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ɁȺȽȺɅЬɇȺ ɏȺɊȺɄɌȿɊɂɋɌɂɄȺ ɊɈȻɈɌɂ 

 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɪɨɛɨɬɢ. Ʉɨɧɫɬɪɭɸɜɚɧɧɹ ɛɚɠɚɧɢɯ ɫɬɪɭɤɬɭɪɧɢɯ ɮɪɚɝɦɟɧɬɿɜ ɜ 
ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤɚɯ ɡ ɨɱɿɤɭɜɚɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɫɬɚє ɧɟɦɨɠɥɢɜɢɦ ɛɟɡ 
ɩɪɚɜɢɥɶɧɨɝɨ ɩɿɞɛɨɪɭ ɥɿɝɚɧɞɭ. ɇɚɹɜɧɿɫɬɶ ɩɟɜɧɢɯ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɝɪɭɩ ɭ ʀɯ ɦɨɥɟɤɭɥɚɯ 
ɡɧɚɱɧɨ ɜɩɥɢɜɚє ɧɚ ɪɟɡɭɥɶɬɭɸɱɭ ɫɬɪɭɤɬɭɪɭ ʀɯ ɦɟɬɚɥɨɤɨɦɩɥɟɤɫɿɜ. Ɋɚɡɨɦ ɡ ɬɢɦ, ɞɥɹ 
ɪɿɡɧɢɯ ɣɨɧɿɜ ɦɟɬɚɥɿɜ ɩɪɨɹɜɥɹєɬɶɫɹ ɪɿɡɧɢɣ ɯɚɪɚɤɬɟɪ ɡɜ’ɹɡɭɜɚɧɧɹ ʀɯ ɡ ɦɨɥɟɤɭɥɚɦɢ 
ɥɿɝɚɧɞɿɜ, ɳɨ, ɛɟɡɭɦɨɜɧɨ, ɬɟɠ ɜɿɞɨɛɪɚɠɚєɬɶɫɹ ɧɚ ɛɭɞɨɜɿ ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ ɫɩɨɥɭɤɢ. Ɍɚɤ, 
ɞɥɹ ɩɪɢɤɥɚɞɭ, ɤɭɩɪɭɦ(І) ɡ ɟɥɟɤɬɪɨɧɧɨɸ ɤɨɧɮɿɝɭɪɚɰɿєɸ [Ar]3d104s04p0, ɨɤɪɿɦ ɭɬɜɨɪɟɧɧɹ 
σ-ɡɜ'ɹɡɤɿɜ, ɡɞɚɬɟɧ ɛɪɚɬɢ ɭɱɚɫɬɶ ɭ ɮɨɪɦɭɜɚɧɧɿ π-ɡɜ'ɹɡɤɭ Cu(I)–(C=C), ɹɤɢɣ 

ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɫɬɪɨɝɨɸ ɧɚɩɪɹɦɥɟɧɿɫɬɸ ɿ ɫɩɪɢɹє ɜɢɧɢɤɧɟɧɧɸ ɩɨɥɿɦɟɪɧɢɯ 
ɦɟɬɚɥɨɪɝɚɧɿɱɧɢɯ ɮɪɚɝɦɟɧɬɿɜ, ɳɨ є ɰɿɤɚɜɢɦɢ ɹɤ ɞɥɹ ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɨʀ ɿ 
ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ ɯɿɦɿʀ, ɬɚɤ ɿ ɞɥɹ ɫɬɜɨɪɟɧɧɹ ɧɨɜɢɯ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ. 
Ɉɫɨɛɥɢɜɢɣ ɿɧɬɟɪɟɫ ɜɢɤɥɢɤɚɸɬɶ ɩɨɥɿɮɭɧɤɰɿɨɧɚɥɶɧɿ ɥɿɝɚɧɞɢ, ɳɨ ɡɞɚɬɧɿ ɨɛ’єɞɧɭɜɚɬɢ 
ɨɤɪɟɦɿ ɤɥɚɫɬɟɪɢ ɤɭɩɪɭɦɭ(І) ɜ ɩɨɥɿɦɟɪɧɿ ɚɝɪɟɝɚɬɢ ɱɢ ɤɚɪɤɚɫɧɿ ɫɬɪɭɤɬɭɪɢ, ɡɚɜɞɹɤɢ ɱɨɦɭ 
ɬɚɤɿ ɫɩɨɥɭɤɢ ɩɪɨɹɜɥɹɸɬɶ ɡɞɚɬɧɿɫɬɶ ɞɨ ɥɸɦɿɧɟɫɰɟɧɰɿʀ, ɬɟɪɦɨɯɪɨɦɿɡɦɭ ɱɢ ɤɚɬɚɥɿɬɢɱɧɢɯ 
ɜɥɚɫɬɢɜɨɫɬɟɣ . 

Ɍɿɚɞɿɚɡɨɥɢ, ɡɨɤɪɟɦɚ, 1,3,4-ɬɿɚɞɿɚɡɨɥɢ – ɞɚɜɧɨ ɜɿɞɨɦɢɣ ɤɥɚɫ ɫɩɨɥɭɤ, ɳɨ ɜɨɥɨɞɿɸɬɶ 
ɰɿɥɢɦ ɫɩɟɤɬɪɨɦ ɤɨɪɢɫɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ: ɚɧɬɢɦɿɤɪɨɛɧɢɯ, ɩɪɨɬɢɪɚɤɨɜɢɯ, 

ɚɧɬɢɨɤɫɢɞɚɧɬɧɢɯ. ȼɨɧɢ ɬɚɤɨɠ є ɜɚɠɥɢɜɢɦɢ ɛɭɞɿɜɟɥɶɧɢɦɢ ɛɥɨɤɚɦɢ ɜ ɤɪɢɫɬɚɥɿɱɧɿɣ 
ɿɧɠɟɧɟɪɿʀ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɦɟɬɚɥɨɨɪɝɚɧɿɱɧɢɯ ɤɨɦɩɥɟɤɫɿɜ. ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɡɧɚɱɧɢɣ 
ɩɨɫɬɭɩ ɜ ɞɨɫɥɿɞɠɟɧɧɹɯ, ɩɨɜ’ɹɡɚɧɢɯ  ɡ ɬɿɚɞɿɚɡɨɥɚɦɢ, ɞɨ ɩɨɱɚɬɤɭ ɞɚɧɨʀ ɪɨɛɨɬɢ ɜ 
Ʉɟɦɛɪɢɞɠɫɶɤɨɦɭ ɛɚɧɤɭ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɢɯ ɞɚɧɢɯ ɛɭɥɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɥɢɲɟ 6 ɫɬɪɭɤɬɭɪ 
π-ɤɨɦɩɥɟɤɫɿɜ ɦɟɬɚɥɿɜ ɡ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ (ɩɪɢɱɨɦɭ ɜɫɿ ɜɨɧɢ є 5-

ɰɢɤɥɨɩɟɧɬɚɞɿєɧɿɥɶɧɢɦɢ ɤɨɦɩɥɟɤɫɚɦɢ). ȼ ɬɨɣ ɠɟ ɱɚɫ, ɜ ɥіɬɟɪɚɬɭɪі ɧɟ ɛɭɥɨ ɜіɞɨɦɨ 
ɠɨɞɧɨɝɨ π-ɤɨɦɩɥɟɤɫɭ іɨɧіɜ ɦɟɬɚɥіɜ ɡ ɚɥіɥɶɧɢɦɢ ɱɢ ɜіɧіɥɶɧɢɦɢ ɩɨɯіɞɧɢɦɢ 1,3,4-

ɬіɚɞіɚɡɨɥɭ.  

Ɍɚɤɢɦ ɱɢɧɨɦ, ɫɢɧɬɟɡ ɬɚ ґɪɭɧɬɨɜɧɟ ɜɢɜɱɟɧɧɹ ɫɬɟɪɟɨɯɿɦɿɱɧɢɯ ɨɫɨɛɥɢɜɨɫɬɟɣ 
ɛɭɞɨɜɢ π-ɤɨɦɩɥɟɤɫɿɜ ɫɨɥɟɣ Cu(I) ɡ N- ɬɚ S-ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ 
ɡɧɚɱɧɨ ɪɨɡɲɢɪɸє ɫɩɢɫɨɤ ɦɟɬɚɥɨ-ɨɥɟɮɿɧɨɜɢɯ ɤɨɦɩɥɟɤɫɿɜ, ɚ ɨɞɟɪɠɚɧɚ ɬɨɱɧɚ ɿɧɮɨɪɦɚɰɿɹ 
ɩɪɨ ɨɫɨɛɥɢɜɨɫɬɿ ʀɯ ɫɬɪɭɤɬɭɪɢ ɛɭɞɟ ɧɟɨɛɯɿɞɧɨɸ ɞɥɹ ɫɩɟɰɿɚɥɿɫɬɿɜ, ɳɨ ɩɪɚɰɸɸɬɶ ɜ ɝɚɥɭɡɿ 
ɦɟɬɚɥɨɤɚɬɚɥɿɡɭ ɬɚ ɪɨɡɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ ɡ ɰɿɧɧɢɦɢ ɜ ɩɪɚɤɬɢɱɧɨɦɭ ɜɿɞɧɨɲɟɧɧɿ 
ɜɥɚɫɬɢɜɨɫɬɹɦɢ. 

Ɂɜ'яɡɨɤ ɪɨɛɨɬɢ ɡ ɧɚɭɤɨɜɢɦɢ ɩɪɨɝɪɚɦɚɦɢ, ɩɥɚɧɚɦɢ, ɬɟɦɚɦɢ.  
ɇɚɭɤɨɜɿ ɞɨɫɥɿɞɠɟɧɧɹ ɡɚ ɬɟɦɨɸ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɜɢɤɨɧɚɧɿ ɧɚ ɤɚɮɟɞɪɿ 

ɧɟɨɪɝɚɧɿɱɧɨʀ ɯɿɦɿʀ Ʌɶɜɿɜɫɶɤɨɝɨ ɧɚɰɿɨɧɚɥɶɧɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɿɦɟɧɿ Іɜɚɧɚ Ɏɪɚɧɤɚ ɭ 
ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɡ ɧɚɭɤɨɜɨ-ɬɟɦɚɬɢɱɧɢɦɢ ɩɪɨɝɪɚɦɚɦɢ Ɇɿɧɿɫɬɟɪɫɬɜɚ ɨɫɜɿɬɢ ɿ ɧɚɭɤɢ ɍɤɪɚʀɧɢ 
“ɇɚɭɤɨɜɿ ɨɫɧɨɜɢ ɯɿɦɿɱɧɨʀ ɬɟɯɧɨɥɨɝɿʀ ɫɬɜɨɪɟɧɧɹ ɧɨɜɢɯ ɧɟɨɪɝɚɧɿɱɧɢɯ ɪɟɱɨɜɢɧ ɿ 
ɦɚɬɟɪɿɚɥɿɜ, ɤɨɦɩɥɟɤɫɧɨʀ ɯɿɦɿɤɨ-ɬɟɯɧɨɥɨɝɿɱɧɨʀ ɩɟɪɟɪɨɛɤɢ ɫɢɪɨɜɢɧɢ ɍɤɪɚʀɧɢ” ɡɚ 
ɧɚɭɤɨɜɨ-ɞɨɫɥɿɞɧɢɦɢ ɞɟɪɠɛɸɞɠɟɬɧɢɦɢ ɬɟɦɚɦɢ “ɋɬɟɪɟɨɯɿɦɿɹ π-ɤɨɦɩɥɟɤɫɿɜ Cu(I) ɬɚ 
Ag(I) ɡ N-ɚɥɿɥɶɧɢɦɢ ɝɟɬɟɪɨɚɬɨɦɧɢɦɢ ɥɿɝɚɧɞɚɦɢ” (ɧɨɦɟɪ ɞɟɪɠɚɜɧɨʀ ɪɟєɫɬɪɚɰɿʀ 
0110U001371), “ɏɿɦɿɱɧɢɣ ɡɜ’ɹɡɨɤ ɜ ɿɧɬɟɪɦɟɬɚɥɿɞɚɯ ɿ ɫɩɨɪɿɞɧɟɧɢɯ ɫɩɨɥɭɤɚɯ: 
ɟɥɟɤɬɪɨɧɧɚ ɝɭɫɬɢɧɚ ɡ ɪɟɧɬɝɟɧɿɜɫɶɤɨʀ ɞɢɮɪɚɤɰɿʀ” (2012-2014, ɧɨɦɟɪ ɞɟɪɠɚɜɧɨʀ 
ɪɟєɫɬɪɚɰɿʀ 0112U001280), ɚ ɬɚɤɨɠ  “ɋɢɧɬɟɡ ɿ ɤɪɢɫɬɚɥɨɯɿɦɿɹ ɧɨɜɢɯ ɿɧɬɟɪɦɟɬɚɥɿɱɧɢɯ 



2 

 

ɫɩɨɥɭɤ ɡ ɮɭɧɤɰɿɨɧɚɥɶɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ” (2015-2017, ɧɨɦɟɪ ɞɟɪɠɚɜɧɨʀ ɪɟєɫɬɪɚɰɿʀ: 
0115U003257). 

Ɇɟɬɚ ɿ ɡɚɞɚɱɿ ɞɨɫɥɿɞɠɟɧɧя. ȼɫɬɚɧɨɜɢɬɢ ɨɫɨɛɥɢɜɨɫɬɿ ɜɩɥɢɜɭ ɨɪɝɚɧɿɱɧɨɝɨ ɥɿɝɚɧɞɭ 
ɧɚ ɛɭɞɨɜɭ ɪɟɡɭɥɶɬɭɸɱɨʀ ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ ɫɩɨɥɭɤɢ, ɨɫɧɨɜɧɿ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɭ ɡɦɿɧɚɯ 
ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɿɜ. ȼɢɹɜɢɬɢ ɪɨɥɶ ɫɥɚɛɤɢɯ ɜɡɚєɦɨɞɿɣ ɭ ɤɪɢɫɬɚɥɿɱɧɿɣ ɿɧɠɟɧɟɪɿʀ 
ɨɬɪɢɦɚɧɢɯ ɫɩɨɥɭɤ. Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɡɚɡɧɚɱɟɧɨʀ ɦɟɬɢ ɧɟɨɛɯɿɞɧɨ ɛɭɥɨ ɜɢɪɿɲɢɬɢ ɧɚɫɬɭɩɧɿ 
ɡɚɜɞɚɧɧɹ: 

1. ɋɢɫɬɟɦɚɬɢɡɭɜɚɬɢ ɨɫɧɨɜɧɿ ɜɿɞɨɦɨɫɬɿ ɩɪɨ ɛɭɞɨɜɭ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 1,3,4-

ɬɿɚɞɿɚɡɨɥɨɦ ɬɚ ɣɨɝɨ N(S)-ɡɚɦɿɳɟɧɢɦɢ ɩɨɯɿɞɧɢɦɢ. 
2.  Ɉɬɪɢɦɚɬɢ N- ɬɚ S-ɚɥɿɥɶɧɿ ɩɨɯɿɞɧɿ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ. 
3. Ɂɞɿɣɫɧɢɬɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɡ ɫɢɧɬɟɡɭ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɿɡ N- 

ɿ S-ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ. 
4. ɉɪɨɜɟɫɬɢ ґɪɭɧɬɨɜɧɢɣ ɚɧɚɥɿɡ ɛɭɞɨɜɢ ɨɞɟɪɠɚɧɢɯ ɫɩɨɥɭɤ. 
5. ȼɫɬɚɧɨɜɢɬɢ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɩɨɛɭɞɨɜɢ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ ɤɭɩɪɭɦɭ(І) ɡ 

ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ, ɚ ɬɚɤɨɠ ɡ’ɹɫɭɜɚɬɢ ɜɩɥɢɜ ɫɥɚɛɤɢɯ 
ɜɡɚєɦɨɞɿɣ ɧɚ ʀɯ ɚɪɯɿɬɟɤɬɭɪɭ.  

 Ɉɛ’єɤɬ ɞɨɫɥіɞɠɟɧɧɹ: Ʉɪɢɫɬɚɥɿɱɧɿ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ N- ɬɚ S-

ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ. 
 ɉɪɟɞɦɟɬ ɞɨɫɥіɞɠɟɧɧɹ: Ɂɚɤɨɧɨɦɿɪɧɨɫɬɿ ɜɩɥɢɜɭ N- ɬɚ S-ɚɥɿɥɶɧɢɯ ɩɨɯɿɞɧɢɯ 1,3,4-

ɬɿɚɞɿɚɡɨɥɭ ɧɚ ɛɭɞɨɜɭ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ ɤɭɩɪɭɦɭ(І), ɪɨɥɶ ɫɥɚɛɤɢɯ ɜɡɚєɦɨɞɿɣ ɭ 
ɤɪɢɫɬɚɥɿɱɧɿɣ ɿɧɠɟɧɟɪɿʀ π-ɤɨɦɩɥɟɤɫɿɜ Cu(I). 

 Ɇɟɬɨɞɢ ɞɨɫɥіɞɠɟɧɧɹ: Ɉɞɟɪɠɚɧɧɹ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ ɚɥɿɥɶɧɢɦɢ 
ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ (ɬɚ 
ɱɚɫɬɤɨɜɨ ɛɟɡɩɨɫɟɪɟɞɧɶɨɸ ɜɡɚєɦɨɞɿєɸ ɤɨɦɩɨɧɟɧɬɿɜ) ɭ ɜɢɝɥɹɞɿ ɹɤɿɫɧɢɯ ɦɨɧɨɤɪɢɫɬɚɥɿɜ. 
Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɧɨɤɪɢɫɬɚɥɿɜ ɫɩɨɥɭɤ. ȼɢɜɱɟɧɧɹ ʀɯ ɛɭɞɨɜɢ 
ɦɟɬɨɞɚɦɢ Іɑ ɬɚ ɪɚɦɚɧɿɜɫɶɤɨʀ ɫɩɟɤɬɪɨɫɤɨɩɿʀ. ɉɪɨɜɟɞɟɧɧɹ ɤɜɚɧɬɨɜɨɯɿɦɿɱɧɢɯ (DFT) 

ɪɨɡɪɚɯɭɧɤɿɜ. Ʉɪɢɫɬɚɥɨɯɿɦɿɱɧɢɣ ɚɧɚɥɿɡ ɪɟɡɭɥɶɬɚɬɿɜ ɟɤɫɩɟɪɢɦɟɧɬɭ.  

