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Ⱥɧɨɬɚɰɿɹ 

Ⱥɪɞɚɧ Ȼ.Ɋ. ɋɢɧɬɟɡ ɬɚ ɫɬɟɪɟɨɯɿɦɿɹ π–ɤɨɦɩɥɟɤɫɿɜ ɫɨɥɟɣ ɤɭɩɪɭɦɭ(І) ɡ 

ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4–ɬɿɚɞɿɚɡɨɥɿɜ – Ʉɜɚɥɿɮɿɤɚɰɿɣɧɚ ɧɚɭɤɨɜɚ ɩɪɚɰɹ ɧɚ 

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. 

Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɩɪɢɫɜɹɱɟɧɚ ɡɦɿɧɧɨɫɬɪɭɦɧɨɦɭ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɦɭ (ɬɚ, 

ɱɚɫɬɤɨɜɨ, ɩɪɹɦɨɦɭ) ɫɢɧɬɟɡɭ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ N– ɱɢ S–ɚɥɿɥɶɧɢɦɢ 

ɩɨɯɿɞɧɢɦɢ 1,3,4–ɬɿɚɞɿɚɡɨɥɭ ɿ ɜɫɬɚɧɨɜɥɟɧɧɸ ɨɫɨɛɥɢɜɨɫɬɟɣ ɜɩɥɢɜɭ ɨɪɝɚɧɿɱɧɨɝɨ 

ɥɿɝɚɧɞɭ ɧɚ ɛɭɞɨɜɭ ɪɟɡɭɥɶɬɭɸɱɨʀ ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ ɫɩɨɥɭɤɢ ɬɚ ɨɫɧɨɜɧɢɯ 

ɡɚɤɨɧɨɦɿɪɧɨɫɬɟɣ ɭ ɡɦɿɧɚɯ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɿɜ. ȼɢɹɜɢɬɢ ɪɨɥɶ ɫɥɚɛɤɢɯ 

ɜɡɚєɦɨɞɿɣ ɭ ɤɪɢɫɬɚɥɿɱɧɿɣ ɿɧɠɟɧɟɪɿʀ ɨɬɪɢɦɚɧɢɯ ɫɩɨɥɭɤ. ɍ ɜɢɝɥɹɞɿ ɹɤɿɫɧɢɯ 

ɦɨɧɨɤɪɢɫɬɚɥɿɜ ɨɬɪɢɦɚɧɨ 22 ɧɨɜɿ ɫɩɨɥɭɤɢ ɤɭɩɪɭɦɭ(І), ɫɟɪɟɞ ɹɤɢɯ ɨɞɢɧ ı–ɤɨɦɩɥɟɤɫ 

ɡ ɚɡɚɧɿɞɧɢɦ ɚɧɿɨɧɨɦ ɬɚ 21 π–ɤɨɦɩɥɟɤɫ Cu(I); ɩɪɨɜɟɞɟɧɨ ɞɨɫɥɿɞɠɟɧɧɹ ʀɯ 

ɤɪɢɫɬɚɥɿɱɧɨʀ ɛɭɞɨɜɢ ɦɟɬɨɞɨɦ ɦɨɧɨɤɪɢɫɬɚɥɭ. Ɉɤɪɿɦ ɰɶɨɝɨ, ɞɥɹ ɜɢɜɱɟɧɧɹ ʀɯ 

ɛɭɞɨɜɢ ɜɢɤɨɪɢɫɬɚɧɨ ɦɟɬɨɞɢ Іɑ ɬɚ ɪɚɦɚɧɿɜɫɶɤɨʀ ɫɩɟɤɬɪɨɫɤɨɩɿʀ, ɩɪɨɜɟɞɟɧɨ 

ɤɜɚɧɬɨɜɨɯɿɦɿɱɧɿ (DFT) ɪɨɡɪɚɯɭɧɤɢ, ɚ ɬɚɤɨɠ ɤɪɢɫɬɚɥɨɯɿɦɿɱɧɢɣ ɚɧɚɥɿɡ ɪɟɡɭɥɶɬɚɬɿɜ 

ɟɤɫɩɟɪɢɦɟɧɬɭ. 

ɐɟ ɩɟɪɲɿ ɦɟɬɚɥɨɤɨɦɩɥɟɤɫɢ ɡ ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4–ɬɿɚɞɿɚɡɨɥɿɜ, ɡ 

ɹɤɢɦɢ ɧɟ ɛɭɥɨ ɜɿɞɨɦɨ ɠɨɞɧɨɝɨ ɦɟɬɚɥɨɤɨɦɩɥɟɤɫɭ, ɯɨɱɚ ɜɢɯɿɞɧɿ ɥɿɝɚɧɞɢ ɜɠɟ ɛɭɥɢ 

ɪɚɧɿɲɟ ɨɩɢɫɚɧɿ ɜ ɥɿɬɟɪɚɬɭɪɿ. ȼɫɬɚɧɨɜɥɟɧɨ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɩɨɛɭɞɨɜɢ 

ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ ɤɭɩɪɭɦɭ(І) ɡ ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4–ɬɿɚɞɿɚɡɨɥɭ, ɚ 

ɬɚɤɨɠ ɡ’ɹɫɨɜɚɧɨ ɜɩɥɢɜ ɫɥɚɛɤɢɯ ɜɡɚєɦɨɞɿɣ ɧɚ ʀɯ ɚɪɯɿɬɟɤɬɭɪɭ. ɋɩɟɤɬɪɚɥɶɧɿ ɞɚɧɿ 

ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɡɧɚɱɧɭ ɫɢɥɭ Cu(I)–(C=C) ɜɡɚєɦɨɞɿʀ ɞɥɹ ɞɨɫɥɿɞɠɟɧɢɯ ɫɩɨɥɭɤ. 

əɤ ɥɿɝɚɧɞɢ ɞɨɫɥɿɞɠɟɧɿ 2–ɚɥɿɥɚɦɿɧɨ–5–ɦɟɬɢɥ–1,3,4–ɬɿɚɞɿɚɡɨɥ (L1); 2–

ɚɥɿɥɚɦɿɧɨ–5–ɮɟɧɿɥ–1,3,4–ɬɿɚɞɿɚɡɨɥ (ɇL2); 2,5–ɛɿɫ(ɚɥɿɥɚɦɿɧɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥ 

(L3); 2–ɚɥɿɥɬɿɨ–5–ɚɦɿɧɨ–1,3,4–ɬɿɚɞɿɚɡɨɥ (L4); 2,5–ɛɿɫ(ɚɥɿɥɬɿɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥ 

(L5). 
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ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɦɨɧɨɚɥɿɥɶɧɿ ɩɨɯɿɞɧɿ 1,3,4–ɬɿɚɞɿɚɡɨɥɭ ɩɨɜɨɞɹɬɶ ɫɟɛɟ ɹɤ 

ɬɪɢɞɟɧɬɚɬɧɿ π,ı–ɥɿɝɚɧɞɢ ɬɚ ɩɪɨɹɜɥɹɸɬɶ 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) ɩɪɨɹɜɥɹɸɬɶ ɫɟɛɟ ɹɤ ɬɟɬɪɚɞɟɧɬɚɬɧɿ 

ɯɟɥɚɬɧɨ–ɦɿɫɬɤɨɜɿ ɥɿɝɚɧɞɢ, ɤɨɨɪɞɢɧɭɸɱɢɫɶ ɞɨ ɤɨɠɧɨɝɨ ɡ ɞɜɨɯ ɚɬɨɦɿɜ Cu(I) 

ɨɞɧɢɦ ɚɬɨɦɨɦ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ ɬɚ ɨɞɧɢɦ ɩɨɞɜɿɣɧɢɦ ɡɜ’ɹɡɤɨɦ 

ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɮɪɚɝɦɟɧɬ ɩɪɢ ɰɶɨɦɭ ɞɨɩɨɜɧɸєɬɶɫɹ ɡɚɜɞɹɤɢ 

ɦɿɫɬɤɨɜɿɣ ɮɭɧɤɰɿʀ ɚɬɨɦɿɜ ɜɿɞɩɨɜɿɞɧɢɯ ɚɧɿɨɧɿɜ (ɋl, H2NSO3). 

ɉɨɤɚɡɚɧɨ, ɳɨ ɡɜ’ɹɡɨɤ ɋ=ɋ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ, ɩɟɪɟɛɭɜɚɸɱɢ ɜ ɦɨɥɟɤɭɥɿ 

ɥɿɝɚɧɞɭ ɪɚɡɨɦ ɿɡ ɚɦɿɧɧɨɸ(ɬɿɨɥɶɧɨɸ) ɝɪɭɩɚɦɢ ɬɚ ɬɿɚɞɿɚɡɨɥɶɧɢɦ ɰɢɤɥɨɦ ɭɫɩɿɲɧɨ 

ɜɢɛɨɪɸє ɦɿɫɰɟ ɜ ɤɨɨɪɞɢɧɚɰɿɣɧɨɦɭ ɩɨɥɿɟɞɪɿ ɤɭɩɪɭɦɭ(І). ȼɚɪɬɨ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɜ 

ɠɨɞɧɨɦɭ ɡ ɞɨɫɥɿɞɠɭɜɚɧɢɯ ɤɨɦɩɥɟɤɫɿɜ ɚɥɿɥɶɨɜɧɚ ɚɦɿɧɨ– ɱɢ ɬɿɨɥɨ–ɝɪɭɩɚ ɜ 

ɤɨɨɪɞɢɧɚɰɿʀ ɦɟɬɚɥɭ ɭɱɚɫɬɿ ɧɟ ɛɟɪɟ, ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɧɿɬɪɨɝɟɧɿɜ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ 

ɰɢɤɥɭ, ɿɦɨɜɿɪɧɨ – ɱɟɪɟɡ ɩɟɜɧɿ ɩɪɨɫɬɨɪɨɜɿ ɭɬɪɭɞɧɟɧɧɹ ɬɚ ɡɧɚɱɧɭ ɫɬɚɛɿɥɿɡɚɰɿɸ 

ɬɪɢ–ɲɟɫɬɢɱɥɟɧɧɢɯ ɞɢɦɟɪɿɜ {Cu2L2}
2+. 

Ʉɨɨɪɞɢɧɚɰɿɣɧɿ ɫɩɨɥɭɤɢ [Cu2(L1)2]SiF6·{C6H6} ɬɚ 

[Cu2(L4)2(H2O)(SiF6)]·CH3CN·H2O (ɨɛɢɞɜɚ – π–ɤɨɦɩɥɟɤɫɢ ) є ɞɪɭɝɢɦ ɬɚ ɬɪɟɬɿɦ 

ɜɢɹɜɥɟɧɢɦɢ ɩɪɢɤɥɚɞɚɦɢ ɪɿɞɤɿɫɧɨʀ ɜɡɚєɦɨɞɿʀ  CuI–F (SiF6
2–) ɦɿɠ π–

ɤɨɨɪɞɢɧɨɜɚɧɢɦ ɣɨɧɨɦ ɤɭɩɪɭɦɭ(І) ɬɚ ɮɥɭɨɪɨɦ ɝɟɤɫɚɮɥɭɨɪɨɫɢɥɿɤɚɬ–ɚɧɿɨɧɭ. 

ɉɨɤɚɡɚɧɨ, ɳɨ ɡɚɜɞɹɤɢ ɡɦɿɧɿ ɤɿɥɶɤɨɫɬɿ ɚɥɿɥɶɧɢɯ ɝɪɭɩ ɜ ɦɨɥɟɤɭɥɿ 

ɨɪɝɚɧɿɱɧɨɝɨ ɥɿɝɚɧɞɭ ɦɨɠɧɚ ɨɞɟɪɠɭɜɚɬɢ ɫɬɪɭɤɬɭɪɧɿ ɮɪɚɝɦɟɧɬɢ ɪɿɡɧɨʀ 

ɚɪɯɿɬɟɤɬɭɪɢ. 

ɍ ɞɢɫɟɪɬɚɰɿɣɧɿɣ ɪɨɛɨɬɿ ɜɩɟɪɲɟ 

 – ɦɟɬɨɞɨɦ 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 ı-ɤɨɦɩɥɟɤɫ ɬɚ 21 π-ɤɨɦɩɥɟɤɫɢ ɤɭɩɪɭɦɭ(І); 
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 – ɞɥɹ ɚɥɿɥɶɧɢɯ π–ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɩɪɨɜɟɞɟɧɨ DFT–ɪɨɡɪɚɯɭɧɤɢ 

ɳɨɞɨ ɨɩɬɢɦɿɡɚɰɿʀ ɝɟɨɦɟɬɪɿʀ ɫɬɪɭɤɬɭɪɢ ɬɚ ɿɧɬɟɪɩɪɟɬɚɰɿʀ ɫɩɟɤɬɪɿɜ; 

– ɜɫɬɚɧɨɜɥɟɧɨ ɨɫɧɨɜɧɿ ɡɚɤɨɧɨɦɿɪɧɨɫɬɿ ɡɦɿɧɢ ɛɭɞɨɜɢ ɰɢɯ ɫɩɨɥɭɤ ɜ 

ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɥɿɝɚɧɞɭ, ɚ ɬɚɤɨɠ ɜɩɥɢɜ ɫɥɚɛɤɢɯ ɜɡɚєɦɨɞɿɣ ɧɚ ɚɪɯɿɬɟɤɬɭɪɭ 

ɡɝɚɞɚɧɢɯ ɤɨɦɩɥɟɤɫɿɜ. 

ɉɪɚɤɬɢɱɧɟ ɡɧɚɱɟɧɧɹ ɨɞɟɪɠɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ ɩɨɥɹɝɚє ɭ ɧɚɫɬɭɩɧɨɦɭ: 

 – 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 
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Abstract 

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

with allyl derivatives of 1,3,4-thiadiazole. – Qualifying scientific work printed as 

manuscript. 

