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʘʤʠ ʠ ʤʦʣʝʢʫʣʦʡ ʚʦʜʳ (ʩʭʝʤʘ 25). 

 

ʉʭʝʤʘ 25. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʘ 40. 

ʉʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʣʠ ʨʘʟʣʠʯʥʳʤʠ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʘʥʘʣʠʟʘ. ɼʣʷ ʩʦʝʜʠʥʝʥʠʡ 35, 37ï40 ʚʳʧʦʣʥʝʥʦ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ.  
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ɺ ʢʦʤʧʣʝʢʩʝ 35 (ʨʠʩ. 61) ʮʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ Zn(II) ʠʤʝʝʪ ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʡ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʳʡ ʧʦʣʠʵʜʨ ʩ ʫʛʣʘʤʠ XïZnïY, ʙʣʠʟʢʠʤʠ ʢ ʠʜʝʘʣʴʥʳʤ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʠʤ (106.03(9) ï 113.06(5)Á). ɼʣʠʥʳ ʩʚʷʟʝʡ ZnïCl (2.2453(6) ¡) ʠ Znï

NAr (2.0329(16) ¡) ʧʨʠʥʠʤʘʶʪ ʦʙʳʯʥʳʝ ʟʥʘʯʝʥʠʷ. ʆʨʛʘʥʠʯʝʩʢʠʡ ʣʠʛʘʥʜ 

ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʡ ʚ ʧʨʝʜʝʣʘʭ RMSD = 0.13 ¡. ʊʦʨʩʠʦʥʥʳʝ ʫʛʣʳ N2C1N3N4 ʠ 

N3N4C11C16 ʩʦʩʪʘʚʣʷʶʪ 6.8 ʠ 1.1Á ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 61. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn(L2)2Cl2] (35). 

ɸʥʘʣʠʟ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʢʦʤʧʣʝʢʩʘ 35 ʧʦʢʘʟʳʚʘʝʪ ʥʘʣʠʯʠʝ ʚ 

ʤʦʣʝʢʫʣʝ ʪʦʣʴʢʦ ʦʜʥʦʡ ʧʘʨʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʥʪʘʢʪʦʚ CléHC (ʨʠʩ. 62), 

ʨʘʩʩʪʦʷʥʠʝ CléH ʩʦʩʪʘʚʣʷʝʪ 2.808 ¡. 

 

ʈʠʩʫʥʦʢ 62. ʇʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ, ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʦʝʜʠʥʝʥʠʠ 35. ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ 

ʦʙʦʟʥʘʯʝʥʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CƄH...Cl. 
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ɺ ʢʦʤʧʣʝʢʩʝ 37 (ʨʠʩ. 63ʘ) ʘʪʦʤ ʢʘʜʤʠʷ(II) ʠʤʝʝʪ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ 8, ʚ 

ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ ʚʭʦʜʷʪ 4 ʘʪʦʤʘ ʘʟʦʪʘ, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʜʚʫʤ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ 

ʣʠʛʘʥʜʘʤ L1 (ʜʣʠʥʳ ʩʚʷʟʝʡ ʩʦʩʪʘʚʣʷʶʪ CdïN1 2.310(2) ¡ ʠ 2.581(2) ¡) ʠ ʯʝʪʳʨʝʭ 

ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʘʪ ʘʥʠʦʥʦʚ (CdïO 2.348(2) ¡, CdïO 2.626(2) ¡) (ʨʠʩ. 63ʙ). 

ʄʦʣʝʢʫʣʘ ʣʠʛʘʥʜʘ ʚ ʢʦʤʧʣʝʢʩʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʣʦʩʢʦʡ, ʚ ʚʠʜʫ ʟʘʢʨʫʯʝʥʥʦʩʪʠ 

ʬʝʥʠʣʴʥʦʛʦ ʢʦʣʴʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʦʩʪʘʣʴʥʦʡ ʤʦʣʝʢʫʣʳ. ʊʦʨʩʠʦʥʥʳʝ 

ʫʛʣʳ N2C8C7N1 ʠ C7N1C1C6 ʩʦʩʪʘʚʣʷʶʪ 2.1ʦ ʠ 42.7ʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʈʠʩʫʥʦʢ 63. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cd(L1)2(NO3)2] (37) (ʘ) ʠ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ ʚ 

37 (ʙ). 

ɸʪʦʤʳ O ʥʠʪʨʘʪʦʚ, ʥʝ ʩʚʷʟʘʥʥʳʝ ʩ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ, ʦʙʨʘʟʫʶʪ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ CƄH...O (ʨʠʩ. 64) ʩ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʉH ʠ CH3 ʛʨʫʧʧ 

L1. ɼʣʠʥʘ ʢʦʥʪʘʢʪʦʚ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʭ ʩʦʩʪʘʚʣʷʝʪ 2.54 ʠ 2.57 ¡. 

 

ʈʠʩʫʥʦʢ 64. ʇʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ, ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʦʝʜʠʥʝʥʠʠ 37.  
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ɺ ʢʦʤʧʣʝʢʩʝ [Zn(L2)2(NO3)2] (38) ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʮʠʥʢʘ(II) 

ʚʭʦʜʷʪ ʯʝʪʳʨʝ ʘʪʦʤʘ ʘʟʦʪʘ ʦʪ ʜʚʫʭ ʣʠʛʘʥʜʦʚ L2 ʠ ʜʚʘ ʘʪʦʤʘ ʢʠʩʣʦʨʦʜʘ ʦʪ ʜʚʫʭ 

ʥʠʪʨʘʪ-ʠʦʥʦʚ (ʨʠʩ. 65). ʅʠʪʨʘʪ-ʘʥʠʦʥ ʨʘʟʫʧʦʨʷʜʦʯʝʥ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ ʩ ʨʘʚʥʦʡ 

ʟʘʩʝʣʝʥʥʦʩʪʴʶ. ʆʙʘ ʥʠʪʨʘʪʥʳʭ ʣʠʛʘʥʜʘ h1-ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʩ ʟʘʤʝʪʥʦ ʨʘʟʥʳʤʠ 

ʨʘʩʩʪʦʷʥʠʷʤʠ ZnïO ï 1.999(2) ʠ 2.206(4) ¡. ʈʘʩʩʪʦʷʥʠʝ ZnïN1 ʩʦʩʪʘʚʣʷʝʪ 2.004 (2) 

¡, ʘ ZnïN4 2.725(¡). ɹʝʥʟʠʤʠʜʘʟʦʣʴʥʳʡ ʠ ʤʝʪʦʢʩʠʬʝʥʠʣʴʥʳʡ ʬʨʘʛʤʝʥʪʳ ʣʠʛʘʥʜʘ 

L2 ʥʝʤʥʦʛʦ ʟʘʢʨʫʯʝʥʳ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʉ1N3N4ʉ11 (ʪʦʨʩʠʦʥʥʳʡ ʫʛʦʣ 

ʉ1N3N4ʉ11 ʨʘʚʝʥ 179.5Á, RSMD = 0.003 ¡). ʊʦʨʩʠʦʥʥʳʝ ʫʛʣʳ N1C1N3N4 ʠ 

N3N4C11C12 ʩʦʩʪʘʚʣʷʶʪ 8.4 ʠ 12.1Á ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɼʚʫʛʨʘʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ 

ʧʣʦʩʢʦʩʪʷʤʠ ʜʚʫʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʚ ʢʦʤʧʣʝʢʩʝ 38 ʩʦʩʪʘʚʣʷʝʪ 79Á.  

 

ʈʠʩʫʥʦʢ 65. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn(L2)2(NO3)2]  (38). 

ɸʥʘʣʦʛʠʯʥʦ ʢʦʤʧʣʝʢʩʫ 37, ʚ ʢʦʤʧʣʝʢʩʝ 38 ʘʪʦʤʳ O4 ʠ O6 ʥʠʪʨʘʪʦ-ʛʨʫʧʧ 

ʦʙʨʘʟʫʶʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ (ʨʠʩ. 66) ʩ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʉH ʠ CH3 

ʛʨʫʧʧ L2. ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ ʦʜʥʘ ʠʟ ʦʨʠʝʥʪʘʮʠʡ ʥʠʪʨʘʪ-ʠʦʥʘ ʠʤʝʝʪ ʙʦʣʴʰʝʝ 

ʯʠʩʣʦ CHéO ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ. ɼʣʠʥʘ ʢʦʥʪʘʢʪʦʚ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ OéʅC ʩʦʩʪʘʚʣʷʝʪ 2.38, 2.40 ʠ 2.46 ¡. 
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ʈʠʩʫʥʦʢ 66. ʇʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ, ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ ʩʦʝʜʠʥʝʥʠʠ 38 (ʜʚʘ ʚʘʨʠʘʥʪʘ, ʜʣʷ ʜʚʫʭ ʨʘʟʥʳʭ 

ʧʦʟʠʮʠʡ ʥʠʪʨʘʪ-ʠʦʥʦʚ). ʇʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʦʙʦʟʥʘʯʝʥʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ CƄH...O. 

ʆʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Cd(II) ʚ ʢʦʤʧʣʝʢʩʝ [Cd(L2)2(NO3)2] (39) ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʢʘʢ 4 

+ 2, ʝʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʥʠʪʨʘʪ-ʠʦʥʳ ʟʘʥʠʤʘʶʪ ʦʜʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ. 

ʅʠʪʨʘʪ-ʠʦʥʳ ʨʘʟʫʧʦʨʷʜʦʯʝʥʳ ʧʦ ʜʚʫʤ ʧʦʟʠʮʠʷʤ ʩ ʟʘʩʝʣʝʥʥʦʩʪʴʶ 0.5 : 0.5 ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʚ ʦʜʥʦʡ ʠʟ ʦʨʠʝʥʪʘʮʠʡ (NO3)
ï ʠʤʝʝʪ  h2-ʢʦʦʨʜʠʥʘʮʠʶ (ʜʣʠʥʳ ʩʚʷʟʝʡ 

CdïO 2.42(3) ¡ ʠ 2.39(2) ¡), ʘ ʚʦ ʚʪʦʨʦʡ  h1-ʢʦʦʨʜʠʥʘʮʠʶ (ʨʘʩʩʪʦʷʥʠʷ CdïO 2.43(3) 

¡ ʠ 2.67(3) ¡) (ʨʠʩ. 67). 

 

ʈʠʩʫʥʦʢ 67. ɼʚʘ ʚʘʨʠʘʥʪʘ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [Cd(L2)2(NO3)2]  (39): ʩ 

ʙʠʜʝʥʪʘʪʥʳʤ ʥʠʪʨʘʪ-ʠʦʥʦʤ (ʘ), ʩ ʤʦʥʦʜʝʥʪʘʪʥʳʤ ʥʠʪʨʘʪ-ʠʦʥʦʤ (ʙ). 
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ɼʣʠʥr ʩʚʷʟʝʡ CdïN(4) ʩ ʘʪʦʤʦʤ ʘʟʦʪʘ ʠʤʠʜʘʟʦʣʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʦʩʪʘʚʣʷʶʪ 

2.226(3) ¡. ɸʪʦʤʳ ʘʟʦʪʘ N(1) ʘʟʦʛʨʫʧʧʳ ʦʙʨʘʟʫʶʪ ʫʢʦʨʦʯʝʥʥʳʝ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʦʥʪʘʢʪʳ ʩ ʘʪʦʤʦʤ Cd (2.77 ¡) ʚ ʥʘʧʨʘʚʣʝʥʠʠ, ʩʦʚʧʘʜʘʶʱʠʤ ʩ ʥʝʧʦʜʝʣʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʘʨʘʤʠ ʘʟʦʪʘ. ʋʛʣʳ NCdO ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 89.6(2)ï108.3(3)Á. 