ɇɚɭɤɨɜɚ ɧɨɜɢɡɧɚ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ. Ɇɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ 
ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ (ɬɚ ɱɚɫɬɤɨɜɨ ɛɟɡɩɨɫɟɪɟɞɧɶɨɸ ɜɡɚєɦɨɞɿєɸ ɤɨɦɩɨɧɟɧɬɿɜ) 
ɨɬɪɢɦɚɧɨ ɭ ɜɢɝɥɹɞɿ ɹɤɿɫɧɢɯ ɦɨɧɨɤɪɢɫɬɚɥɿɜ 22 ɧɨɜɿ ɫɩɨɥɭɤɢ ɡ ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 
1,3,4-ɬɿɚɞɿɚɡɨɥɭ, ɫɟɪɟɞ ɧɢɯ – 1 σ-ɤɨɦɩɥɟɤɫ ɬɚ 21 π-ɤɨɦɩɥɟɤɫ ɤɭɩɪɭɦɭ(І). ɉɪɨɜɟɞɟɧɨ 
ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɢɣ ɚɧɚɥɿɡ ɨɞɟɪɠɚɧɢɯ ɫɩɨɥɭɤ ɦɟɬɨɞɨɦ ɦɨɧɨɤɪɢɫɬɚɥɭ. ȼɩɟɪɲɟ ɞɥɹ 
ɞɟɹɤɢɯ π-ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɩɪɨɜɟɞɟɧɨ DFT-ɪɨɡɪɚɯɭɧɤɢ ɳɨɞɨ ɨɩɬɢɦɿɡɚɰɿʀ 
ɝɟɨɦɟɬɪɿʀ ɫɬɪɭɤɬɭɪɢ ɬɚ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɫɩɟɤɬɪɿɜ. ȼɫɬɚɧɨɜɥɟɧɨ ɨɫɧɨɜɧɿ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ 
ɡɦɿɧɢ ɛɭɞɨɜɢ ɰɢɯ ɫɩɨɥɭɤ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɥɿɝɚɧɞɭ, ɚ ɬɚɤɨɠ ɜɩɥɢɜ ɫɥɚɛɤɢɯ ɜɡɚєɦɨɞɿɣ ɧɚ 
ɚɪɯɿɬɟɤɬɭɪɭ ɡɝɚɞɚɧɢɯ ɤɨɦɩɥɟɤɫɿɜ. 

ɉɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧя ɪɟɡɭɥɶɬɚɬɿɜ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɦɿɫɬɹɬɶ ɡɧɚɧɧɹ ɩɪɨ 
ɤɪɢɫɬɚɥɿɱɧɭ ɫɬɪɭɤɬɭɪɭ ɜɩɟɪɲɟ ɞɨɛɭɬɢɯ π-ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ ɚɥɿɥɶɧɢɦɢ 
ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ, ʀʀ ɚɧɚɥɿɡ ɬɚ ɜɫɬɚɧɨɜɥɟɧɧɹ ɡɚɤɨɧɨɦɿɪɧɨɫɬɟɣ ɩɨɝɥɢɛɥɸɸɬɶ 
ɪɨɡɭɦɿɧɧɹ ɫɬɟɪɟɨɯɿɦɿʀ π-ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ ɤɭɩɪɭɦɭ(І) ɡ ɝɟɬɟɪɨɚɬɨɦɧɢɦɢ 
ɝɟɬɟɪɨɰɢɤɥɿɱɧɢɦɢ ɥɿɝɚɧɞɚɦɢ. Ɋɟɡɭɥɶɬɚɬɢ ɦɨɠɭɬɶ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɮɚɯɿɜɰɹɦɢ, ɤɨɬɪɿ 
ɩɪɚɰɸɸɬɶ ɭ ɝɚɥɭɡɹɯ ɦɟɬɚɥɨɤɨɦɩɥɟɤɫɧɨɝɨ ɤɚɬɚɥɿɡɭ, ɤɪɢɫɬɚɥɿɱɧɨʀ ɿɧɠɟɧɟɪɿʀ ɬɚ 
ɫɬɜɨɪɟɧɧɹ ɧɨɜɢɯ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ. Ⱦɚɧɿ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ 
ɩɟɪɟɜɚɠɧɨʀ ɛɿɥɶɲɨɫɬɿ ɫɩɨɥɭɤ ɩɨɩɨɜɧɢɥɢ Ʉɟɦɛɪɢɞɠɫɶɤɢɣ ɛɚɧɤ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɢɯ 
ɞɚɧɢɯ (CCDC). 



3 

 

Ɉɫɨɛɢɫɬɢɣ ɜɧɟɫɨɤ ɡɞɨɛɭɜɚɱɚ. Ɉɫɧɨɜɧɿ ɡɚɜɞɚɧɧɹ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ 
ɫɮɨɪɦɭɥɶɨɜɚɧɿ ɡɚ ɛɟɡɩɨɫɟɪɟɞɧɶɨʀ ɭɱɚɫɬɿ ɞɢɫɟɪɬɚɧɬɚ. Ⱥɧɚɥɿɡ ɥɿɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ, 
ɫɢɧɬɟɡ ɦɨɧɨɤɪɢɫɬɚɥɿɜ ɫɩɨɥɭɤ, ɜɢɡɧɚɱɟɧɧɹ ɤɪɢɫɬɚɥɿɱɧɨʀ ɫɬɪɭɤɬɭɪɢ ɬɚ ɿɧɬɟɪɩɪɟɬɚɰɿɹ 
ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɩɪɨɜɟɞɟɧɿ ɚɜɬɨɪɨɦ ɫɚɦɨɫɬɿɣɧɨ ɡɝɿɞɧɨ ɡ ɪɟɤɨɦɟɧɞɚɰɿɹɦɢ 
ɧɚɭɤɨɜɨɝɨ ɤɟɪɿɜɧɢɤɚ. 

Ɇɚɫɢɜɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɢɮɪɚɤɰɿɣɧɢɯ ɿɧɬɟɧɫɢɜɧɨɫɬɟɣ ɞɥɹ ɤɪɢɫɬɚɥɿɱɧɢɯ 
ɡɪɚɡɤɿɜ ɨɬɪɢɦɭɜɚɥɢ ɫɩɿɥɶɧɨ ɡ ɤ.ɯ.ɧ. Ƚɨɪɟɲɧɢɤɨɦ Є.Ⱥ. ɜ Іɧɫɬɢɬɭɬɿ Ƀɨɠɟɮɚ ɒɬɟɮɚɧɚ 
(Ʌɸɛɥɹɧɚ, ɋɥɨɜɟɧɿɹ), ɤ.ɯ.ɧ. ɋɥɢɜɤɨɸ ɘ.І. ɬɚ ɞɨɤɬɨɪɨɦ Ʉɿɧɠɢɛɚɥɨɦ ȼ.ȼ. ɧɚ ɤɚɮɟɞɪɿ 
ɤɪɢɫɬɚɥɨɝɪɚɮɿʀ ȼɪɨɰɥɚɜɫɶɤɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ (ɉɨɥɶɳɚ). 

Ⱥɩɪɨɛɚɰɿя ɪɟɡɭɥɶɬɚɬɿɜ ɞɢɫɟɪɬɚɰɿʀ. Ɋɟɡɭɥɶɬɚɬɢ ɪɨɛɨɬɢ ɛɭɥɢ ɩɪɟɞɫɬɚɜɥɟɧɿ ɧɚ 
ɏІɏ ɦɿɠɧɚɪɨɞɧɿɣ ɤɨɧɮɟɪɟɧɰɿʀ ɦɨɥɨɞɢɯ ɜɱɟɧɢɯ «Ʌɨɦɨɧɨɫɨɜ-2012» (Ɇɨɫɤɜɚ, 2012), 
ɏІІІ ɤɨɧɮɟɪɟɧɰɿʀ ɫɬɭɞɟɧɬɿɜ ɬɚ ɚɫɩɿɪɚɧɬɿɜ «ɋɭɱɚɫɧɿ ɩɪɨɛɥɟɦɢ ɯɿɦɿʀ» (Ʉɢʀɜ, 2012), VIII 

əɩɨɧɨ-Ɏɪɚɧɰɭɡɶɤɨɦɭ ɫɟɦɿɧɚɪɿ ɡ ɯɿɦɿʀ ɮɥɭɨɪɭ (Ʉɿɨɬɨ, 2012), ɏІɏ Ɇɿɠɧɚɪɨɞɧɨɦɭ 
ɋɟɦɿɧɚɪɿ ɡ ɯɿɦɿʀ ɿ ɮɿɡɢɤɢ ɬɜɟɪɞɨɝɨ ɬɿɥɚ (ɑɟɧɫɬɨɯɨɜɚ, 2013), ɏɏІІ ɏɨɪɜɚɬɫɶɤɨ-

ɋɥɨɜɟɧɫɶɤɨɦɭ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨɦɭ ɡ’ʀɡɞɿ (Ȼɿɨɝɪɚɞ, 2013), ɏІɏ ɍɤɪɚʀɧɫɶɤɿɣ 
ɤɨɧɮɟɪɟɧɰɿʀ ɡ ɧɟɨɪɝɚɧɿɱɧɨʀ ɯɿɦɿʀ (Ɉɞɟɫɚ, 2014), ɏІV, ɏV ɬɚ ɏVІ ɧɚɭɤɨɜɢɯ 
ɤɨɧɮɟɪɟɧɰɿɹɯ «Ʌɶɜɿɜɫɶɤɿ ɯɿɦɿɱɧɿ ɱɢɬɚɧɧɹ» (Ʌɶɜɿɜ, 2013, 2015 ɿ 2017), 57 ɬɚ 58 
Ʉɨɧɜɟɪɫɚɬɨɪɿɭɦɚɯ ɡ ɤɪɢɫɬɚɥɨɝɪɚɮɿʀ (ȼɪɨɰɥɚɜ, 2015 ɿ 2016), Іɏ ɍɤɪɚʀɧɫɶɤɿɣ ɧɚɭɤɨɜɿɣ 
ɤɨɧɮɟɪɟɧɰɿʀ ɫɬɭɞɟɧɬɿɜ, ɚɫɩɿɪɚɧɬɿɜ ɿ ɦɨɥɨɞɢɯ ɭɱɟɧɢɯ «ɏɿɦɿɱɧɿ ɩɪɨɛɥɟɦɢ ɫɶɨɝɨɞɟɧɧɹ» 
(ȼɿɧɧɢɰɹ, 2016), XIX ɇɚɭɤɨɜɿɣ ɦɨɥɨɞɿɠɧɿɣ ɤɨɧɮɟɪɟɧɰɿɿʀ «ɉɪɨɛɥɟɦɢ ɬɚ ɞɨɫɹɝɧɟɧɧɹ 
ɫɭɱɚɫɧɨʀ ɯɿɦɿʀ» (Ɉɞɟɫɚ, 2017), ɚ ɬɚɤɨɠ ɧɚ ɡɜɿɬɧɢɯ ɤɨɧɮɟɪɟɧɰɿɹɯ ɫɩɿɜɪɨɛɿɬɧɢɤɿɜ 
Ʌɶɜɿɜɫɶɤɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ (2016, 2017 ɪɪ.). 

ɉɭɛɥɿɤɚɰɿʀ. Ɂɚ ɦɚɬɟɪɿɚɥɚɦɢ ɞɢɫɟɪɬɚɰɿɣɧɨʀ ɪɨɛɨɬɢ ɨɩɭɛɥɿɤɨɜɚɧɨ 5 ɫɬɚɬɟɣ (ɡ ɧɢɯ 1 
ɫɬɚɬɬɹ ɭ ɜɿɬɱɢɡɧɹɧɨɦɭ ɮɚɯɨɜɨɦɭ ɜɢɞɚɧɧɿ ɬɚ 4 ɫɬɚɬɬɿ ɭ ɜɢɞɚɧɧɹɯ ɫɩɢɫɤɭ ISI), ɚ ɬɚɤɨɠ 
ɬɟɡɢ 13 ɞɨɩɨɜɿɞɟɣ ɧɚ ɧɚɭɤɨɜɢɯ ɤɨɧɮɟɪɟɧɰɿɹɯ. 

ɋɬɪɭɤɬɭɪɚ ɿ ɨɛɫяɝ ɪɨɛɨɬɢ. Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɚɧɨɬɚɰɿʀ, 
ɩɟɪɟɥɿɤɭ ɭɦɨɜɧɢɯ ɫɤɨɪɨɱɟɧɶ, ɜɫɬɭɩɭ, ɱɨɬɢɪɶɨɯ ɪɨɡɞɿɥɿɜ, ɜɢɫɧɨɜɤɿɜ, ɫɩɢɫɤɭ 
ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ (109 ɧɚɣɦɟɧɭɜɚɧɶ) ɬɚ ɞɨɞɚɬɤɿɜ. Ɂɦɿɫɬ ɨɫɧɨɜɧɨʀ ɱɚɫɬɢɧɢ 
ɜɢɤɥɚɞɟɧɢɣ ɧɚ 118 ɫɬɨɪɿɧɤɚɯ ɞɪɭɤɨɜɚɧɨɝɨ ɬɟɤɫɬɭ, ɦɿɫɬɢɬɶ 61 ɬɚɛɥɢɰɸ ɬɚ 73 ɪɢɫɭɧɤɢ. 
Ɂɚɝɚɥɶɧɢɣ ɨɛɫɹɝ ɞɢɫɟɪɬɚɰɿʀ ɫɬɚɧɨɜɢɬɶ 213 ɫɬɨɪɿɧɨɤ. 

 

ɁɆȱɋɌ ɊɈȻɈɌɂ 

ɍ ɜɫɬɭɩɿ ɨɛґɪɭɧɬɨɜɚɧɨ ɚɤɬɭɚɥɶɧɿɫɬɶ ɧɚɭɤɨɜɨʀ ɪɨɛɨɬɢ, ɜɢɡɧɚɱɟɧɨ ɦɟɬɭ ɬɚ ɡɚɞɚɱɿ 
ɞɨɫɥɿɞɠɟɧɧɹ, ɜɢɫɜɿɬɥɟɧɨ ɧɚɭɤɨɜɭ ɧɨɜɢɡɧɭ ɬɚ ɩɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶ-

ɬɚɬɿɜ. 
ɍ ɩɟɪɲɨɦɭ ɪɨɡɞɿɥɿ ɫɢɫɬɟɦɚɬɢɡɨɜɚɧɨ ɥɿɬɟɪɚɬɭɪɧɿ ɞɚɧɿ ɫɬɪɭɤɬɭɪɧɢɯ ɞɨɫɥɿɞɠɟɧɶ 

ɫɩɨɥɭɤ ɤɭɩɪɭɦɭ(І) ɡ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɿɜ, ɚ ɬɚɤɨɠ ɞɟɹɤɢɯ ɩɪɟɞɫɬɚɜɧɢɤɿɜ π-

ɤɨɦɩɥɟɤɫɿɜ Cu(I) ɡ ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ ɩɹɬɢɱɥɟɧɧɢɯ ɝɟɬɟɪɨɰɢɤɥɿɜ. Ɉɫɧɨɜɧɚ ɭɜɚɝɚ 
ɩɪɢɫɜɹɱɟɧɚ ɪɨɡɝɥɹɞɨɜɿ ɫɬɪɭɤɬɭɪɧɢɯ ɬɢɩɿɜ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɿɡ ɜɤɚɡɚɧɢɦɢ 
ɥɿɝɚɧɞɚɦɢ, ɚɤɰɟɧɬɨɜɚɧɨ ɭɜɚɝɭ ɧɚ ɩɨɜɟɞɿɧɰɿ ɨɪɝɚɧɿɱɧɢɯ ɥɿɝɚɧɞɿɜ ɜ ɭɬɜɨɪɟɧɢɯ ɫɩɨɥɭɤɚɯ, 
ɨɩɢɫɚɧɨ ɤɨɨɪɞɢɧɚɰɿɣɧɿ ɜɭɡɥɢ ɰɟɧɬɪɚɥɶɧɢɯ ɚɬɨɦɿɜ ɿ ɤɪɢɫɬɚɥɿɱɧɭ ɛɭɞɨɜɭ ɡɝɚɞɚɧɢɯ 

ɫɩɨɥɭɤ. 
ɍ ɞɪɭɝɨɦɭ ɪɨɡɞɿɥɿ ɨɩɢɫɚɧɨ ɦɟɬɨɞɢɤɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɶ: ɫɢɧɬɟɡɭ 

ɥɿɝɚɧɞɿɜ, ɨɞɟɪɠɚɧɧɹ π-ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І), ɊɋȺ, ɞɟɹɤɢɯ ɿɧɲɢɯ ɦɟɬɨɞɿɜ ɮɿɡɢɤɨ-

ɯɿɦɿɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ. 
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ȼ ɪɟɡɭɥɶɬɚɬɿ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɬɚ, ɱɚɫɬɤɨɜɨ, ɩɪɹɦɨɝɨ ɫɢɧɬɟɡɭ 
ɨɬɪɢɦɚɧɨ 22 ɫɩɨɥɭɤɢ, ɡ ɹɤɢɯ 21 – π-ɤɨɦɩɥɟɤɫ, ɬɚ 1 – σ-ɤɨɦɩɥɟɤɫ (ɭɫɿ – ɭ ɜɢɝɥɹɞɿ 
ɹɤɿɫɧɢɯ ɦɨɧɨɤɪɢɫɬɚɥɿɜ). Ⱦɚɥɿ ɩɪɨɜɨɞɢɥɢɫɶ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɟ ɞɨɫɥɿɞɠɟɧɧɹ 
ɦɨɧɨɤɪɢɫɬɚɥɿɜ ɫɩɨɥɭɤ (ɡ ɥɨɤɚɥɶɧɢɦ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɦɟɬɨɞɿɜ  Іɑ- ɬɚ ɄɊ- ɫɩɟɤɬɪɨɫɤɨɩɿɣ, 
ɚ ɬɚɤɨɠ DFT-ɪɨɡɪɚɯɭɧɤɿɜ) (ɚɜɬɨɦɚɬɢɱɧɿ ɞɢɮɪɚɤɬɨɦɟɬɪɢ  XcaliburXPS, KUMA KM-4, 

Rigaku AFC7 (MoK-ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ); ɤɪɢɫɬɚɥɨɯɿɦɿɱɧɢɣ ɚɧɚɥɿɡ ɪɟɡɭɥɶɬɚɬɿɜ 
ɟɤɫɩɟɪɢɦɟɧɬɭ. ȼɫɿ ɪɨɡɪɚɯɭɧɤɢ, ɩɨɜ’ɹɡɚɧɿ ɿɡ ɜɢɡɧɚɱɟɧɧɹɦ ɿ ɭɬɨɱɧɟɧɧɹɦ ɤɪɢɫɬɚɥɿɱɧɨʀ 
ɫɬɪɭɤɬɭɪɢ ɫɩɨɥɭɤ, ɩɪɨɜɨɞɢɥɢɫɶ ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɨɦɩɥɟɤɫɿɜ ɩɪɨɝɪɚɦ SHELX-14  ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɿɧɬɟɪɮɟɣɫɿɜ OLEX2  ɱɢ WinGX.  

 

ɍ ɬɪɟɬɶɨɦɭ ɪɨɡɞɿɥɿ ɧɚɜɟɞɟɧɨ ɪɟɡɭɥɶɬɚɬɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɩɪɨ-

ɞɭɤɬɿɜ ɤɨɦɩɥɟɤɫɨɭɬɜɨɪɟɧɧɹ. 