The thesis for obtaining 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. 

The thesis is dedicated  to alternating current electrochemical and direct 

synthesis of copper(I) complexes with N– and S–allyl derivatives of 1,3,4-thiadiazole 

and to determine influence of organic ligands on the compounds structures. A role of 

weak interactions in crystal engineering of studied complexes has been showed. New 

22 compounds of copper(I) have been synthesized, among which 1 – ı–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 complexes with allyl 

derivatives of 1,3,4-thiadiazole, despite the fact that 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–bi(allyl)amino–1,3,4–thiadiazole (L3); 5–

amino–2–(allyl)thio–1,3,4–thiadiazole (L4); 2,5–bi(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,ı–ligands and tend to form stable cationic dimers {Cu2L2}
2+ (L1, L4) 

(typically – centrosymmetrycal), in which olephinic bond ɋ=ɋ and two nitrogen 

atoms N 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 
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group whilst being in ligand molecule with amino- and thiolo- groups and thiadiazole 

heteroatoms successfully occupies a basal position in a 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 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. 

In the thesis for the first time 

– by means of alternating current electrochemical synthesis (and, partially, 

direct synthesis) 22 new compounds with allyl derivatives of 1,3,4-thiadiazole have 

been obtained as good single crystals; including 1 ı-complex and 21 π-complexes of 

copper(І) salts; 

– for allyl π–complexes of copper(I) DFT–calculations for geometry 

optimization and spectra interpretation have been carried out; 

– the main patterns of structure changes of obtained complexes depending on 

ligand type as well as role of weak interactions on theirs architecture have been 

discussed. 

Practical value of the obtained results is: 

– Obtained results contain knowledge about crystal structure of new 

π–complexes of copper(I) salts with allyl derivatives of 1,3,4-thiadiazole, and its  

analysis. 

– Results may be in particular use for fields of metalorganic catalysts, crystal 

engineering and constructing new functional materials with predefined 

characteristics. 

– Single crystal XRD data of most obtained compounds deposited to the 

Cambridge Crystal Structure Database (CCDC). 

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

engineering. 
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ɉȿɊȿɅІɄ ɍɆɈȼɇɂɏ ɉɈɁɇȺɑȿɇЬ ɌȺ ɋɄɈɊɈɑȿɇЬ 

ɩɪ. ɝɪ. – ɩɪɨɫɬɨɪɨɜɚ ɝɪɭɩɚ 

a, b, c, α, ȕ, Ȗ, V – ɩɚɪɚɦɟɬɪɢ ɬɚ ɨɛ’єɦ ɟɥɟɦɟɧɬɚɪɧɨʀ ɤɨɦɿɪɤɢ 

ɩɪ. – ɩɪɢɡɦɢ 

ɩɥ. – ɩɥɚɫɬɢɧɢ 

ɰ.ɚ. – ɰɟɧɬɪɚɥɶɧɢɣ ɚɬɨɦ 

amtd – 2-ɚɦɿɧɨ-5-ɦɟɬɢɥ-1,3,4-ɬɿɚɞɿɚɡɨɥ 

atd – 2-ɚɦɿɧɨ-1,3,4-ɬɿɚɞɿɚɡɨɥ 

bpytd – 2,5-ɛɿɫ((3-ɩɿɪɢɞɢɧɿɥ)ɦɟɬɢɥɬɿɨ)-1,3,4-ɬɿɚɞɿɚɡɨɥ) 

dptd – 2-(ɞɢɮɟɧɿɥɮɨɫɮɿɧɨ-5-ɮɟɧɿɥ-1,3,4-ɬɿɚɞɿɚɡɨɥ 

amertd – 2-ɚɦɿɧɨ-5-ɦɟɪɤɚɩɬɨ-1,3,4-ɬɿɚɞɿɚɡɨɥ 

mqtd – 5-ɦɟɬɢɥ-2-(8-ɯɿɧɨɥɿɧɦɟɬɢɥɫɭɥɶɮɚɧɿɥ)-1,3,4-ɬɿɚɞɿɚɡɨɥ 

bmtd 
– 2,2'-(1,4-ɮɟɧɿɥɟɧɛɿɫ(ɦɟɬɢɥɟɧɫɭɥɶɮɚɧɟɞɿʀɥ)ɛɿɫ(5-ɦɟɬɢɥ-1,3,4-

ɬɿɚɞɿɚɡɨɥ)) 

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 

DFT – ɬɟɨɪɿɹ ɮɭɧɤɰɿɨɧɚɥɭ ɳɿɥɶɧɨɫɬɿ 

ɊɋȺ – ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɢɣ ɚɧɚɥɿɡ 

G (ɄɁɉ) – ɫɬɭɩɿɧɶ ɡɚɫɟɥɟɧɨɫɬɿ ɚɬɨɦɚɦɢ ɩɪɚɜɢɥɶɧɨʀ ɫɢɫɬɟɦɢ ɬɨɱɨɤ 
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m – ɫɟɪɟɞɢɧɚ ɩɨɞɜɿɣɧɨɝɨ ɡɜ’ɹɡɤɭ ɋ=ɋ (middle) 

P – ɤɿɥɶɤɿɫɬɶ ɭɬɨɱɧɸɜɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ 

S – ɞɨɛɪɨɬɧɿɫɬɶ ɭɬɨɱɧɟɧɧɹ (goodness of fit) 

R, wR – ɮɚɤɬɨɪɢ ɪɨɡɛɿɠɧɨɫɬɿ (ɡɜɢɱɚɣɧɢɣ, ɡɜɚɠɟɧɢɣ) 

x, y, z – ɤɨɨɪɞɢɧɚɬɢ ɚɬɨɦɿɜ ɭ ɱɚɫɬɤɚɯ ɩɟɪɿɨɞɿɜ ɝɪɚɬɤɢ 

Z – ɤɿɥɶɤɿɫɬɶ ɮɨɪɦɭɥɶɧɢɯ ɨɞɢɧɢɰɶ ɜ ɟɥɟɦɟɧɬɚɪɧɿɣ ɤɨɦɿɪɰɿ 

μ – ɥɿɧɿɣɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɩɨɝɥɢɧɚɧɧɹ 

ρɟɤɫɩ ɬɚ ρɨɛɱ – ɜɢɦɿɪɹɧɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɬɚ ɪɟɧɬɝɟɧɿɜɫɶɤɚ ɝɭɫɬɢɧɚ 

d – ɦɿɠɚɬɨɦɧɚ ɜɿɞɫɬɚɧɶ 

ω – ɜɚɥɟɧɬɧɢɣ ɤɭɬ 

φ – ɬɨɪɫɿɣɧɢɣ  ɤɭɬ 

Δ 
– ɜɟɥɢɱɢɧɚ ɜɢɯɨɞɭ ɚɬɨɦɚ ɦɟɬɚɥɭ ɡ ɩɥɨɳɢɧɢ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ 

ɥɿɝɚɧɞɿɜ 

Ĳ – ɤɭɬ ɦɿɠ ɡɜ’ɹɡɤɨɦ ɋ=ɋ ɿ ɩɥɨɳɢɧɨɸ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ ɥɿɝɚɧɞɿɜ 

Lɟɤɜ – ɚɬɨɦ, ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɩɥɨɳɢɧɿ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ ɥɿɝɚɧɞɿɜ 

Lɚɩ – ɚɬɨɦ, ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɚɩɿɤɚɥɶɧɨɦɭ ɩɨɥɨɠɟɧɧɿ 
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ȼɋɌɍɉ 

Ⱥɤɬɭɚɥьɧɿɫɬь ɪɨɛɨɬɢ. Ʉɨɧɫɬɪɭɸɜɚɧɧɹ ɛɚɠɚɧɢɯ ɫɬɪɭɤɬɭɪɧɢɯ ɮɪɚɝɦɟɧɬɿɜ 

ɭ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤɚɯ ɡ ɨɱɿɤɭɜɚɧɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ ɫɬɚє ɧɟɦɨɠɥɢɜɢɦ ɛɟɡ 

ɩɪɚɜɢɥɶɧɨɝɨ ɩɿɞɛɨɪɭ ɥɿɝɚɧɞɿɜ. 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 ı-ɡɜ'ɹɡɤɿɜ, ɡɞɚɬɟɧ ɛɪɚɬɢ ɭɱɚɫɬɶ ɭ 

ɮɨɪɦɭɜɚɧɧɿ π-ɡɜ'ɹɡɤɭ Cu(I)–(C=C), ɳɨ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɫɬɪɨɝɨɸ 

ɧɚɩɪɹɦɥɟɧɿɫɬɸ ɿ ɫɩɪɢɹє ɜɢɧɢɤɧɟɧɧɸ ɩɨɥɿɦɟɪɧɢɯ ɦɟɬɚɥɨɪɝɚɧɿɱɧɢɯ ɮɪɚɝɦɟɧɬɿɜ, 

ɹɤɿ є ɰɿɤɚɜɢɦɢ ɹɤ ɞɥɹ ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɨʀ ɿ ɞɥɹ ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ ɯɿɦɿʀ [1], ɬɚɤ ɿ ɞɥɹ 

ɫɬɜɨɪɟɧɧɹ ɧɨɜɢɯ ɮɭɧɤɰɿɨɧɚɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ [2]. Ɉɫɨɛɥɢɜɢɣ ɿɧɬɟɪɟɫ ɜɢɤɥɢɤɚɸɬɶ 

ɩɨɥɿɮɭɧɤɰɿɨɧɚɥɶɧɿ ɥɿɝɚɧɞɢ, ɳɨ ɡɞɚɬɧɿ ɨɛ’єɞɧɭɜɚɬɢ ɨɤɪɟɦɿ ɤɥɚɫɬɟɪɢ ɤɭɩɪɭɦɭ(І) 

[3] ɜ ɩɨɥɿɦɟɪɧɿ ɚɝɪɟɝɚɬɢ [4] ɱɢ ɤɚɪɤɚɫɧɿ ɫɬɪɭɤɬɭɪɢ [5], ɡɚɜɞɹɤɢ ɱɨɦɭ ɬɚɤɿ 

ɫɩɨɥɭɤɢ ɩɪɨɹɜɥɹɸɬɶ ɡɞɚɬɧɿɫɬɶ ɞɨ ɥɸɦɿɧɟɫɰɟɧɰɿʀ, ɬɟɪɦɨɯɪɨɦɿɡɦɭ [6] ɱɢ 

ɤɚɬɚɥɿɬɢɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ [7]. 

Ɍɿɚɞɿɚɡɨɥɢ, ɡɨɤɪɟɦɚ, 1,3,4-ɬɿɚɞɿɚɡɨɥɢ – ɞɚɜɧɨ ɜɿɞɨɦɢɣ ɤɥɚɫ ɫɩɨɥɭɤ, ɳɨ 

ɜɨɥɨɞɿɸɬɶ ɰɿɥɢɦ ɫɩɟɤɬɪɨɦ ɤɨɪɢɫɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ: ɚɧɬɢɦɿɤɪɨɛɧɿ [8], 

ɩɪɨɬɢɪɚɤɨɜɿ [9], ɚɧɬɢɨɤɫɢɞɚɧɬɧɿ [10]. ȼɨɧɢ ɬɚɤɨɠ є ɰɿɤɚɜɢɦɢ ɛɭɞɿɜɟɥɶɧɢɦɢ 

ɛɥɨɤɚɦɢ ɜ ɤɪɢɫɬɚɥɿɱɧɿɣ ɿɧɠɟɧɟɪɿʀ ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɦɟɬɚɥɨɨɪɝɚɧɿɱɧɢɯ ɤɨɦɩɥɟɤɫɿɜ 

[11]. ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɡɧɚɱɧɢɣ ɩɨɫɬɭɩ ɭ ɞɨɫɥɿɞɠɟɧɧɹɯ, ɩɨɜ’ɹɡɚɧɢɯ ɡ ɬɿɚɞɿɚɡɨɥɚɦɢ, 

ɞɨ ɩɨɱɚɬɤɭ ɞɚɧɨʀ ɪɨɛɨɬɢ ɜ Ʉɟɦɛɪɢɞɠɫɶɤɨɦɭ ɛɚɧɤɭ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɢɯ ɞɚɧɢɯ 

ɛɭɥɨ ɩɪɟɞɫɬɚɜɥɟɧɨ ɥɢɲɟ 6 ɫɬɪɭɤɬɭɪ π-ɤɨɦɩɥɟɤɫɿɜ ɦɟɬɚɥɿɜ [12-16] 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 

ɚɥіɥьɧɢɦɢ ɱɢ ɜіɧіɥьɧɢɦɢ 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 
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ɿɧɮɨɪɦɚɰɿɹ ɩɪɨ ɨɫɨɛɥɢɜɨɫɬɿ ʀɯ ɫɬɪɭɤɬɭɪɢ ɛɭɞɟ ɧɟɨɛɯɿɞɧɨɸ ɞɥɹ ɫɩɟɰɿɚɥɿɫɬɿɜ, ɳɨ 

ɩɪɚɰɸɸɬɶ ɭ ɝɚɥɭɡɿ ɦɟɬɚɥɨɤɚɬɚɥɿɡɭ ɬɚ ɪɨɡɪɨɛɤɢ ɦɚɬɟɪɿɚɥɿɜ ɡ ɰɿɧɧɢɦɢ ɜ 

ɩɪɚɤɬɢɱɧɨɦɭ ɜɿɞɧɨɲɟɧɧɿ ɜɥɚɫɬɢɜɨɫɬɹɦɢ. 