ʉʪʨʦʝʥʠʝ ʣʠʛʘʥʜʘ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʦʝ ʩ ʪʦʨʩʠʦʥʥʳʤ ʫʛʣʦʤ N(2)N(1)C(10)C(15) 

ʙʣʠʟʢʠʤ ʢ 11Á. ɺ ʩʪʨʫʢʪʫʨʝ 39 ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʨʦʪʢʠʭ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʭ 

ʢʦʥʪʘʢʪʦʚ. ɼʚʫʛʨʘʥʥʳʡ ʫʛʦʣ ʤʝʞʜʫ ʧʣʦʩʢʦʩʪʷʤʠ ʜʚʫʭ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʳʭ ʥʠʪʨʘʪ-

ʠʦʥʦʚ ʚ ʢʦʤʧʣʝʢʩʝ 39 ʩʦʩʪʘʚʣʷʝʪ 33.8Á.  

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʢʦʤʧʣʝʢʩʘ [ZnL1(NO3)2(H2O)] (40) ʘʪʦʤ ʮʠʥʢʘ(II) 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʚʷʟʘʥʥʳʤ ʩ ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʘʟʦʪʘ ʣʠʛʘʥʜʘ L1 (Zn(1)ïN(3) 2.051(2) ¡, 

Zn(1)ïN(5) 2.271(2) ¡), ʜʚʫʤʷ ʘʪʦʤʘʤʠ ʢʠʩʣʦʨʦʜʘ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʧʨʠʥʘʜʣʝʞʠʪ 

ʢʦʥʮʝʚʦʤʫ ʥʠʪʨʘʪ-ʘʥʠʦʥʫ (Zn(1)ïO(4) 2.082(2) ¡, Zn(1)éO(5) 3.037(6) ¡), ʘ ʜʨʫʛʦʡ 

ï ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʡ ʤʦʣʝʢʫʣʝ ʚʦʜʳ (Zn(1)ïO(7) 2.041(2) ¡). ʀʩʢʘʞʝʥʥʦʝ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʜʦʧʦʣʥʝʥʦ ʝʱʝ ʦʜʥʠʤ ʘʥʠʦʥʦʤ (NO3)
ï, 

ʷʚʣʷʶʱʠʤʩʷ ʭʝʣʘʪʥʦ-ʩʚʷʟʘʥʥʳʤ (Zn(1)ïO(1) 2.158(2) ¡, Zn(1)ïO(2) 2.315(2) ¡) 

(ʨʠʩ. 68).  

 

ʈʠʩʫʥʦʢ 68. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [ZnL1(NO3)2(H2O)] (40). 

ʃʠʛʘʥʜ L1 ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʣʦʩʢʠʤ, ʤʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʦʪ 

ʧʣʦʩʢʦʩʪʠ N(4)N(5)N(6) ʘʪʦʤʘ C(4) ʩʦʩʪʘʚʣʷʝʪ 0.038 ¡, ʘ ʘʨʠʣʴʥʳʡ ʟʘʤʝʩʪʠʪʝʣʴ 

ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʧʦʜ ʫʛʣʦʤ 27.7Á ʢ ʵʪʦʡ ʧʣʦʩʢʦʩʪʠ. ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʝ 
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ʧʨʠʩʫʪʩʪʚʫʶʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʦʤ ʚʦʜʦʨʦʜʘ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʠ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʘʪʦ-ʛʨʫʧʧ. 

3.5.2. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʣʘʩʪʝʨʥʳʭ ʘʥʠʦʥʦʚ ʙʦʨʘ [BnHn]2ï 

(n = 10, 12) 

3.5.2.1. ʉʠʩʪʝʤʘ Zn2+ / [B10H10]2ï / L   

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʢʚʠʤʦʣʷʨʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ ʥʠʪʨʘʪʘ ʮʠʥʢʘ(II), ʣʠʛʘʥʜʦʚ 

L ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʤʦʥʠʝʚʦʡ ʩʦʣʠ (Et3NH)2[B10H10] ʚʳʜʝʣʷʶʪʩʷ 

ʦʜʥʦʪʠʧʥʳʝ ʢʦʤʧʣʝʢʩʳ [ZnL(NO3)2(H2O)] (L = L1 (40), L2 (41)), ʚ ʢʦʪʦʨʳʭ 

ʦʨʛʘʥʠʯʝʩʢʠʝ ʣʠʛʘʥʜʳ ʙʠʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ (ʩʭʝʤʘ 26).  

 

ʉʭʝʤʘ 26. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 40 ʠ 41.  

ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ 

ʦʜʥʦʚʨʝʤʝʥʥʦ ʜʚʫʭ ʘʥʠʦʥʦʚ-ʣʠʛʘʥʜʦʚ (NO3)
ï ʠ [B10H10]

2ï ʧʨʠʚʦʜʠʪ ʢ ʠʭ 

ʢʦʥʢʫʨʝʥʮʠʠ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ʤʝʪʘʣʣʘ. ɺʝʨʦʷʪʥʦ, 

ʧʨʠʨʦʜʘ ʤʝʪʘʣʣʘ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʜʘʥʥʳʡ ʧʨʦʮʝʩʩ. ʆʯʝʚʠʜʥʦ, 

ʯʪʦ ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʨʝʘʢʮʠʦʥʥʦʤ ʨʘʩʪʚʦʨʝ ʢʘʪʠʦʥʦʚ Zn(II ), ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ʤʝʪʘʣʣʘ, ʧʨʝʜʧʦʯʪʝʥʠʝ ʦʪʜʘʝʪʩʷ 

ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤ ʨʝʘʛʝʥʪʘʤ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʳʜʝʣʝʥʠʶ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʥʠʦʥʘʤʠ (NO3)
ï ʠ H2O ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʝ 

ʤʝʪʘʣʣʘ.  

ʉʦʝʜʠʥʝʥʠʝ [ZnL2(NO3)2(H2O)] (41) (ʨʠʩ. 69) ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʚ ʤʦʥʦʢʣʠʥʥʦʡ 

ʩʠʥʛʦʥʠʠ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ P21/n). ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʘʷ 

ʯʘʩʪʴ ʷʯʝʡʢʠ ʩʦʜʝʨʞʠʪ ʯʝʪʳʨʝ ʢʦʤʧʣʝʢʩʘ [ZnL2(NO3)2(H2O)], ʪʨʠ ʠʟ ʢʦʪʦʨʳʭ ʠʤʝʶʪ 

ʠʩʢʘʞʝʥʥʦʝ ʪʨʠʛʦʥʘʣʴʥʦ-ʙʠʧʠʨʘʤʠʜʘʣʴʥʦʝ ʩʪʨʦʝʥʠʝ, ʚ ʢʦʪʦʨʳʭ ʜʚʘ ʘʪʦʤʘ 
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ʢʠʩʣʦʨʦʜʘ (O(3) ʠ O(6)) ʦʪ ʜʚʫʭ ʥʠʪʨʘʪ-ʠʦʥʦʚ ʠ ʘʪʦʤ ʘʟʦʪʘ (N4) ʙʝʥʟʠʤʠʜʘʟʦʣʴʥʦʛʦ 

ʬʨʘʛʤʝʥʪʘ L2 ʚʭʦʜʷʪ ʚ ʵʢʚʘʪʦʨʠʘʣʴʥʦʝ ʦʢʨʫʞʝʥʠʝ ʤʝʪʘʣʣʘ, ʘ ʤʦʣʝʢʫʣʘ ʚʦʜʳ (O(2)) 

ʠ ʘʪʦʤ ʘʟʦʪʘ ʘʟʦʛʨʫʧʧʳ (N(1)) ʷʚʣʷʶʪʩʷ ʘʧʠʢʘʣʴʥʳʤʠ.  

 

ʈʠʩʫʥʦʢ 69. ɼʚʘ ʚʘʨʠʘʥʪʘ ʩʪʨʦʝʥʠʷ ʢʦʤʧʣʝʢʩʘ [ZnL2(NO3)2(H2O)] (41): ʩ 

ʤʦʥʦʜʝʥʪʘʪʥʳʤ ʥʠʪʨʘʪ-ʠʦʥʦʤ (ʘ), ʩ ʙʠʜʝʥʪʘʪʥʳʤ ʥʠʪʨʘʪ-ʠʦʥʦʤ (ʙ), ʩʝʪʠ 

ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʚ 41 (ʚ).  

ɺ ʯʝʪʚʝʨʪʦʡ ʩʪʨʫʢʪʫʨʝ ʦʜʥʘ ʠʟ ʥʠʪʨʘʪʦ-ʛʨʫʧʧ ʭʝʣʘʪʠʨʫʝʪ ʘʪʦʤ Zn(4). ɼʣʠʥʘ 

ʩʚʷʟʠ ZnïO(4D) ʩʦ ʚʪʦʨʳʤ ʘʪʦʤʦʤ ʢʠʩʣʦʨʦʜʘ ʥʠʪʨʘʪʦ-ʛʨʫʧʧʳ ʜʣʠʥʥʝʝ ʧʨʦʯʠʭ 

(2.417(2) ¡), ʘ ʜʣʠʥʘ ʩʚʷʟʠ ZnïO(3D) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʥʘ 0.1 ¡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʦʥʦʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤʠ ʥʠʪʨʘʪ-ʘʥʠʦʥʘʤʠ. ɺ ʢʨʠʩʪʘʣʣʝ 

ʩʦʩʝʜʥʠʝ ʢʦʤʧʣʝʢʩʳ ʩʚʷʟʘʥʳ ʚʦʜʦʨʦʜʥʳʤʠ OïHéO ʩʚʷʟʷʤʠ, ʦʙʨʘʟʫʷ ʦʜʥʦʤʝʨʥʳʝ 

ʧʘʨʘʣʣʝʣʴʥʳʝ ʮʝʧʠ (ʨʠʩ. 70ʚ). 

3.5.2.2. ʉʠʩʪʝʤʘ Cd2+ / [B10H10]2ï / L   

ʇʨʦʚʝʜʝʥʠʝ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʥʠʪʨʘʪʘ ʢʘʜʤʠʷ(II) ʩ 

ʦʨʛʘʥʠʯʝʩʢʠʤ ʣʠʛʘʥʜʦʤ L2 ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʪʨʠʵʪʠʣʘʤʤʦʥʠʝʚʦʡ ʩʦʣʠ 
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(Et3NH)2[B10H10] ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʤʧʣʝʢʩʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 39. ɺ ʩʣʫʯʘʝ 

ʣʠʛʘʥʜʘ L1 ʠʟ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʙʳʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʜʝʣʝʥʳ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 1-2 [Cd(L1)2[B10H10]] Ā 1.5CH3CN (42 Ā 1.5CH3CN) ʠ 

2-6 [Cd(L1)2[B10H10]] (43), ʢʦʪʦʨʳʝ ʨʘʟʜʝʣʷʣʠ ʤʝʭʘʥʠʯʝʩʢʠ (ʉʭʝʤʘ 27).  