 

Кɪиɫɬаɥічɧі ɫɬɪɭɤɬɭɪи ɫɩɨɥɭɤ 

Ʉɪɢɫɬɚɥɨɯɿɦɿɱɧɢɣ ɚɧɚɥɿɡ ɫɬɪɭɤɬɭɪɢ ɤɭɩɪɨ(І)-π-ɤɨɦɩɥɟɤɫɿɜ ɡ ɚɥɿɥɶɧɢɦɢ 
ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ ɞɨɡɜɨɥɢɜ ɜɢɹɜɢɬɢ ɡɚɝɚɥɶɧɿ ɬɟɧɞɟɧɰɿʀ ɜ ɭɬɜɨɪɟɧɧɿ ɬɚɤɨʀ 
ɝɪɭɩɢ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ. ȼɚɠɥɢɜɭ ɫɬɪɭɤɬɭɪɨɮɨɪɦɭɸɱɭ ɪɨɥɶ ɩɪɢ ɰɶɨɦɭ 
ɜɿɞɿɝɪɚɸɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɿ ɥɿɝɚɧɞɢ. ɏɚɪɚɤɬɟɪɧɨɸ ɨɫɨɛɥɢɜɿɫɬɸ ʀɯ є ɩɪɨɹɜ ɯɟɥɚɬɧɨ-

ɦɿɫɬɤɨɜɨʀ ɮɭɧɤɰɿʀ ɿ ɩɨɥɿɞɟɧɬɚɬɧɨɫɬɿ ɡɚɜɞɹɤɢ ɩɚɪɿ ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ 
ɰɢɤɥɭ ɬɚ ɨɥɟɮɿɧɨɜɨɝɨ  ɡɜ’ɹɡɤɭ ɋ=ɋ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ(ɝɪɭɩ). ɉɪɢ ɰɶɨɦɭ ɮɨɪɦɭɸɬɶɫɹ 
ɫɬɿɣɤɿ ɤɚɬɿɨɧɧɿ ɞɢɦɟɪɧɿ ɮɪɚɝɦɟɧɬɢ {Cu2L2}

2+, ɡɚɡɜɢɱɚɣ – ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ. 
Ʉɭɩɪɨ(І)ɝɚɥɨɝɟɧɿɞɧɿ ɤɨɦɩɥɟɤɫɢ ɬɢɩɨɜɨ ɮɨɪɦɭɸɬɶ ɚɧɿɨɧɧɿ ɦɟɬɚɥ-ɝɚɥɨɝɟɧɿɞɧɿ 
ɮɪɚɝɦɟɧɬɢ: ɹɤ ɿɡɨɥɶɨɜɚɧɿ (Cu4I4, 18), ɬɚɤ ɿ ɩɨɥɿɦɟɪɧɨʀ ɩɪɢɪɨɞɢ ([Cu2Cl2], 1). Ƚɟɨɦɟɬɪɿɹ 
ɜɧɭɬɪɿɲɧɶɨɝɨ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɨɬɨɱɟɧɧɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ є ɜɟɥɶɦɢ ɫɯɨɠɨɸ ɞɥɹ 
ɭɫɿɯ ɫɩɨɥɭɤ - ɹɤ ɞɥɹ ɤɨɦɩɥɟɤɫɿɜ ɡ ɣɨɧɧɢɦɢ ɫɨɥɹɦɢ, ɬɚɤ ɿ ɤɭɩɪɨɝɚɥɨɝɟɧɿɞɧɢɯ ɫɩɨɥɭɤ. 
ȼɚɠɥɢɜɭ ɪɨɥɶ ɭ ɫɬɚɛɿɥɿɡɚɰɿʀ ɰɢɯ ɫɩɨɥɭɤ ɜɿɞɿɝɪɚɸɬɶ ɜɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ (N)H∙∙∙F, (O)H∙∙∙F, 

(N)H∙∙∙O ɬɚ ɞɟɹɤɿ ɿɧɲɿ. ȼ ɪɹɞɿ ɫɬɪɭɤɬɭɪ ɫɩɨɥɭɤ ɩɪɨɹɜɥɹєɬɶɫɹ π∙∙∙π-ɫɬɟɤɿɧɝ. 
ɋɤɥɚɞ ɬɚ ɞɟɹɤɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ ɧɚɜɟɞɟɧɿ ɭ 

ɬɚɛɥɢɰɿ 1. 
ɍ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ 1 ɧɚɹɜɧɿ 

ɞɜɚ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ 
ɚɬɨɦɢ ɤɭɩɪɭɦɭ. Ɉɞɢɧ ɡ ɧɢɯ (Cu(2)) 

ɮɨɪɦɭє ɩɪɚɤɬɢɱɧɨ ɩɥɨɫɤɿ ɚɧɿɨɧɧɿ 
ɮɪɚɝɦɟɧɬɢ {Cu2Cl4}

2–, ɜ ɹɤɢɯ ɚɬɨɦ 
ɦɟɬɚɥɭ ɦɚє ɬɪɢɝɨɧɚɥɶɧɟ 
ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɡ ɬɪɶɨɯ 
ɚɬɨɦɿɜ ɯɥɨɪɭ; ɿɧɲɢɣ ɠ – Cu(1) – 

ɮɨɪɦɭє ɧɚɜɤɨɥɨ ɫɟɛɟ ɤɚɬɿɨɧɧɢɣ 
ɞɢɦɟɪ {CuL}2

2+ (ɪɢɫ. 1), ɜ ɹɤɨɦɭ 
ɦɟɬɚɥ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɬɪɢɝɨɧɚɥɶɧɨ-

ɩɿɪɚɦɿɞɚɥɶɧɨɦɭ ɨɬɨɱɟɧɧɿ. 
Ⱥɩɿɤɚɥɶɧɿ ɩɨɥɨɠɟɧɧɹ 

ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɩɨɥɿɟɞɪɿɜ ɦɟɬɚɥɭ 
ɤɚɬɿɨɧɧɢɯ ɮɪɚɝɦɟɧɬɿɜ ɡɚɣɦɚɸɬɶ 
ɚɬɨɦɢ Cl(2) ɡ ɚɧɿɨɧɧɢɯ ɮɪɚɝɦɟɧɬɿɜ, 

 
Ɋɢɫ. 1. Ʉɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɜ ɫɬɪɭɤɬɭɪɿ 1. 
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ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɦɨɠɧɚ ɫɩɨɫɬɟɪɿɝɚɬɢ ɩɨɫɥɿɞɨɜɧɨ-ɩɚɪɚɥɟɥɶɧɭ ɭɤɥɚɞɤɭ ɤɚɬɿɨɧ-ɚɧɿɨɧ ɭ 
ɦɟɬɚɥɨɧɟɨɪɝɚɧɿɱɧɢɣ ɩɨɥɿɦɟɪɧɢɣ ɥɚɧɰɸɝ ɭɡɞɨɜɠ ɧɚɩɪɹɦɤɭ [010]. 

 

Тɚɛɥɢɰɹ 1 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ ɨɬɪɢɦɚɧɢɯ ɫɩɨɥɭɤ 
№ ɋɤɥɚɞ\ɥɿɝɚɧɞ ɉɪ.ɝɪ. Nɜɢɦ 

a Nɜɢɤɨɪ 
b P c R d ρɨɛɱ 

e 

1 [Cu2(L1)Cl2] P-1 4934 1921 127 0.0558 2.276 

2 [Cu(L1)BF4] P-1 6709 4163 149 0.0269 2.011 

3 [Cu2(L1)2(ClO4)2] P-1 5123 1993 145 0.0438 2.013 

4 [Cu(L1)NO3] P-1 8459 6900 141 0.0466 1.934 

5 [Cu4(L1)4(H2O)4]SiF6·4H2O P-1 15081 14123 623 0.0936 1.896 

6 [Cu(L1)(CF3SO3)]2 P-1 5591 1887 172 0.0537 1.923 

7 [Cu2(L1)2(SO3NH2)2] P-1 5263 2052 145 0.0556 1.954 

8 [Cu2(L1)2(H2O)(SO4)]·H2O P-1 15534 5745 328 0.0292 2.014 

9 [Cu2(L1)2]SiF6·{C6H6} P-1 5683 2091 161 0.0527 1.917 

10 
[Cu2(L1)2(H2O)2]SiF6· 
CH3C(O)NH2·2H2O 

P21/n 38479 6174 380 0.0332 1.8606 

11 [Cu2(L1)2(CH3C6H4SO3)2] P-1 6657 2673 199 0.0679 1.715 

12 [Cu2(L1)2(C6H5SO3)2] P21 14735 9516 751 0.0800 1.739 

13 [Cu4(L2)4] I41/a 8593 2141 145 0.0486 1.589 

14 [Cu2(L3)(SO3NH2)2]·2H2O P-1 8829 2671 250 0.1239 2.050 

15 [Cu2(L4)2(H2O)(SiF6)]·CH3CN P21/n 24572 3717 412 0.0369 1.942 

16 [Cu2(L4)2(H2O)(NO3)2] P21/c 11883 4618 346 0.0750 2.014 

17 [Cu2(L4)2(H2O)(BF4)](BF4) P-1 9878 2433 319 0.1224 2.006 

18 [Cu2(L4)I2]2 P21/n 13796 2647 127 0.0248 2.319 

19 [Cu(L4)(SO3NH2)] P-1 11453 2375 157 0.0232 2.135 

20 [Cu3Cl(CF3COO)(L5)] Fdd2 17620 4065 216 0.0487 2.057 

21 [Cu3Cl3(L5)] P212121 10209 3016 171 0.0510 2,40 

22 [Cu2Cl2(L5)] Pca21 12053 3751 172 0.0412 2.143 
ɚɤɿɥɶɤɿɫɬɶ ɡɚɪɟєɫɬɪɨɜɚɧɢɯ ɜɿɞɛɢɬɶ; 
bɤɿɥɶɤɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɢɯ ɜɿɞɛɢɬɶ (ɡ І≥2σ(I)); 
cɤɿɥɶɤɿɫɬɶ ɭɬɨɱɧɸɜɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ; 
dɮɚɤɬɨɪ ɪɨɡɛɿɠɧɨɫɬɿ (RF); 

eɨɛɱɢɫɥɟɧɚ ɩɢɬɨɦɚ ɝɭɫɬɢɧɚ, ɝ∙ɫɦ–3; 

L1 - 2–ɚɥɿɥɚɦɿɧɨ–5–ɦɟɬɢɥ–1,3,4–ɬɿɚɞɿɚɡɨɥ; ɇL2 

- 2–ɚɥɿɥɚɦɿɧɨ–5–ɮɟɧɿɥ–1,3,4–ɬɿɚɞɿɚɡɨɥ; L3 -  

2,5–ɛɿɫ(ɚɥɿɥɚɦɿɧɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥ; L4 - 2–

ɚɥɿɥɬɿɨ–5–ɚɦɿɧɨ–1,3,4–ɬɿɚɞɿɚɡɨɥ; L5 - 2,5–

ɛɿɫ(ɚɥɿɥɬɿɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥ. 

 

ɍ ɫɬɪɭɤɬɭɪɿ (2) ɚɫɢɦɟɬɪɢɱɧɢɣ ɮɪɚɝɦɟɧɬ ɦɿɫɬɢɬɶ ɚɬɨɦ Cu(I), ɨɞɧɭ ɦɨɥɟɤɭɥɭ 

ɥɿɝɚɧɞɭ (L1) ɬɚ ɨɞɢɧ ɚɧɿɨɧ BF4
–. Ʌɿɝɚɧɞ ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɞɨ ɚɬɨɦɚ ɦɟɬɚɥɭ ɞɜɨɦɚ 

ɚɬɨɦɚɦɢ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɬɚ ɡɜ’ɹɡɤɨɦ ɋ=ɋ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ, ɮɨɪɦɭɸɱɢ 
ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɟ ɨɬɨɱɟɧɧɹ.  Ȼɚɡɨɜɭ ɩɥɨɳɢɧɭ ɮɨɪɦɭɸɬɶ ɞɜɚ ɚɬɨɦɢ ɧɿɬɪɨɝɟɧɭ 
ɪɿɡɧɢɯ ɦɨɥɟɤɭɥ ɥɿɝɚɧɞɭ ɬɚ ɚɥɿɥɶɧɢɣ ɡɜ’ɹɡɨɤ; ɚɩɿɤɚɥɶɧɟ ɩɨɥɨɠɟɧɧɹ ɩɨɫɿɞɚє ɫɥɚɛɨ 
ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɮɥɸɨɪ ɬɟɬɪɚɮɥɭɨɪɨɛɨɪɚɬ-ɚɧɿɨɧɭ. Ɍɚɤɢɦ ɱɢɧɨɦ ɮɨɪɦɭɸɬɶɫɹ 

ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ ɞɢɦɟɪɢ (Cu(L1)BF4)2. ȼɿɞɫɬɚɧɶ Cu…Cu ɫɤɥɚɞɚє 3.488(2) Å, ɳɨ 
ɧɚɞɬɨ ɛɚɝɚɬɨ ɞɥɹ ɤɭɩɪɨɮɿɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ. Ⱦɜɚ ɬɿɚɞɿɚɡɨɥɶɧɿ ɤɿɥɶɰɹ ɨɞɧɨɝɨ ɞɢɦɟɪɭ 
ɩɨɜɧɿɫɬɸ ɤɨɩɥɚɧɚɪɧɿ. 
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Ɂɚɜɞɹɤɢ ɜɨɞɧɟɜɢɦ 
ɡɜ’ɹɡɤɚɦ N—H∙∙∙F  ɦɿɠ ɚɬɨɦɚɦɢ 

H ɚɦɿɧɨɝɪɭɩɢ ɨɞɧɨɝɨ ɥɿɝɚɧɞɭ ɬɚ 
ɚɧɿɨɧɨɦ, ɳɨ ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɞɨ 
ɫɭɫɿɞɧɶɨɝɨ ɞɢɦɟɪɭ, ɮɨɪɦɭ-

ɸɬɶɫɹ ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɿ «ɫɯɿɞɰɿ», 
ɳɨ ɩɪɨɫɬɹɝɚɸɬɶɫɹ ɜ  ɧɚɩɪɹɦɤɭ 

[010] (Ɋɢɫ. 2). 

Ɇɨɥɟɤɭɥɚ ɥɿɝɚɧɞɭ ɜ ɫɬɪɭɤɬɭɪɿ 3 

ɜɢɫɬɭɩɚє ɬɪɢɞɟɧɬɚɬɧɢɦ ɯɟɥɚɬɧɨ-

ɦɿɫɬɤɨɜɢɦ ɥɿɝɚɧɞɨɦ, ɤɨɨɪɞɢɧɨɜɚɧɢɦ ɞɨ 
ɚɬɨɦɚ ɦɟɬɚɥɭ ɞɜɨɦɚ ɚɬɨɦɚɦɢ ɧɿɬɪɨɝɟɧɭ 
ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɬɚ ɚɥɿɥɶɧɢɦ ɋ=ɋ-

ɡɜ’ɹɡɤɨɦ, ɮɨɪɦɭɸɱɢ ɛɚɡɨɜɭ ɩɥɨɳɢɧɭ 
ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɨɝɨ ɤɨɨɪɞɢɧɚ-

ɰɿɣɧɨɝɨ ɨɬɨɱɟɧɧɹ Cu(I); ɚɩɿɤɚɥɶɧɟ 
ɩɨɥɨɠɟɧɧɹ ɡɚɣɦɚє ɨɤɫɢɝɟɧ ɩɟɪɯɥɨɪɚɬ-

ɚɧɿɨɧɭ. Ɍɚɤɢɦ ɱɢɧɨɦ ɮɨɪɦɭɸɬɶɫɹ 

ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ ɞɢɦɟɪɢ 

(Cu(L1)ClO4)2. Ⱦɜɚ ɬɿɚɞɿɚɡɨɥɶɧɿ ɤɿɥɶɰɹ 
ɨɞɧɨɝɨ ɞɢɦɟɪɭ ɩɨɜɧɿɫɬɸ ɤɨɩɥɚɧɚɪɧɿ 
(ɪɢɫ. 3).  

Ȼɭɞɨɜɚ ɫɩɨɥɭɤɢ 4 ɞɨɜɨɥɿ ɫɯɨɠɚ ɧɚ 
ɛɭɞɨɜɭ ɫɩɨɥɭɤɢ 2. ȼ ɧɿɣ ɬɚɤɨɠ 
ɚɫɢɦɟɬɪɢɱɧɢɣ ɮɪɚɝɦɟɧɬ ɦɿɫɬɢɬɶ ɚɬɨɦ 

Cu(I), ɨɞɢɧ ɥɿɝɚɧɞ (L1) ɬɚ ɨɞɢɧ ɚɧɿɨɧ 
NO3

–. Ʌɿɝɚɧɞ ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɞɨ ɦɟɬɚɥɭ 
ɞɜɨɦɚ ɚɬɨɦɚɦɢ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ 
ɹɞɪɚ ɬɚ ɡɜ’ɹɡɤɨɦ ɋ=ɋ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ, 

ɮɨɪɦɭɸɱɢ ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɟ 
ɨɬɨɱɟɧɧɹ (ɪɢɫ. 4). Ȼɚɡɨɜɭ ɩɥɨɳɢɧɭ 
ɮɨɪɦɭɸɬɶ ɞɜɚ ɚɬɨɦɢ ɧɿɬɪɨɝɟɧɭ ɪɿɡɧɢɯ 
ɦɨɥɟɤɭɥ ɥɿɝɚɧɞɭ ɬɚ ɡɜ’ɹɡɨɤ ɋ=ɋ; 

ɚɩɿɤɚɥɶɧɟ ɩɨɥɨɠɟɧɧɹ ɡɚɣɦɚє ɨɤɫɢɝɟɧ 
ɧɿɬɪɚɬ-ɚɧɿɨɧɭ. 

ɍ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ 
[Cu4(L1)4(H2O)4]SiF6·5H2O (5) 

ɦɨɥɟɤɭɥɚ ɨɪɝɚɧɿɱɧɨɝɨ ɥɿɝɚɧɞɭ L1 

ɜɿɞɿɝɪɚє  ɪɨɥɶ ɬɪɢɞɟɧɬɚɬɧɨɝɨ ɯɟɥɚɬɧɨ-

ɦɿɫɬɤɨɜɨɝɨ ɥɿɝɚɧɞɭ, ɛɭɞɭɱɢ ɡɜ’ɹɡɚɧɢɦ 
ɞɨ ɚɬɨɦɚ Cu(I) ɱɟɪɟɡ ɞɜɚ ɚɬɨɦɢ 
ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɬɚ ɡɜ’ɹɡɤɨɦ  C=C  

ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ. əɤ ɧɚɫɥɿɞɨɤ, 
ɤɭɩɪɭɦ(І) ɦɚє ɬɪɢɝɨɧɚɥɶɧɨ-

ɩɿɪɚɦɿɞɚɥɶɧɟ ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧ-

 
Pɢɫ. 2. ȼɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɭ ɫɬɪɭɤɬɭɪɿ 2.  