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

Ɇɟɬɚ ɿ ɡɚɞɚɱɿ ɞɨɫɥɿɞɠɟɧɧɹ. 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.  
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 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 ɪɟɡɭɥьɬɚɬɿɜ. 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 ı-ɤɨɦɩɥɟɤɫ ɬɚ 21 π-

ɤɨɦɩɥɟɤɫ ɤɭɩɪɭɦɭ(І). ɉɪɨɜɟɞɟɧɨ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɢɣ ɚɧɚɥɿɡ ɨɞɟɪɠɚɧɢɯ 

ɫɩɨɥɭɤ ɦɟɬɨɞɨɦ ɦɨɧɨɤɪɢɫɬɚɥɭ. ȼɩɟɪɲɟ ɞɥɹ ɚɥɿɥɶɧɢɯ ɩɨɯɿɞɧɢɯ π-ɤɨɦɩɥɟɤɫɿɜ 

ɤɭɩɪɭ(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 ɡɧɚɱɟɧɧɹ ɪɟɡɭɥьɬɚɬɿɜ. 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. 
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Ⱦɚɧɿ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɩɟɪɟɜɚɠɧɨʀ ɛɿɥɶɲɨɫɬɿ ɫɩɨɥɭɤ 

ɩɨɩɨɜɧɢɥɢ Ʉɟɦɛɪɢɞɠɫɶɤɢɣ ɛɚɧɤ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɢɯ ɞɚɧɢɯ (CCDC) [17]. 

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). 

Ⱥɩɪɨɛɚɰɿɹ ɪɟɡɭɥьɬɚɬɿɜ 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 ɨɛɫɹɝ ɪɨɛɨɬɢ. Ⱦɢɫɟɪɬɚɰɿɣɧɚ ɪɨɛɨɬɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɚɧɨɬɚɰɿʀ, 

ɩɟɪɟɥɿɤɭ ɭɦɨɜɧɢɯ ɫɤɨɪɨɱɟɧɶ, ɜɫɬɭɩɭ, ɱɨɬɢɪɶɨɯ ɪɨɡɞɿɥɿɜ, ɜɢɫɧɨɜɤɿɜ, ɫɩɢɫɤɭ 

ɜɢɤɨɪɢɫɬɚɧɢɯ ɞɠɟɪɟɥ (109 ɧɚɣɦɟɧɭɜɚɧɶ) ɬɚ ɞɨɞɚɬɤɿɜ. Ɂɦɿɫɬ ɨɫɧɨɜɧɨʀ ɱɚɫɬɢɧɢ 



11 

 

ɜɢɤɥɚɞɟɧɢɣ ɧɚ 118 ɫɬɨɪɿɧɤɚɯ ɞɪɭɤɨɜɚɧɨɝɨ ɬɟɤɫɬɭ, ɦɿɫɬɢɬɶ 61 ɬɚɛɥɢɰɸ ɬɚ 73 

ɪɢɫɭɧɤɢ. Ɂɚɝɚɥɶɧɢɣ ɨɛɫɹɝ ɞɢɫɟɪɬɚɰɿʀ ɫɬɚɧɨɜɢɬɶ 213 ɫɬɨɪɿɧɨɤ. 
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ɊɈɁȾІɅ 1 

ɈȽɅəȾ ɅІɌȿɊȺɌɍɊɂ 

 

ɉɨɯɿɞɧɿ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ ɭɬɜɨɪɸɸɬɶ ɱɢɫɥɟɧɧɿ ɤɨɨɪɞɢɧɚɰɿɣɧɿ ɫɩɨɥɭɤɢ ɡ 

ɫɨɥɹɦɢ ɪɿɡɧɢɯ ɦɟɬɚɥɿɜ, ɭ ɬɨɦɭ ɱɢɫɥɿ ɣ ɡ ɫɨɥɹɦɢ ɤɭɩɪɭɦɭ(І) ɬɚ ɤɭɩɪɭɦɭ(ІІ). 

ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɜɟɥɢɤɟ ɪɿɡɧɨɦɚɧɿɬɬɹ ɜɢɜɱɟɧɢɯ ɫɬɪɭɤɬɭɪ ɿɡ ɡɚɡɧɚɱɟɧɢɦɢ 

ɥɿɝɚɧɞɚɦɢ [18-22], ɞɨ ɩɨɱɚɬɤɭ ɧɚɲɢɯ ɞɨɫɥɿɞɠɟɧɶ ɫɩɨɥɭɤɢ ɡ ɚɥɿɥɶɧɢɦɢ 

ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ ɧɟ ɛɭɥɢ ɜɿɞɨɦɿ. Ɍɨɦɭ ɜ ɨɝɥɹɞɿ ɥɿɬɟɪɚɬɭɪɢ ɪɨɡɝɥɹɧɭɬɿ 

ı-ɤɨɦɩɥɟɤɫɢ ɤɭɩɪɭɦɭ(І) ɧɚ ɨɫɧɨɜɿ 1,3,4-ɬɿɚɞɿɚɡɨɥɿɜ, ɚ ɬɚɤɨɠ ɞɟɹɤɿ ɩɪɟɞɫɬɚɜɧɢɤɢ 

π-ɤɨɦɩɥɟɤɫɿɜ Cu(I) ɡ ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ ɩɹɬɢɱɥɟɧɧɢɯ ɝɟɬɟɪɨɰɢɤɥɿɜ. 
 

1.1 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 2-ɚɦɿɧɨ-5-ɦɟɬɢɥ-

1,3,4-ɬɿɚɞɿɚɡɨɥɨɦ (amtd) 

1.1.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu2Cl2(amtd)2] 

ɉɪ. ɝɪ. P21/b , Z = 2 , a = 6,365(2), b = 9,353(3), c = 11,456(3) Ǻ, 

Ȗ = 100,5(1)°, V = 670,6(4) Ǻ3 [23].  

ɋɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɭ [Cu2Cl2(amtd)2] (amtd – 2-ɚɦɿɧɨ-5-ɦɟɬɢɥ-1,3,4-

ɬɿɚɞɿɚɡɨɥ) ɹɜɥɹє ɫɨɛɨɸ ɧɟɫɤɿɧɱɟɧɧɿ ɤɨɨɪɞɢɧɚɰɿɣɧɿ ɥɚɧɰɸɝɢ, ɫɮɨɪɦɨɜɚɧɿ 

ɩɨɱɟɪɝɨɜɢɦɢ ɝɟɤɫɚɝɨɧɚɦɢ -Cu2N4- (ɤɨɧɮɨɪɦɚɰɿɹ ɤɪɿɫɥɚ) ɬɚ ɩɪɹɦɨɤɭɬɧɢɦɢ 

ɮɪɚɝɦɟɧɬɚɦɢ -Cu2Cl2-, ɳɨ ɥɟɠɚɬɶ ɜ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɢɯ ɩɥɨɳɢɧɚɯ ɬɚ ɡɪɨɳɟɧɿ 

ɜɟɪɲɢɧɚɦɢ (ɱɟɪɟɡ ɚɬɨɦɢ Cu) (ɪɢɫ. 1.1). Ɇɿɠ ɫɨɛɨɸ ɥɚɧɰɸɝɢ ɨɛ’єɞɧɭɸɬɶɫɹ 

ɜɨɞɧɟɜɢɦɢ ɡɜ’ɹɡɤɚɦɢ Cl∙∙∙H–(N). 

 

Ɋɢɫ. 1.1. ɉɨɥɿɦɟɪɧɢɣ ɥɚɧɰɸɝ ɭ ɫɬɪɭɤɬɭɪɿ [Cu2Cl2(amtd)2]. 
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  Ʉɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɚɬɨɦɚ ɤɭɩɪɭɦɭ(І) – ɬɪɢɝɨɧɚɥɶɧɚ ɩɿɪɚɦɿɞɚ, 

ɨɫɧɨɜɭ ɹɤɨʀ ɭɬɜɨɪɸɸɬɶ ɚɬɨɦɢ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɢɯ ɤɿɥɟɰɶ ɬɚ ɨɞɢɧ ɡ ɚɬɨɦɿɜ 

ɯɥɨɪɭ, ɜ ɬɨɣ ɱɚɫ ɹɤ ɿɧɲɢɣ ɚɬɨɦ ɯɥɨɪɭ ɩɨɫɿɞɚє ɚɩɿɤɚɥɶɧɟ ɩɨɥɨɠɟɧɧɹ. ȼɢɯɿɞ ɚɬɨɦɚ 

ɦɟɬɚɥɭ ɡ ɩɥɨɳɢɧɢ ɨɫɧɨɜɢ ɩɿɪɚɦɿɞɢ ɫɤɥɚɞɚє 0,249(3) Å (ɬɭɬ ɿ ɞɚɥɿ Å – ɚɧɝɫɬɪɟɦ). 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɤɭɬɢ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɜɭɡɥɚ ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥ. 1.1. 

Тɚɛɥɢɰɹ 1.1 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2Cl2(amtd)2]  

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–Cl(1) 2,699(2) N(2)Cu(1)N(1) 120,4(2) 

Cu(1)–Cl(1) 2,333(2) Cl(1)Cu(1)Cl(1) 93,4(6) 

Cu(1)–N(2) 1,993(4) Cl(1)Cu(1)N(2) 124,9(1) 

Cu(1)–N(1) 2,025(4) Cl(1)Cu(1)N(1) 110,5(1) 

Cl(1)–H(1) 2,42(1) Cl(1)Cu(1)N(2) 100,2(1) 

Cl(1)–H(2) 2,38(1) Cl(1)Cu(1)N(1) 96,4(1) 

  Cl(1)H(1)N(3) 145,0(9) 

  Cl(1)H(2)N(3) 174,4(10) 

 

1.2 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 2-ɚɦɿɧɨ-1,3,4-

ɬɿɚɞɿɚɡɨɥɨɦ (atd) 

1.2.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu4(atd)6](ClO4)4·2CH3OH 

ɉɪ. ɝɪ. P21/a , Z = 2 , a = 12,699(3), b = 14,295(3), c = 13,352(3) Ǻ, 

ȕ = 116,9(1)°, V = 2162(1) Å3 [24]. 

ɋɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɭ [Cu4(atd)6](ClO4)4·2CH3OH (atd – 2-ɚɦɿɧɨ-1,3,4-

ɬɿɚɞɿɚɡɨɥ) ɭɬɜɨɪɟɧɚ ɡ ɜɿɞɧɨɫɧɨ ɿɡɨɥɶɨɜɚɧɢɯ ɮɪɚɝɦɟɧɬɿɜ Cu4L6(ClO4)4, ɳɨ 

ɩɨєɞɧɚɧɿ ɦɿɠ ɫɨɛɨɸ ɡɚɜɞɹɤɢ ɪɨɡɝɚɥɭɠɟɧɿɣ ɫɢɫɬɟɦɿ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ, ɜ ɹɤɿɣ 

ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɿ ɤɪɢɫɬɚɥɿɡɚɰɿɣɧɿ ɦɨɥɟɤɭɥɢ ɦɟɬɚɧɨɥɭ Ɉ∙∙∙H–(N) ɬɚ Ɉ∙∙∙H–(Ɉ) (ɪɢɫ. 

1.2).  
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Ʉɨɨɪɞɢɧɚɰɿɣɧɢɦ ɩɨɥɿɟɞɪɨɦ ɚɬɨɦɚ ɤɭɩɪɭɦɭ є ɬɪɢɝɨɧɚɥɶɧɚ ɩɿɪɚɦɿɞɚ, 

ɟɤɜɚɬɨɪɿɚɥɶɧɿ ɩɨɥɨɠɟɧɧɹ ɡɚɣɦɚɸɬɶ ɬɪɢ ɚɬɨɦɢ ɧɿɬɪɨɝɟɧɭ ɬɪɶɨɯ ɪɿɡɧɢɯ ɦɨɥɟɤɭɥ 

ɥɿɝɚɧɞɭ, ɚɩɿɤɚɥɶɧɚ ɩɨɡɢɰɿɹ – ɨɤɫɢɝɟɧ ɩɟɪɯɥɨɪɚɬ-ɚɧɿɨɧɭ (ɬɚɛɥ. 1.2). Ⱥɬɨɦ ɦɟɬɚɥɭ 

ɡɧɚɯɨɞɢɬɶɫɹ ɩɪɚɤɬɢɱɧɨ ɜ ɩɥɨɳɢɧɿ ɨɫɧɨɜɢ ɩɨɥɿɟɞɪɚ, ɜɢɯɿɞ ɫɬɚɧɨɜɢɬɶ 0,152(4) Å.  

 

 

Ɋɢɫ. 1.2. Ɇɨɥɟɤɭɥɹɪɧɢɣ ɮɪɚɝɦɟɧɬ ɭ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ 

[Cu4(atd)6](ClO4)4·2CH3OH 

Тɚɛɥɢɰɹ 1.2 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu4(atd)6](ClO4)4·2CH3OH 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–N(1) 2,042(5) N(1)Cu(1)N(4) 116,4(2) 

Cu(1)–N(4) 1,946(5) N(1)Cu(1)N(6) 101,1(2) 

Cu(1)–N(6) 1,974(5) N(4)Cu(1)N(6) 140,5(2) 

Cu(2)–N(2) 1,965(5) N(2)Cu(2)N(3) 117,0(2) 

Cu(2)–N(3) 1,990(5) N(2)Cu(2)N(5) 123,3(2) 

Cu(2)–N(5) 1,982(5) N(3)Cu(2)N(5) 118,7(2) 

Cu(1)–O(1) 2,658(7)   

Cu(2)–O(5) 2,660(6)   
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1.3 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 2,5-ɛɿɫ((3-

ɩɿɪɢɞɢɧɿɥ)ɦɟɬɢɥɬɿɨ)-1,3,4-ɬɿɚɞɿɚɡɨɥɨɦ) (bpytd) 

1.3.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu2I2(bpytd)2](DMFA) 

ɉɪ. ɝɪ. 1P , Z = 1 , a = 8,412(3), b = 9,243(4), c = 15,368(7) Å, α = 86,67(2), 

ȕ = 83,57(1), Ȗ = 67,60(1)°, V = 1097,6(5) Å3 [25]. 