 

ʉʭʝʤʘ 27. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 39, 42 Ā 1.5CH3CN ʠ 43. 

ɺ ʩʪʨʫʢʪʫʨʘʭ 42 Ā 1.5CH3CN (ʨʠʩ. 70ʘ) ʠ 43 (ʨʠʩ. 70ʙ) ʘʪʦʤ Cd(II ) ʥʘʭʦʜʠʪʩʷ ʚ 

ʢʚʘʟʠ-ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʨʝʙʨʦʤ ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-

ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ ʠ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ N ʦʪ ʜʚʫʭ ʤʦʣʝʢʫʣ L1. ɸʥʠʦʥ [B10ʅ10]
2ï 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭ ʪʨʝʭʮʝʥʪʨʦʚʳʭ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʩʚʷʟʝʡ (ʄʅɺ).  

 

ʈʠʩʫʥʦʢ 70. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ 1-2 [Cd(L1)2[B10H10]] Ā 1.5CH3CN (42 Ā 

1.5CH3CN) (ʘ) ʠ 2-6 [Cd(L1)2[B10H10]] ( 43) (ʙ). 
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ʂʦʤʧʣʝʢʩʳ [Cd(L1)2[B10H10]] Ŀ 1.5CH3CN (42 Ā 1.5CH3CN) ʠ [Cd(L1)2[B10H10]] 

(43) ʷʚʣʷʶʪʩʷ ʧʦʟʠʮʠʦʥʥʳʤʠ ʠʟʦʤʝʨʘʤʠ: ʚ 42 Ŀ 1.5CH3CN ʘʥʠʦʥ [B10ʅ10]
2ï 

ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʧʠʢʘʣʴʥʳʤ ʨʝʙʨʦʤ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʢʦʤʧʣʝʢʩʝ 43 ʢʦʦʨʜʠʥʘʮʠʷ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʨʝʙʨʦʤ, ʩʦʝʜʠʥʷʶʱʠʤ ʜʚʘ ʵʢʚʘʪʦʨʠʘʣʴʥʳʭ ʧʦʷʩʘ.  

ɺ ʢʦʤʧʣʝʢʩʝ 42 Ŀ 1.5CH3CN ʨʘʩʩʪʦʷʥʠʷ CdïB(ʅ) ʩʦʩʪʘʚʣʷʶʪ 2.492(3) ʠ 

2.555(3) ¡, ʘ ʚ ʢʦʤʧʣʝʢʩʝ 43 ï 2.591(3) ¡; ʨʘʩʩʪʦʷʥʠʷ CdïH(ɺ) ï 2.27(3) ʠ 2.25(3) ¡ 

ʚ 42 Ŀ 1.5CH3CN ʠ 2.12(3) ¡ ʚ 43. ʋʛʣʳ Cdʅɺ ʩʦʩʪʘʚʣʷʶʪ 88.3 ʠ 92.0Á ʚ 42 Ŀ 

1.5CH3CN, ʠ 99.9Á ʚ 43. ɼʣʠʥʳ ʩʚʷʟʝʡ CdïN ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ L1 

ʩʦʩʪʘʚʣʷʶʪ 2.300(2) ʠ 2.323(2) ¡ ʚ ʢʦʤʧʣʝʢʩʝ 42 Ŀ 1.5CH3CN ʠ 2.2816(18) ¡ ʚ 

ʩʦʝʜʠʥʝʥʠʠ 43, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʜʣʷ ʜʣʠʥʳ ʩʚʷʟʠ CdïNAr, 

ʩʦʛʣʘʩʥʦ ʜʘʥʥʳʤ CSD (2.30 ¡). ɼʣʠʥʳ ʩʚʷʟʝʡ CdïN ʜʣʷ ʘʪʦʤʦʚ ʘʟʦʪʘ ʠʤʠʥʠʝʚʦʛʦ 

ʬʨʘʛʤʝʥʪʘ ʩʦʩʪʘʚʣʷʶʪ 2.447(2) ʠ 2.450(2) ¡ ʚ 42 Ŀ 1.5CH3CN ʠ 2.4589(18) ¡ ʚ 43, 

ʯʪʦ ʪʘʢ ʞʝ ʩʦʧʦʩʪʘʚʠʤʦ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʜʣʷ ʜʣʠʥ ʩʚʷʟʝʡ CdïNimin(Ph) (2.40 

¡ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʧʦ ʯʝʪʳʨʝʤ ʩʦʝʜʠʥʝʥʠʷʤ, ʜʦʩʪʫʧʥʳʤ ʚ CSD). ʋʛʣʳ NïCdïN 

ʣʝʞʘʪ ʚ ʜʠʘʧʘʟʦʥʝ 70.7Á ï 86.5Á ʚ ʢʦʤʧʣʝʢʩʝ 42 Ŀ 1.5CH3CN ʠ 71.5Á ï 86.4Á ʚ 43. 

ɺ ʩʦʝʜʠʥʝʥʠʠ [Cd(L1)2[B10H10]] Ŀ 1.5CH3CN (42 Ŀ 1.5CH3CN) ʪʦʨʩʠʦʥʥʳʝ ʫʛʣʳ 

C(9)N(3)C(10)C(11) ʠ C(24)N(6)C(25)C(26) ʣʠʛʘʥʜʘ L1 ʩʦʩʪʘʚʣʷʶʪ 17Á ʠ 38Á 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɸʥʘʣʦʛʠʯʥʳʝ ʫʛʣʳ ʚ ʩʦʝʜʠʥʝʥʠʠ [Cd(L1)2[B10H10]] (43) ʩʦʩʪʘʚʣʷʶʪ 

33Á. 

ɺ ʩʦʩʪʘʚ ʩʪʨʫʢʪʫʨʳ 42 Ŀ 1.5CH3CN, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʪʨʫʢʪʫʨʳ 43, ʚʭʦʜʠʪ 1.5 

ʤʦʣʝʢʫʣʳ CH3CN ʥʘ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠ ʥʝʟʘʚʠʩʠʤʫʶ ʯʘʩʪʴ. ɺ ʩʪʨʫʢʪʫʨʘʭ 42 Ŀ 

1.5CH3CN ʠ 43 ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʘʙʳʝ ʜʠʚʦʜʦʨʦʜʥʳʝ ʢʦʥʪʘʢʪʳ BHéHC, ʣʝʞʘʱʠʝ ʚ 

ʜʠʘʧʘʟʦʥʝ 2.28ï2.56 ¡ ʚ ʢʦʤʧʣʝʢʩʝ 42 Ŀ 1.5CH3CN ʠ 2.30ï2.54 ¡ ʚ ʢʦʤʧʣʝʢʩʝ 43. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʘʥʘʣʦʛʠʯʥʳʭ ʨʝʘʢʮʠʡ (ʩʭʝʤʳ 25 ʠ 26) ʩ ʣʠʛʘʥʜʦʤ L1 ʙʳʣ 

ʚʳʜʝʣʝʥ ʢʦʤʧʣʝʢʩ ʮʠʥʢʘ(II) [ZnL1(NO3)2(H2O)] (40), ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʥʠʦʥʘ ʙʦʨʘ, ʠ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ ʢʘʜʤʠʷ(II) 42 Ŀ 1.5CH3CN ʠ 43, 

ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʳʭ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʢʘʜʤʠʡ(II) ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ 

çʤʷʛʢʦʡè ʢʠʩʣʦʪʦʡ (ʩʦʛʣʘʩʥʦ ʢʦʥʮʝʧʮʠʠ ʇʠʨʩʦʥʘ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʮʠʥʢʦʤ(II), 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʢ ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʳʡ ʘʥʠʦʥ, ʪʘʢ ʠ ʣʠʛʘʥʜ L1, ʢʦʪʦʨʳʝ 
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ʷʚʣʷʶʪʩʷ çʤʷʛʢʠʤʠè ʦʩʥʦʚʘʥʠʷʤʠ, ʫʯʘʩʪʚʫʶʪ ʚ ʧʨʦʮʝʩʩʝ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʠ 

ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ ʣʠʛʘʥʜʦʚ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ [Cd(L2)2(NO3)2] (39), ʥʝ ʩʦʜʝʨʞʘʱʝʛʦ ʢʣʘʩʪʝʨʥʦʛʦ 

ʘʥʠʦʥʘ ʙʦʨʘ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʪʝʨʠʯʝʩʢʠʤ ʬʘʢʪʦʨʦʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʲʝʤʥʦʛʦ 

ʣʠʛʘʥʜʘ L2 ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʥʘʩʳʱʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʛʦ ʧʦʣʠʵʜʨʘ ʘʪʦʤʘ 

ʢʘʜʤʠʷ(II) ʟʘ ʩʯʝʪ ʢʦʦʨʜʠʥʘʮʠʠ ʜʚʫʭ ʥʠʪʨʘʪ-ʘʥʠʦʥʦʚ, ʘ ʥʝ ʦʙʲʝʤʥʦʛʦ ʜʝʢʘʛʠʜʨʦ-

ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠ ʚ ʩʣʫʯʘʝ ʮʠʥʢʘ(II) ʧʦ 

ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʧʦʣʫʯʝʥ ʢʦʤʧʣʝʢʩ 41, ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʢʣʘʩʪʝʨʥʳʡ ʘʥʠʦʥ 

ʙʦʨʘ.  

3.5.2.3. ʉʠʩʪʝʤʘ [M(DMF)6][B10H10] / L   

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʢʘʜʤʠʷ(II ) ʩ ʣʠʛʘʥʜʦʤ L1, ʘ ʪʘʢʞʝ ʢʦʤʧʣʝʢʩʦʚ 

ʮʠʥʢʘ(II ) ʠ ʢʘʜʤʠʷ(II) ʩ L2, ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʨʝʘʛʝʥʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʢʦʤʧʣʝʢʩʳ [M(DMF)6][B10H10] (M = Zn(II ), Cd(II )) 

(ʩʭʝʤʘ 28).  