 

Ɋɢɫ. 3. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɜ ɫɬɪɭɤɬɭɪɿ 3.  

 
Ɋɢɫ. 4. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɭ ɫɬɪɭɤɬɭɪɿ 4. 

 
Pɢɫ 5. Ʉɨɨɪɞɢɧɚɰɿɣɧɿ ɜɭɡɥɢ ɭ ɫɬɪɭɤɬɭɪɿ 5. 
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ɧɹ, ɚɥɟ ɭ ɜɢɩɚɞɤɭ ɚɩɿɤɚɥɶɧɨʀ ɩɨɡɢɰɿʀ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɩɨɥɿɟɞɪɭ ɜɿɞɛɭɜɚєɬɶɫɹ 
ɡɚɦɿɳɟɧɧɹ ɚɬɨɦɚ F ɝɟɤɫɚɮɥɭɨɪɨɫɢɥɿɤɚɬ-ɚɧɿɨɧɭ ɧɚ ɚɬɨɦ ɨɤɫɢɝɟɧɭ ɦɨɥɟɤɭɥɢ ɜɨɞɢ. ȼɚɪɬɨ 
ɡɚɭɜɚɠɢɬɢ, ɳɨ ɞɜɿ ɚɩɿɤɚɥɶɧɿ ɦɨɥɟɤɭɥɢ ɜɨɞɢ ɪɨɡɬɚɲɨɜɚɧɿ ɡ ɨɞɧɨɝɨ ɛɨɤɭ ɤɿɥɶɰɹ {Cu2N4}, 

ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɜ ɫɬɪɭɤɬɭɪɿ ɮɨɪɦɭɸɬɶɫɹ ɞɜɚ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɧɟɡɚɥɟɠɧɿ 
ɧɟɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ ɤɚɬɿɨɧɧɿ ɞɢɦɟɪɢ [{Cu(L1)(H2O)}2]

2+, ɳɨ ɪɨɡɬɚɲɨɜɚɧɿ ɩɿɞ ɤɭɬɨɦ 
78° ɨɞɢɧ ɜɿɞɧɨɫɧɨ ɨɞɧɨɝɨ (ɪɢɫ. 5).  

 

ȼ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ 

[Cu(L)CF3SO3]2 (6) ɚɬɨɦ 
Cu(I) ɮɨɪɦɭє ɬɪɢɝɨɧɚɥɶɧɨ-

ɩɿɪɚɦɿɞɚɥɶɧɟ ɤɨɨɪɞɢɧɚɰɿɣɧɟ 
ɨɬɨɱɟɧɧɹ ɡ ɞɜɨɯ ɚɬɨɦɿɜ N(3) 

ɬɚ N(4) ɞɜɨɯ ɫɭɫɿɞɧɿɯ 
ɦɨɥɟɤɭɥ ɨɪɝɚɧɿɱɧɨɝɨ 
ɥɿɝɚɧɞɭ ɬɚ ɨɥɟɮɿɧɨɜɨɝɨ 
ɡɜ’ɹɡɤɭ ɋ=ɋ, ɳɨ 
ɞɨɩɨɜɧɸєɬɶɫɹ ɨɤɫɢɝɟɧɨɦ 
ɬɪɢɮɥɭɨɪɨɦɟɬɚɧɫɭɥɶɮɨɧɚɬ-

ɚɧɿɨɧɭ ɜ ɚɩɿɤɚɥɶɧɿɣ ɩɨɡɢɰɿʀ. 
ȼɧɚɫɥɿɞɨɤ ɰɶɨɝɨ ɮɨɪɦɭ-

ɸɬɶɫɹ ɫɬɚɛɿɥɶɧɿ ɞɢɦɟɪɢ {Cu(L)CF3SO3}2, ɳɨ ɦɿɫɬɹɬɶ ɞɜɚ ɲɟɫɬɢɱɥɟɧɧɿ ɰɢɤɥɢ 

{Cu(C2)C2N2} ɬɚ ɨɞɢɧ - {Cu2N4}. 

 

əɤ ɿ ɭ ɩɨɩɟɪɟɞɧɿɯ ɫɬɪɭɤɬɭɪɚɯ, ɜɚɠɥɢɜɭ ɪɨɥɶ ɜɿɞɿɝɪɚɸɬɶ ɜɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ. Ɍɚɤ, ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɜɡɚєɦɨɞɿɣ N-H···O(S) ɫɭɫɿɞɧɿ ɞɢɦɟɪɢ {Cu(L)CF3SO3}2 ɨɛ’єɞɧɭɸɬɶɫɹ ɭ 
ɧɟɫɤɿɧɱɟɧɧɿ ɥɚɧɰɸɝɢ, ɤɨɬɪɿ, ɜ ɫɜɨɸ ɱɟɪɝɭ, ɡɚɜɞɹɤɢ ɫɥɚɛɤɢɦ ɜɨɞɧɟɜɢɦ ɤɨɧɬɚɤɬɚɦ C-

H···F(C) ɡ’єɞɧɚɧɿ ɜ ɲɚɪɢ, ɳɨ ɥɟɠɚɬɶ ɭ ɩɥɨɳɢɧɿ (101) (Ɋɢɫ. 6). 

 

 

ɍ ɜɢɩɚɞɤɭ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɭ  
[Cu2(L1)2(SO3NH2)2] (7) ɦɢ ɛɚɱɢɦɨ ɬɢɩɨɜɭ 
ɩɨɜɟɞɿɧɤɭ ɦɨɥɟɤɭɥɢ 2-ɚɥɿɥɚɦɿɧɨ-5-ɦɟɬɢɥ-

1,3,4-ɬɿɚɞɿɚɡɨɥɭ, ɤɨɬɪɚ ɜɢɫɬɭɩɚє 
ɬɪɢɞɟɧɬɚɬɧɢɦ ɦɿɫɬɤɨɜɨ-ɯɟɥɚɬɧɢɦ ɥɿɝɚɧ-

ɞɨɦ, ɫɩɪɢɹɸɱɢ ɮɨɪɦɭɜɚɧɧɸ ɤɨɨɪɞɢɧɚ-

ɰɿɣɧɢɯ ɞɢɦɟɪɧɢɯ ɮɪɚɝɦɟɧɬɿɜ (Cu2(L1)2)
2+; 

cɭɥɶɮɚɦɚɬ ɚɧɿɨɧ ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɞɨ ɚɬɨɦɚ 
ɦɟɬɚɥɭ ɧɟ ɨɤɫɢɝɟɧɨɦ, ɚ ɛɿɥɶɲ 
ɤɭɩɪɨɮɿɥɶɧɢɦ, ɛɥɢɡɶɤɨ ɪɨɡɬɚɲɨɜɚɧɢɦ 
ɧɿɬɪɨɝɟɧɨɦ, ɳɨ ɧɚɛɥɢɠɚє ɩɿɪɚɦɿɞɚɥɶɧɟ 
ɨɬɨɱɟɧɧɹ ɤɭɩɪɭɦɭ(І) ɞɨ ɬɟɬɪɚɟɞɪɚ (ɪɢɫ. 7). 

 

Pɢɫ. 6.  ȼɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɭ ɫɬɪɭɤɬɭɪɿ 6. 

 

Ɋɢɫ. 7. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɞɢɦɟɪ ɭ 7. 
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ɍ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ 
[Cu2(L1)2(H2O)(SO4)]·H2O (8) ɦɨɥɟ-

ɤɭɥɚ ɨɪɝɚɧɿɱɧɨɝɨ ɥɿɝɚɧɞɭ L1 ɜɿɞɿɝɪɚє 

ɡɜɢɱɧɭ ɪɨɥɶ ɬɪɢɞɟɧɬɚɬɧɨɝɨ ɯɟɥɚɬɧɨ-

ɦɿɫɬɤɨɜɨɝɨ ɥɿɝɚɧɞɭ, ɛɭɞɭɱɢ ɡɜ’ɹɡɚɧɢɦ 
ɞɨ ɚɬɨɦɚ ɤɭɩɪɭɦɭ ɱɟɪɟɡ ɞɜɚ N(3) ɬɚ 
N(4) ɚɬɨɦɢ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɬɚ 
ɡɜ’ɹɡɤɨɦ  C=C  N-ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ. əɤ 
ɧɚɫɥɿɞɨɤ, ɤɭɩɪɭɦ(І) ɦɚє ɛɥɢɡɶɤɟ ɞɨ 
ɬɟɬɪɚɟɞɪɢɱɧɨɝɨ ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨ-

ɱɟɧɧɹ. ɉɪɨɬɟ, ɜ ɚɩɿɤɚɥɶɧɢɯ ɩɨɡɢɰɿɹɯ ɜ 
ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɩɨɥɿɟɞɪɚɯ Cu(I), 

ɜɧɚɫɥɿɞɨɤ ɤɨɧɤɭɪɟɧɰɿʀ ɦɿɠ ɚɬɨɦɚɦɢ Ɉ 
ɦɨɥɟɤɭɥ ɇ2Ɉ ɬɚ ɚɧɿɨɧɭ SO4

2–, ɞɜɚ 
ɧɟɡɚɥɟɠɧɿ ɚɬɨɦɢ Cu(I) ɨɬɨɱɟɧɿ 

ɚɬɨɦɚɦɢ ɨɤɫɢɝɟɧɭ ɪɿɡɧɨɝɨ ɩɨɯɨɞɠɟɧɧɹ: ɨɞɢɧ ɜɿɞ ɦɨɥɟɤɭɥɢ ɜɨɞɢ, ɿɧɲɢɣ – ɜɿɞ ɫɭɥɶɮɚɬ-

ɚɧɿɨɧɭ. ȼɧɚɫɥɿɞɨɤ ɰɶɨɝɨ ɞɢɦɟɪɧɿ ɮɪɚɝɦɟɧɬɢ (Cu2(L1)2(H2O)(SO4)) ɦɿɫɬɹɬɶ ɞɜɚ 
ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ ɦɟɬɚɥɭ (ɪɢɫ. 8). 

Ɋɹɞ ɞɨɜɨɥɿ ɫɢɥɶɧɢɯ ɜɨɞɧɟɜɢɯ 
ɡɜ’ɹɡɤɿɜ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɮɨɪɦɭɜɚɧɧɹ 2-

D ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɨʀ ɫɿɬɤɢ (ɪɢɫ. 9).  

ȼ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ 9 ɨɪɝɚɧɿɱɧɚ 
ɦɨɥɟɤɭɥɚ L1  ɜɿɞɿɝɪɚє ɪɨɥɶ N,N,(N-

C3H5) ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɨɝɨ ɥɿɝɚɧɞɭ, 

ɡɜ’ɹɡɭɸɱɢ ɞɜɚ ɣɨɧɢ Cu+ ɜ 
ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɢɣ ɞɢɦɟɪ Cu2L2 (Ɋɢɫ. 
10), ɳɨ ɦɿɫɬɢɬɶ ɬɪɢ  ɲɟɫɬɢɱɥɟɧɧɿ 
ɤɿɥɶɰɹ: ɞɜɚ CuC4N2 (ɜɜɚɠɚɸɱɢ C=C 

ɡɜ'ɹɡɨɤ ɨɞɧɿєɸ ɤɨɨɪɞɢɧɚɰɿɣɧɨɸ 
ɩɨɡɢɰɿєɸ) ɬɚ ɨɞɧɟ Cu2N4. Ƀɨɧ 
ɤɭɩɪɭɦɭ(І) ɜ 9 ɬɚɤɨɠ ɡɧɚɯɨɞɢɬɶɫɹ ɭ 
ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɨɦɭ ɨɬɨɱɟɧɧɿ 
ɿɡ N3 ɬɚ N4 ɚɬɨɦɿɜ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ 
ɬɚ C=C-ɡɜ’ɹɡɤɭ N-ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ 
ɥɿɝɚɧɞɭ. Ɉɫɨɛɥɢɜɿɫɬɸ ɨɛɝɨɜɨɪɸɜɚɧɨʀ 
ɫɬɪɭɤɬɭɪɢ є ɩɪɢɫɭɬɧɿɫɬɶ ɚɬɨɦɚ ɮɥɭɨɪɭ ɡ ɚɧɿɨɧɭ SiF6

2– ɜ ɚɩɿɤɚɥɶɧɿɣ ɩɨɡɢɰɿʀ 
ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ ɫɮɟɪɢ ɤɭɩɪɭɦɭ(І). Ⱦɨɜɠɢɧɚ ɡɜ’ɹɡɤɭ Cu–F ɫɬɚɧɨɜɢɬɶ 2.729(3) Å, ɳɨ 
ɜɿɞɱɭɬɧɨ ɛɿɥɶɲɟ, ɧɿɠ ɡɧɚɱɟɧɧɹ 2.439(2) Å, ɳɨ ɫɩɨɫɬɟɪɿɝɚɥɨɫɶ ɪɚɧɿɲɟ ɭ -ɤɨɦɩɥɟɤɫɿ 
[Cu2(C6H4N3(C3H5))2(H2O)2SiF6]·2H2O (C6H4N3(C3H5) – 1-ɚɥɿɥɛɟɧɡɨɬɪɢɚɡɨɥ), ɚɥɟ ɜɫɟ-

ɬɚɤɢ ɤɨɪɨɬɲɟ ɡɚ ɫɭɦɭ ɜɿɞɩɨɜɿɞɧɢɯ ɜɚɧɞɟɪɜɚɚɥɶɫɨɜɢɯ ɪɚɞɿɭɫɿɜ (2.87 Å). Ɍɚɤɢɦ ɱɢɧɨɦ 
ɫɬɪɭɤɬɭɪɚ 9 є ɥɢɲɟ ɞɪɭɝɢɦ ɜɿɞɨɦɢɦ ɩɪɢɤɥɚɞɨɦ ɜɯɨɞɠɟɧɧɹ ɚɬɨɦɚ F(SiF5)

2– ɭ ɜɧɭɬɪɿɲɧє 
ɨɬɨɱɟɧɧɹ Cu(I).  

 
Ɋɢɫ. 8. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ 8. 

 

Ɋɢɫ. 9. ɉɨɪɢɫɬɚ ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɚ ɫɬɪɭɤɬɭɪɚ 8. 
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Ƚɨɥɨɜɧɨɸ ɩɪɢɱɢɧɨɸ 
ɮɨɪɦɭɜɚɧɧɹ ɬɚɤɨɝɨ ɡɜ’ɹɡɤɭ ɜ 9 є 
ɜɿɞɫɭɬɧɿɫɬɶ ɜɨɞɢ ɜ ɲɚɪɿ ɛɟɧɡɟɧɭ 
ɪɟɚɤɰɿɣɧɨʀ ɫɭɦɿɲɿ, ɿ, ɜɿɞɩɨɜɿɞɧɨ, 
ɜɿɞɫɭɬɧɿɫɬɶ ɦɨɥɟɤɭɥ ɜɨɞɢ ɜ 
ɤɨɨɪɞɢɧɚɰɿɣɧɿɣ ɫɮɟɪɿ ɤɭɩɪɭɦɭ, ɳɨ 
ɭɦɨɠɥɢɜɥɸє ɭɱɚɫɬɶ ɝɟɤɫɚɮɥɸɨɪɫɢ-

ɥɿɤɚɬ-ɚɧɿɨɧɚ ɭ ɤɨɨɪɞɢɧɚɰɿʀ ɨɫɬɚɧɧɶɨɝɨ. 
Ʉɨɠɟɧ ɚɧɿɨɧ SiF6

2– ɚɧɿɨɧ ɜɢɫɬɭɩɚє ɜ 
ɪɨɥɿ ɦɿɫɬɤɚ, ɛɭɞɭɱɢ ɡɜ’ɹɡɚɧɢɦ ɞɨ ɞɜɨɯ 
ɦɟɬɚɥɿɱɧɢɯ ɰɟɧɬɪɿɜ ɡ ɪɿɡɧɢɯ ɞɢɦɟɪɿɜ, 
ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɭɬɜɨɪɟɧɧɹ ɧɟ-

ɫɤɿɧɱɟɧɧɢɯ ɥɚɧɰɸɝɿɜ {Cu2(L1)2SiF6}n. 

ɐɿɤɚɜɢɦ є ɩɪɢɫɭɬɧɿɫɬɶ ɜ ɫɬɪɭɤɬɭɪɿ 
ɦɨɥɟɤɭɥ ɛɟɧɡɟɧɭ, ɳɨ ɜɤɥɸɱɟɧɿ ɦɿɠ 
ɡɝɚɞɭɜɚɧɢɦɢ ɥɚɧɰɸɝɚɦɢ. Ʉɨɠɧɟ 

ɛɟɧɡɟɧɨɜɟ ɤɿɥɶɰɟ ɡɧɚɯɨɞɢɬɶɫɹ ɦɿɠ ɞɜɨɦɚ ɰɢɤɥɚɦɢ Cu2N4, ɡ ɜɿɞɫɬɚɧɹɦɢ ɦɿɠ ʀɯ 
ɩɥɨɳɢɧɚɦɢ ɩɪɢɛɥɢɡɧɨ 3.6 Å, ɳɨ ɜɤɚɡɭє ɧɚ ɧɚɹɜɧɿɫɬɶ π – π ɫɬɟɤɿɧɝɭ. Ɂɧɚɱɟɧɧɹ ɭ 
3.757(4) Å ɞɥɹ π–π-ɫɬɟɤɿɧɝɭ ɦɿɠ ɛɟɧɡɟɧɨɦ ɬɚ ɿɦɿɞɚɡɨɬɿɚɞɿɚɡɨɥɶɧɨɸ ɫɢɫɬɟɦɨɸ ɛɭɥɨ 

ɨɬɪɢɦɚɧɨ ɧɟɳɨɞɚɜɧɨ.  