ɍ ɫɬɪɭɤɬɭɪɿ ɞɢɦɟɪɧɨɝɨ ɤɨɦɩɥɟɤɫɭ [Cu2I2(bpytd)2](DMFA) (bpytd - 2,5-

ɛɿɫ((3-ɩɿɪɢɞɢɧɿɥ)ɦɟɬɢɥɬɿɨ)-1,3,4-ɬɿɚɞɿɚɡɨɥ)) ɦɨɠɧɚ ɜɿɞɦɿɬɢɬɢ ɿɡɨɥɶɨɜɚɧɿɫɬɶ 

ɮɪɚɝɦɟɧɬɿɜ (Cu2L2), ɧɚɪɿɜɧɿ ɿɡ ɤɪɢɫɬɚɥɿɡɚɰɿɣɧɢɦɢ ɦɨɥɟɤɭɥɚɦɢ 

ɞɢɦɟɬɢɥɮɨɪɦɚɦɿɞɭ (ɪɢɫ. 1.3). Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɩɨɥɿɟɞɪ ɚɬɨɦɚ ɤɭɩɪɭɦɭ 

ɧɟɩɪɚɜɢɥɶɧɨʀ ɮɨɪɦɢ – ɞɢɫɮɟɧɨʀɞ ɡ ɞɨɞɚɬɤɨɜɨɸ ɜɟɪɲɢɧɨɸ; ɞɨ ɧɶɨɝɨ ɜɯɨɞɹɬɶ ɞɜɚ 

ɧɿɬɪɨɝɟɧɢ ɩɿɪɢɞɢɥɶɧɢɯ ɝɪɭɩ ɥɿɝɚɧɞɭ ɬɚ ɞɜɚ ɚɬɨɦɢ ɣɨɞɭ, ɳɨ ɪɚɡɨɦ ɮɨɪɦɭɸɬɶ 

ɞɢɫɮɟɧɨʀɞ, ɚ ɬɚɤɨɠ ɳɟ ɨɞɢɧ ɚɬɨɦ ɦɟɬɚɥɭ, ɳɨ ɡɛɥɢɠɟɧɢɣ ɞɨ ɩɟɪɲɨɝɨ ɱɟɪɟɡ 

ɮɨɪɦɭɜɚɧɧɹ ɮɪɚɝɦɟɧɬɿɜ (Cu2I2) (ɬɚɛɥ. 1.3). 

 

 

Ɋɢɫ. 1.3. Ʉɨɨɪɞɢɧɚɰɿɣɧɿ ɜɭɡɥɢ ɚɬɨɦɿɜ ɤɭɩɪɭɦɭ ɭ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ 

[Cu2I2(bpytd)2](DMFA). 
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Тɚɛɥɢɰɹ 1.3 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ  
[Cu2I2(bpytd)2](DMFA) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–N(1) 2,081(2) N(1)Cu(1)N(4) 95,1(1) 

Cu(1)–N(4) 2,095(3) I(1)Cu(1)I(1) 118,5(3) 

Cu(1)–I(1) 2,638(1) Cu(1)Cu(1)N(1) 133,5(7) 

Cu(1)–I(1) 2,622(1) Cu(1)Cu(1)N(4) 131,4(8) 

Cu(1)–Cu(1) 2,689(1) I(1)Cu(1)N(1) 108,6(7) 

  I(1)Cu(1)N(4) 109,0(7) 

  I(1)Cu(1)N(1) 112,3(8) 

  I(1)Cu(1)N(4) 110,4(8) 

 

1.4 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 2-

(ɞɢɮɟɧɿɥɮɨɫɮɿɧɨ-5-ɮɟɧɿɥ-1,3,4-ɬɿɚɞɿɚɡɨɥɨɦ (dptd) 

 1.4.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu4І4(dptd)4] 

ɉɪ. ɝɪ. 1P  , Z =1 , a = 10,255(0), b = 12,912(0), c = 15,371(0) Å, 

α = 99,63(0), ȕ = 90,68(0), Ȗ = 99,43(0)°, V = 1977,9(1) Å3 [26]. 

ɍ ɜɢɩɚɞɤɭ [Cu4І4(dptd)4] (dptd - 2-(ɞɢɮɟɧɿɥɮɨɫɮɿɧɨ-5-ɮɟɧɿɥ-1,3,4-

ɬɿɚɞɿɚɡɨɥ) ɛɚɱɢɦɨ ɭɬɜɨɪɟɧɧɹ ɨɤɪɟɦɢɯ ɬɟɬɪɚɦɟɪɧɢɯ ɮɪɚɝɦɟɧɬɿɜ (Cu4І4(dptd)4), 

ɤɨɠɟɧ ɡ ɹɤɢɯ ɮɨɪɦɭєɬɶɫɹ ɧɚɜɤɨɥɨ ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɨɝɨ ɦɨɬɢɜɭ (Cu4І4).  

ɍ ɫɬɪɭɤɬɭɪɿ ɧɚɹɜɧɿ ɞɜɚ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ ɤɭɩɪɭɦɭ ɬɚ ɞɜɚ 

ɪɿɡɧɨɜɢɞɢ ɦɨɥɟɤɭɥ ɥɿɝɚɧɞɭ: ɨɞɧɚ ɡ ɧɢɯ ɩɪɨɹɜɥɹє ɫɟɛɟ ɦɨɧɨ- (ɮɨɫɮɨɪ ɛɿɮɟɧɿɥ 

ɮɨɫɮɿɧɨɜɨʀ ɝɪɭɩɢ), ɚ ɿɧɲɚ – ɛɿ-ɞɟɧɬɚɬɧɨɸ (ɧɿɬɪɨɝɟɧ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ ɬɚ 

ɮɨɫɮɨɪ) (ɪɢɫ. 1.4). Ʉɨɨɪɞɢɧɚɰɿɣɧɿ ɩɨɥɿɟɞɪɢ ɦɟɬɚɥɭ ɜ ɨɛɨɯ ɜɢɩɚɞɤɚɯ є 

ɜɢɤɪɢɜɥɟɧɿ ɬɟɬɪɚɝɨɧɚɥɶɧɿ ɩɿɪɚɦɿɞɢ (ɬɚɛɥ. 1.4). 
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Ɋɢɫ. 1.4. Ɏɪɚɝɦɟɧɬ ɤɪɢɫɬɚɥɿɱɧɨʀ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɭ [Cu4І4(dptd)4]. 

 

 Тɚɛɥɢɰɹ 1.4 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ  
[Cu4І4(dptd)4] 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–I(1) 2,626(1) P(1)Cu(1)I(1) 104,1(1) 

Cu(1)–I(2) 2,651(1) Cu(2)Cu(1)I(1) 164,3(1) 

Cu(1)–I(1) 2,700(1) Cu(2)Cu(1)P(1) 91,4(1) 

Cu(1)–Cu(2) 2,702(1) I(2)Cu(1)I(1) 104,5(1) 

Cu(1)–P(1) 2,247(2) I(2)Cu(1)P(1) 107,0(1) 

Cu(2)–P(2) 2,231(2) P(2)Cu(2)I(2) 111,6(1) 

Cu(2)–I(2) 2,624(1) Cu(1)Cu(2)P(2) 161,0(1) 

Cu(2)–I(1) 2,701(1) Cu(1)Cu(2)N(1) 89,0(1) 

Cu(2)–N(1) 2,063(4) I(2)Cu(2)I(1) 105,2(1) 

  P(2)Cu(2)I(1) 111,0(1) 

  I(2)Cu(2)N(1) 110,3(1) 
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1.5 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 2-ɚɦɿɧɨ-5-

ɦɟɪɤɚɩɬɨ-1,3,4-ɬɿɚɞɿɚɡɨɥɨɦ (amertd) 

1.5.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu11Br5(amertd)6(MeCN)3] 

ɉɪ. ɝɪ. P63/m , Z = 2, a = 13,1843(3), b = 13,1843(3) , c = 16,9052(6) Å, 

V = 2544,87(12) Å3 [27]. 

ɍ ɫɬɪɭɤɬɭɪɿ [Cu11Br5(amertd)6(MeCN)3] (amertd - 2-ɚɦɿɧɨ-5-ɦɟɪɤɚɩɬɨ-

1,3,4-ɬɿɚɞɿɚɡɨɥ) ɧɚɹɜɧɿ ɬɪɢ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ ɤɭɩɪɭɦɭ. 

Ʉɨɨɪɞɢɧɚɰɿɣɧɢɦɢ ɩɨɥɿɟɞɪɚɦɢ ɩɟɪɲɢɯ ɞɜɨɯ ɜɢɫɬɭɩɚɸɬɶ ɬɟɬɪɚɟɞɪɢ. ȼɟɪɲɢɧɚɦɢ 

ɩɟɪɲɨɝɨ ɡ ɧɢɯ є ɞɜɚ ɚɬɨɦɢ ɫɭɥɶɮɭɪɭ ɬɿɨɥɶɧɨʀ ɝɪɭɩɢ, ɚɬɨɦɢ ɛɪɨɦɭ ɬɚ ɚɬɨɦɢ 

ɧɿɬɪɨɝɟɧɭ ɦɨɥɟɤɭɥɢ ɚɰɟɬɨɧɿɬɪɢɥɭ; ɞɪɭɝɢɣ ɠɟ ɭɬɜɨɪɟɧɢɣ ɞɜɨɦɚ ɧɿɬɪɨɝɟɧɚɦɢ 

ɞɜɨɯ ɬɿɚɞɿɚɡɨɥɶɧɢɯ ɤɿɥɟɰɶ ɬɚ ɚɬɨɦɨɦ ɛɪɨɦɭ. ɍ ɜɢɩɚɞɤɭ ɬɪɟɬɶɨɝɨ ɚɬɨɦɚ ɦɟɬɚɥɭ 

ɦɢ ɛɚɱɢɦɨ ɩɪɚɤɬɢɱɧɨ ɿɞɟɚɥɶɧɢɣ ɬɪɢɝɨɧ ɡ ɬɪɶɨɦɚ ɬɿɨɥɶɧɢɦɢ ɚɬɨɦɚɦɢ ɫɭɥɶɮɭɪɭ 

(ɬɚɛɥ. 1.5). ɋɬɪɭɤɬɭɪɭ ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɩɨɛɭɞɨɜɚɧɨɸ ɡ ɤɥɚɫɬɟɪɿɜ {Cu11Br2S6}, ɩɪɢ 

ɰɶɨɦɭ ɬɪɟɛɚ ɜɿɞɦɿɬɢɬɢ ɪɿɞɤɿɫɬɶ 11-ɱɥɟɧɧɢɯ ɦɟɬɚɥɨ-ɤɥɚɫɬɟɪɿɜ [28,29]. 

 

Ɋɢɫ. 1.5. Ʉɚɧɚɥɢ ɭ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ [Cu11Br5(amertd)6(MeCN)3]. 

 

ɐɿɤɚɜɨ ɜɿɞɦɿɬɢɬɢ ɮɨɪɦɭɜɚɧɧɹ ɝɪɚɮɿɬɨɩɨɞɿɛɧɢɯ ɲɚɪɿɜ, ɛɭɞɿɜɟɥɶɧɢɦɢ 

ɛɥɨɤɚɦɢ ɹɤɢɯ ɜɢɫɬɭɩɚɸɬɶ ɦɟɬɚɥɨɪɝɚɧɿɱɧɿ ɦɚɤɪɨɰɢɤɥɢ {Cu18(amtd)6} . ɉɪɢ 

ɰɶɨɦɭ ɜɡɞɨɜɠ ɨɫɿ c ɭɬɜɨɪɸɸɬɶɫɹ ɩɨɪɢ ɡ ɞɿɚɦɟɬɪɨɦ 1,98 Å (ɜɪɚɯɨɜɭɸɱɢ 

ɜɚɧɞɟɪɜɚɥɶɫɨɜɿ ɪɚɞɿɭɫɢ) (ɪɢɫ. 1.5) [30]. 
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Тɚɛɥɢɰɹ 1.5 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
Cu11Br5(amertd)6(MeCN)3 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–S(1) 2,321(2) S(1)Cu(1)N(4) 105,7(1) 

Cu(1)–Br(1) 2,419(2) S(1)Cu(1)Br(1) 112,7(1) 

Cu(1)–N(4) 1,999(3) N(4)Cu(1)Br(1) 109,9(2) 

Cu(2)–N(1) 1,996(5) S(1)Cu(2)N(1) 114,6(2) 

Cu(2)–N(2) 1,995(6) S(1)Cu(2)Br(2) 103,4(1) 

Cu(2)–S(1) 2,335(2) N(1)Cu(2)Br(2) 108,4(2) 

Cu(2)–Br(2) 2,679(1) N(2)Cu(2)Br(2) 102,3(2) 

Cu(3)–S(1) 2,244(2) S(1)Cu(3)S(1) 119,82(1) 

 

1.6 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 5-ɦɟɬɢɥ-2-(8-

ɯɿɧɨɥɿɧɦɟɬɢɥɫɭɥьɮɚɧɿɥ)-1,3,4-ɬɿɚɞɿɚɡɨɥɨɦ (mqtd) 

1.6.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu4I4(mqtd)2]n 

ɉɪ. ɝɪ. 1P  , Z = 2, a = 8,169(3), b = 14,708(5), c = 15,701(5) Å, 

α = 84,412(5), ȕ = 75,395(5), Ȗ = 77,426(5)°, V = 1780(1) Å3 [31]. 

ɋɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɭ [Cu4I4(mqtd)2]n (mqtd - 5-ɦɟɬɢɥ-2-(8-

ɯɿɧɨɥɿɧɦɟɬɢɥɫɭɥɶɮɚɧɿɥ)-1,3,4-ɬɿɚɞɿɚɡɨɥ) ɩɪɟɞɫɬɚɜɥɹє ɫɨɛɨɸ ɩɨɞɜɿɣɧɿ ɩɨɥɿɦɟɪɧɿ 

«ɡɢɝɡɚɝɢ» ((CuI)2) n, ɳɨ ɥɟɠɚɬɶ ɜɡɞɨɜɠ ɨɫɿ ɚ (ɪɢɫ. 1.6). 

ɍɫɿ ɚɬɨɦɢ ɤɭɩɪɭɦɭ ɮɨɪɦɭɸɬɶ ɜɢɤɪɢɜɥɟɧɟ ɬɟɬɪɚɟɞɪɢɱɧɟ ɨɬɨɱɟɧɧɹ ɡ ɬɪɶɨɯ 

ɚɬɨɦɿɜ ɣɨɞɭ ɬɚ ɨɞɧɨɝɨ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ. Ⱦɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ Cu–I ɬɚ 

Cu–N є ɭ ɞɿɚɩɚɡɨɧɚɯ 2,624(2)–2,772(2) Å ɬɚ 2,048(7)–2,063(7) Å, ɜɿɞɩɨɜɿɞɧɨ 

(ɬɚɛɥ. 1.6). 

Тɚɛɥɢɰɹ 1.6 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ [Cu4I4(mqtd)2]n 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–N(2) 2,048(7) N(2)–Cu(1)–I(2) 126,1(2) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 1.6 

Cu(1)–I(2) 2,624(2) N(2)–Cu(1)–I(1) 98,0(2) 

Cu(1)–I(1) 2,663(2) I(2)–Cu(1)–I(1) 106,14(5) 

Cu(1)–I(1) 2,739(2) Cu(3)-Cu(2)-Cu(1) 110,95(6) 

Cu(1)–Cu(1) 2,741(3) I(3)–Cu(3)–I(4) 108,11(5) 

Cu(1)–Cu(2) 2,835(2) I(2)–Cu(2)–I(1) 108,24(5) 

Cu(2)–N(1) 2,063(7) I(3)–Cu(3)–I(2) 118,65(5) 

Cu(2)–I(2) 2,632(2) I(4)–Cu(3)–I(2) 104,83(5) 

Cu(2)–I(1) 2,660(2) I(2)–Cu(2)–I(3) 117,03(5) 

Cu(2)–I(3) 2,753(2) I(1)–Cu(2)–I(3) 103,49(5) 

Cu(2)–Cu(3) 2,770(2) I(3)–Cu(3)–Cu(2) 61,26(4) 

Cu(3)–N(4) 2,060(7) I(4)–Cu(3)–Cu(2) 123,23(6) 

Cu(3)–I(2) 2,711(2) I(2)–Cu(2)–Cu(3) 60,18(4) 

Cu(3)–I(3) 2,629(2) N(5)–Cu(4)–Cu(3) 146,4(2) 

Cu(3)–I(4) 2,664(2) I(1)–Cu(2)–Cu(3) 121,82(6) 

Cu(3)–Cu(4) 2,809(2) I(3)–Cu(3)–Cu(4) 57,62(4) 

Cu(4)–N(5) 2,050(7) I(4)–Cu(4)–Cu(3) 57,03(4) 

Cu(4)–I(3) 2,625(2) I(4)–Cu(3)–Cu(4) 60,78(4) 

Cu(4)–I(4) 2,649(2) I(2)–Cu(3)–Cu(4) 157,68(6) 

Cu(4)–Cu(4) 2,764(3) Cu(2)-Cu(3)-Cu(4) 114,06(6) 

Cu(4)–I(4) 2,772(2) N(5)–Cu(4)–I(3) 126,4(2) 

 

Ɋɢɫ. 1.6. ɇɟɨɪɝɚɧɿɱɧɿ ɩɨɥɿɦɟɪɧɿ ɥɚɧɰɸɝɢ ɭ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ [Cu4I4(mqtd)2]n 
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1.7 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɭ ɤɭɩɪɭɦɭ(І) ɡ 2,2'-(1,4-

ɮɟɧɿɥɟɧɛɿɫ(ɦɟɬɢɥɟɧɫɭɥьɮɚɧɟɞɿʀɥ)ɛɿɫ(5-ɦɟɬɢɥ-1,3,4-ɬɿɚɞɿɚɡɨɥɨɦ)) 
(bmtd) 

1.7.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu4I4(bmtd)(CH3CN)2] 

ɉɪ. ɝɪ. P21/n , Z = 2, a = 10,289(2), b = 13,785(3), c = 11,148(2) Å, 

ȕ = 95,81(3)˚, V = 1573,1(5) Å3 [32]. 

ɉɪɨɫɬɨɪɨɜɭ ɛɭɞɨɜɭ ɤɨɦɩɥɟɤɫɭ [Cu4I4(bmtd)(CH3CN)2] (bmtd - 2,2'-(1,4-

ɮɟɧɿɥɟɧɛɿɫ(ɦɟɬɢɥɟɧɫɭɥɶɮɚɧɟɞɿʀɥ)ɛɿɫ(5-ɦɟɬɢɥ-1,3,4-ɬɿɚɞɿɚɡɨɥ)) ɦɨɠɧɚ 

ɿɧɬɟɪɩɪɟɬɭɜɚɬɢ ɹɤ ɧɟɫɤɿɧɱɟɧɧɿ ɤɨɨɪɞɢɧɚɰɿɣɧɿ «ɞɪɚɛɢɧɤɢ», ɳɨ ɭɬɜɨɪɟɧɿ 

ɤɥɚɫɬɟɪɚɦɢ (Cu4I4) (ɜɢɤɪɢɜɥɟɧɚ ɤɨɧɮɨɪɦɚɰɿɹ ɤɪɿɫɥɚ), ɹɤɿ ɡɜ'ɹɡɚɧɿ ɦɿɠ ɫɨɛɨɸ 

ɦɨɥɟɤɭɥɚɦɢ ɨɪɝɚɧɿɱɧɨɝɨ ɥɿɝɚɧɞɭ; ɬɚɤɿ ɩɨɥɿɦɟɪɧɿ ɦɟɬɚɥɤɨɨɪɞɢɧɚɰɿɣɧɿ ɥɚɧɰɸɝɢ, ɜ 

ɫɜɨɸ ɱɟɪɝɭ, ɡɜ'ɹɡɭɸɬɶɫɹ ɦɿɠ ɫɨɛɨɸ ɡɚɜɞɹɤɢ π∙∙∙π ɫɬɟɤɿɧɝɭ ɬɿɚɞɿɚɡɨɥɶɧɢɯ ɤɿɥɟɰɶ 

[33] (ɪɢɫ. 1.7). 

 

Ɋɢɫ. 1.7. Ɇɟɬɚɥɨɪɝɚɧɿɱɧɿ ɥɚɧɰɸɝɢ ɭ ɫɬɪɭɤɬɭɪɿ  

ɤɨɦɩɥɟɤɫɭ [Cu4I4(bmtd)(CH3CN)2]. 

 

ɍ ɫɬɪɭɤɬɭɪɿ ɧɚɹɜɧɿ ɞɜɚ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ ɤɭɩɪɭɦɭ. 

Ʉɨɨɪɞɢɧɚɰɿɣɧɢɦ ɩɨɥɿɟɞɪɨɦ ɩɟɪɲɨɝɨ ɜɢɫɬɭɩɚє ɬɟɬɪɚɟɞɪ, ɜɟɪɲɢɧɚɦɢ ɹɤɨɝɨ є ɞɜɚ 

ɣɨɞɢɞ ɣɨɧɢ, ɨɞɢɧ ɧɿɬɪɨɝɟɧ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɬɚ ɿɳɟ ɨɞɢɧ ɜɿɞ ɦɨɥɟɤɭɥɢ 

ɚɰɟɬɨɧɿɬɪɢɥɭ; ɞɥɹ ɞɪɭɝɨɝɨ ɯɚɪɚɤɬɟɪɧɟ ɜɢɤɪɢɜɥɟɧɟ ɬɟɬɪɚɟɞɪɢɱɧɟ ɨɬɨɱɟɧɧɹ ɿɡ 

ɬɪɶɨɯ ɣɨɞɢɞ ɿɨɧɿɜ, ɨɞɢɧ ɡ ɹɤɢɯ ɫɭɬɬєɜɨ ɛɥɢɠɱɢɣ ɡɚ ɿɧɲɿ, ɚ ɬɚɤɨɠ ɧɿɬɪɨɝɟɧ 

ɬɿɚɞɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ (ɬɚɛɥ. 1.7). 
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Тɚɛɥɢɰɹ 1.7 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
Cu4I4(bmtd)(CH3CN)2 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–N(3) 1,978(4) N(3)–Cu(1)–N(1) 115,3(1) 

Cu(1)–N(1) 2,055(3) N(3)–Cu(1)–I(1) 110,7(1) 

Cu(1)–I(1) 2,665(1) N(1)–Cu(1)–I(1) 101,3(1) 

Cu(1)–I(2) 2,678(1) N(3)-Cu(1)-I(2) 103,0(1) 

Cu(1)–Cu(2) 2,818(1) N(1)–Cu(1)–I(2) 115,6(1) 

Cu(2)–N(2) 2,061(3) I(1)–Cu(1)–I(2) 111,2(1) 

Cu(2)–I(2) 2,569(1) N(2)–Cu(2)–I(1) 100,4(1) 

Cu(2)–Cu(2) 2,621(1)   

Cu(2)–I(1) 2,761(1)   

Cu(2)–I(1) 2,814(1)   

 

1.8 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 1-ɚɥɿɥ-

ɛɟɧɡɨɬɪɢɚɡɨɥɨɦ (abtr) 

1.8.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [CuCl(abtr)] 

ɉɪ. ɝɪ. P21/n, Z = 4 , a = 12,395(4), b = 10,466(3), c = 7,194(2) Å,  

Ȗ = 90,48(2)o, V = 933,2(8) Å3 [34].  

 ɍ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ [CuCl(abtr)] (abtr - 1-ɚɥɿɥ-ɛɟɧɡɨɬɪɢɚɡɨɥ) ɥɿɝɚɧɞ 

ɩɨɜɨɞɢɬɶ ɫɟɛɟ ɹɤ ɦɿɫɬɤɨɜɢɣ ,-ɥɿɝɚɧɞ, ɛɭɞɭɱɢ ɤɨɨɪɞɢɧɨɜɚɧɢɦ ɨɞɧɨɱɚɫɧɨ ɞɨ 

ɞɜɨɯ ɚɬɨɦɿɜ  ɤɭɩɪɭɦɭ(І) ɡɚɜɞɹɤɢ ɡɜ’ɹɡɤɭ C=C ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ ɬɚ ɚɬɨɦɭ N(3) 

ɬɪɢɚɡɨɥɶɧɨɝɨ ɤɿɥɶɰɹ. Ⱦɜɚ ɚɬɨɦɢ ɯɥɨɪɭ ɞɨɩɨɜɧɸɸɬɶ ɤɨɨɪɞɢɧɚɰɿɣɧɢɣ ɩɨɥɿɟɞɪ 

ɚɬɨɦɚ ɦɟɬɚɥɭ ɞɨ ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ (Ɋɢɫ. 1.8.). ȼɿɞɫɬɚɧɶ Cu–m ɫɬɚɧɨɜɢɬɶ 

1,965(1) Å, ɚ ɩɨɞɜɿɣɧɢɣ ɡɜ'ɹɡɨɤ C=C ɜɢɞɨɜɠɟɧɢɣ ɞɨ 1,36(1) Å, ɳɨ ɜɤɚɡɭє ɧɚ 

ɟɮɟɤɬɢɜɧɭ Cu(I)–(C=C) ɜɡɚєɦɨɞɿɸ. Ɋɚɡɨɦ ɡ ɬɢɦ, ɜɿɞɞɚɥɟɧɿɫɬɶ ɚɬɨɦɚ ɯɥɨɪɭ ɜ 

ɚɩɿɤɚɥɶɧɨɦɭ ɩɨɥɨɠɟɧɧɿ (2,673(3) Å) ɝɨɜɨɪɢɬɶ, ɳɨ -ɞɚɬɢɜɧɚ ɤɨɦɩɨɧɟɧɬɚ 
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ɜɡɚєɦɨɞɿʀ Cu(I)–(C=C) ɞɟɳɨ ɩɨɞɚɜɥɟɧɚ ɱɟɪɟɡ ɩɪɢɫɭɬɧɿɫɬɶ ɜ ɤɨɨɪɞɢɧɚɰɿɣɧɨɦɭ 

ɩɨɥɿɟɞɪɿ ɚɬɨɦɚ ɧɿɬɪɨɝɟɧɭ (ɬɚɛɥ. 1.8.). 

 

Ɋɢɫ. 1.8. Ʉɨɨɪɞɢɧɚɰɿɣɧɿ ɜɭɡɥɢ ɚɬɨɦɿɜ ɤɭɩɪɭɦɭ ɭ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ 

[CuCl(abtr)]. 