 

ʉʭʝʤʘ 28. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 43ï45 Ā CH3CN.  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [Cd(DMF)6][B10H10] ʩ ʣʠʛʘʥʜʦʤ L1 ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ 

ʩʝʣʝʢʪʠʚʥʦ ʦʙʨʘʟʫʝʪʩʷ ʢʦʤʧʣʝʢʩ 43. ɼʘʥʥʫʶ ʩʝʣʝʢʪʠʚʥʦʩʪʴ, ʚʝʨʦʷʪʥʦ, ʤʦʞʥʦ 

ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝʤ ʚ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʤʦʣʝʢʫʣ DMF, ʢʦʪʦʨʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʥʪʘʢʪʘʤʠ BHéHC ʩ ʘʧʠʢʘʣʴʥʳʤʠ 

ʘʪʦʤʘʤʠ ʙʦʨʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʝʧʷʪʩʪʚʫʶʪ ʠʭ ʘʪʘʢʝ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʘ. 
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ʇʦʜʦʙʥʘʷ ʩʠʪʫʘʮʠʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʨʠ ʠʟʫʯʝʥʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩʝʨʝʙʨʘ(I) 

ʩ Ph3P: ʤʦʥʦʷʜʝʨʥʳʡ ʘʥʠʦʥʥʳʡ ʢʦʤʧʣʝʢʩ ʩʝʨʝʙʨʘ(I) 1-2 [Ag(Ph3P)2[B10H10]]
ï ʩ 

ʘʧʠʢʘʣʴʥʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʙʦʨʥʦʛʦ ʢʣʘʩʪʝʨʘ ʧʦʣʫʯʝʥ ʠʟ ʘʮʝʪʦʥʠʪʨʠʣʘ, ʘ 2-6 ʠʟʦʤʝʨ 

[Ag(Ph3P)2[B10H10]]
ï  ï ʠʟ ʨʘʩʪʚʦʨʘ DMF [102].  

ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʘʥʘʣʦʛʠʯʥʦʡ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ʮʠʥʢʦʤ(II) 

ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʘ [Zn(DMF)6][B10H10], ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʘʥʠʦʥ 

[B10H10]
2ï ʦʩʪʘʝʪʩʷ ʥʝʧʨʦʨʝʘʛʠʨʦʚʘʚʰʠʤ.  

ʇʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ [M(DMF)6][B 10H10] (M = Zn(II), Cd(II)) ʩ ʣʠʛʘʥʜʦʤ L
2 ʚ 

ʘʮʝʪʦʥʠʪʨʠʣʝ ʦʙʨʘʟʫʶʪʩʷ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʝ ʢʦʤʧʣʝʢʩʳ 

[M(L 2)2(CH3CN)[B10H10]] (M = Zn(II) (44), Cd(II) (45)).  

ɼʣʷ ʢʦʤʧʣʝʢʩʘ 45 Ā CH3CN ʧʨʦʚʝʜʝʥʦ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ, ʚ 

ʭʦʜʝ ʢʦʪʦʨʦʛʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʢʣʘʩʪʝʨ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʯʝʨʝʟ 

ʘʧʠʢʘʣʴʥʦʝ ʨʝʙʨʦ 1-2. ʎʝʥʪʨʘʣʴʥʳʡ ʘʪʦʤ Cd(II) ʠʤʝʝʪ ʠʩʢʘʞʝʥʥʦʝ ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ (ʨʠʩ. 71). ʋʛʣʳ NïCdïN ʠʟʤʝʥʷʶʪʩʷ ʚ ʧʨʝʜʝʣʘʭ 

92.86(6)Áï132.31(6)Á. ʉʦʛʣʘʩʥʦ ʂʝʤʙʨʠʜʞʩʢʦʡ ʙʘʟʝ ʩʪʨʫʢʪʫʨʥʳʭ ʜʘʥʥʳʭ [103], 

ʨʘʩʩʪʦʷʥʠʝ CdïN(1) (2.409(2) ¡) ʙʣʠʟʢʦ ʢ ʩʨʝʜʥʝʤʫ ʟʥʘʯʝʥʠʶ ʜʣʷ ʜʣʠʥ ʩʚʷʟʝʡ Cdï

NſCïCH3 (2.40 ¡ ʜʣʷ 63 ʩʦʝʜʠʥʝʥʠʡ). ʈʘʩʩʪʦʷʥʠʷ CdïN(11) ʠ CdïN(21) (2.2990(15), 

2.2558(15) ¡) ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʤʳ ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ ʜʣʠʥ ʩʚʷʟʝʡ CdïNAr, 

ʦʮʝʥʝʥʥʳʤ ʠʟ ʜʘʥʥʳʭ CSD (2.30 ¡). ɼʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʳʡ ʘʥʠʦʥ Л2-

ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʘʧʠʢʘʣʴʥʳʤ ʨʝʙʨʦʤ B(1)ïB(2). ʈʘʩʩʪʦʷʥʠʷ Cdï

B(1) ʠ CdïB(2) ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʪʩʷ (2.482(2) ʠ 2.730(2) ¡), ʧʦʩʢʦʣʴʢʫ ʘʪʦʤʳ B(1) 

ʠ B(2) ʠʤʝʶʪ ʯʝʪʳʨʝ ʠ ʧʷʪʴ ʩʦʩʝʜʝʡ ʧʦ ʙʦʨʫ ʚ ʧʨʝʜʝʣʘʭ ʢʣʘʩʪʝʨʘ [B10H10]
2ï. ɸʪʦʤʳ 

ʘʟʦʪʘ N(14) ʠ N(24) ʦʙʨʘʟʫʶʪ ʫʢʦʨʦʯʝʥʥʳʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʥʪʘʢʪʳ ʩ 

ʘʪʦʤʦʤ Cd(II) (2.71 ʠ 2.80 ¡) ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ ʥʝʧʦʜʝʣʝʥʥʳʤʠ 

ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʘʨʘʤʠ ʘʪʦʤʦʚ ʘʟʦʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ 

ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 4 + 2.  
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ʈʠʩʫʥʦʢ 71. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cd(L2)2(CH3CN)[B10H10]] Ā CH3CN (45 Ā 

CH3CN).   

ɼʣʠʥʳ ʩʚʷʟʝʡ BïB, ʦʙʨʘʟʦʚʘʥʥʳʝ ʘʧʠʢʘʣʴʥʳʤʠ ʘʪʦʤʘʤʠ B(1) ʠ B(10), 

ʧʨʠʤʝʨʥʦ ʥʘ 0.15 ¡ ʢʦʨʦʯʝ, ʯʝʤ ʜʨʫʛʠʝ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʘʪʦʤʘʤʠ ʙʦʨʘ 

ʵʢʚʘʪʦʨʠʘʣʴʥʦʛʦ ʧʦʷʩʘ 1.691(3)ï1.721(3) ʧʨʦʪʠʚ 1.803(3)ï1.869(3) ¡. ʀʥʪʝʨʝʩʥʦ, 

ʯʪʦ ʢʦʦʨʜʠʥʘʮʠʷ ʘʪʦʤʘ Cd(II) ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʝʨʴʝʟʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʩʩʪʦʷʥʠʝ B(1)ï

B(2), ʨʘʚʥʦʝ 1.707(3) ¡. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʩʚʷʟʠ B(1)ïH ʠ B(2)ïH ʷʚʣʷʶʪʩʷ ʩʘʤʳʤʠ 

ʜʣʠʥʥʳʤʠ ʩʨʝʜʠ BïH ʩʚʷʟʝʡ (1.14(2) ʠ 1.11(2) ʧʨʦʪʠʚ 1.06(2)ï1.10(2) ¡).  

ɼʣʷ ʦʙʦʠʭ ʘʟʦʣʠʛʘʥʜʦʚ ʜʣʠʥʳ ʩʚʷʟʝʡ CïC ʠ CïN ʧʨʠʥʠʤʘʶʪ ʦʙʳʯʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʦʜʥʘʢʦ ʠʭ ʢʦʥʬʦʨʤʘʮʠʷ ʟʘʤʝʪʥʦ ʨʘʟʣʠʯʘʝʪʩʷ. ʃʠʛʘʥʜ L2, ʩʦʜʝʨʞʘʱʠʡ 

ʘʪʦʤ O(2), ʧʦʯʪʠ ʧʣʦʩʢʠʡ ʩ ʪʦʨʩʠʦʥʥʳʤʠ ʫʛʣʘʤʠ N(23)N(24)C(41)C ʤʝʥʝʝ 10Á. 

ʃʠʛʘʥʜ, ʩʦʜʝʨʞʘʱʠʡ O(1), ʙʦʣʝʝ ʟʘʢʨʫʯʝʥ ʩ ʫʛʣʘʤʠ N(13)N(14)C(21)C, ʙʣʠʟʢʠʤʠ ʢ 

20Á. ɺ ʦʜʥʦʤ ʠʟ ʜʚʫʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ ʢʦʥʮʝʚʘʷ ʤʝʪʦʢʩʠʛʨʫʧʧʘ O(2)ïC(47) 

ʨʘʟʫʧʦʨʷʜʦʯʝʥʘ ʧʦ ʜʚʫʤ ʧʦʣʦʞʝʥʠʷʤ ʩ ʧʨʠʤʝʨʥʦ ʨʘʚʥʦʡ ʟʘʩʝʣʝʥʥʦʩʪʴʶ. 

ʅʘ ʧʨʠʤʝʨʝ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʢʘʜʤʠʷ(II) ʩ ʣʠʛʘʥʜʦʤ L1 ʠ 

ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʳʤ-ʘʥʠʦʥʦʤ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʦʛʦ ʢʦʤʧʣʝʢʩʘ [Cd(L1)2[B10H10]], ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʚʦʟʤʦʞʥʳʡ 

ʤʝʭʘʥʠʟʤ ʧʨʦʪʝʢʘʥʠʷ ʜʘʥʥʦʡ ʨʝʘʢʮʠʠ ʢʘʢ ʚ ʩʠʩʪʝʤʝ Cd(NO3)2 Ā 4H2O + 

(Et3NH)2[B10H10] + L1 (ʩʭʝʤʘ 29), ʪʘʢ ʠ [Cd(DMF)6][B10H10] + L1 (ʩʭʝʤʘ 30). 
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ʋʯʠʪʳʚʘʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚʚʝʜʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʝʘʢʮʠʠ, 

ʧʝʨʚʦʥʘʯʘʣʴʥʦ, ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʥʠʪʨʘʪʘ ʢʘʜʤʠʷ(II) ʩ ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-

ʜʝʢʘʙʦʨʘʪʦʤ ʪʨʠʵʪʠʣʘʤʤʦʥʠʷ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ, ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ ʨʝʘʛʝʥʪʦʚ 

ʚ ʨʘʩʪʚʦʨʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ in situ ʢʦʤʧʣʝʢʩʘ [Cd(CH3CN)6][B 10H10]. ɺ ʨʘʩʪʚʦʨʝ 

ʢʘʜʤʠʡ(II) ʢʦʦʨʜʠʥʠʨʫʝʪ ʘʥʠʦʥ [B10H10]
2ï ʯʝʨʝʟ ʘʧʠʢʘʣʴʥʳʡ ʠʣʠ ʵʢʚʘʪʦʨʠʘʣʴʥʳʡ 

ʢʨʘʡ ʙʦʨʥʦʛʦ ʢʣʘʩʪʝʨʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʚʫʭ ʠʟʦʤʝʨʦʚ 1-2 ʠʣʠ 2-6 

[Cd(CH3CN)4[B10H10]] ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɺʚʝʜʝʥʠʝ ʜʚʫʭ 

ʤʦʣʝʢʫʣ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ L1 ʚ ʨʝʘʢʮʠʦʥʥʳʡ ʨʘʩʪʚʦʨ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʱʝʥʠʶ 

ʯʝʪʳʨʝʭ ʤʦʣʝʢʫʣ ʘʮʝʪʦʥʠʪʨʠʣʘ ʚ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʤ ʧʦʣʠʵʜʨʝ ʢʘʜʤʠʷ ʠ 

ʦʙʨʘʟʦʚʘʥʠʶ ʜʚʫʭ ʠʟʦʤʝʨʦʚ [Cd(L1)2][B10H10] ʩ ʙʠʜʝʥʪʘʪʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʳʤ L
1. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʵʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʪʝʢʘʝʪ ʧʦʵʪʘʧʥʦ, ʢʘʢ ʵʪʦ ʙʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ ʜʣʷ Ph3P ʠ 9NPhen (ʬʝʥʘʥʪʨʠʜʠʥʘ) [104], ʢʦʛʜʘ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ 

[Cu2(CH3CN)4[B10H10]] + L, ʧʨʠʚʦʜʷʱʝʡ ʢ [Cu2L4[B10H10]]  ʙʳʣʠ ʚʳʜʝʣʝʥʳ ʚʩʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [Cu2(CH3CN)4 ï nLn[B10H10]] (n = 1ï3; L = Ph3P ʠʣʠ 

9NPhen). 