 

ɋɬɪɭɤɬɭɪɚ 10 є ɩɪɨɞɭɤɬɨɦ 

ɝɿɞɪɨɥɿɡɭ ɤɨɦɩɥɟɤɫɭ 9 ɿ, 
ɜɿɞɩɨɜɿɞɧɨ, ɦɿɫɬɢɬɶ ɡɧɚɱɧɭ 
ɤɿɥɶɤɿɫɬɶ ɜɨɞɢ (4 ɦɨɥɟɤɭɥɢ ɜɨɞɢ 
ɧɚ ɨɞɧɭ ɮɨɪɦɭɥɶɧɭ ɨɞɢɧɢɰɸ, ɚ 
ɬɚɤɨɠ ɨɞɧɭ ɦɨɥɟɤɭɥɭ ɚɰɟɬɚɦɿɞɭ). 
Ɂ ɧɢɯ ɞɜɿ ɦɨɥɟɤɭɥɢ ɜɯɨɞɹɬɶ ɜ 
ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɣɨɧɿɜ 
ɤɭɩɪɭɦɭ(І), ɫɩɪɢɹɸɱɢ 
ɮɨɪɦɭɜɚɧɧɸ ɚɰɟɧɬɪɢɱɧɢɯ ɤɚɬɿɨɧ-

ɧɢɯ ɮɪɚɝɦɟɧɬɿɜ [Cu2L2(H2O)2]
2+, 

ɨɛɢɞɜɿ ɦɨɥɟɤɭɥɢ ɜɨɞɢ 
ɡɧɚɯɨɞɹɬɶɫɹ ɡ ɨɞɧɨɝɨ ɛɨɤɭ 
ɩɥɨɳɢɧɢ ɤɿɥɶɰɹ {Cu2N4} (ɪɢɫ. 11). 
Ɋɟɲɬɚ ɦɨɥɟɤɭɥ «ɝɨɫɬɿɜ» ɧɟ 
ɜɯɨɞɹɬɶ ɜ ɤɨɨɪɞɢɧɚɰɿɣɧɟ 
ɨɬɨɱɟɧɧɹ ɦɟɬɚɥɭ, ɚɥɟ ɫɬɚɛɿɥɿɡɭɸɬɶ ɤɪɢɫɬɚɥɿɱɧɭ ɫɬɪɭɤɬɭɪɭ ɡɚɜɞɹɤɢ ɦɟɪɟɠɿ ɜɨɞɧɟɜɢɯ 
ɡɜ’ɹɡɤɿɜ. 

 
Pɢɫ. 10. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɭ ɫɬɪɭɤɬɭɪɿ 9. 

 
 

Ɋɢɫ. 11. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ 10. 
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Ɇɨɥɟɤɭɥɚ ɥɿɝɚɧɞɭ ɜ 
ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ 11 ɜɢɫɬɭɩɚє 
ɬɪɢɞɟɧɬɚɬɧɢɦ ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɢɦ 
ɥɿɝɚɧɞɨɦ, ɤɨɬɪɢɣ ɤɨɨɪɞɢɧɨɜɚɧɢɣ 
ɞɨ ɚɬɨɦɚ ɦɟɬɚɥɭ ɞɜɨɦɚ ɚɬɨɦɚɦɢ 
ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɬɚ 
ɚɥɿɥɶɧɢɦ ɋ=ɋ-ɡɜ’ɹɡɤɨɦ, ɮɨɪɦɭ-

ɸɱɢ ɛɚɡɨɜɭ ɩɥɨɳɢɧɭ ɬɪɢɝɨ-

ɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɨɝɨ ɤɨɨɪɞɢɧɚ-

ɰɿɣɧɨɝɨ ɨɬɨɱɟɧɧɹ; ɚɩɿɤɚɥɶɧɟ 
ɩɨɥɨɠɟɧɧɹ ɡɚɣɦɚє ɚɬɨɦ ɨɤɫɢɝɟɧɭ 

ɚɧɿɨɧɭ. Ȼɿɥɶɲ ɰɿɤɚɜɢɦ є ɮɚɤɬ 
ɩɪɚɤɬɢɱɧɨ ɩɨɜɧɨʀ ɤɨɩɥɚɧɚɪɧɨɫɬɿ 

ɚɪɨɦɚɬɢɱɧɢɯ ɤɿɥɟɰɶ ɬɨɥɭɟɧɫɭɥɶɮɨɧɚɬ-ɚɧɿɨɧɭ ɬɚ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ (ɤɭɬ ɦɿɠ ʀɯɧɿɦɢ 
ɩɥɨɳɢɧɚɦɢ < 4o, ɜɿɞɫɬɚɧɶ d ≈ 3.55 Å), ɳɨ є ɹɜɧɨɸ ɨɡɧɚɤɨɸ ɩɨɦɿɬɧɨɝɨ π–π ɫɬɟɤɿɧɝɭ, 
ɡɚɜɞɹɤɢ ɹɤɨɦɭ ɞɢɦɟɪɧɿ ɮɪɚɝɦɟɧɬɢ ɭɤɥɚɞɚɸɬɶɫɹ ɜ ɤɨɥɨɧɢ ɜɡɞɨɜɠ ɧɚɩɪɹɦɤɭ [100] (ɪɢɫ. 
12).  

ɍ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ 12 ɧɚɹɜɧɿ 
ɱɨɬɢɪɢ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ 
ɤɭɩɪɭɦɭ(І). Ɇɨɥɟɤɭɥɚ ɨɪɝɚɧɿɱɧɨɝɨ 
ɥɿɝɚɧɞɭ L1 ɜɢɫɬɭɩɚє ɬɪɢɞɟɧɬɚɬɧɢɦ 
ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɢɦ ɥɿɝɚɧɞɨɦ, ɤɨɬɪɢɣ 
ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɞɨ ɚɬɨɦɚ ɦɟɬɚɥɭ ɞɜɨɦɚ 
ɚɬɨɦɚɦɢ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ 
ɬɚ ɚɥɿɥɶɧɢɦ ɡɜ’ɹɡɤɨɦ ɋ=ɋ, ɮɨɪɦɭɸɱɢ 
ɨɫɧɨɜɭ ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɨɝɨ 
ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɨɬɨɱɟɧɧɹ; ɚɩɿɤɚɥɶɧɟ 
ɩɨɥɨɠɟɧɧɹ ɩɨɫɿɞɚє ɚɬɨɦ ɨɤɫɢɝɟɧɭ 
ɚɧɿɨɧɭ. ɉɪɨɫɬɨɪɨɜɚ ɭɩɚɤɨɜɤɚ ɮɪɚɝɦɟɧɬɿɜ 
ɧɚɝɚɞɭє ɫɩɨɥɭɤɭ 11 – ɜ ɤɨɦɩɥɟɤɫɿ 12 ɬɟɠ 
ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ «ɤɨɥɨɧɢ» ɜɡɞɨɜɠ ɧɚɩɪɹɦɤɭ [100] (ɪɢɫ. 13), ɹɤɿ ɡɜ’ɹɡɚɧɿ ɦɿɠ ɫɨɛɨɸ 
ɡɚɜɞɹɤɢ ɞɨɜɨɥɿ ɫɢɥɶɧɢɦ ɜɨɞɧɟɜɢɦ ɡɜ’ɹɡɤɚɦ N-H∙∙∙O. 

ɍ ɫɬɪɭɤɬɭɪɿ σ-ɫɩɨɥɭɤɢ [Cu4(L2)4] 

(13), ɳɨ є ɩɟɪɲɢɦ ɩɪɢɤɥɚɞɨɦ 
ɬɟɬɪɚɹɞɟɪɧɨɝɨ ɚɡɚɧɿɞɧɨɝɨ ɤɨɦɩɥɟɤɫɭ, ɜ 
ɹɤɨɦɭ ɩɪɢɫɭɬɧɹ ɜɡɚєɦɨɞɿɹ Cu(I)∙∙∙Cu(I), 

ɧɟɦɚє ɡɜɢɱɧɨɝɨ ɧɟɨɪɝɚɧɿɱɧɨɝɨ ɚɧɿɨɧɚ, ɚ 
ɬɨɦɭ ɤɭɩɪɭɦɭ(І) ɮɨɪɦɭє ɥɿɧɿɣɧɟ 
ɨɬɨɱɟɧɧɹ, ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɚɬɨɦɚ 
ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɨɞɧɨɝɨ ɡ 
ɚɡɚɧɿɞɧɨɝɨ ɚɧɿɨɧɿɜ L2– ɬɚ ɚɬɨɦɚ 
ɧɿɬɪɨɝɟɧɭ ɿɧɲɨɝɨ ɚɧɚɥɨɝɿɱɧɨɝɨ ɚɧɿɨɧɭ 
(ɪɢɫ. 14). Ɉɛɢɞɜɿ ɜɿɞɫɬɚɧɿ Cu–N ɭ 
ɫɩɨɥɭɰɿ є ɩɪɚɤɬɢɱɧɨ ɿɞɟɧɬɢɱɧɿ: ɜɿɞɫɬɚɧɶ 

Cu–N(3) ɫɬɚɧɨɜɢɬɶ 1,866(3) Å ɿ Cu–N(2) – 1,873(3) Å. 

 
Ɋɢɫ. 12. π–π ɫɬɟɤɿɧɝ ɭ ɫɬɪɭɤɬɭɪɿ 11. 

 
Pɢɫ. 13. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɭ 12. 

 
Pɢɫ. 14. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɭ 13. 
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ɍ ɪɟɡɭɥɶɬɚɬɿ, ɱɨɬɢɪɢ ɚɬɨɦɢ ɤɭɩɪɭɦɭ 
ɡɜ’ɹɡɭɸɬɶ ɱɨɬɢɪɢ ɚɡɚɧɿɞɧɿ ɥɿɝɚɧɞɢ (L2–) ɜ 
ɬɟɬɪɚɹɞɟɪɧɿ ɤɥɚɫɬɟɪɢ [Cu4(L2)4] ɡ ɜɿɞɞɚɥɥɸ 
Cu(I)∙∙∙Cu(I), ɪɿɜɧɨɸ 2,7451(6) Å (ɪɢɫ. 15). Ɉɫɬɚɧɧє 
ɡɧɚɱɟɧɧɹ є ɦɟɧɲɟ ɫɭɦ ɜɚɧɞɟɪɜɚɚɥɶɫɨɜɢɯ ɪɚɞɿɭɫɿɜ 
ɡɚɡɜɢɱɚɣ ɩɪɢɣɧɹɬɢɯ ɞɥɹ ɤɭɩɪɭɦɭ (rvdW(Cu) 1.4Å), ɿ 
є ɰɿɥɤɨɦ ɩɨɪɿɜɧɸɜɚɧɢɦ ɿɡ ɞɿɚɩɚɡɨɧɨɦ ɜɿɞɫɬɚɧɟɣ 
Cu(I)...Cu(I) ɭ 2.71-2.75 Å ɜ ɤɭɩɪɭɦ(I) ɛɟɧɡɨɚɬɿ, ɬɚ 
ɞɟɳɨ ɛɿɥɶɲɟ, ɧɿɠ 2.58-2.60Å ɜ [Cu4(1,3-Ph2N3)4] 

(1,3-Ph2N3 – 1,3-ɞɢɮɟɧɿɥɬɪɢɚɡɟɧɿɞ). Ɏɟɧɿɥɶɧɿ ɝɪɭɩɢ 
ɜ ɥɿɝɚɧɞɿ (L2–) ɪɨɡɬɚɲɨɜɚɧɿ ɩɿɞ ɤɭɬɨɦ ɜ 22.3° 
ɫɬɨɫɨɜɧɨ ɩɥɨɳɢɧɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ; 
ɪɚɡɨɦ ɿɡ ɜɿɞɫɬɚɧɧɸ ɭ 1.470(5) Å ɞɥɹ ɡɜ’ɹɡɤɭ C(5)–
C(6) (ɡɜ'ɹɡɨɤ ɦɿɠ ɞɜɨɦɚ ɜɢɳɟɜɤɚɡɚɧɢɦɢɦ 
ɚɪɨɦɚɬɢɱɧɢɦɢ ɤɿɥɶɰɹɦɢ) ɞɟɦɨɧɫɬɪɭє ɧɚɹɜɧɿɫɬɶ 
ɦɚɣɠɟ ɜɢɤɥɸɱɧɨ σ-ɤɨɦɩɨɧɟɧɬɢ ɭ ɧɶɨɦɭ. ɑɟɪɟɡ 
ɟɮɟɤɬ ɤɨɧ’ɸɝɚɰɿʀ ɦɿɠ ɝɟɬɟɪɨɰɢɤɥɿɱɧɢɦ C=N ɬɚ 
ɚɡɚɧɿɞɧɢɦ C–N ɡɜ’ɹɡɤɚɦɢ L2–  ɜɿɞɞɚɥɿ C(4)–N(2) ɬɚ 

C(4)–N(3) є ɞɭɠɟ ɛɥɢɡɶɤɢɦɢ ɿ ɫɬɚɧɨɜɥɹɬɶ 
1.354(5) Å ɬɚ 1.315(4) Å ɜɿɞɩɨɜɿɞɧɨ (ɜ ɤɪɢɫɬɚɥɿɱɧɿɣ ɫɬɪɭɤɬɭɪɿ ɜɿɥɶɧɨɝɨ HL2 ɞɥɹ 
ɜɿɞɫɬɚɧɟɣ C(4)–N(2) ɬɚ C(4)–N(3) ɛɚɱɢɦɨ 1.315(6) ɬɚ 1.335(7) Å). 

ȼ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ  

[Cu2(L3)(SO3NH2)2]·2H2O (14) ɧɚɹɜɧɿ 
ɞɜɚ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ 

ɤɭɩɪɭɦɭ, ɹɤɿ, ɩɪɨɬɟ, ɦɚɸɬɶ ɩɪɚɤɬɢɱɧɨ 

ɿɞɟɧɬɢɱɧɟ ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ – 

ɬɪɢɝɨɧɚɥɶɧɿ ɩɿɪɚɦɿɞɢ. Ⱦɨ ɣɨɝɨ ɫɤɥɚɞɭ 

ɜɯɨɞɹɬɶ ɩɨ ɨɞɧɨɦɭ ɧɿɬɪɨɝɟɧɭ 

ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ, ɨɥɟɮɿɧɨɜɨɦɭ 

ɡɜ’ɹɡɤɭ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ, ɚ ɬɚɤɨɠ 

ɧɿɬɪɨɝɟɧ ɬɚ ɨɤɫɢɝɟɧ ɞɜɨɯ ɪɿɡɧɢɯ 

ɫɭɥɶɮɚɦɚɬ-ɚɧɿɨɧɿɜ (ɪɢɫ. 16). Ɍɚɤɢɦ ɱɢɧɨɦ, ɚɧɿɨɧ ɩɪɨɹɜɥɹє ɦɿɫɬɤɨɜɭ ɮɭɧɤɰɿɸ, 

ɩɪɢɡɜɨɞɹɱɢ ɞɨ ɭɬɜɨɪɟɧɧɹ ɜɿɞɧɨɫɧɨ ɿɡɨɥɶɨɜɚɧɢɯ ɮɪɚɝɦɟɧɬɿɜ [Cu2(L3)(SO3NH2)2].  

ɍ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ 15 

ɚɫɢɦɟɬɪɢɱɧɢɣ ɮɪɚɝɦɟɧɬ ɦɿɫɬɢɬɶ ɞɜɚ 
ɣɨɧɢ ɤɭɩɪɭɦɭ(І), ɞɜɿ ɦɨɥɟɤɭɥɢ ɥɿɝɚɧɞɭ, 
ɨɞɧɭ ɦɨɥɟɤɭɥɭ ɜɨɞɢ ɬɚ ɨɞɢɧ 
ɝɟɤɫɚɮɥɭɨɪɨɫɢɥɿɤɚɬ-ɚɧɿɨɧ. ɉɥɨɳɢɧɢ 
ɬɿɚɿɚɡɨɥɶɧɢɯ ɤɿɥɟɰɶ ɮɨɪɦɭɸɬɶ 
ɞɿɟɞɪɚɥɶɧɢɣ ɤɭɬ ɭ 28.3(1)º. Ⱦɚɧɢɣ 
ɤɨɦɩɥɟɤɫ є ɪɿɞɤɿɫɧɢɦ ɩɪɢɤɥɚɞɨɦ ɩɪɹɦɨʀ 
CuI–F(SiF6

2–) ɜɡɚєɦɨɞɿʀ: ɪɚɧɿɲɟ ɬɚɤɚ 
ɜɡɚєɦɨɞɿɹ ɛɭɥɚ ɡɧɚɣɞɟɧɚ ɥɢɲɟ ɜ ɨɞɧɨɦɭ 
π-ɤɨɦɩɥɟɤɫɿ Cu2SiF6 ɡ 1-ɚɥɿɥɛɟɧɡɨ-

ɬɪɢɚɡɨɥɨɦ. Ʉɨɧɮɨɪɦɚɰɿɣɧɚ ɝɧɭɱɤɿɫɬɶ 

 
Pɢɫ. 15. Ɍɟɬɪɚɦɟɪ ɭ ɫɬɪɭɤɬɭɪɿ 13. 

 
Pɢɫ. 16. Ʉɨɨɪɞɢɧɚɰɿɣɧɿ ɜɭɡɥɢ ɭ ɫɬɪɭɤɬɭɪɿ 14. 

 
Pɢɫ. 17. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɮɪɚɝɦɟɧɬ ɭ 15. 
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ɥɿɝɚɧɞɭ ɞɨɡɜɨɥɹє ɚɬɨɦɭ Cu(I) ɜɢɛɢɪɚɬɢ ɦɿɠ ɚɬɨɦɚɦɢ ɨɤɫɢɝɟɧɭ ɬɚ ɮɥɭɨɪɭ ɜ ɹɤɨɫɬɿ 
ɜɟɪɲɢɧɢ ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ ɩɿɪɚɦɿɞɢ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɪɨɡɳɟɩɥɟɧɧɹ ɨɞɧɿєʀ ɡ ɩɨɡɢɰɿɣ 
ɤɭɩɪɭɦɭ ɧɚ ɞɜɿ: Cu(2A) ɬɚ Cu(2B) (0.88:0.12). ȼɿɞɫɬɚɧɶ Cu(2B)–F(1) 2.833(16) Å ɜ 15 є 
ɛɿɥɶɲɚ, ɧɿɠ CuI–F 2.44 Å ɜ [Cu2(Abtr)2(H2O)2SiF6]·2H2O, ɚɥɟ ɦɟɧɲɚ, ɧɿɠ ɫɭɦɚ ɪɚɞɿɭɫɿɜ 
ɜɚɧɞɟɪɜɚɥɶɫɚ (2.87 Å). Ɉɫɬɚɧɧɹ ɜɡɚєɦɨɞɿɹ ɬɚɤɨɠ ɜɿɞɛɢɜɚєɬɶɫɹ ɧɚ ɡɧɢɠɟɧɧɿ ɩɨɤɚɡɧɢɤɚ 
Ueq(F1) ɞɨ 0.0531(5)Å2 (ɩɨɪɿɜɧɹɧɨ ɿɡ Ueq(F2) 0.0641(6)Å2), ɜ ɬɨɣ ɱɚɫ ɹɤ ɿɧɲɿ ɚɬɨɦɢ 
ɮɥɭɨɪɭ SiF6

2– ɚɧɿɨɧɭ ɪɨɡɭɩɨɪɹɞɤɨɜɚɧɿ ɭ ɜɢɝɥɹɞɿ «ɤɚɪɭɫɟɥɿ» (ɪɢɫ. 17). 

 

ȼ ɫɬɪɭɤɬɭɪɿ 16 ɦɨɥɟɤɭɥɚ ɨɪɝɚɧɿɱɧɨɝɨ 

ɥɿɝɚɧɞɭ  ɤɨɨɪɞɢɧɨɜɚɧɚ ɞɨ ɚɬɨɦɚ ɤɭɩɪɭɦɭ(І) 
ɞɜɨɦɚ ɧɿɬɪɨɝɟɧɚɦɢ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ ɬɚ 

ɚɥɿɥɶɧɢɦ ɡɜ’ɹɡɤɨɦ C=C, ɜɢɫɬɭɩɚɸɱɢ, ɬɚɤɢɦ 

ɱɢɧɨɦ, ɬɪɢɞɟɧɬɚɬɧɢɦ ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɢɦ 

ɥɿɝɚɧɞɨɦ, ɭɬɜɨɪɸɸɱɢ ɜɢɤɪɢɜɥɟɧɢɣ 

ɧɟɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɢɣ ɞɢɦɟɪ {Cu2(L4)2}
2+. 