Тɚɛɥɢɰɹ 1.8 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[CuCl(abtr)] 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu–Cl 2,673(3) Cl– Cu–Cl* 95,74(7) 

Cu–Cl* 2,283(2) Cl–Cu–m 103,27(6) 

Cu–N(3) 2,010(5) Cl*–Cu–m 120,76(7) 

Cu–m 1,965(1) Cl–Cu–N(3) 94,6(2) 

Cu–C(8) 2,092(7) Cl*– Cu–N(3) 111,7(2) 

Cu–C(9) 2,067(8) m–Cu–N(3) 121,7(2) 

C(7)–C(8) 1,47(1) C(7)–C(8)=C(9) 124,4(7) 

C(8)=C(9) 1,36(1)   

 

1.9 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 2-(ɚɥɿɥɬɿɨ)-
ɛɟɧɡɿɦɿɞɚɡɨɥɨɦ (atbid) 

1.9.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [CuCl(atbid)] 

ɉɪ. ɝɪ. Pbcn, Z=8, a=16,799(2) Å, b=7,302(2) Å, c=18,214(2) Å, 

V=2234,1(9) Å3 [35]. 
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 Ɇɨɥɟɤɭɥɚ 2-(ɚɥɿɥɬɿɨ)-ɛɟɧɡɿɦɿɞɚɡɨɥɭ ɭ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ [CuCl(atbid)] 

(atbid - 2-(ɚɥɿɥɬɿɨ)-ɛɟɧɡɿɦɿɞɚɡɨɥ) ɩɪɨɹɜɥɹє ɫɟɛɟ ɯɟɥɚɬɧɢɦ ,-ɥɿɝɚɧɞɨɦ ɡɚɜɞɹɤɢ 

C=C ɡɜ’ɹɡɤɭ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ ɬɚ ɨɞɧɨɦɭ ɡ ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ ɿɦɿɞɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ. 

Ⱥɬɨɦ ɯɥɨɪɭ ɡɚɣɦɚє ɬɪɟɬɸ ɩɨɡɢɰɿɸ ɜ ɛɚɡɚɥɶɧɿɣ ɩɥɨɳɢɧɿ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ 

ɩɨɥɿɟɞɪɚ ɚɬɨɦɚ ɤɭɩɪɭɦɭ. Ⱥɬɨɦɢ ɤɭɩɪɭɦɭ, ɯɥɨɪɭ ɬɚ ɫɭɥɶɮɭɪɭ ɤɨɩɥɚɧɚɪɧɿ ɿɡ 

ɛɟɧɡɿɦɿɞɚɡɨɥɶɧɨɸ ɱɚɫɬɢɧɨɸ. Іɧɲɢɣ ɚɬɨɦ ɯɥɨɪɭ ɬɟɠ ɦɨɠɧɚ ɜɤɥɸɱɚɬɢ ɜ 

ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɦɟɬɚɥɭ  (Cu – Cl’ 3,034(5) Å), ɚɥɟ ɣɨɝɨ ɪɨɡɬɚɲɭɜɚɧɧɹ ɜ 

ɚɩɿɤɚɥɶɧɿɣ ɩɨɡɢɰɿʀ ɜɤɭɩɿ ɡ ɧɟɜɟɥɢɤɢɦ ɜɢɯɨɞɨɦ ɚɬɨɦɚ ɤɭɩɪɭɦɭ ɡ ɛɚɡɚɥɶɧɨʀ 

ɩɥɨɳɢɧɢ (∆ = 0,16 Å) ɫɜɿɞɱɚɬɶ ɩɪɨ ɫɥɚɛɤɿɫɬɶ Cu–Cl’ ɜɡɚєɦɨɞɿʀ (ɬɚɛɥ. 1.9.). 

Ɂɧɚɱɟɧɧɹ ɤɭɬɚ C–Cu–C ( 38,0(8)o ), ɜɿɞɫɬɚɧɶ Cu-m ɪɿɜɧɚ 1,95(2) Å, ɬɚ ɧɟɜɟɥɢɤɟ 

ɜɢɞɨɜɠɟɧɧɹ  C=C ɡɜ’ɹɡɤɭ  (1,35(2) Å) ɫɜɿɞɱɚɬɶ ɩɪɨ ɩɨɦɿɪɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ 

ɜɡɚєɦɨɞɿʀ Cu(I)–(C=C). 

 

Ɋɢɫ. 1.9. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɚɬɨɦɚ ɤɭɩɪɭɦɭ ɭ ɫɬɪɭɤɬɭɪɿ  

ɤɨɦɩɥɟɤɫɭ [CuCl(atbid)]. 

Тɚɛɥɢɰɹ 1.9 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 

[CuCl(atbid)] 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu–Cl 2,227(4) Cl–Cu–Cl' 94,1(1) 

Cu–Cl' 3,031(4) Cl–Cu–N(2) 114,9(3) 

Cu–m 1,96(2) Cl'–Cu–N(2) 86,2(3) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 1.9 

Cu–N(2) 1,954(9) C(9)–Cu–C(10) 38,0(8) 

Cu–C(9) 2,07(2) Cl–Cu–m 126,31 

Cu–C(10) 2,07(2) Cl’–Cu–m 100,74 

C(8)–C(9) 1,42(3) N(2)–Cu–m 117,3 

C(9)=C(10) 1,35(3) C(8)–C(9)=C(10) 127(2) 

 

1.9.2 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu(atbid)]2Br2 

ɉɪ. ɝɪ. P21/n, Z =4 , a = 7,4439(5), b = 17,6952(3), c = 17,0420(7) Å, 

ȕ = 94,662(2)°, V = 2237,4(2) Å3 [35]. 

ɍ ɫɬɪɭɤɬɭɪɿ [Cu(atbid)]2Br2 ɥɿɝɚɧɞ ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɞɨ ɚɬɨɦɚ ɦɟɬɚɥɭ 

ɡɚɜɞɹɤɢ ɚɬɨɦɭ ɧɿɬɪɨɝɟɧɭ ɬɚ C=C ɡɜ’ɹɡɤɭ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ, ɬɚɤ ɹɤ ɿ ɜ ɩɨɩɟɪɟɞɧɶɨɦɭ 

ɤɨɦɩɥɟɤɫɿ [CuCl(atbid)]. Ⱥɥɟ ɡɚɜɞɹɤɢ ɮɨɪɦɭɜɚɧɧɸ ɜɢɞɨɜɠɟɧɢɯ ɡɜ’ɹɡɤɿɜ Cu–Br 

ɭɬɜɨɪɸɸɬɶɫɹ ɩɫɟɜɞɨɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ ɞɢɦɟɪɢ Cu2Br2L2 (Ɋɢɫ. 1.10.). 

ȼɿɞɩɨɜɿɞɧɨ, ɤɨɠɟɧ ɚɬɨɦ ɤɭɩɪɭɦɭ ɮɨɪɦɭє ɬɟɬɪɚɟɞɪɢɱɧɨ ɜɢɤɪɢɜɥɟɧɟ 

ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɟ ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ, ɡ ɨɥɟɮɿɧɨɜɨɝɨ ɡɜɹɡɤɭ C=C, 

ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ ɬɚ ɛɪɨɦɭ ɜ ɛɚɡɚɥɶɧɿɣ ɩɥɨɳɢɧɿ, ɬɚ ɿɳɟ ɨɞɧɨɝɨ ɚɬɨɦɭ ɛɪɨɦɭ – ɜ 

ɚɩɿɤɚɥɶɧɿɣ ɩɨɡɢɰɿʀ (ɬɚɛɥ. 1.10.).  

Ɂɧɚɱɟɧɧɹ ɤɭɬɚ C–Cu–C (38,1(2) o), ɜɿɞɫɬɚɧɶ Cu–m ɪɿɜɧɚ 1,961(4) Å, ɬɚ 

ɧɟɜɟɥɢɤɟ ɜɢɞɨɜɠɟɧɧɹ  C=C ɡɜ’ɹɡɤɭ  (1,354(5) Å), ɪɚɡɨɦ ɿɡ ɜɢɯɨɞɨɦ ɚɬɨɦɚ 

ɤɭɩɪɭɦɭ ɡ ɛɚɡɚɥɶɧɨʀ ɩɥɨɳɢɧɢ (∆ = 0,316  Å) ɫɜɿɞɱɚɬɶ ɩɪɨ ɜɿɞɱɭɬɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ 

ɜɡɚєɦɨɞɿʀ Cu(I)–(C=C), ɯɨɱɚ ɬɚɤɢɣ ɚɧɚɥɿɡ ɞɟɳɨ ɜɬɪɚɱɚє ɬɨɱɧɿɫɬɶ ɱɟɪɟɡ 

ɪɨɡɭɩɨɪɹɞɤɭɜɚɧɧɹ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ. 

Тɚɛɥɢɰɹ 1.10 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu(atbid)]2Br2 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1–Br1 2,875(1) Br1–Cu1–Br2 99,17(2) 

Cu1–Br2 2,407(1) Br1–Cu1–N2 96,08(9) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 1.10 

Cu1–N2 1,989(3) Br1–Cu1–C14 94,76(11) 

Cu1–C14 2,079(4) Br1–Cu1–C15 105,41(12) 

Cu1–C15 2,070(4) Br2–Cu1–N2 112,67(9) 

  
Br2–Cu1–C14 142,82(11) 

  
Br2–Cu1–C15 104,75(12) 

  
C14–Cu1–C15 38,1(2) 

Cu2–Br1 2,397(1) Br1–Cu2–Br2 96,40(3) 

Cu2–Br2 2,986(1) Br1–Cu2–N3 118,71(9) 

Cu2–N3 1,987(3) Br1–Cu2–C17 102,16(14) 

Cu2–C17 2,080(5) Br1–Cu2–C20 133,9(3) 

Cu2–C20 2,099(10) Br1–Cu2–C20a 139,6(2) 

Cu2–C20a 2,098(6) Br2–Cu2–N3 98,59(9) 

  
Br2–Cu2–C17 97,84(14) 

  
Br2–Cu2–C20 110,1(3) 

C14=C15 1,354(5) Br2–Cu2–C20a 85,9(2) 

C17=C20 1,398(14) N3–Cu2–C17 133,5(2) 

C17=C20a 1,363(9) C17–Cu2–C20 39,1(4) 

  C17–C20–C19 124,7(10) 

 

 
Ɋɢɫ. 1.10. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɭ [Cu(atbid)]2Br2. 
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1.10 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 2-ɿɦɿɧɨ-3-ɚɥɿɥ-

ɛɟɧɡɨɬɿɚɡɨɥɨɦ (iabt) 

1.10.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [CuCl(iabt)] 

ɉɪ. ɝɪ. P21/n, Z =4, a = 13,789(6), b = 6,297(3), c = 13,830(6) Å, 

ȕ = 112,975(4)°, V = 1105,6(9) Å3 [36]. 

ɍ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ [CuCl(iabt)] (iabt – 2-ɿɦɿɧɨ-3-ɚɥɿɥ-ɛɟɧɡɨɬɿɚɡɨɥ) 

ɥɿɝɚɧɞ, ɩɟɪɟɛɭɜɚɸɱɢ ɜ ɦɨɥɟɤɭɥɹɪɧɿɣ ɮɨɪɦɿ, ɩɪɨɹɜɥɹє ɯɟɥɚɬɧɭ ɮɭɧɤɰɿɸ, 

ɤɨɨɪɞɢɧɭɸɱɢɫɶ ɞɨ ɚɬɨɦɭ ɤɭɩɪɭɦɭ (І) ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɨɞɜɿɣɧɨɝɨ ɡɜ’ɹɡɤɭ ɋ=ɋ ɬɚ 

ɚɬɨɦɚ ɧɿɬɪɨɝɟɧɭ ɿɦɿɧɨ–ɝɪɭɩɢ. Ȼɥɢɡɶɤɨ ɪɨɡɬɚɲɨɜɚɧɢɣ ɚɬɨɦ ɯɥɨɪɭ (Cu–Cl 

2,195(2) Å) ɡɚɜɟɪɲɭє ɩɥɨɫɤɨ–ɬɪɢɝɨɧɚɥɶɧɟ ɨɬɨɱɟɧɧɹ ɚɬɨɦɚ ɦɟɬɚɥɭ (ɪɢɫ. 1.11.). 

Ɂɚɜɞɹɤɢ ɫɢɥɶɧɢɦ ɜɨɞɧɟɜɢɦ ɡɜɹɡɤɚɦ NH∙∙∙Cl  (H∙∙∙Cl 2.33 Å, ɤɭɬ N–H–Cl  177˚) 

ɨɤɪɟɦɿ ɛɥɨɤɢ [CuCl(iabt)] ɨɛєɞɧɚɧɿ ɜ ɧɟɫɤɿɧɱɟɧɧɿ ɫɩɿɪɚɥɟɜɢɞɧɿ ɥɚɧɰɸɝɢ. 

Ɂɧɚɱɟɧɧɹ ɤɭɬɚ C–Cu–C (39,4(2)o), ɜɿɞɫɬɚɧɶ Cu–m ɪɿɜɧɚ 1,920(5) Å, ɬɚ 

ɜɢɞɨɜɠɟɧɧɹ  C=C ɡɜ’ɹɡɤɭ  (1,374(7) Å ɩɨɪɿɜɧɹɧɨ ɿɡ 1,33 Å ɭ ɦɨɥɟɤɭɥɿ ɜɿɥɶɧɨɝɨ 

ɥɿɝɚɧɞɭ), ɪɚɡɨɦ ɿɡ ɤɭɬɨɦ ɦɿɠ ɋ=ɋ ɡɜɹɡɤɨɦ  ɬɚ ɛɚɡɚɥɶɧɨɸ ɩɥɨɳɢɧɨɸ (Ĳ = 15 o) є 

ɨɡɧɚɤɚɦɢ ɫɢɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ Cu(I)–(C=C) (ɬɚɛɥ. 1.11.). 

 

 

Ɋɢɫ. 1.11. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ [CuCl(iabt)]. 
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Тɚɛɥɢɰɹ 1.11 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[CuCl(iabt)] 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1–N2 1,947(4) Cl–Cu1–m 133,1 

Cu1–C11 2,029(5) N2–Cu1–m 113,3 

Cu1–C12 2,050(5) N2–Cu1–Cl1 113,3 

Cu1–Cl1 2,195(2)   

Cu–m 1,920(5)   

C11=C12 1,374(7)   

 

1.10.2 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ (iabtН+)2[Cu2Cl4] 

ɉɪ. ɝɪ. 1P  , Z =1 , a = 7,377(3), b = 8,506(3), c = 9,998(4) Å, α = 79,892(10), 

ȕ = 82,704(13), Ȗ = 78,206(12)°, V = 601,9(4) Å3 [36]. 