 

ʉʭʝʤʘ 29. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʠʤʝʨʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠʟʦʤʝʨʦʚ 1-2 ʠ 2-6 [Cd(L1)2[B10H10]. 
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ɺ ʩʣʫʯʘʝ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ DMF, ʤʦʣʝʢʫʣʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʣʠʷʶʪ ʥʘ ʧʨʦʮʝʩʩ ʠ ʩʪʨʫʢʪʫʨʫ ʢʦʥʝʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ 

ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʘʮʝʪʦʥʠʪʨʠʣʝ [Cd(DMF)6][B 10H10] ʜʠʩʩʦʮʠʠʨʫʝʪ, ʠ ʤʦʣʝʢʫʣʳ DMF 

ʟʘʥʠʤʘʶʪ ʘʧʠʢʘʣʴʥʳʝ ʚʝʨʰʠʥʳ ʙʦʨʥʦʛʦ ʢʣʘʩʪʝʨʘ, ʦʙʨʘʟʫʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ 

ʘʩʩʦʮʠʘʪʳ. ɿʘʪʝʤ ʢʘʜʤʠʡ(II) ʢʦʦʨʜʠʥʠʨʫʝʪ ʢʣʘʩʪʝʨ ʯʝʨʝʟ ʘʧʠʢʘʣʴʥʦʝ ʨʝʙʨʦ, ʠ 

ʜʦʙʘʚʣʝʥʠʝ ʜʚʫʭ ʣʠʛʘʥʜʦʚ L ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʥʝ ʤʦʣʝʢʫʣ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʣʠʛʘʥʜʳ 

L. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʨʠʩʫʪʩʪʚʠʝ ʤʦʣʝʢʫʣ DMF ʧʨʠʚʦʜʠʪ ʢ ʩʝʣʝʢʪʠʚʥʦʤʫ ʧʦʣʫʯʝʥʠʶ 

2-6 ʠʟʦʤʝʨʘ ʢʦʤʧʣʝʢʩʘ [Cd(L1)2[B10H10]]. 

 

ʉʭʝʤʘ 30. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʳʡ ʤʝʭʘʥʠʟʤ ʩʝʣʝʢʪʠʚʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ 

2-6 [Cd(L1)2[B10H10]. 

3.5.2.4. ʉʠʩʪʝʤʘ [M(DMF)6][B12H12] / L   

ʋʯʠʪʳʚʘʷ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʥʝʝ, ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

Zn(II) ʠ Cd(II) ʩ ʘʥʠʦʥʦʤ [B12H12]
2ï ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʠʛʘʥʜʦʚ-

ʧʨʦʠʟʚʦʜʥʳʭ ʙʝʥʟʠʤʠʜʘʟʦʣʘ L1 ʠ L2 ʧʨʦʚʦʜʠʣʠ, ʠʩʧʦʣʴʟʫʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʧʦʣʫʯʝʥʥʳʝ ʧʨʝʢʫʨʩʦʨʳ [M(DMF)6][B12H12] (M = Zn(II ), Cd(II)). ʉʪʦʠʪʴ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʧʨʠʨʦʜʘ ʤʝʪʘʣʣʘ-ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʦʩʪʘʚ ʠ ʩʪʨʦʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʩʦʝʜʠʥʝʥʠʡ.  
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ɺ ʩʣʫʯʘʝ ʮʠʥʢʘ(II ) ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʠʩʭʦʜʥʳʭ ʨʝʘʛʝʥʪʦʚ ʠ ʧʨʠʨʦʜʳ 

ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʣʠʛʘʥʜʘ ʦʙʨʘʟʫʶʪʩʷ ʪʨʠʩ-ʭʝʣʘʪʥʳʝ ʢʦʤʧʣʝʢʩʳ ʩʦʩʪʘʚʘ 

[Zn(Ln)3][B12H12] (n = 1, 2) (ʉʭʝʤʘ 31). 

 

ʉʭʝʤʘ 31. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 46 Ā 2CH3CN ʠ 47. 

ɺ ʩʣʫʯʘʝ ʢʘʜʤʠʷ(II) ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʥʳʝ ʩʦʝʜʠʥʝʥʠʷ [Cd(L1)2[B12H12]] Ā 

2CH3CN (48 Ā  2CH3CN) ʠ [Cd(L2)2(CH3CN)[B12H12]] Ā CH3CN (49 Ā CH3CN), ʚ 

ʢʦʪʦʨʳʭ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʥʳʡ ʘʥʠʦʥ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ 

ʢʘʜʤʠʷ(II) ʪʨʝʭʮʝʥʪʨʦʚʳʤʠ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʤʠ ʩʚʷʟʷʤʠ (ʉʭʝʤʘ 32). 

 

ʉʭʝʤʘ 32. ʉʠʥʪʝʟ ʢʦʤʧʣʝʢʩʦʚ 48 Ā 2CH3CN ʠ 49 Ā CH3CN. 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ ʧʨʠ 

ʧʨʦʚʝʜʝʥʠʠ ʨʝʘʢʮʠʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ ʥʘʙʣʶʜʘʣʦʩʴ 

ʦʙʨʘʟʦʚʘʥʠʝ ʘʥʘʣʦʛʠʯʥʳʭ ʢʦʤʧʣʝʢʩʦʚ [Cd(L1)2[B10H10]] (43) ʠ 

[Cd(L2)2(CH3CN)[B10H10]] (45 Ā CH3CN). 

ʂʘʢ ʫʞʝ ʫʧʦʤʠʥʘʣʦʩʴ ʚʳʰʝ, ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ 

ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ Zn(II), ʚ ʢʦʪʦʨʳʭ ʘʥʠʦʥ [B12H12]
2ï ʙʳʣ ʙʳ 
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ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʤʝʪʘʣʘ, ʧʨʝʜʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʠʨʦʜʦʡ 

ʤʝʪʘʣʣʘ. ʊʦʣʴʢʦ ʥʘʣʠʯʠʝ ʙʦʣʝʝ çʤʷʛʢʦʛʦè ʢʘʜʤʠʷ(II), ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ 

ʢʦʤʧʣʝʢʩʳ, ʚ ʢʦʪʦʨʳʭ ʘʥʠʦʥ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʥʳʡ ʘʥʠʦʥ ʚʳʧʦʣʥʷʝʪ 

ʨʦʣʴ ʚʥʫʪʨʠʩʬʝʨʥʦʛʦ ʣʠʛʘʥʜʘ. 

ʉʦʛʣʘʩʥʦ ʜʘʥʥʳʤ ʈʉɸ, ʚ ʩʪʨʫʢʪʫʨʝ ʢʦʤʧʣʝʢʩʘ 46 Ā 2CH3CN (ʨʠʩ. 72) ʘʥʠʦʥʳ 

[ɺ12ʅ12]
2ï ʠ ʤʦʣʝʢʫʣʳ ʘʮʝʪʦʥʠʪʨʠʣʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʫʩʪʦʪʘʭ ʤʝʞʜʫ ʩʣʦʷʤʠ 

ʢʘʪʠʦʥʦʚ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʜʚʘ ʘʥʠʦʥʘ ʥʘʭʦʜʷʪʩʷ ʚ ʦʢʨʫʞʝʥʠʠ 10 ʢʘʪʠʦʥʦʚ 

[Zn(L1)3]
2+

 (ʨʠʩ. 74a). ʀʩʢʘʞʝʥʥʦʝ ʦʢʪʘʵʜʨʠʯʝʩʢʦʝ ʦʢʨʫʞʝʥʠʝ ʘʪʦʤʘ Zn(II ) 

ʬʦʨʤʠʨʫʶʪ ʰʝʩʪʴ ʘʪʦʤʦʚ ʘʟʦʪʘ ʦʪ ʪʨʝʭ ʤʦʣʝʢʫʣ ʣʠʛʘʥʜʦʚ L1.  

 

ʈʠʩʫʥʦʢ 72. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Zn(L1)3][ B12H12] Ā 2CH3CN (46 Ā 2CH3CN). 

ɸʥʘʣʦʛʠʯʥʦ ʚʳʰʝʦʧʠʩʘʥʥʳʤ ʢʦʤʧʣʝʢʩʘʤ ʢʘʪʠʦʥʳ ʠ ʘʥʠʦʥʳ ʚ ʩʦʝʜʠʥʝʥʠʠ 46 

Ā 2CH3CN ʩʚʷʟʘʥʳ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ CHéHB ʠ CHéB ʢʦʥʪʘʢʪʘʤʠ (ʨʠʩ. 73ʙ).  
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ʈʠʩʫʥʦʢ 73. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʢʦʤʧʣʝʢʩʘ 46 Ā 2CH3CN (ʘ), ʧʦʚʝʨʭʥʦʩʪʴ 

ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʘʥʠʦʥʘ [ɺ12ʅ12]
2ï, ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ 

ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʙ). 

ɺ ʩʪʨʫʢʪʫʨʝ 48 Ā 2CH3CN (ʨʠʩ. 74) ʘʪʦʤ Cd(II ) ʥʘʭʦʜʠʪʩʷ ʚ ʢʚʘʟʠ-

ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʦʙʨʘʟʦʚʘʥʥʦʤ ʨʝʙʨʦʤ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-

ʜʦʜʝʢʘʙʦʨʘʪʥʦʛʦ ʘʥʠʦʥʘ ʠ ʯʝʪʳʨʴʤʷ ʘʪʦʤʘʤʠ N ʦʪ ʜʚʫʭ ʤʦʣʝʢʫʣ L1. ɸʥʠʦʥ 

[B12ʅ12]
2ï

 ʢʦʦʨʜʠʥʠʨʦʚʘʥ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʨʝʙʨʦʤ ʟʘ ʩʯʝʪ ʦʙʨʘʟʦʚʘʥʠʷ ʜʚʫʭ 

ʪʨʝʭʮʝʥʪʨʦʚʳʭ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʩʚʷʟʝʡ (ʄʅɺ).  