ɉɥɨɳɢɧɢ ɬɿɚɞɿɚɡɨɥɶɧɢɯ ɤɿɥɟɰɶ ɭɬɜɨɪɸɸɬɶ 

ɞɿɟɞɪɚɥɶɧɢɣ ɤɭɬ 31.2(1)º(ɪɢɫ. 18). 
 

 

ɍ ɫɬɪɭɤɬɭɪɿ 17 ɦɨɠɧɚ ɩɨɛɚɱɢɬɢ ɭɬɜɨɪɟɧɧɹ 

ɬɢɩɨɜɢɯ ɤɚɬɿɨɧɧɢɯ ɞɢɦɟɪɿɜ {Cu2(L4)2}2+, ɹɤɿ 
ɮɨɪɦɭɸɬɶɫɹ ɡɚɜɞɹɤɢ ɬɪɢɞɟɧɬɚɬɧɨɫɬɿ ɦɨɥɟɤɭɥɢ 

ɬɿɨɞɿɚɡɨɥɶɧɨɝɨ ɥɿɝɚɧɞɭ. ȼɢɳɟɜɤɚɡɚɧɿ ɞɢɦɟɪɢ 

ɧɟɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ, ɦɿɫɬɹɬɶ ɞɜɚ 

ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɣɨɧɢ ɤɭɩɪɭɦɭ(І), 
ɤɨɬɪɿ ɮɨɪɦɭɸɬɶ ɪɿɡɧɟ ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ – 

ɞɥɹ ɨɛɨɯ ɩɨɥɿɟɞɪɚɦɢ ɜɢɫɬɭɩɚɸɬɶ ɬɪɢɝɨɧɚɥɶɧɿ 
ɩɿɪɚɦɿɞɢ, ɹɤɿ ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɚɩɿɤɚɥɶɧɢɦɢ 

ɡɚɦɿɫɧɢɤɚɦɢ: ɞɥɹ Cu(1) ɧɢɦ ɜɢɫɬɭɩɚє ɚɬɨɦ ɮɥɭɨɪɭ ɨɞɧɨɝɨ ɡ ɬɟɬɪɚɮɬɨɪɛɨɪɚɬ-ɚɧɿɨɧɭ, 

ɞɥɹ Cu(2) – ɨɤɫɢɝɟɧ ɦɨɥɟɤɭɥɢ ɜɨɞɢ (ɪɢɫ. 19).  
  

ɋɬɪɭɤɬɭɪɚ 18 ɦɿɫɬɢɬɶ ɩɪɚɤɬɢɱɧɨ 

ɿɡɨɥɶɨɜɚɧɿ ɬɟɬɪɚɦɟɪɧɿ ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ 
ɮɪɚɝɦɟɧɬɢ {Cu4(L4)2I4}, ɜ ɹɤɢɯ є ɞɜɚ 

ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɚ ɤɭɩɪɭɦɭ(І). 
Ʉɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɩɟɪɲɨɝɨ ɡ 

ɫɤɥɚɞɚєɬɶɫɹ ɡ ɬɪɶɨɯ ɚɬɨɦɿɜ ɣɨɞɭ, ɨɞɧɨɝɨ ɚɬɨɦɚ 

ɤɭɩɪɭɦɭ ɬɚ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ ɿ 
ɦɚє ɜɢɝɥɹɞ ɜɢɤɪɢɜɥɟɧɨʀ ɬɟɬɪɚɝɨɧɚɥɶɧɨʀ 
ɩɿɪɚɦɿɞɢ. Ⱦɪɭɝɢɣ ɠ ɚɬɨɦ ɦɟɬɚɥɭ є π-

ɤɨɨɪɞɢɧɨɜɚɧɢɦ, ɨɤɪɿɦ ɋ=ɋ ɡɜ’ɹɡɤɭ, ɜ 
ɤɨɨɪɞɢɧɚɰɿɣɧɭ ɫɮɟɪɭ ɜɯɨɞɹɬɶ ɧɿɬɪɨɝɟɧ 
ɚɪɨɦɚɬɢɱɧɨɝɨ ɹɞɪɚ ɬɚ ɞɜɚ ɚɬɨɦɢ ɣɨɞɭ (ɪɢɫ. 20). 

 
Ɋɢɫ. 18. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɞɢɦɟɪ ɭ 16. 

 
Ɋɢɫ. 19. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ 17. 

 
Ɋɢɫ. 20. ɋɬɪɭɤɬɭɪɧɢɣ ɮɪɚɝɦɟɧɬ ɭ 18. 
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ɋɬɪɭɤɬɭɪɚ 19 ɮɨɪɦɭєɬɶɫɹ ɡ 
ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɢɯ ɞɢɦɟɪɧɢɯ 
ɮɪɚɝɦɟɧɬɿɜ {Cu(L4)(SO3NH2)} (ɪɢɫ. 
21). Ʉɨɨɪɞɢɧɚɰɿɣɧɢɦ ɩɨɥɿɟɞɪɨɦ 
ɤɭɩɪɭɦɭ(І) є ɬɪɢɝɨɧɚɥɶɧɚ ɩɿɪɚɦɿɞɚ, 
ɟɤɜɚɬɨɪɿɚɥɶɧɿ ɩɨɡɢɰɿʀ ɹɤɨʀ ɡɚɣɧɹɬɿ 
ɞɜɨɦɚ ɚɬɨɦɚɦɢ ɧɿɬɪɨɝɟɧɭ ɬɚ 
ɨɥɟɮɿɧɨɜɢɦ  ɡɜ’ɹɡɤɨɦ ɋ=ɋ, ɚɩɿɤɚɥɶɧɟ ɠ 
ɩɨɥɨɠɟɧɧɹ ɩɨɫɿɞɚє ɚɬɨɦ ɧɿɬɪɨɝɟɧɭ 
ɫɭɥɶɮɚɦɚɬ-ɚɧɿɨɧɭ. 

 

 

ȼ ɫɬɪɭɤɬɭɪɿ 20 ɧɚɹɜɧɿ ɞɜɚ 
ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ 
ɤɭɩɪɭɦɭ(І), ɯɨɱɚ ʀɯɧє ɤɨɨɪɞɢɧɚɰɿɣɧɟ 
ɨɬɨɱɟɧɧɹ ɞɟ-ɮɚɤɬɨ ɨɞɢɧɚɤɨɜɟ, ɿ 
ɫɤɥɚɞɚєɬɶɫɹ ɡ ɩɨɞɜɿɣɧɨɝɨ ɡɜ’ɹɡɤɭ 
ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ, ɨɞɧɨɝɨ ɧɿɬɪɨɝɟɧɭ 
ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ, ɦɿɫɬɤɨɜɨɝɨ 
ɚɬɨɦɚ ɯɥɨɪɭ ɬɚ ɩɨ ɨɞɧɨɦɭ ɚɬɨɦɭ 
ɨɤɫɢɝɟɧɭ ɬɪɢɮɬɨɪɦɟɬɚɧɫɭɥɶɮɨɧɚɬ-

ɚɧɿɨɧɭ, ɹɤɢɣ ɡɚɣɦɚє ɨɛɢɞɜɚ ɚɩɿɤɚɥɶɧɿ 
ɩɨɥɨɠɟɧɧɹ ɬɪɢɝɨɧɚɥɶɧɢɯ ɩɿɪɚɦɿɞ ɿ 
ɬɨɦɭ ɜɢɤɨɧɭє ɦɿɫɬɤɨɜɭ ɮɭɧɤɰɿɸ. 

Ɋɚɡɨɦ ɡ ɬɢɦ, ɛɭɞɿɜɟɥɶɧɢɦ ɛɥɨɤɨɦ ɫɬɪɭɤɬɭɪɢ є ɫɟɧɫ ɜɜɚɠɚɬɢ ɛɿ-ɞɢɦɟɪɧɢɣ ɮɪɚɝɦɟɧɬ 
[Cu2Cl(CF3COO)(L5)]2(H2O), ɜ ɹɤɨɦɭ ɤɨɧɫɬɢɬɭɰɿɣɧɚ ɦɨɥɟɤɭɥɚ ɜɨɞɢ, ɡɚɜɞɹɤɢ ɩɚɪɿ 
ɜɟɥɶɦɢ ɫɢɥɶɧɢɯ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ, ɡɜ’ɹɡɭє ɞɜɚ ɦɟɬɚɥɨɨɪɝɚɧɿɱɧɿ ɞɢɦɟɪɢ ɞɨɤɭɩɢ (ɪɢɫ. 
22). 

 

 

 

Ⱥɫɢɦɟɬɪɢɱɧɚ ɱɚɫɬɢɧɚ ɫɩɨɥɭɤɢ 21 

ɜɤɥɸɱɚє ɜ ɫɟɛɟ ɩɨ ɬɪɢ ɧɟɡɚɥɟɠɧɿ ɚɬɨɦɢ 
ɤɭɩɪɭɦɭ(І) ɿ ɯɥɨɪɭ, ɚɥɟ ɥɢɲɟ ɨɞɧɭ ɦɨɥɟɤɭɥɭ 
N-ɚɥɿɥ-ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɥɿɝɚɧɞɭ. 
Ʉɨɨɪɞɢɧɚɰɿɣɧɚ ɩɨɜɟɞɿɧɤɚ ɨɫɬɚɧɧɶɨɝɨ 
ɬɢɩɨɜɚ, ɜɿɧ ɜɢɫɬɭɩɚє ɬɪɢɞɟɧɬɚɬɧɢɦ π,σ-

ɦɿɫɬɤɨɜɨ-ɯɟɥɚɬɧɢɦ ɥɿɝɚɧɞɨɦ ɡɚɜɞɹɤɢ ɞɜɨɦ 

ɚɬɨɦɚɦ ɧɿɬɪɨɝɟɧɭ ɝɟɬɟɪɨɰɢɤɥɭ ɬɚ 
ɨɥɟɮɿɧɨɜɨɦɭ ɡɜ’ɹɡɤɭ ɋ=ɋ (ɪɢɫ. 23). 

 
Ɋɢɫ. 21. Ⱦɢɦɟɪɧɢɣ ɮɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ ɭ 19. 

 
Ɋɢɫ. 22. ɉɨɞɜɿɣɧɢɣ ɤɨɨɪɞɢɧɚɰɿɣɧɢɣ  

ɞɢɦɟɪ ɭ ɫɬɪɭɤɬɭɪɿ 20. 

 
Ɋɢɫ. 23. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɭ 21. 
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ȼ ɫɬɪɭɤɬɭɪɿ 22 ɧɚɹɜɧɿ ɞɜɚ 
ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ 
ɤɭɩɪɭɦɭ(І). Cu(1) ɮɨɪɦɭє ɬɟɬɪɚɟɞ-

ɪɢɱɧɟ ɨɬɨɱɟɧɧɹ ɡ ɨɥɟɮɿɧɨɜɨɝɨ 
ɡɜ’ɹɡɤɭ, ɚɬɨɦɚ ɧɿɬɪɨɝɟɧɭ 1,3,4-

ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ ɿ ɞɜɨɯ ɚɬɨɦɿɜ 

ɝɚɥɨɝɟɧɭ. ɉɪɢ ɰɶɨɦɭ, ɨɞɢɧ ɡ ɚɬɨɦɿɜ 
ɯɥɨɪɭ (Cl(1)) ɜɢɫɬɭɩɚє ɜ ɪɨɥɿ ɦɿɫɬɤɚ, 

ɨɛ’єɞɧɭɸɱɢ ɞɜɚ ɚɬɨɦɢ ɤɭɩɪɭɦɭ(І) ɜ 
ɩɹɬɢɱɥɟɧɧɢɣ ɰɢɤɥ {N2Cu2Cl}, ɬɨɞɿ ɹɤ 
ɚɬɨɦ Cl(2) – ɜɢɤɥɸɱɧɨ ɬɟɪɦɿɧɚɥɶɧɢɣ. 

Ɉɬɨɱɟɧɧɹ ɠ ɿɧɲɨɝɨ ɚɬɨɦɚ ɦɟɬɚɥɭ - Cu(2) – ɬɪɢɝɨɧɚɥɶɧɟ, ɿ ɫɤɥɚɞɚєɬɶɫɹ ɥɢɲɟ ɿɡ ɡɜ’ɹɡɤɭ 

ɋ=ɋ, ɚɬɨɦɚ N ɝɟɬɟɪɨɰɢɤɥɭ ɬɚ ɜɢɳɟɡɝɚɞɚɧɨɝɨ ɦɿɫɬɤɨɜɨɝɨ Cl(1) (ɪɢɫ. 24); ɧɚɣɛɥɢɠɱɚ 
ɜɿɞɫɬɚɧɶ Cl(2) ɞɨ Cu(2) ɫɬɚɧɨɜɢɬɶ 3,922(2) Å, ɳɨ ɡɧɚɱɧɨ ɛɿɥɶɲɟ ɡɚ ɫɭɦɭ 
ɜɚɧɞɟɪɜɚɚɥɶɫɨɜɢɯ ɪɚɞɿɭɫɿɜ. 

 

ɍ ɱɟɬɜɟɪɬɨɦɭ ɪɨɡɞɿɥɿ ɨɛɝɨɜɨɪɟɧɨ ɡɚɝɚɥɶɧɿ ɬɟɧɞɟɧɰɿʀ ɜ ɭɬɜɨɪɟɧɧɿ ɞɨɫɥɿɞɠɟɧɨʀ 
ɝɪɭɩɢ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ. ȼɟɥɢɤɭ ɫɬɪɭɤɬɭɪɨɮɨɪɦɭɸɱɭ ɪɨɥɶ ɩɪɢ ɰɶɨɦɭ 
ɜɿɞɿɝɪɚɸɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɿ ɥɿɝɚɧɞɢ. ɏɚɪɚɤɬɟɪɧɨɸ ɨɫɨɛɥɢɜɿɫɬɸ ʀɯ є ɩɪɨɹɜ ɯɟɥɚɬɧɨ-

ɦɿɫɬɤɨɜɨʀ ɮɭɧɤɰɿʀ, ɬɚ ɩɨɥɿɞɟɧɬɚɬɧɨɫɬɿ ɡɚɜɞɹɤɢ ɩɚɪɿ ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ 
ɰɢɤɥɭ ɬɚ ɨɥɟɮɿɧɨɜɨɝɨ  ɡɜ’ɹɡɤɭ ɋ=ɋ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ(ɝɪɭɩ). ɉɪɢ ɰɶɨɦɭ ɮɨɪɦɭɸɬɶɫɹ 
ɫɬɿɣɤɿ ɤɚɬɿɨɧɧɿ ɞɢɦɟɪɧɿ ɮɪɚɝɦɟɧɬɢ {Cu2L2}

2+, ɡɚɡɜɢɱɚɣ – ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ. 
Ʉɭɩɪɨ(І)ɝɚɥɨɝɟɧɿɞɧɿ ɤɨɦɩɥɟɤɫɢ ɞɨɜɨɥɿ ɬɢɩɨɜɨ ɮɨɪɦɭɸɬɶ ɚɧɿɨɧɧɿ ɦɟɬɚɥ-ɝɚɥɨɝɟɧɿɞɧɿ 
ɮɪɚɝɦɟɧɬɢ: ɹɤ ɿɡɨɥɶɨɜɚɧɿ (Cu4I4, 18), ɬɚɤ ɿ ɩɨɥɿɦɟɪɧɨʀ ɩɪɢɪɨɞɢ ([Cu2Cl2]n, 1). 

Ƚɟɨɦɟɬɪɿɹ ɜɧɭɬɪɿɲɧɶɨɝɨ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɨɬɨɱɟɧɧɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ є 
ɜɟɥɶɦɢ ɫɯɨɠɨɸ ɞɥɹ ɭɫɿɯ ɫɩɨɥɭɤ: ɹɤ ɞɥɹ ɤɨɦɩɥɟɤɫɿɜ ɡ ɣɨɧɧɢɦɢ ɫɨɥɹɦɢ, ɬɚɤ ɿ 
ɤɭɩɪɨɝɚɥɨɝɟɧɿɞɧɢɯ ɫɩɨɥɭɤ. 

Ɂɧɚɱɧɭ ɪɨɥɶ ɭ ɫɬɚɛɿɥɿɡɚɰɿʀ 
ɫɬɪɭɤɬɭɪ π-ɤɨɦɩɥɟɤɫɿɜ Cu(I) ɡ 
ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-

ɬɿɚɞɿɚɡɨɥɿɜ ɜɿɞɿɝɪɚɸɬɶ ɫɥɚɛɤɿ 
ɜɡɚєɦɨɞɿʀ, ɡɨɤɪɟɦɚ ɜɨɞɧɟɜɿ 
ɡɜ’ɹɡɤɢ (ɪɢɫ. 25) ɬɚ π-π ɫɬɟɤɿɧɝ. 

Ⱦɥɹ ɤɪɚɳɨʀ ɜɿɡɭɚɥɿɡɚɰɿʀ 
ɜɨɞɧɟɜɢɯ ɜɡɚєɦɨɞɿɣ ɞɨɛɪɟ ɫɟɛɟ 

ɡɚɪɟɤɨɦɟɧɞɭɜɚɜ ɦɟɬɨɞ ɚɧɚɥɿɡɭ 
ɩɨɜɟɪɯɨɧɶ ɏɿɪɲɜɟɥɶɞɚ. Ⱦɥɹ 

ɚɧɚɥɿɡɭ ɦɿɠɱɚɫɬɢɧɤɨɜɢɯ ɜɡɚєɦɨɞɿɣ ɛɭɥɨ ɩɨɛɭɞɨɜɚɧɨ ɜɿɞɩɨɜɿɞɧɿ ɩɨɜɟɪɯɧɿ ɡɚ dnorm ɞɥɹ 
ɤɚɬɿɨɧɧɢɯ ɞɢɦɟɪɧɢɯ ɮɪɚɝɦɟɧɬɿɜ {Cu2L2}

2+ ɞɥɹ ɫɩɨɥɭɤ 9 (ɪɢɫ. 26), 11 ɬɚ 12. Ȼɚɡɭɸɱɢɫɶ 
ɧɚ ɰɶɨɦɭ ɦɟɬɨɞɿ, ɬɚɤɨɠ ɛɭɥɢ ɩɨɛɭɞɨɜɚɧɿ ɜɿɞɩɨɜɿɞɧɿ ɝɪɚɮɿɤɢ «ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» ɞɥɹ 
ɤɨɧɬɚɤɬɿɜ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɡɚ π…π ɫɬɟɤɿɧɝ ɬɚ ɜɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɦɿɠ ɚɬɨɦɚɦɢ ɝɿɞɪɨɝɟɧɭ 
ɦɨɥɟɤɭɥ ɥɿɝɚɧɞɿɜ ɬɚ ɚɬɨɦɚɦɢ F(O) ɚɧɿɨɧɿɜ. ɉɨɜɟɪɯɧɿ ɏɿɪɲɜɟɥɶɞɚ ɬɚ ɜɿɞɩɨɜɿɞɧɿ ɝɪɚɮɿɤɢ 
«ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» ɩɨɛɭɞɨɜɚɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɢ CrystalExplorer. 