ɍ ɰɜɿɬɬɟɪ-ɣɨɧɧɨɦɭ ɤɨɦɩɥɟɤɫɿ (iabtɇ+)2[Cu2Cl4] ɚɬɨɦɢ ɤɭɩɪɭɦɭ ɬɚ ɯɥɨɪɭ 

ɮɨɪɦɭɸɬɶ ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ ɤɨɦɩɥɟɤɫɧɿ ɚɧɿɨɧɢ [Cu2Cl4
2-]. Ʉɨɨɪɞɢɧɚɰɿɣɧɚ 

ɫɮɟɪɚ ɚɬɨɦɚ ɦɟɬɚɥɭ ɜɤɥɸɱɚє ɞɜɚ ɦɿɫɬɤɨɜɿ ɬɚ ɨɞɢɧ ɬɟɪɦɿɧɚɥɶɧɢɣ ɚɬɨɦɢ ɯɥɨɪɭ. 

ɑɟɬɜɟɪɬɭ ɩɨɡɢɰɿɸ ɜ ɨɬɨɱɟɧɧɿ ɤɭɩɪɭɦɭ(І) ɩɨɫɿɞɚє ɋ=ɋ ɡɜ'ɹɡɨɤ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ 

(ɬɚɛɥ. 1.12.). Ɍɚɤɢɦ ɱɢɧɨɦ ɤɨɨɪɞɢɧɚɰɿɣɧɢɦ ɩɨɥɿɟɞɪɨɦ ɦɟɬɚɥɭ є ɬɪɢɝɨɧɚɥɶɧɚ 

ɩɿɪɚɦɿɞɚ ɿɡ ɧɟɜɟɥɢɤɢɦ ɬɟɬɪɚɟɞɪɢɱɧɢɦ ɜɢɤɪɢɜɥɟɧɧɹɦ. Ɉɛɢɞɜɚ ɚɬɨɦɢ ɝɿɞɪɨɝɟɧɭ 

ɿɦɿɧɿєɜɨʀ ɝɪɭɩɢ ɮɨɪɦɭɸɬɶ ɜɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ. Ɂɚɜɞɹɤɢ ɧɢɦ ɤɨɠɟɧ ɡ ɤɚɬɿɨɧɿɜ ɥɿɝɚɧɞɭ 

ɡɜ’ɹɡɚɧɢɣ ɿɡ ɞɜɨɦɚ ɚɧɿɨɧɚɦɢ [Cu2Cl4
2-], ɤɨɠɟɧ ɿɡ ɹɤɢɯ, ɜ ɫɜɨɸ ɱɟɪɝɭ, ɦɚє 

ɤɨɧɬɚɤɬɢ ɿɡ ɱɨɬɢɪɦɚ ɤɚɬɿɨɧɚɦɢ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɮɨɪɦɭєɬɶɫɹ ɧɟɫɤɿɧɱɟɧɧɢɣ 

ɦɟɬɟɥɢɤɨɩɨɞɿɛɧɢɣ ɦɨɬɢɜ ɜɡɞɨɜɠ ɧɚɩɪɹɦɤɭ [010] (ɪɢɫ. 1.12.). ɇɚɣɛɥɢɠɱɿ 

ɿɦɿɞɚɡɨɥɶɧɿ ɹɞɪɚ ɫɭɫɿɞɧɿɯ ɥɚɧɰɸɝɿɜ ɨɪɿєɧɬɨɜɚɧɿ ɝɨɥɨɜɚ-ɞɨ-ɯɜɨɫɬɚ ɿ ɡɧɚɯɨɞɹɬɶɫɹ 

ɧɚ ɜɿɞɫɬɚɧɿ 3,607 Å, ɳɨ ɝɨɜɨɪɢɬɶ ɩɪɨ π-π ɫɬɟɤɿɧɝ.  

ȼɡɚєɦɨɞɿɹ Cu(I)–(C=C) ɭ (iabtɇ+)2[Cu2Cl4] ɩɨɦɿɪɧɚ, ɩɪɨ ɳɨ ɫɜɿɞɱɚɬɶ ɤɭɬ 

C–Cu–C, ɳɨ ɞɨɪɿɜɧɸє 37,9(3)o, ɜɿɞɫɬɚɧɶ Cu-m ɪɿɜɧɚ 1,983(8) Å, ɬɚ ɜɢɞɨɜɠɟɧɧɹ  

C=C ɡɜ’ɹɡɤɭ (1,361(10) Å) (ɬɚɛɥ. 1.12). 
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Ɋɢɫ. 1.12. Ɇɟɬɟɥɢɤɨɩɨɞɿɛɧɢɣ ɦɨɬɢɜ ɭ (iabtɇ+)2[Cu2Cl4]. 

Тɚɛɥɢɰɹ 1.12 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
(iabtɇ+)2[Cu2Cl4] 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1–C12 2,092(8) m–Cu1–Cl1 127,5 

Cu1–C11 2,101(6) Cl2–Cu1–m 105,1 

Cu1–Cl1 2,296(2) m–Cu1–Cl2 113,7 

Cu1–Cl2 2,372(2) Cl2–Cu1–Cl1 101,6 

Cu1–Cl2 2,577(2) Cl1–Cu1–Cl2 108,4 

Cu–m 1,983(8) Cl2–Cu1–Cl2 93,6 

C11=C12 1,361(10)   

 

1.10.3 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ (iabtН+)2[Cu2Br4] 

ɉɪ. ɝɪ. 1P  , Z =1 , a = 7.329(2), b = 8.766(3), c = 10.265(3) Å, α = 79.253(9), 

ȕ = 82.625(9), Ȗ = 77.963(9)°, V = 630.9(3) Å3 [36]. 

ɋɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɭ (iabtɇ+)2[Cu2Br4] ɞɭɠɟ ɫɯɨɠɚ ɧɚ ɛɭɞɨɜɭ 

ɩɨɩɟɪɟɞɧɶɨɝɨ ɤɨɦɩɥɟɤɫɭ (iabtɇ+)2[Cu2Cl4]. Ⱥɬɨɦɢ ɤɭɩɪɭɦɭ ɬɚ ɛɪɨɦɭ ɮɨɪɦɭɸɬɶ 

ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ ɤɨɦɩɥɟɤɫɧɿ ɚɧɿɨɧɢ [Cu2Br4
2-]. Ʉɨɨɪɞɢɧɚɰɿɣɧɚ ɫɮɟɪɚ ɚɬɨɦɚ 

ɦɟɬɚɥɭ ɜɤɥɸɱɚє ɞɜɚ ɦɿɫɬɤɨɜɿ ɬɚ ɨɞɢɧ ɬɟɪɦɿɧɚɥɶɧɢɣ ɚɬɨɦɢ ɛɪɨɦɭ. ɑɟɬɜɟɪɬɭ 



30 

 

ɩɨɡɢɰɿɸ ɜ ɨɬɨɱɟɧɧɿ ɤɭɩɪɭɦɭ(І) ɩɨɫɿɞɚє ɋ=ɋ ɡɜ'ɹɡɨɤ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ (ɬɚɛɥ. 1.13). 

Ɍɚɤɢɦ ɱɢɧɨɦ ɤɨɨɪɞɢɧɚɰɿɣɧɢɦ ɩɨɥɿɟɞɪɨɦ ɦɟɬɚɥɭ є ɬɪɢɝɨɧɚɥɶɧɚ ɩɿɪɚɦɿɞɚ ɿɡ 

ɡɧɚɱɧɢɦ ɬɟɬɪɚɟɞɪɢɱɧɢɦ ɜɢɤɪɢɜɥɟɧɧɹɦ (ɪɢɫ. 1.13).  

ȼɡɚєɦɨɞɿɹ Cu(I)–(C=C) ɭ (iabtɇ+)2[Cu2Br4] ɫɥɚɛɤɚ, ɩɪɨ ɳɨ ɫɜɿɞɱɚɬɶ ɤɭɬ C–

Cu–C, ɳɨ ɞɨɪɿɜɧɸє ɜɫɶɨɝɨ 36,9(3)o, ɜɿɞɫɬɚɧɶ Cu–m ɫɬɚɧɨɜɢɬɶ 2,013(7) Å, ɚ 

ɜɢɞɨɜɠɟɧɧɹ  C=C ɡɜ’ɹɡɤɭ  (1,34(1) Å); ɜɢɯɿɞ ɦɟɬɚɥɭ ɡ ɛɚɡɚɥɶɧɨʀ ɩɥɨɳɢɧɢ 

∆ = 0,45 Å (ɬɚɛɥ. 1.13.). 

 

Ɋɢɫ. 1.13. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɚɬɨɦɚ ɤɭɩɪɭɦɭ ɭ ɫɬɪɭɤɬɭɪɿ  

ɤɨɦɩɥɟɤɫɭ (iabtɇ+)2[Cu2Br4]. 

 

Тɚɛɥɢɰɹ 1.13 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
(iabtɇ+)2[Cu2Br4] 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1–C12 2,112(7) m–Cu1–Br1 125,1 

Cu1–C11 2,130(6) Br2–Cu1–m 106,0 

Cu1–Br1 2,4055(12) m–Cu1–Br2 113,6 

Cu1–Br2 2,4952(12) Br2–Cu1–Br1 101,9 

Cu1–Br2 2,6773(13) Br1–Cu1–Br2 109,6 

Cu–m 2,013(7) Br2–Cu1–Br2 95,0 

C11=C12 1,341(10)   
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1.11 Ʉɪɢɫɬɚɥɿɱɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ 3-

ɚɥɿɥɫɭɥьɮɚɧɿɥ-4-ɚɥɿɥ-5-ɮɟɧɿɥ-4ɇ-1,2,4-ɬɪɿɚɡɨɥɨɦ (asatr) 

1.11.1 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu2(asatr)2Cl2] 

ɉɪ. ɝɪ. P21/n, Z = 2, a = 12,330(4), b = 8,750(3), c = 13,874(4) Å, 

ȕ = 90,27(3)°, V = 1496,8(8) Å3 [37]. 

 ɍ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ [Cu2(asatr)2Cl2] (asatr - 3-ɚɥɿɥɫɭɥɶɮɚɧɿɥ-4-ɚɥɿɥ-5-

ɮɟɧɿɥ-4ɇ-1,2,4-ɬɪɿɚɡɨɥ) ɦɨɥɟɤɭɥɚ ɥɿɝɚɧɞɭ ɩɪɨɹɜɥɹє ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɭ ɪɨɥɶ, 

ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɮɨɪɦɭɸɬɶɫɹ ɞɢɦɟɪɧɿ ɦɨɬɢɜɢ, ɤɨɬɪɿ  ɦɿɫɬɹɬɶ ɲɟɫɬɢɱɥɟɧɧɿ ɤɿɥɶɰɹ, 

ɳɨ ɩɨɛɭɞɨɜɚɧɿ ɡ ɞɜɨɯ ɩɚɪ ɬɪɢɚɡɨɥɶɧɢɯ ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ ɬɚ ɞɜɨɯ ɚɬɨɦɿɜ 

ɤɭɩɪɭɦɭ(І) (ɪɢɫ. 1.14). ɍ ɫɬɪɭɤɬɭɪɿ ɧɚɹɜɧɢɣ ɨɞɢɧ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɧɟɡɚɥɟɠɧɢɣ 

ɚɬɨɦ ɦɟɬɚɥɭ, ɤɨɬɪɢɣ ɮɨɪɦɭє ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɟ ɨɬɨɱɟɧɧɹ ɡ ɞɜɨɯ ɚɬɨɦɿɜ 

ɧɿɬɪɨɝɟɧɭ, ɩɨɞɜɿɣɧɨɝɨ ɋ=ɋ ɡɜɹɡɤɭ ɬɚ ɚɩɿɤɚɥɶɧɨɝɨ ɚɬɨɦɚ ɯɥɨɪɭ. ȼɡɚєɦɨɞɿɹ Cu(I)–

(C=C) ɞɨɫɢɬɶ ɫɢɥɶɧɚ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɡɧɚɱɧɢɣ ɜɢɯɿɞ ɚɬɨɦɚ ɦɟɬɚɥɭ ɡ ɛɚɡɚɥɶɧɨʀ 

ɩɥɨɳɢɧɢ (ɬɚɛɥ. 1.14). 

 

 

 

Ɋɢɫ. 1.14. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɞɢɦɟɪ ɭ ɫɬɪɭɤɬɭɪɿ  

ɤɨɦɩɥɟɤɫɭ [Cu2(asatr)2Cl2]. 
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Тɚɛɥɢɰɹ 1.14 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(asatr)2Cl2] 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1–N1 2,0044(9) N1–Cu1–N2 107,97(4) 

Cu1–N2 2,1288(9) N1–Cu1–m 123,33(3) 

Cu1–C4 2,1008(10) N2–Cu1–m 104,56(3) 

Cu1–C5 2,0759(12) N2–Cu1–Cl1 96,25(3) 

Cu1–m 1,9729(6) N1–Cu1–Cl1 100,91(3) 

Cu1–Cl1 2,3294(7) m–Cu1–Cl1 120,19(2) 

C4=C5 1,3698(14) C4–Cu1–C5 38,29(4) 

∆ 0,5809(3) τ 40,9(1) 

 

1.11.2 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu2(asatr)2Br2] 

ɉɪ. ɝɪ. P21/n, Z =2 , a = 11,400(4), b = 9,069(3), c = 15,071(5) Å, 

ȕ = 90,42(3)°, V = 1558,1(9) Å3 [37]. 