 

ʈʠʩʫʥʦʢ 74. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cd(L1)2[B12H12]] Ā 2CH3CN (48 Ā 2CH3CN). 
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ʈʘʩʩʪʦʷʥʠʷ CdïB(ʅ) ʩʦʩʪʘʚʣʷʶʪ 2.681(2) ¡, CdïH(B) ï 2.22 ¡. ʋʛʣʳ CdHB 

ʩʦʩʪʘʚʣʷʶʪ 101ę. ɼʣʠʥʳ ʩʚʷʟʝʡ CdïN ʠʤʠʜʘʟʦʣʴʥʦʛʦ ʬʨʘʛʤʝʥʪʘ L1 ʩʦʩʪʘʚʣʷʶʪ 

2.316(2) ¡, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʷʤ ʜʣʠʥʳ ʩʚʷʟʠ CdïNimidaz, ʩʦʛʣʘʩʥʦ 

ʂʝʤʙʨʠʜʞʩʢʦʡ ʩʪʨʫʢʪʫʨʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ (2.24 ¡) [103]. ɼʣʠʥʳ ʩʚʷʟʝʡ CdïN ʜʣʷ 

ʘʪʦʤʦʚ ʘʟʦʪʘ ʠʤʠʥʠʝʚʦʛʦ ʬʨʘʛʤʝʥʪʘ ʩʦʩʪʘʚʣʷʶʪ 2.405(2) ¡, ʯʪʦ ʪʘʢʞʝ ʩʦʧʦʩʪʘʚʠʤʦ 

ʩʦ ʩʨʝʜʥʠʤ ʟʥʘʯʝʥʠʝʤ, ʥʘʡʜʝʥʥʳʤ ʜʣʷ ʜʣʠʥ ʩʚʷʟʠ CdïNimin(Ph) (2.40 ¡). ʋʛʣʳ 

NCdN ʩʦʩʪʘʚʣʷʶʪ 71.5Á ʠ 93.2Á. 

ɺ ʢʨʠʩʪʘʣʣʝ ʢʦʤʧʣʝʢʩʳ 48 Ā 2CH3CN ʨʘʩʧʦʣʘʛʘʶʪʩʷ çʛʦʣʦʚʘ ʢ ʭʚʦʩʪʫè, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʯʪʦ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʥʳʡ ʘʥʠʦʥ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʤʝʞʜʫ 

çʢʨʳʣʴʷʤʠè ʜʚʫʭ ʣʠʛʘʥʜʦʚ L1. ʉʪʦʣʙʮʳ ʢʦʤʧʣʝʢʩʦʚ ʥʘʧʨʘʚʣʝʥʳ ʚʜʦʣʴ ʦʩʠ b ʚ 

ʰʘʭʤʘʪʥʦʤ ʧʦʨʷʜʢʝ (ʨʠʩ. 75ʘ). ɼʚʝ ʪʨʝʭʮʝʥʪʨʦʚʳʝ ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʝ ʩʚʷʟʠ ʘʥʠʦʥʘ 

[B12ʅ12]
2ï ʩ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʍʠʨʰʬʝʣʴʜʘ ʧʦʢʘʟʘʥʳ ʠʥʪʝʥʩʠʚʥʦ 

ʦʢʨʘʰʝʥʥʦʡ ʢʨʘʩʥʦʡ ʟʦʥʦʡ (ʨʠʩ. 75ʙ). ɸʥʘʣʦʛʠʯʥʦ ʢʦʤʧʣʝʢʩʫ 31 Ā 2CH3CN, ʘʥʠʦʥ 

[B12ʅ12]
2ï ʦʙʨʘʟʫʝʪ ʦʙʰʠʨʥʳʝ ʚʥʫʪʨʠ ʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ CHé(H)B ʢʦʥʪʘʢʪʳ ʩ 

ʣʠʛʘʥʜʦʤ L1 ʢʦʤʧʣʝʢʩʘ ʠ ʩʦʣʴʚʘʪʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʘʮʝʪʦʥʠʪʨʠʣʘ.  

 

ʈʠʩʫʥʦʢ 75. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʢʦʤʧʣʝʢʩʘ [Cd(L1)2[B12H12]] Ā 2CH3CN (48 Ā 

2CH3CN) (ʘ), ʧʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʘʥʠʦʥʘ [ɺ12ʅ12]
2ï, ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ 

ʧʦʤʦʱʴʶ dnorm, ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʙ).  

ɺ ʢʦʤʧʣʝʢʩʝ 49 Ā CH3CN (ʨʠʩ. 76) ʘʪʦʤ ʢʘʜʤʠʷ(II ) ʥʘʭʦʜʠʪʩʷ ʚ ʠʩʢʘʞʝʥʥʦʤ 

ʪʝʪʨʘʵʜʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ, ʝʩʣʠ ʧʨʠʥʷʪʴ, ʯʪʦ ʜʦʜʝʢʘʛʠʜʨʦ-ʢʣʦʟʦ-ʜʦʜʝʢʘʙʦʨʘʪʥʳʡ 
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ʘʥʠʦʥ ʟʘʥʠʤʘʝʪ ʦʜʥʦ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ. ʉʪʨʦʝʥʠʝ ʢʦʤʧʣʝʢʩʘ ʩʭʦʞʝ ʩ 

ʢʦʤʧʣʝʢʩʦʤ [Cd(L2)2(CH3CN)[B10H10]] (45 Ā CH3CN).  

ʂʦʦʨʜʠʥʘʮʠʷ ʘʥʠʦʥʘ [B12ʅ12]
2ï ʠʤʝʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʪʠʧ ʤʝʞʜʫ ʩʚʷʟʴʶ ʚ 

ʢʦʤʧʣʝʢʩʝ [Cd(BPA)2[ɛ-B12H12]] (31) ʠ ʩʚʷʟʴʶ ʚ ʢʦʤʧʣʝʢʩʝ 48 Ā 2CH3CN. ʈʘʩʩʪʦʷʥʠʝ 

CdïH ʩʦʩʪʘʚʣʷʝʪ 2.03 ¡, CdïB(1) ï 2.732(2) ¡, CdïB(2) ï 3.14 ¡. ɼʚʘ ʣʠʛʘʥʜʘ L2 

ʢʦʦʨʜʠʥʠʨʦʚʘʥʳ ʯʝʨʝʟ ʠʤʠʜʘʟʦʣʴʥʳʡ ʘʪʦʤ ʘʟʦʪʘ, ʜʣʠʥʳ ʩʚʷʟʠ CdïN(1) ʠ CdïN(5) 

ʩʦʩʪʘʚʣʷʶʪ 2.2273(12) ʠ 2.2955(13) ¡. ʏʝʪʚʝʨʪʦʝ ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʤʝʩʪʦ ʟʘʥʷʪʦ 

ʘʮʝʪʦʥʠʪʨʠʣʦʤ, ʜʣʠʥʘ ʩʚʷʟʠ CdïN(9) ʨʘʚʥʘ 2.3141(15) ¡. 

 

ʈʠʩʫʥʦʢ 76. ʉʪʨʫʢʪʫʨʘ ʢʦʤʧʣʝʢʩʘ [Cd(L2)2(CH3CN)[B12H12]] Ā CH3CN (49 Ā 

CH3CN).  

ɸʪʦʤʳ ʘʟʦʪʘ N(3) ʠ N(7) ʦʙʨʘʟʫʶʪ ʫʢʦʨʦʯʝʥʥʳʝ ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʝ 

ʢʦʥʪʘʢʪʳ ʩ ʘʪʦʤʦʤ Cd(II ) (2.60 ʠ 2.72 ¡) ʚ ʥʘʧʨʘʚʣʝʥʠʷʭ, ʩʦʚʧʘʜʘʶʱʠʭ ʩ 

ʥʝʧʦʜʝʣʝʥʥʳʤʠ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʘʨʘʤʠ ʘʪʦʤʦʚ ʘʟʦʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʦʢʨʫʞʝʥʠʝ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 4 + 2. 

ɺ ʢʨʠʩʪʘʣʣʝ ʜʠʤʝʨʳ ʢʦʤʧʣʝʢʩʘ 49 Ā CH3CN, ʩʚʷʟʘʥʥʳʝ -́  ́ ʩʪʝʢʠʥʛ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ (ʫʛʦʣ 5.5, ʨʘʩʩʪʦʷʥʠʝ ʮʝʥʪʨʦʠʜ-ʮʝʥʪʨʦʠʜ 3.75 ¡, ʩʜʚʠʛ 1.37 ¡) 

ʤʝʞʜʫ ʜʚʫʤʷ ʣʠʛʘʥʜʘʤʠ L2 ʠ CHéN ʢʦʥʪʘʢʪʘʤʠ ʜʚʫʤ ̫ʤʦʣʝʢʫʣʘʤʠ ʘʮʝʪʦʥʠʪʨʠʣʘ 

(ʨʠʩ. 77ʘ), ʦʙʨʘʟʫʶʪ ʩʪʦʧʢʠ, ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʠ ʩ (ʨʠʩ. 77ʙ). ʉʪʦʧʢʠ ʩʚʷʟʘʥʳ ʜʨʫʛ ʩ 

ʜʨʫʛʦʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʤʠ CHé(H)B ʢʦʥʪʘʢʪʘʤʠ. ʊʨʝʭʮʝʥʪʨʦʚʘʷ 
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ʜʚʫʭʵʣʝʢʪʨʦʥʥʘʷ ʩʚʷʟʴ ʘʥʠʦʥʘ [B12ʅ12]
2ï ʩ ʘʪʦʤʦʤ ʤʝʪʘʣʣʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʍʠʨʰʬʝʣʴʜʘ ʧʦʢʘʟʘʥʘ ʠʥʪʝʥʩʠʚʥʦ ʦʢʨʘʰʝʥʥʳʤ ʢʨʘʩʥʳʤ ʧʷʪʥʦʤ (ʨʠʩ. 77ʚ). 

 

ʈʠʩʫʥʦʢ 77. ́ -ˊ ʩʪʝʢʠʥʛ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʦʤʧʣʝʢʩʝ 49 Ā CH3CN (ʘ), 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʫʧʘʢʦʚʢʘ ʢʦʤʧʣʝʢʩʘ (ʙ), ʧʦʚʝʨʭʥʦʩʪʴ ʍʠʨʰʬʝʣʴʜʘ ʜʣʷ ʘʥʠʦʥʘ 

[ɺ12ʅ12]
2ï, ʦʪʦʙʨʘʞʝʥʥʘʷ ʩ ʧʦʤʦʱʴʶ dnorm, ʜʣʷ ʚʠʟʫʘʣʠʟʘʮʠʠ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (ʚ). 

3.5.3. ɼʘʥʥʳʝ ʦʧʪʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

3.5.3.1. ʀʂ-ʩʧʝʢʪʨʳ ʢʦʤʧʣʝʢʩʦʚ Zn(II ) ʠ Cd(II ) 

ɺ ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 33, 34, 37, 40, 42 Ā 1.5CH3CN, 43, 46 Ā 2CH3CN ʠ 48 

Ā 2CH3CN ʙʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʘ ̫ʢʦʦʨʜʠʥʘʮʠ ̫ʣʠʛʘʥʜʘ L1 ʯʝʨʝʟ ʘʪʦʤʳ ʘʟʦʪʘ 

ʠʤʠʜʘʟʦʣʴʥʦʡ ʠ ʣʠʥʢʝʨʥʦʡ ʛʨʫʧʧ C=N ʦʪʨʘʞʘʝʪʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ɻ ʪʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʠʟʤʝʥʝʥʠʷʤʠ ʢʦʣʠʯʝʩʪʚʘ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩ ɜ(C=N)linker ~1630 ʠ ɜ(C=N)imidaz 

~1585 ʩʤï1 ʚ ʦʙʣʘʩʪʠ ʚʘʣʝʥʪʥʦ-ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʢʦʣʝʙʘʥʠʡ ʩʚʷʟʝʡ C=N ʚ 
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ʠʥʪʝʨʚʘʣʝ 1700ï1400 ʩʤ-1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʀʂ-ʩʧʝʢʪʨʦʤ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ 

ʣʠʛʘʥʜʘ (ʨʠʩ. 78). 