 
Ɋɢɫ. 24. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɜ ɤɨɦɩɥɟɤɫɿ 22. 

 
Ɋɢɫ. 25. 1-D ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɿ ɤɨɥɨɧɢ ɭ ɫɬɪɭɤɬɭɪɿ 17. 
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Ɋɢɫ. 26. Ⱥɧɚɥɿɡ ɩɨɜɟɪɯɨɧɶ ɏɿɪɲɜɟɥɶɞɚ ɞɥɹ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɤɥɚɫɬɟɪɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 9. (ɚ) 
ɉɨɜɟɪɯɧɹ ɏɿɪɲɜɟɥɶɞɚ ɩɨɛɭɞɨɜɚɧɚ ɡɚ dnorm (ɛ) Ƚɪɚɮɿɤɢ «ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» ɞɥɹ π-π 
ɫɬɟɤɿɧɝɭ. (ɜ) Ƚɪɚɮɿɤɢ «ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» ɞɥɹ ɤɨɧɬɚɤɬɿɜ H···F. 

Ⱦɥɹ ɪɹɞɭ ɫɩɨɥɭɤ 
ɨɬɪɢɦɚɧɨ Іɑ- ɬɚ ɄɊ-

ɫɩɟɤɬɪɢ, ɚ ɬɚɤɨɠ 
ɩɪɨɜɟɞɟɧɨ DFT–ɪɨɡɪɚ-

ɯɭɧɤɢ ɳɨɞɨ ɨɩɬɢɦɿɡɚɰɿʀ 
ɝɟɨɦɟɬɪɿʀ ɫɬɪɭɤɬɭɪɢ ɬɚ 
ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɫɩɟɤɬɪɿɜ. 

Ɍɚɤ, ɞɥɹ ɤɨɦɩɥɟɤɫɭ 13 

ɚɧɿɨɧɨɦ ɜɢɫɬɭɩɚє 
ɚɡɚɧɿɞɧɢɣ ɞɟɩɪɨɬɨɧɨ-

ɜɚɧɢɣ ɥɿɝɚɧɞ, ɳɨ 
ɫɩɪɨɳɭє ɩɪɢɜ’ɹɡɤɭ ɫɦɭɝ. 
ɇɚɣɜɢɳɚ ɡ ɧɢɯ ɡɧɚɯɨ-

ɞɢɬɶɫɹ ɩɪɢ 1509 ɫɦ–1 ɬɚ 
ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ ɜɚɥɟɧɬ-

ɧɢɯ ɤɨɥɢɜɚɧɶ ν(C-N). ɋɦɭɝɚ ɡɜ’ɹɡɭɸɱɢɯ ɤɨɥɢɜɚɧɶ C=C-ɡɜ’ɹɡɤɭ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ, ɳɨ 
ɱɚɫɬɨ ɨɛɝɨɜɨɪɸєɬɶɫɹ ɞɥɹ π-ɤɨɦɩɥɟɤɫɿɜ, ɧɚɹɜɧɚ ɩɪɢ 1640 ɫɦ–1

 ɜ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɦɭ 
ɫɩɟɤɬɪɿ. ȼɚɪɬɨ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɜɿɞɩɨɜɿɞɧɚ ɫɦɭɝɚ ν(C=C) ɜ ɱɢɫɬɨɦɭ ɥɿɝɚɧɞɿ ɡ’ɹɜɥɹєɬɶɫɹ 
ɩɪɢ 1644 ɫɦ–1 (ɪɢɫ. 27); ɡɦɿɳɟɧɧɹ ɧɚ 4 ɫɦ–1

 ɞɨ ɧɢɠɱɢɯ ɱɚɫɬɨɬ ɿɦɨɜɿɪɧɨ ɩɨɹɫɧɸєɬɶɫɹ 
ɜɩɥɢɜɨɦ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɩɨɥɹ. 

ɉɿɞɫɭɦɨɜɭɸɱɢ ɬɢɩɨɜɿ ɜɚɪɿɚɧɬɢ ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ ɩɨɜɟɞɿɧɤɢ ɚɥɿɥɶɧɢɯ ɩɨɯɿɞɧɢɯ 

1,3,4-ɬɿɚɞɿɚɡɨɥɿɜ ɜ ɩɪɢɫɭɬɧɨɫɬɿ ɫɨɥɟɣ ɤɭɩɪɭɦɭ(І), ɦɨɠɧɚ ɩɨɦɿɬɢɬɢ ɤɿɥɶɤɚ 
ɡɚɤɨɧɨɦɿɪɧɨɫɬɟɣ. Ɇɨɧɨɚɥɿɥɶɨɜɚɧɿ ɩɨɯɿɞɧɿ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ ɩɪɨɹɜɥɹɸɬɶ ɫɟɛɟ ɜ ɹɤɨɫɬɿ 
ɬɪɢɞɟɧɬɚɬɧɢɯ π,σ-ɥɿɝɚɧɞɿɜ ɬɚ ɞɟɦɨɧɫɬɪɭɸɬɶ ɬɟɧɞɟɧɰɿɸ ɞɨ ɮɨɪɦɭɜɚɧɧɹ ɫɬɿɣɤɢɯ 
ɤɚɬɿɨɧɧɢɯ ɞɢɦɟɪɧɢɯ ɮɪɚɝɦɟɧɬɿɜ {Cu2L2}

2+ (L1, L4) (ɬɢɩɨɜɨ – ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɢɯ), ɜ 
ɹɤɢɯ ɜɨɧɢ ɤɨɨɪɞɢɧɨɜɚɧɿ ɞɨ ɦɟɬɚɥɿɱɧɢɯ ɰɟɧɬɪɿɜ ɡɚ ɞɨɩɨɦɨɝɨɸ ɨɥɟɮɿɧɨɜɨɝɨ ɡɜ’ɹɡɤɭ ɋ=ɋ 
ɬɚ ɞɜɨɯ ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ N ɞɜɨɯ ɫɭɫɿɞɧɿɯ ɦɨɥɟɤɭɥ ɥɿɝɚɧɞɿɜ. Ⱦɢɚɥɿɥɶɨɜɚɧɿ ɩɨɯɿɞɧɿ (L3, 

L5) (ɪɢɫ. 28) ɜɢɫɬɭɩɚɸɬɶ ɜ ɹɤɨɫɬɿ ɬɟɬɪɚɞɟɧɬɚɬɧɢɯ ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɢɯ ɥɿɝɚɧɞɿɜ, 
ɤɨɨɪɞɢɧɭɸɱɢɫɶ ɞɨ ɤɨɠɧɨɝɨ ɡ ɞɜɨɯ ɚɬɨɦɿɜ Cu(I) ɨɞɧɢɦ ɧɿɬɪɨɝɟɧɨɦ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ 
ɰɢɤɥɭ ɬɚ ɨɞɧɢɦ ɩɨɞɜɿɣɧɢɦ ɡɜ’ɹɡɤɨɦ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɮɪɚɝɦɟɧɬ ɩɪɢ 
ɰɶɨɦɭ ɞɨɩɨɜɧɸєɬɶɫɹ ɡɚɜɞɹɤɢ ɦɿɫɬɤɨɜɿɣ ɮɭɧɤɰɿʀ ɜɿɞɩɨɜɿɞɧɢɯ ɚɧɿɨɧɿɜ (ɋl–, H2NSO3

–). 

 
Ɋɢɫ. 27. Ɋɚɦɚɧɿɜɫɶɤɢɣ ɫɩɟɤɬɪ ɤɨɦɩɥɟɤɫɭ 13 ɬɚ ɱɢɫɬɨɝɨ ɇL2. 
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Pɢɫ. 28. ȼɩɥɢɜ ɤɿɥɶɤɨɫɬɿ ɚɥɿɥɶɧɢɯ ɝɪɭɩ ɧɚ ɤɨɨɪɞɢɧɚɰɿɣɧɭ ɩɨɜɟɞɿɧɭ ɥɿɝɚɧɞɭ. 
 

ɉɪɢ ɩɟɪɟɯɨɞɿ ɜɿɞ ɨɞɧɨ- ɞɨ ɞɜɨɡɚɪɹɞɧɢɯ ɚɧɿɨɧɿɜ ɫɩɨɫɬɟɪɿɝɚєɦɨ ɡɧɢɠɟɧɧɹ ɫɢɦɟɬɪɿʀ 
ɫɢɧɬɨɧɿɜ (ɪɢɫ. 29). 

 
Pɢɫ. 29. ȼɩɥɢɜ ɡɚɪɹɞɭ ɚɧɿɨɧɚ ɧɚ ɝɟɨɦɟɬɪɿɸ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɞɢɦɟɪɿɜ. 
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ȼɂɋɇɈȼɄɂ 

 1. Ɇɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ ɨɬɪɢɦɚɧɨ ɭ ɜɢɝɥɹɞɿ 
ɹɤɿɫɧɢɯ ɦɨɧɨɤɪɢɫɬɚɥɿɜ 22 ɧɨɜɿ ɫɩɨɥɭɤɢ ɤɭɩɪɭɦɭ(І), ɫɟɪɟɞ ɹɤɢɯ ɨɞɢɧ σ-ɤɨɦɩɥɟɤɫ ɡ 
ɚɧɿɨɧɨɦ 2–ɚɥɿɥɚɦɿɧɨ–5–ɮɟɧɿɥ–1,3,4–ɬɿɚɞɿɚɡɨɥɭ (L2–) - [Cu4(L2)4] ɬɚ 21 π-ɤɨɦɩɥɟɤɫ 
Cu(I) ɡ ɩɨɩɟɪɟɞɧɶɨ ɞɨɛɭɬɢɦɢ N- ɱɢ S-ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ, ɡ ɹɤɢɯ 12 
ɤɨɦɩɥɟɤɫɿɜ ɡ 2–ɚɥɿɥɚɦɿɧɨ–5–ɦɟɬɢɥ–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L1); 1 – ɡ 2,5–ɛɿɫ(ɚɥɿɥɚɦɿɧɨ)–
1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L3); 5 – ɡ 2–ɚɥɿɥɬɿɨ–5–ɚɦɿɧɨ–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L4); ɬɚ 3 – ɡ 2,5–
ɛɿɫ(ɚɥɿɥɬɿɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L5); ɩɪɨɜɟɞɟɧɨ ɞɨɫɥɿɞɠɟɧɧɹ ʀɯ ɤɪɢɫɬɚɥɿɱɧɨʀ ɛɭɞɨɜɢ 
ɦɟɬɨɞɨɦ ɦɨɧɨɤɪɢɫɬɚɥɭ. ɐɟ ɩɟɪɲɿ ɨɬɪɢɦɚɧɿ ɦɟɬɚɥɨɤɨɦɩɥɟɤɫɢ ɡ ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 
1,3,4-ɬɿɚɞɿɚɡɨɥɿɜ. 

2. Ɂɜ’ɹɡɨɤ ɋ=ɋ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ, ɩɟɪɟɛɭɜɚɸɱɢ ɜ ɦɨɥɟɤɭɥɿ ɥɿɝɚɧɞɭ ɪɚɡɨɦ ɿɡ 
ɚɦɿɧɧɨɸ(ɬɿɨɥɶɧɨɸ) ɝɪɭɩɨɸ ɬɚ ɬɿɚɞɿɚɡɨɥɶɧɢɦ ɰɢɤɥɨɦ, ɭɫɩɿɲɧɨ ɜɢɛɨɪɸє ɦɿɫɰɟ ɜ 
ɤɨɨɪɞɢɧɚɰɿɣɧɨɦɭ ɩɨɥɿɟɞɪɿ ɤɭɩɪɭɦɭ(І). ɍ ɠɨɞɧɨɦɭ ɡ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɤɨɦɩɥɟɤɫɿɜ, ɱɟɪɟɡ 
ɫɩɪɹɠɟɧɧɹ ɡ ɚɪɨɦɚɬɢɱɧɨɸ ɫɢɫɬɟɦɨɸ ɿ ɩɟɜɧɿ ɩɪɨɫɬɨɪɨɜɿ ɭɬɪɭɞɧɟɧɧɹ ɬɚ ɡɧɚɱɧɭ 
ɫɬɚɛɿɥɿɡɚɰɿɸ ɞɢɦɟɪɿɜ {Cu2L2}

2+, ɚɬɨɦ N ɱɢ S ɚɥɿɥɶɨɜɚɧɢɯ ɚɦɿɧɨ- ɱɢ ɬɿɨɥɨ- ɝɪɭɩ ɜ 
ɤɨɨɪɞɢɧɚɰɿʀ ɦɟɬɚɥɭ ɭɱɚɫɬɿ ɧɟ ɛɟɪɟ, ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ 
ɰɢɤɥɭ.  

3. Ⱦɥɹ ɪɹɞɭ π-ɤɨɦɩɥɟɤɫɿɜ ɨɬɪɢɦɚɧɨ Іɑ ɬɚ ɄɊ-ɫɩɟɤɬɪɢ, ɚ ɬɚɤɨɠ ɩɪɨɜɟɞɟɧɨ DFT-

ɪɨɡɪɚɯɭɧɤɢ ɬɟɨɪɟɬɢɱɧɢɯ Ɋɚɦɚɧ-ɫɩɟɤɬɪɿɜ ɬɚ ɨɩɬɢɦɿɡɚɰɿʀ ɝɟɨɦɟɬɪɿʀ ɫɬɪɭɤɬɭɪɧɢɯ 
ɮɪɚɝɦɟɧɬɿɜ. ɋɩɟɤɬɪɚɥɶɧɿ ɞɚɧɿ ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɟɮɟɤɬɢɜɧɿɫɬɶ ɜɡɚєɦɨɞɿʀ Cu(I)-(C=C) ɭ 
ɞɨɫɥɿɞɠɟɧɢɯ ɫɩɨɥɭɤɚɯ. 

4. Ɇɨɧɨɚɥɿɥɶɧɿ ɩɨɯɿɞɧɿ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ ɩɪɨɹɜɥɹɸɬɶ ɫɟɛɟ ɜ ɹɤɨɫɬɿ ɬɪɢɞɟɧɬɚɬɧɢɯ 
π,σ-ɥɿɝɚɧɞɿɜ ɬɚ ɞɟɦɨɧɫɬɪɭɸɬɶ ɬɟɧɞɟɧɰɿɸ ɞɨ ɮɨɪɦɭɜɚɧɧɹ ɫɬɿɣɤɢɯ ɤɚɬɿɨɧɧɢɯ ɞɢɦɟɪɧɢɯ 
ɮɪɚɝɦɟɧɬɿɜ {Cu2L2}

2+ (L1, L4) (ɬɢɩɨɜɨ – ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɢɯ), ɜ ɹɤɢɯ ɜɨɧɢ 

ɤɨɨɪɞɢɧɨɜɚɧɿ ɞɨ ɦɟɬɚɥɿɱɧɢɯ ɰɟɧɬɪɿɜ ɡɚ ɞɨɩɨɦɨɝɨɸ ɨɥɟɮɿɧɨɜɨɝɨ ɡɜ’ɹɡɤɭ ɋ=ɋ ɬɚ ɞɜɨɯ 
ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ N ɞɜɨɯ ɫɭɫɿɞɧɿɯ ɦɨɥɟɤɭɥ ɥɿɝɚɧɞɿɜ. Ⱦɢɚɥɿɥɶɧɿ ɩɨɯɿɞɧɿ (L3, L5) 

ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɱɨɬɢɪɢ ɞɨɧɨɪɧɿ ɰɟɧɬɪɢ, ɤɨɨɪɞɢɧɭɸɱɢɫɶ ɞɨ ɤɨɠɧɨɝɨ ɡ ɞɜɨɯ ɚɬɨɦɿɜ 
Cu(I) ɨɞɧɢɦ ɚɬɨɦɨɦ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ ɬɚ ɩɨɞɜɿɣɧɢɦ ɡɜ’ɹɡɤɨɦ ɚɥɿɥɶɧɨʀ 
ɝɪɭɩɢ. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɮɪɚɝɦɟɧɬ ɩɪɢ ɰɶɨɦɭ ɞɨɩɨɜɧɸєɬɶɫɹ ɡɚɜɞɹɤɢ ɦɿɫɬɤɨɜɿɣ ɮɭɧɤɰɿʀ 
ɜɿɞɩɨɜɿɞɧɢɯ ɚɧɿɨɧɿɜ (ɋl–, H2NSO3

–). 

5. ɍ ɫɬɪɭɤɬɭɪɚɯ π-ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ N(S)-ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-

ɬɿɚɞɿɚɡɨɥɿɜ ɜɚɠɥɢɜɭ ɫɬɪɭɤɬɭɪɨɮɨɪɦɭɸɱɭ ɪɨɥɶ ɜɿɞɿɝɪɚɸɬɶ ɟɮɟɤɬɢɜɧɿ ɜɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ 
ȿ(ɇ)∙∙∙ɏ (ȿ = N, O, C, X= F, O, N) ɬɚ π∙∙∙π-ɫɬɟɤɿɧɝ. 

6. Ɇɨɞɢɮɿɤɚɰɿɹ ɜɢɯɿɞɧɨɝɨ ɝɟɬɟɪɨɰɢɤɥɿɱɧɨɝɨ ɹɞɪɚ ɪɿɡɧɨɸ ɤɿɥɶɤɿɫɬɸ ɚɥɿɥɶɧɢɯ 
ɝɪɭɩ ɡ ɨɞɧɨɝɨ ɛɨɤɭ, ɬɚ ɩɿɞɛɿɪ ɜɿɞɩɨɜɿɞɧɢɯ ɩɪɨɬɢɣɨɧɿɜ Cu(I) ɡ ɿɧɲɨɝɨ, ɞɨɡɜɨɥɢɥɨ 
ɨɞɟɪɠɚɬɢ ɫɬɪɭɤɬɭɪɢ π-ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ 
ɩɟɜɧɨʀ ɚɪɯɿɬɟɤɬɭɪɢ. 
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Ⱥɪдаɧ Ȼ.Р. ɋɢɧɬɟɡ ɬɚ ɫɬɟɪɟɨɯɿɦɿя π–ɤɨɦɩɥɟɤɫɿɜ ɫɨɥɟɣ ɤɭɩɪɭɦɭ(ȱ) ɡ 
ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4–ɬɿɚɞɿɚɡɨɥɿɜ. – ɇɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɭ. 