 

ʈʠʩʫʥʦʢ 78. ʌʨʘʛʤʝʥʪ ʀʂ-ʩʧʝʢʪʨʘ ʣʠʛʘʥʜʘ L1 (ʘ) ʢʦʤʧʣʝʢʩʘ 

[Cd(L1)2[B10H10]] (ʙ). 

ʇʨʠ ʤʦʥʦʜʝʥʪʘʪʥʦʡ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ L2 ʚ ʀʂ-ʩʧʝʢʪʨʝ ʢʦʤʧʣʝʢʩʦʚ 35 ʠ 36 

ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ ʠʥʪʝʥʩʠʚʥʳʝ ʧʦʣʦʩʳ ɜ(C=N)imidaz ʧʨʠ ~1597 ʠ ~1573 ʩʤ
ï1. ɺ 

ʀʂ-ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 38, 39, 41, 44, 45 Ā CH3CN, 47, 49 Ā CH3CN ʩ ʙʠʜʝʥʪʘʪʥʦ-

ʮʠʢʣʠʯʝʩʢʦʡ ʢʦʦʨʜʠʥʘʮʠʝʡ ʣʠʛʘʥʜʘ L2 ʧʨʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʦʩʘ ʩʣʘʙʦʡ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʠ ~1650 ʩʤï1, ʢʦʪʦʨʫʶ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʚʘʣʝʥʪʥʦʤʫ ʢʦʣʝʙʘʥʠʶ 

n(N=N)link (ʨʠʩ. 79), ʟʘʧʨʝʱʝʥʥʦʤʫ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʘʚʠʣʘʤʠ ʦʪʙʦʨʘ ʚ ʀʂ-

ʩʧʝʢʪʨʝ.  

 

ʈʠʩʫʥʦʢ 79. ʌʨʘʛʤʝʥʪ ʀʂ-ʩʧʝʢʪʨʘ ʣʠʛʘʥʜʘ L2 (ʘ) ʢʦʤʧʣʝʢʩʘ 

[ZnL2(NO3)2(H2O)] (ʙ). 
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ʇʦʷʚʣʝʥʠʝ ʜʘʥʥʦʡ ʧʦʣʦʩʳ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʠʩʢʘʞʝʥʠʝʤ ʩʠʤʤʝʪʨʠʠ 

ʤʦʣʝʢʫʣʳ ʣʠʛʘʥʜʘ L2 ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʯʝʨʝʟ ʘʪʦʤ ʘʟʦʪʘ ʠʤʠʜʘʟʦʣʴʥʦʡ ʛʨʫʧʧʳ ʠ 

ʥʘʣʠʯʠʝʤ ʜʘʣʴʥʠʭ ʢʦʥʪʘʢʪʦʚ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ ʤʝʪʘʣʣʘ ʩ ʘʪʦʤʦʤ ʘʟʦʪʘ 

ʣʠʥʢʝʨʥʦʡ N=N -ʛʨʫʧʧʳ. 

ʂʦʦʨʜʠʥʘʮʠʷ ʘʥʠʦʥʦʚ (NO3)
ï ʚ ʢʦʤʧʣʝʢʩʘʭ 37ï41 ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʦʯʝʯʥʦʡ 

ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ ʦʪ C3v ʜʦ C2v ʦʪʨʘʞʘʝʪʩʷ ʚ ʀʂ-ʩʧʝʢʪʨʘʭ ʥʘʣʠʯʠʝʤ ʜʚʫʭ 

ʠʥʪʝʥʩʠʚʥʳʭ ʫʰʠʨʝʥʥʳʭ ʧʦʣʦʩ ɜas(N=O) ʦʢʦʣʦ ~1460 ʠ ɜs(N=O) ~1300 ʩʤï1 ʚʤʝʩʪʦ 

ʦʜʥʦʡ ʧʦʣʦʩʳ ʧʨʠ ~1390 ʩʤï1 ʜʣʷ ʥʝʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʘʥʠʦʥʘ. 

ʅʘʣʠʯʠʝ ʧʦʣʦʩʳ ɜ(ɺH)MHB ʩʨʝʜʥʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʦʣʦ 2360ï2320 ʩʤï1 ʚ ʀʂ-

ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ 42 Ā 1.5CH3CNï45 Ā CH3CN, 48 Ā 2CH3CN ʠ 49 Ā 2CH3CN ʩ 

ʢʣʘʩʪʝʨʥʳʤʠ ʘʥʠʦʥʘʤʠ ʙʦʨʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʣʠʯʠʠ ʪʨʝʭʮʝʥʪʨʦʚʳʭ 

ʜʚʫʭʵʣʝʢʪʨʦʥʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʤʝʪʘʣʣʦʚ ʠ ʘʥʠʦʥʘʤʠ [BnHn]
2ï (n 

= 10, 12). 

ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʩʤʝʰʘʥʥʦʣʠʛʘʥʜʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II) ʩ ʧʨʦʠʟʚʦʜʥʳʤʠ 

ʙʝʥʟʠʤʠʜʘʟʦʣʘ L1 ʠ L2, ʚ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʧʦʤʠʤʦ L ʚʭʦʜʷʪ ʘʥʠʦʥʳ-ʣʠʛʘʥʜʳ Clï, 

(NO3)
ï, [B10H10]

2ï. 

3.5.3.2. ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ Zn(II ) ʠ Cd(II ) 

ʕʣʝʢʪʨʦʥʥʳʝ ʩʧʝʢʪʨʳ ʟʘʧʠʩʳʚʘʣʠʩʴ ʜʣʷ ʦʙʨʘʟʮʦʚ ʚ ʚʠʜʝ ʩʫʩʧʝʥʟʠʠ ʚ 

ʛʣʠʮʝʨʠʥʝ. ɺ ʩʧʝʢʪʨʘʭ ʠʩʭʦʜʥʳʭ ʣʠʛʘʥʜʦʚ L ʧʨʠʩʫʪʩʪʚʫʶʪ ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʣʴʥʳʭ ʮʠʢʣʦʚ ʚ ʠʥʪʝʨʚʘʣʝ 200ï260 ʥʤ. ɼʣʷ 

ʤʦʣʝʢʫʣʳ ʙʝʥʟʦʣʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʩʠʤʤʝʪʨʠʝʡ, ʚʦʟʤʦʞʥʳ ʪʨʠ ʵʣʝʢʪʨʦʥʥʳʭ 

ʧʝʨʝʭʦʜʘ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 183, 203 ʠ 255 ʥʤ. ɺ ʩʧʝʢʪʨʘʭ (ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ 

ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ) ʧʨʦʷʚʣʷʶʪʩʷ ʜʚʝ ʧʦʣʦʩʳ ʦʢʦʣʦ 203 ʠ 255 ʥʤ, ʢʦʪʦʨʳʝ 

ʩʦʛʣʘʩʥʦ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʦʪʥʦʩʷʪʩʷ ʢ 1A1g Ÿ
1B1u ʠ 

1A1gŸ
1B2u 

ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝʭʦʜʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʣʠʛʘʥʜʦʚ L ʚ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʧʦʣʦʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʧʝʢʪʨʝ ʣʠʛʘʥʜʘ L1 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ ʦʢʦʣʦ 333 ʥʤ, ʚ ʩʧʝʢʪʨʝ L2 ï ʦʢʦʣʦ 400 ʥʤ. 
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ʋʢʘʟʘʥʥʳʝ ʧʦʣʦʩʳ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʧʦʣʦʩʘʤ ʚʥʫʪʨʠʣʠʛʘʥʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ 

(ɺʃʇɿ), ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʦʣʝʢʫʣ ʪʘʢʦʛʦ ʪʠʧʘ, ʩʦʜʝʨʞʘʱʠʭ ˊ-ʩʦʧʨʷʞʝʥʥʫʶ 

ʩʠʩʪʝʤʫ ʜʚʦʡʥʳʭ ʩʚʷʟʝʡ ʠ ʵʣʝʢʪʨʦʥʦʘʢʮʝʧʪʦʨʥʳʝ ʛʨʫʧʧʳ ʘʪʦʤʦʚ. 

ɺ ʩʧʝʢʪʨʘʭ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩʦʭʨʘʥʷʶʪʩʷ ʫʰʠʨʝʥʥʳʝ ʧʦʣʦʩʳ 

ʵʣʝʢʪʨʦʥʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʟʘʤʝʱʝʥʥʳʭ ʙʝʥʟʦʣʴʥʳʭ ʮʠʢʣʦʚ ʚ 

ʧʨʝʞʥʝʤ ʠʥʪʝʨʚʘʣʝ (200ï260 ʥʤ) ʠ ʥʘʙʣʶʜʘʝʪʩʷ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩ 

ʚʥʫʪʨʠʣʠʛʘʥʜʥʦʛʦ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ. 

ʋʢʘʟʘʥʥʳʡ ʙʘʪʦʭʨʦʤʥʳʡ ʩʜʚʠʛ ʧʦʣʦʩʳ ɺʃʇɿ ʚ ʩʧʝʢʪʨʘʭ ʢʦʤʧʣʝʢʩʦʚ ʦʪʨʘʞʘʝʪ 

ʩʤʝʱʝʥʠʝ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʣʠʛʘʥʜʘ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ. ɺ 

ʪʘʙʣʠʮʝ 1 ʧʨʠʚʝʜʝʥʦ ʧʦʣʦʞʝʥʠʝ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʕʉʇ ʠʩʭʦʜʥʳʭ ʣʠʛʘʥʜʦʚ ʠ 

ʢʦʤʧʣʝʢʩʦʚ Zn(II) ʠ Cd(II ). 

ʊʘʙʣʠʮʘ 1. ʄʘʢʩʠʤʫʤʳ ʜʣʠʥʥʦʚʦʣʥʦʚʳʭ ʧʦʣʦʩ ʧʦʛʣʦʱʝʥʠʷ ʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ ʠʩʭʦʜʥʳʭ ʣʠʛʘʥʜʦʚ L ʠ ʢʦʤʧʣʝʢʩʦʚ Zn(II) ʠ Cd(II). 

ʉʦʝʜʠʥʝʥʠʝ ɚmax, ʥʤ ʉʦʝʜʠʥʝʥʠʝ ɚmax, ʥʤ 

L1 333 L2 400 

[Zn(L1)2Cl2] (33) 370 [Zn(L2)2Cl2] (35) ~435 

[Cd(L1)2Cl2] (34) 375 [Cd(L2)2Cl2] (36) ~457 

[Cd(L1)2(NO3)2] (37) ~380 [Zn(L2)2(NO3)2] (38) 465 

[ZnL1(NO3)2(H2O)] (40) ~375 [Cd(L2)2(NO3)2] (39) ~430 

[Cd(L1)2[B10H10]] (43) 374 [Cd(L2)2(CH3CN)[B10H10]] (45) 440 

       ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʵʣʝʢʪʨʦʥʥʳʭ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʦʭʨʘʥʝʥʠʝ ʩʦʩʪʦʷʥʠʷ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʣʠʛʘʥʜʦʚ L ʚ ʢʦʤʧʣʝʢʩʘʭ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʦʭʨʘʥʝʥʠʠ ʚʦʟʤʦʞʥʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʧʦ 

ʩʠʩʪʝʤʝ ʩʦʧʨʷʞʝʥʥʳʭ ʩʚʷʟʝʡ ʧʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʣʠʛʘʥʜʘ ʢ ʘʪʦʤʫ ʤʝʪʘʣʣʘ. ɼʘʥʥʳʡ 

ʬʘʢʪ ʤʦʞʝʪ ʘʧʨʠʦʨʠ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʩʦʭʨʘʥʝʥʠʠ ʣʶʤʠʥʦʬʦʨʥʳʭ ʩʚʦʡʩʪʚ 

ʣʠʛʘʥʜʦʚ L ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʢʦʤʧʣʝʢʩʘʭ. 

3.5.3.3. ʃʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʣʝʢʩʦʚ Zn(II) ʠ Cd(II) 

ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩ L2, ʘ ʪʘʢʞʝ ʩʚʦʙʦʜʥʦʛʦ ʣʠʛʘʥʜʘ L2, 

ʚʦʟʙʫʞʜʘʣʘʩʴ ʩʚʝʪʦʜʠʦʜʥʳʤ ʣʘʟʝʨʦʤ ʚʙʣʠʟʠ ʤʘʢʩʠʤʫʤʘ ʜʣʠʥʥʦʚʦʣʥʦʚʦʡ ʧʦʣʦʩʳ ʚ 

ʩʧʝʢʪʨʘʭ ʧʦʛʣʦʱʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʩʦʝʜʠʥʝʥʠʡ ʩ L1 ʙʦʣʝʝ ʧʦʜʭʦʜʷʱʠʤ ʙʳʣʦ ʙʳ 
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ʚʦʟʙʫʞʜʝʥʠʝ ʧʨʠ ɚʚʦʟʙ = 365 ʥʤ, ʦʜʥʘʢʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʠʩʪʦʯʥʠʢʘ ʚʦʟʙʫʞʜʝʥʠʷ 

ʧʦʥʠʞʝʥʥʦʡ ʤʦʱʥʦʩʪʠ ʩ ʪʘʢʦʡ ʜʣʠʥʦʡ ʚʦʣʥʳ, ʩʣʘʙʫ  ʁʣʶʤʠʥʝʩʮʝʥʮʠ ʁʥʝʢʦʪʦʨʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʣʠʛʘʥʜʦʤ L1 ʥʝʚʦʟʤʦʞʥʦ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʪʴ. 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʮʝʥʢʫ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʨʦʚʦʜʠʣʠ ʚ ʤʘʢʩʠʤʫʤʝ ʧʦʣʦʩʳ ʧʨʠ ɚʚʦʟʙ = 405 ʥʤ. ʅʝʢʦʪʦʨʳʝ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2. ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚ ʤʘʢʩʠʤʫʤʝ ʧʦʣʦʩʳ (ɚʚʦʟʙ = 405 ʥʤ). 

 

 ̄

 

ʉʦʝʜʠʥʝʥʠʝ 

ʀʥʪʝʥʩʠʚʥʦʩʪʴ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʘ.ʝ.) 

ʇʦʣʦʞʝʥʠʝ ʧʦʣʦʩʳ 

ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʥʤ) 

295 K 77 K 295 K 77 K 

 L1 10 150 560 540 

33 [Zn(L1)2Cl2] 1960 3500 522 569 

34 [Cd(L1)2Cl2] 420 2500 530 537 

37 [Cd(L1)2(NO3)2] 3 40 570, 680 653 

40 [ZnL1(NO3)2(H2O)] 150 1000 512 511 

43 [Cd(L1)2[B10H10]]  8 80 685 645 

 L2 4 90 700 690 

35 [Zn(L2)2Cl2] 7.3 36 730 735 

36 [Cd(L2)2Cl2] 40 310 640 650 

38 [Zn(L2)2(NO3)2] 142 1600 675 715 

39 [Cd(L2)2(NO3)2] 12 210 670 675 

45 [Cd(L2)2(CH3CN)[B10H10]]  1 9 680 705 

ɼʣʷ ʪʨʝʭ ʧʘʨ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ(II) ʠ ʢʘʜʤʠʷ(II): 33 ʠ 34, 37 ʠ 40, 38 ʠ 39 

ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʮʠʥʢʘ(II) ʚʳʰʝ, ʯʝʤ ʫ ʩʦʝʜʠʥʝʥʠʡ 

ʢʘʜʤʠʷ(II), ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʜʘʥʥʳʤʠ [22, 105].  

ʇʨʠ ʢʦʦʨʜʠʥʘʮʠʠ ʷʨʢʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʦʟʨʘʩʪʘʝʪ ʚ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 

ʣʠʛʘʥʜʦʚ ʠ ʚʩʝʭ ʢʦʤʧʣʝʢʩʦʚ ʪʘʢʞʝ ʚʦʟʨʘʩʪʘʝʪ ʚ ʩʨʝʜʥʝʤ ʥʘ ʧʦʨʷʜʦʢ ʚʝʣʠʯʠʥʳ. 

ɹʠʜʝʥʪʘʪʥʦ-ʮʠʢʣʠʯʝʩʢʘʷ ʢʦʦʨʜʠʥʘʮʠʷ ʤʦʣʝʢʫʣʳ L1 ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ 

çʞʝʩʪʢʦʩʪʴè ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʡ ʩʬʝʨʳ ʢʦʤʧʣʝʢʩʦʚ. ʄʦʥʦʜʝʥʪʘʪʥʘʷ ʢʦʦʨʜʠʥʘʮʠ ̫

ʣʠʛʘʥʜʘ L2 ʚ ʥʝʢʦʪʦʨʳʭ ʠʩʩʣʝʜʫʝʤʳʭ ʢʦʤʧʣʝʢʩʘʭ, ʘ ʪʘʢʞʝ ʧʨʠʩʫʪʩʪʚʠʝ ʣʠʛʘʥʜʦʚ-

ʪʫʰʠʪʝʣʝʡ, ʤʦʛʫʪ ʦʙʫʩʣʦʚʠʪʴ ʧʦʚʳʰʝʥʥʫʶ ʚʝʨʦʷʪʥʦʩʪʴ ʙʝʟʳʟʣʫʯʘʪʝʣʴʥʦʡ 
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ʜʝʟʘʢʪʠʚʘʮʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʝʥʝʝ ʠʥʪʝʥʩʠʚʥʫʶ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ L2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ L1.  

ʉʦʝʜʠʥʝʥʠʷ Zn(II) ʠ Cd(II) ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʋʌ-ʚʦʟʙʫʞʜʝʥʠʠ 

ʠʟʣʫʯʘʶʪ ʚ ʟʝʣʝʥʦ-ʢʨʘʩʥʦʡ (510ï680 ʥʤ) ʜʣʷ L1 ʠ ʢʨʘʩʥʦʡ (640ï730 ʥʤ) ʜʣʷ L2 

ʩʧʝʢʪʨʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩ. 80), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʦʩʥʦʚʥʦʤ, ʪʠʧʦʤ ʣʠʥʢʝʨʥʦʡ 

ʛʨʫʧʧʳ ʠ ʨʘʟʣʠʯʥʳʤʠ ʨʘʟʤʝʨʘʤʠ -́ʩʦʧʨʷʞʝʥʥʦʡ ʩʠʩʪʝʤʳ.  

      
L 1 

t = 1/15 

33 

t = 1/15 

34 

t = 1/350 

37 

t = 1/15 

40 

t = 1/350 

43 

t = 1/350 

      

      
L 2 

t = 1/2 

35 

t = 1/2 

36 

t = 1/15 

38 

t = 1/15 

39 

t = 1/2 

45 

t = 1/15 

ʈʠʩʫʥʦʢ 80. ʌʦʪʦʛʨʘʬʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʦʝʜʠʥʝʥʠʡ ʩ ʣʠʛʘʥʜʘʤʠ L1 ʠ L2 ʧʨʠ 

295 ʂ (ɚʚʦʟʙ = 405 ʥʤ). ʀʩʧʦʣʴʟʫʝʤʘʷ ʵʢʩʧʦʟʠʮʠʷ t (ʚ ʜʦʣʷʭ ʩʝʢʫʥʜʳ) ʫʢʘʟʘʥʘ ʜʣʷ 

ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ. 

ɼʘʥʥʳʝ ʨʘʟʣʠʯʠʷ ʦʧʨʝʜʝʣʷʶʪʩʷ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ L1, 

ʭʘʨʘʢʪʝʨʥʳʤʠ ʜʣʷ ʥʝʢʦʧʣʘʥʘʨʥʳʭ ʙʝʥʟʘʣʘʥʠʣʠʥʦʚ [106], ʠ ʥʘʣʠʯʠʝʤ 

ʵʣʝʢʪʨʦʥʦʜʦʥʦʨʥʦʛʦ ʤʝʪʦʢʩʠʟʘʤʝʩʪʠʪʝʣʷ ʚ ʧʣʦʩʢʦʡ ʤʦʣʝʢʫʣʝ L2. ʐʠʨʦʢʘʷ ʧʦʣʦʩʘ 

ʚ ʩʧʝʢʪʨʘʭ ʠʟʣʫʯʝʥʠʷ ʣʠʛʘʥʜʦʚ ʠ ʢʦʤʧʣʝʢʩʦʚ ʦʪʥʦʩʠʪʩʷ ʢ ʬʣʫʦʨʝʩʮʝʥʮʠʠ 

(ʢʦʨʦʪʢʦʞʠʚʫʱʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʚʨʝʤʝʥʝʤ ʞʠʟʥʠ Ű << 10ï6 ʩ) ʠʟ ʥʠʞʥʝʛʦ 

ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʠʥʛʣʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ, ʠ ʦʥ ʩʚʷʟʘʥ ʩ ʪʠʧʠʯʥʳʤʠ ˊ*ḯ  ʠʣʠ ˊ*ïn 

ʧʝʨʝʭʦʜʘʤʠ. 

ɼʝʪʘʣʴʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʜʣʷ ʢʘʞʜʦʡ ʠʟ ʜʚʫʭ 

ʛʨʫʧʧ ʩʦʝʜʠʥʝʥʠʡ ʩ ʣʠʛʘʥʜʘʤʠ L1 ʠ L2 ʩ ʫʯʝʪʦʤ ʦʩʦʙʝʥʥʦʩʪʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ ʪʨʸʭ ʩʦʝʜʠʥʝʥʠʡ ʩ L1: [Cd(L1)2(NO3)2] (37), [ZnL1(NO3)2(H2O)] (40), 