Ⱦɢɫɟɪɬɚɰɿɹ ɧɚ ɡɞɨɛɭɬɬɹ ɧɚɭɤɨɜɨɝɨ ɫɬɭɩɟɧɹ ɤɚɧɞɢɞɚɬɚ ɯɿɦɿɱɧɢɯ ɧɚɭɤ (ɞɨɤɬɨɪɚ 
ɮɿɥɨɫɨɮɿʀ) ɡɚ ɫɩɟɰɿɚɥɶɧɿɫɬɸ 02.00.01 «ɇɟɨɪɝɚɧɿɱɧɚ ɯɿɦɿɹ» (102 – ɏɿɦɿɹ) – Ʌɶɜɿɜɫɶɤɢɣ 
ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Іɜɚɧɚ Ɏɪɚɧɤɚ – Ʌɶɜɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ 
ɿɦɟɧɿ Іɜɚɧɚ Ɏɪɚɧɤɚ, Ʌɶɜɿɜ, 2017. 

Ɇɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ ɨɬɪɢɦɚɧɨ ɭ ɜɢɝɥɹɞɿ ɹɤɿɫɧɢɯ 
ɦɨɧɨɤɪɢɫɬɚɥɿɜ 22 ɧɨɜɿ ɫɩɨɥɭɤɢ ɤɭɩɪɭɦɭ(І), ɫɟɪɟɞ ɹɤɢɯ ɨɞɢɧ σ-ɤɨɦɩɥɟɤɫ ɡ ɚɡɚɧɿɞɧɢɦ 
ɚɧɿɨɧɨɦ 2-ɚɥɿɥɚɦɿɧɨ-5-ɮɟɧɿɥ-1,3,4-ɬɿɚɞɿɚɡɨɥɭ (L2–) - [Cu4(L2)4] ɬɚ 21 π-ɤɨɦɩɥɟɤɫ Cu(I) ɡ 
N- ɱɢ S-ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ, ɡ ɹɤɢɯ 12 ɤɨɦɩɥɟɤɫɿɜ ɡ 2-ɚɥɿɥɚɦɿɧɨ-5-

ɦɟɬɢɥ-1,3,4-ɬɿɚɞɿɚɡɨɥɨɦ (L1); 1 - ɡ 2,5–ɛɿɫ(ɚɥɿɥɚɦɿɧɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L3); 5 - 2–
ɚɥɿɥɬɿɨ–5–ɚɦɿɧɨ–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L4); ɬɚ 3 - 2,5–ɛɿɫ(ɚɥɿɥɬɿɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L5) 

ɬɚ ɩɪɨɜɟɞɟɧɨ ɞɨɫɥɿɞɠɟɧɧɹ ʀɯ ɤɪɢɫɬɚɥɿɱɧɨʀ ɛɭɞɨɜɢ ɦɟɬɨɞɨɦ ɦɨɧɨɤɪɢɫɬɚɥɭ. 
Ⱦɥɹ ɪɹɞɭ π-ɤɨɦɩɥɟɤɫɿɜ ɬɪɢɦɚɧɨ Іɑ- ɬɚ ɄɊ-ɫɩɟɤɬɪɢ, ɚ ɬɚɤɨɠ ɩɪɨɜɟɞɟɧɨ DFT-

ɪɨɡɪɚɯɭɧɤɢ Ɋɚɦɚɧ-ɫɩɟɤɬɪɿɜ ɬɚ ɨɩɬɢɦɿɡɚɰɿʀ ɝɟɨɦɟɬɪɿʀ ɫɬɪɭɤɬɭɪɧɢɯ ɮɪɚɝɦɟɧɬɿɜ. 
ɋɩɟɤɬɪɚɥɶɧɿ ɞɚɧɿ ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɟɮɟɤɬɢɜɧɿɫɬɶ ɜɡɚєɦɨɞɿʀ Cu(I)-(C=C) ɭ ɞɨɫɥɿɞɠɟɧɢɯ 
ɫɩɨɥɭɤɚɯ. 

π-Ʉɨɦɩɥɟɤɫɢ [Cu2(L1)2]SiF6·{C6H6} (9) ɬɚ [Cu2(L4)2(H2O)(SiF6)]·CH3CN·H2O (15) 

є ɞɪɭɝɢɦ ɬɚ ɬɪɟɬɿɦ ɨɩɢɫɚɧɢɦɢ ɩɪɢɤɥɚɞɚɦɢ ɪɿɞɤɿɫɧɨʀ ɜɡɚєɦɨɞɿʀ CuI–F (SiF6
2–) ɦɿɠ ɣɨɧɨɦ 

ɤɭɩɪɭɦɭ(І) ɬɚ ɮɥɭɨɪɨɦ ɝɟɤɫɚɮɥɭɨɪɨɫɢɥɿɤɚɬ-ɚɧɿɨɧɭ. 
ɍ ɫɬɪɭɤɬɭɪɚɯ π-ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ N(S)-ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-

ɬɿɚɞɿɚɡɨɥɿɜ ɜɚɠɥɢɜɭ ɫɬɪɭɤɬɭɪɨɮɨɪɦɭɸɱɚ ɪɨɥɶ ɜɿɞɿɝɪɚɸɬɶ ɟɮɟɤɬɢɜɧɿ ɜɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ 
ȿ(ɇ)…ɏ (ȿ = N, O, C, X= F, O, N) ɬɚ π…π-ɫɬɟɤɿɧɝ. 

 

Кɥɸɱɨɜі ɫɥɨɜɚ: π-ɤɨɦɩɥɟɤɫɢ ɤɭɩɪɭɦɭ(І), ɤɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ, 1,3,4-ɬɿɚɞɿɚɡɨɥɢ, 
ɚɥɿɥɶɧɿ ɩɨɯɿɞɧɿ, ɤɪɢɫɬɚɥɿɱɧɚ ɿɧɠɟɧɟɪɿɹ. 
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Ⱥɪɞɚɧ Ȼ. Ɋ. ɋɢɧɬɟɡ ɢ ɫɬɟɪɟɨɯɢɦɢя π-ɤɨɦɩɥɟɤɫɨɜ ɦɟɞɢ(I) ɫ ɚɥɥɢɥɶɧɵɦɢ 
ɩɪɨɢɡɜɨɞɧɵɦɢ 1,3,4-ɬɢɚɞɢɚɡɨɥɨɜ. – ɇɚ ɩɪɚɜɚɯ ɪɭɤɨɩɢɫɢ. 

Ⱦɢɫɫɟɪɬɚɰɢɹ ɧɚ ɫɨɢɫɤɚɧɢɟ ɭɱɟɧɨɣ ɫɬɟɩɟɧɢ ɤɚɧɞɢɞɚɬɚ ɯɢɦɢɱɟɫɤɢɯ ɧɚɭɤ ɩɨ 
ɫɩɟɰɢɚɥɶɧɨɫɬɢ 02.00.01  ɧɟɨɪɝɚɧɢɱɟɫɤɚɹ ɯɢɦɢɹ.  Ʌɶɜɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ 

ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɂɜɚɧɚ Ɏɪɚɧɤɨ  Ʌɶɜɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ 
ɂɜɚɧɚ Ɏɪɚɧɤɨ, Ʌɶɜɨɜ, 2017. 

Ⱦɢɫɫɟɪɬɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɩɟɪɟɦɟɧɧɨ-ɬɨɤɨɜɨɦɭ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɦɭ (ɢ, 
ɱɚɫɬɢɱɧɨ, ɩɪɹɦɨɦɭ) ɫɢɧɬɟɡɭ ɤɨɦɩɥɟɤɫɨɜ ɦɟɞɢ(І) ɫ N– ɢɥɢ S–ɚɥɥɢɥɶɧɵɦɢ 
ɩɪɨɢɡɜɨɞɧɵɦɢ 1,3,4-ɬɢɚɞɢɚɡɨɥɚ ɢ ɭɫɬɚɧɨɜɥɟɧɢɸ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɥɢɹɧɢɹ ɨɪɝɚɧɢɱɟɫɤɨɝɨ 
ɥɢɝɚɧɞɚ ɧɚ ɫɬɪɨɟɧɢɟ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ, ɚ ɬɚɤɠɟ 
ɨɫɧɨɜɧɵɯ ɡɚɤɨɧɨɦɟɪɧɨɫɬɟɣ ɜ ɢɡɦɟɧɟɧɢɹɯ ɫɬɪɭɤɬɭɪ ɤɨɦɩɥɟɤɫɨɜ. 

ȼ ɜɢɞɟ ɤɚɱɟɫɬɜɟɧɧɵɯ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɩɨɥɭɱɟɧɵ 22 ɧɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɦɟɞɢ(І), 
ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɨɞɢɧ σ–ɤɨɦɩɥɟɤɫ ɫ ɚɡɚɧɢɞɧɵɦ ɚɧɢɨɧɨɦ ɢ 21 π–ɤɨɦɩɥɟɤɫ. ɉɪɨɜɟɞɟɧɨ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɢɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɬɪɨɟɧɢɹ ɦɟɬɨɞɨɦ ɦɨɧɨɤɪɢɫɬɚɥɥɚ. Ʉɪɨɦɟ ɬɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɵ ɦɟɬɨɞɵ ɂɑ- ɢ ɄɊ- ɫɩɟɤɬɪɨɫɤɨɩɢɣ, ɩɪɨɜɟɞɟɧɵ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɟ 
(DFT) ɪɚɫɱɟɬɵ, ɚ ɬɚɤɠɟ ɤɪɢɫɬɚɥɥɨɯɢɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 

ɗɬɨ ɩɟɪɜɵɟ ɦɟɬɚɥɥɨɤɨɦɩɥɟɤɫɵ ɫ ɚɥɥɢɥɶɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ 1,3,4-ɬɢɚɞɢɚɡɨɥɨɜ, 
ɯɨɬɹ ɫɚɦɢ ɥɢɝɚɧɞɵ ɭɠɟ ɛɵɥɢ ɪɚɧɟɟ ɨɩɢɫɚɧɵ ɜ ɥɢɬɟɪɚɬɭɪɟ.  

ɍɫɬɚɧɨɜɥɟɧɵ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɫɬɪɨɟɧɢɹ ɤɨɨɪɞɢɧɚɰɢɨɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɦɟɞɢ(І) ɫ 
ɚɥɥɢɥɶɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ 1,3,4-ɬɢɚɞɢɚɡɨɥɚ, ɚ ɬɚɤɠɟ ɜɵɹɫɧɟɧɨ ɜɥɢɹɧɢɟ ɫɥɚɛɵɯ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢɯ ɚɪɯɢɬɟɤɬɭɪɵ. ɋɩɟɤɬɪɚɥɶɧɵɟ ɞɚɧɧɵɟ 
ɩɨɞɬɜɟɪɠɞɚɸɬ ɡɧɚɱɢɬɟɥɶɧɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ Cu(I)–(C=C) ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɨɟɞɢɧɟɧɢɣ. 

Ʉɚɤ ɥɢɝɚɧɞɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ 2–ɚɥɥɢɥɚɦɢɧɨ–5–ɦɟɬɢɥ–1,3,4–ɬɢɚɞɢɚɡɨɥ (L1); 2–
ɚɥɥɢɥɚɦɢɧɨ–5–ɮɟɧɢɥ–1,3,4–ɬɢɚɞɢɚɡɨɥ (ɇL2); 2,5–ɛɢɫ(ɚɥɥɢɥɚɦɢɧɨ)–1,3,4–ɬɢɚɞɢɚɡɨɥ 
(L3); 2–ɚɥɥɢɥɬɢɨ–5–ɚɦɢɧɨ–1,3,4–ɬɢɚɞɢɚɡɨɥ (L4); 2,5–ɛɢɫ(ɚɥɥɢɥɬɢɨ)–1,3,4–ɬɢɚɞɢɚɡɨɥ 

(L5). 

ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɦɨɧɨɚɥɥɢɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 1,3,4-ɬɢɚɞɢɚɡɨɥɚ ɜɟɞɭɬ ɫɟɛɹ ɤɚɤ 
ɬɪɢɞɟɧɬɚɬɧɵɟ π,σ–ɥɢɝɚɧɞɵ, ɩɪɨɹɜɥɹɹ ɬɟɧɞɟɧɰɢɸ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɬɨɣɤɢɯ ɤɚɬɢɨɧɧɵɯ 
ɞɢɦɟɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ {Cu2L2}

2+ (L1, L4) (ɤɚɤ ɩɪɚɜɢɥɨ – ɰɟɧɬɪɨɫɢɦɦɟɬɪɢɱɟɫɤɢɯ), ɜ 
ɤɨɬɨɪɵɯ ɨɧɢ ɤɨɨɪɞɢɧɢɪɨɜɚɧɵ ɤ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɰɟɧɬɪɚɦ ɫ ɩɨɦɨɳɶɸ ɨɥɟɮɢɧɨɜɨɣ ɫɜɹɡɢ 
ɋ=ɋ ɢ ɞɜɭɯ ɚɬɨɦɨɜ ɚɡɨɬɚ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɦɨɥɟɤɭɥ ɥɢɝɚɧɞɨɜ. Ⱦɢɚɥɥɢɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ 
(L3, L5) ɩɪɨɹɜɥɹɸɬ ɫɟɛɹ ɤɚɤ ɬɟɬɪɚɞɟɧɬɚɬɧɵɟ ɯɟɥɚɬɧɨ-ɦɨɫɬɢɤɨɜɵɟ ɥɢɝɚɧɞɵ, 
ɤɨɨɪɞɢɧɢɪɭɹɫɶ ɤ ɤɚɠɞɨɦɭ ɢɡ ɞɜɭɯ ɚɬɨɦɨɜ Cu(I) ɨɞɧɢɦ ɚɬɨɦɨɦ ɚɡɨɬɚ ɚɪɨɦɚɬɢɱɟɫɤɨɝɨ 
ɹɞɪɚ ɢ ɨɞɧɨɣ ɞɜɨɣɧɨɣ ɫɜɹɡɶɸ ɚɥɥɢɥɶɧɨɣ ɝɪɭɩɩɵ. Ʉɨɨɪɞɢɧɚɰɢɨɧɧɵɣ ɮɪɚɝɦɟɧɬ ɩɪɢ 
ɷɬɨɦ ɞɨɫɬɪɚɢɜɚɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɦɨɫɬɢɤɨɜɨɣ ɮɭɧɤɰɢɢ ɚɬɨɦɨɜ ɚɧɢɨɧɨɜ (ɋl–, H2NSO3

–). 

ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫɜɹɡɶ ɋ=ɋ ɚɥɥɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɩɪɟɛɵɜɚɹ ɜ ɦɨɥɟɤɭɥɟ ɥɢɝɚɧɞɚ ɜɦɟɫɬɟ 
ɫ ɚɦɢɧɨ(ɬɢɨɥɶɧɨɣ) ɝɪɭɩɩɚɦɢ ɢ ɬɢɚɞɢɚɡɨɥɶɧɵɦ ɰɢɤɥɨɦ, ɭɫɩɟɲɧɨ ɡɚɜɨɟɜɵɜɚɟɬ ɦɟɫɬɨ ɜ 
ɤɨɨɪɞɢɧɚɰɢɨɧɧɨɦ ɩɨɥɢɷɞɪɟ ɦɟɞɢ(І). 

ɉɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ, ɱɬɨ ɢɡɦɟɧɹɹ ɤɨɥɢɱɟɫɬɜɨ ɚɥɥɢɥɶɧɵɯ ɝɪɭɩɩ ɜ ɦɨɥɟɤɭɥɟ 
ɨɪɝɚɧɢɱɟɫɤɨɝɨ ɥɢɝɚɧɞɚ, ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɫɬɪɭɤɬɭɪɧɵɟ ɮɪɚɝɦɟɧɬɵ ɪɚɡɧɨɣ ɚɪɯɢɬɟɤɬɭɪɵ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: π-ɤɨɦɩɥɟɤɫɵ ɦɟɞɢ(І), ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ, 1,3,4-

ɬɢɚɞɢɚɡɨɥɵ, ɚɥɥɢɥɶɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ, ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɢɧɠɟɧɟɪɢɹ. 
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SUMMARY 

 

Ardan B.R. Synthesis and stereochemistry of π–complexes of copper(I) salts with 

allyl derivatives of 1,3,4-thiadiazole. – Manuscript. 

The thesis for a degree of Candidate of Sciences in Chemistry. Speciality 02.00.01 

«Inorganic chemistry» (102 – Chemistry) – Ivan Franko National University of Lviv – Ivan 

Franko National University of Lviv, Lviv, 2017. 

New 22 compounds of copper(I) have been synthesized, among which 1 – σ–complex with 

azanide anion and 21 π–complexes. Single crystal XRD, IR- and Raman spectroscopies as well 

as DFT calculations have been performed to find out composition and structure of the obtained 

compounds. 

The compounds obtained are the very first examples of the metal compounds with allyl 

derivatives of 1,3,4-thiadiazole, despite the fact that the ligands have been described in literature 

long ago. Spectral data confirm the efficiency of Cu(I)–(C=C) interaction in discussed 

compounds. 

As ligands were used 2–(allyl)amino–5–methyl–1,3,4–thiadiazole (L1); 2–(allyl)amino–5–
phenyl–1,3,4–thiadiazole (ɇL2); 2,5–bis(allyl)amino–1,3,4–thiadiazole (L3); 5–amino–2–
(allyl)thio–1,3,4–thiadiazole (L4); 2,5–bis(allyl)thio–1,3,4–thiadiazole (L5). 

It has been found that monoallyl derivatives of 1,3,4-thiadiazole play a role of tridentate 

π,σ–ligands and tend to form stable cationic dimers {Cu2L2}
2+ (L1, L4) (typically – 

centrosymmetrycal), in which olephinic ɋ=ɋ bond and two nitrogen atoms from two adjacent 

ligand molecules are coordinated to the copper(I) centre. 

Diallyl derivatives (L3, L5) act somewhat different - as a tetradentate ligands, being 

coordinated to two Cu(I) atoms by means of only one nitrogen of aromatic ring and one double 

bond of allyl group. Coordination fragment is supplemented by means of bridged function of 

involved anions (ɋl–, H2NSO3
–). ɋ=ɋ bond of allyl group whilst being in ligand molecule with 

amino- and thiolo- groups, and thiadiazole heteroatoms successfully occupies a basal position in 

trigonal prism of copper(I) atom.   

It is interesting to note that [Cu2(L1)2]SiF6·{C6H6} and 

[Cu2(L4)2(H2O)(SiF6)]·CH3CN·H2O (both – π–complexes) are the second and the third known 

examples of the rare CuI–F (SiF6
2–) interaction between π–coordinated copper(I) ion and 

hexafluorosilicate anion. 

It is shown that by means of changing the number of allyl groups in ligand molecule 

structural fragments with predefined characteristics can be obtained. 

 

Keywords: π-complexes, copper(I), crystal structure, 1,3,4-thiadiazole, allyl derivatives, 

crystal engineering. 