 Ʉɨɦɩɥɟɤɫɭ [Cu2(asatr)2Br2] є ɿɡɨɬɢɩɧɢɦ ɞɨ ɩɨɩɟɪɟɞɧɶɨɝɨ ([Cu2(asatr)2Cl2] ). 

ɍ ɧɶɨɦɭ ɬɚɤɨɠ ɦɨɥɟɤɭɥɚ ɥɿɝɚɧɞɭ ɩɪɨɹɜɥɹє ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɭ ɪɨɥɶ, ɜɧɚɫɥɿɞɨɤ 

ɱɨɝɨ ɮɨɪɦɭɸɬɶɫɹ ɞɢɦɟɪɧɿ ɦɨɬɢɜɢ, ɤɨɬɪɿ  ɦɿɫɬɹɬɶ ɲɟɫɬɢɱɥɟɧɧɿ ɤɿɥɶɰɹ, ɳɨ 

ɩɨɛɭɞɨɜɚɧɿ ɡ ɞɜɨɯ ɩɚɪ ɬɪɢɚɡɨɥɶɧɢɯ ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ ɬɚ ɞɜɨɯ ɚɬɨɦɿɜ ɤɭɩɪɭɦɭ(І) 

(ɪɢɫ. 1.15). Ɍɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɟ ɨɬɨɱɟɧɧɹ ɦɟɬɚɥɿɱɧɨɝɨ ɰɟɧɬɪɭ ɿɞɟɧɬɢɱɧɟ, 

ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ, ɩɨɞɜɿɣɧɨɝɨ ɋ=ɋ ɡɜɹɡɤɭ ɬɚ ɚɩɿɤɚɥɶɧɨɝɨ 

ɚɬɨɦɚ ɯɥɨɪɭ. ȼɡɚєɦɨɞɿɹ Cu(I)–(C=C) ɫɟɪɟɞɧɶɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ (ɬɚɛɥ. 1.15). 
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Ɋɢɫ. 1.15. [Cu2(asatr)2Br2], ɜɢɝɥɹɞ ɜɡɞɨɜɠ [100]. 

 

Тɚɛɥɢɰɹ 1.15 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(asatr)2Br2] 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1–N1 1,998(2) N1–Cu1–N2 107,71(8) 

Cu1–N2 2,059(2) N1–Cu1–m 125,28(6) 

Cu1–C4 2,100(2) N2–Cu1–m 111,34(6) 

Cu1–C5 2,091(3) N2–Cu1–Br1 99,84(7) 

Cu1–m 1,982(1) N1–Cu1–Br1 98,84(7) 

Cu1–Br1 2,5283(8) m–Cu1–Br1 110,32(2) 

C4=C5 1,357(4) C4–Cu1–C5 37,79(11) 

∆ 0,463(1) τ 22,8(1) 
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1.11.3 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu2(asatr)2I2] 

ɉɪ. ɝɪ. P21/n, Z =2 , a = 11,720(4), b = 9,196(3), c = 15,262(5) Å, 

ȕ = 90,10(3)°, V = 1644,9(9) Å3 [37]. 

 Ʉɨɦɩɥɟɤɫ [Cu2(asatr)2І2] є ɿɡɨɬɢɩɧɢɦ ɞɨ ɞɜɨɯ ɩɨɩɟɪɟɞɧɿɯ ([Cu2(asatr)2Cl2] 

ɬɚ [Cu2(asatr)2Br2], ɛɿɥɶɲ ɫɯɨɠɢɣ ɧɚ ɛɪɨɦɿɞɧɢɣ). Ʉɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ 

ɦɟɬɚɥɭ – ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɟ ɬɚ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ, 

ɩɨɞɜɿɣɧɨɝɨ ɋ=ɋ ɡɜɹɡɤɭ ɬɚ ɚɩɿɤɚɥɶɧɨɝɨ ɚɬɨɦɚ ɯɥɨɪɭ (ɪɢɫ. 1.16). ȼɡɚєɦɨɞɿɹ Cu(I)–

(C=C) ɫɟɪɟɞɧɶɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ (ɬɚɛɥ. 1.16). 

 

Ɋɢɫ. 1.16. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɭ ɫɬɪɭɤɬɭɪɿ  

ɤɨɦɩɥɟɤɫɭ [Cu2(asatr)2I2]. 

 

Тɚɛɥɢɰɹ 1.16 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(asatr)2I2] 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1–N1 1,9967(17) N1–Cu1–N2 108,00(7) 

Cu1–N2 2,0610(17) N1–Cu1–m 125,39(5) 

Cu1–C4 2,104(2) N2–Cu1–m 110,94(5) 

Cu1–C5 2,100(2) N2–Cu1–I1 97,52(5) 

Cu1–m 1,9907(7) N1–Cu1–I1 99,31(5) 
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ɉɪɨɞɨɜɠɟɧɧɹ Тɚɛɥɢɰі 1.16 

Cu1–I1 2,6997(8) m–Cu1–I1 111,67(2) 

C4=C5 1,348(3) C4–Cu1–C5 37,41(8) 

∆ 0,463(1) τ 23,8(1) 

 

1.11.4 ɋɬɪɭɤɬɭɪɚ ɫɩɨɥɭɤɢ [Cu2(asatr)2(CuCl2)2] 

ɉɪ. ɝɪ. 1P  , Z =2 , a = 9,991(3), b = 9,596(3), c = 17,802(5) Å, ȕ = 96,46(3)°, 

V = 1695,9(9) Å3 [37]. 

 ɍ ɜɢɩɚɞɤɭ ɫɩɨɥɭɤɢ [Cu2(asatr)2(CuCl2)2] ɛɚɱɢɦɨ ɮɨɪɦɭɜɚɧɧɹ ɫɬɪɭɤɬɭɪɢ, 

ɳɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɫɭɛɱɚɫɬɢɧɨɤ: ɤɚɬɿɨɧɧɨɝɨ ɨɪɝɚɧɨɦɟɬɚɥɿɱɧɨɝɨ ɹɞɪɚ ɬɚ 

ɚɧɿɨɧɧɨɝɨ ɧɟɨɪɝɚɧɿɱɧɨɝɨ ɮɪɚɝɦɟɧɬɭ (ɪɢɫ. 1.17.). ɐɿ ɞɜɿ ɱɚɫɬɢɧɤɢ ɡ’єɞɧɚɧɿ ɩɿɞ 

ɤɭɬɨɦ 101,58(3)˚ (Cu1–Cl1–Cu2). ȼɚɪɬɨ ɡɚɡɧɚɱɢɬɢ, ɳɨ ɜɢɯɿɞ ɚɬɨɦɚ Cu1 ɡ 

ɩɥɨɳɢɧɢ ɨɫɧɨɜɢ ɧɚ 0,37 Å ɦɟɧɲɢɣ, ɧɿɠ ɭ ɜɢɩɚɞɤɭ [Cu2(asatr)2Cl2] (ɬɚɛɥ. 1.17.). 

Ʉɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ Cu1 – ɬɪɢɝɨɧɚɥɶɧɚ ɩɿɪɚɦɿɞɚ; ɞɥɹ ɿɧɲɨɝɨ ɚɬɨɦɚ ɦɟɬɚɥɭ 

- Cu2 – ɛɚɱɢɦɨ ɩɪɚɤɬɢɱɧɨ ɥɿɧɿɣɧɟ (Cl1–Cu2–Cl2 175,65(3)˚) ɡ ɩɪɚɤɬɢɱɧɨ 

ɿɞɟɧɬɢɱɧɢɦɢ ɜɿɞɫɬɚɧɹɦɢ ɞɨ ɨɛɨɯ ɚɬɨɦɿɜ ɯɥɨɪɭ (2,0989(8) ɿ 2,0867(8) Å, 

ɜɿɞɩɨɜɿɞɧɨ) ɨɬɨɱɟɧɧɹ. 

Тɚɛɥɢɰɹ 1.17 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(asatr)2I2] 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1–N1 1,9776(19) N1–Cu1–N2 110,06(8) 

Cu1–N2 2,0024(19) N1–Cu1–m 131,45(6) 

Cu1–C4 2,057(2) N2–Cu1–m 115,12(6) 

Cu1–C5 2,061(2) N2–Cu1–Cl1 97,22(6) 

Cu1–m 1,9447(3) N1–Cu1–Cl1 92,48(6) 

Cu1–Cl1 2,6305(10) m–Cu1–Cl1 98,54(2) 

C4=C5 1,355(3) C4–Cu1–C5 38,41(9) 

∆ 0,208(1) τ 12,8(2) 
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Ɋɢɫ. 1.17. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɭ ɫɬɪɭɤɬɭɪɿ  

ɤɨɦɩɥɟɤɫɭ [Cu2(asatr)2(CuCl2)2]. 
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1.12 ȼɢɫɧɨɜɤɢ ɡ ɨɝɥɹɞɭ ɥɿɬɟɪɚɬɭɪɢ 

 ɉɿɞɫɭɦɨɜɭɸɱɢ ɨɝɥɹɞ ɥɿɬɟɪɚɬɭɪɢ, ɦɨɠɧɚ ɫɬɜɟɪɞɠɭɜɚɬɢ, ɳɨ: 

1. Ⱦɨɫɥɿɞɠɟɧɨ ɛɿɥɶɲɟ ɫɨɬɧɿ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ ɤɭɩɪɭɦɭ(ІІ) ɡ 

ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ, ɜ ɬɨɣ ɱɚɫ ɹɤ ɱɢɫɥɨ ɫɬɪɭɤɬɭɪɧɨ ɜɢɜɱɟɧɢɯ ɤɨɦɩɥɟɤɫɿɜ 

ɤɭɩɪɭɦɭ(І) ɡ ɰɢɦɢ ɥɿɝɚɧɞɚɦɢ є ɧɟɡɧɚɱɧɢɦ ɿ ɫɤɥɚɞɚє ɥɢɲɟ ɫɿɦ ɩɪɟɞɫɬɚɜɧɢɤɿɜ. 

2. ɍ ɛɿɥɶɲɨɫɬɿ ɞɨɫɥɿɞɠɟɧɢɯ ɫɩɨɥɭɤ ɦɨɠɧɚ ɩɨɛɚɱɢɬɢ ɯɟɥɚɬɧɭ ɱɢ ɡɦɿɲɚɧɭ 

ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɭ ɩɨɜɟɞɿɧɤɭ ɥɿɝɚɧɞɿɜ. 

3. ɋɬɪɭɤɬɭɪɢ ɡɝɚɞɚɧɢɯ ɫɩɨɥɭɤ ɜɤɚɡɭɸɬɶ ɧɚ ɬɟ, ɳɨ ɤɨɦɩɥɟɤɫɢ ɧɚ ɨɫɧɨɜɿ 

ɬɿɚɞɿɚɡɨɥɶɧɢɯ ɥɿɝɚɧɞɿɜ ɦɨɠɭɬɶ ɛɭɞɭɜɚɬɢɫɶ ɹɤ ɡ ɞɢɫɤɪɟɬɧɢɯ ɮɪɚɝɦɟɧɬɿɜ, ɬɚɤ ɿ 

ɮɨɪɦɭɜɚɬɢ ɦɟɬɚɥ-ɧɟɨɪɝɚɧɿɱɧɿ ɩɨɥɿɦɟɪɢ 

4. Ɋɚɧɿɲɟ ɜɠɟ ɛɭɥɢ ɞɨɫɥɿɞɠɟɧɿ π-ɤɨɦɩɥɟɤɫɢ Cu(I) ɡ ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 

ɿɧɲɢɯ ɩ’ɹɬɢɱɥɟɧɧɢɯ ɝɟɬɟɪɨɰɢɤɥɿɜ ɡ ɚɪɨɦɚɬɢɱɧɢɦ ɯɚɪɚɤɬɟɪɨɦ ɹɞɪɚ: ɬɪɢɚɡɨɥɿɜ, 

ɬɿɚɡɨɥɿɜ, ɬɟɬɪɚɡɨɥɿɜ ɬɚ ɞɟɹɤɢɯ ɿɧɲɢɯ ɫɯɨɠɢɯ ɥɿɝɚɧɞɿɜ [38]. 

5. ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɱɢɫɥɟɧɧɿɫɬɶ ɞɨɫɥɿɞɠɟɧɢɯ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ 

Cu(II), ɚ ɬɚɤɨɠ Cu(I) ɡ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ, ɤɭɩɪɨɤɨɦɩɥɟɤɫɢ ɡ ɚɥɿɥɶɧɢɦɢ 

ɩɨɯɿɞɧɢɦɢ ɧɟ ɛɭɥɢ ɜɿɞɨɦɿ. 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɦɨɞɢɮɿɤɚɰɿɹ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ ɜɜɟɞɟɧɧɹɦ ɚɥɿɥɶɧɨɝɨ 

ɡɚɦɿɫɧɢɤɚ (ɡɜ'ɹɡɨɤ ɋ=ɋ ɹɤɨɝɨ ɡɭɦɨɜɥɸє ɩɨɹɜɭ ɧɚɩɪɹɦɥɟɧɨʀ ɜɡɚєɦɨɞɿʀ Me-(C=ɋ)) 

ɫɩɪɢɹɬɢɦɟ ɪɟɚɥɿɡɚɰɿʀ ɧɨɜɢɯ ɫɩɨɫɨɛɿɜ ɤɨɨɪɞɢɧɚɰɿʀ, ɳɨ ɞɚє ɫɩɨɞɿɜɚɧɧɹ ɨɬɪɢɦɚɬɢ 

ɧɢɡɤɭ ɫɩɨɥɭɤ ɡ ɨɪɢɝɿɧɚɥɶɧɢɦɢ ɿɡ ɫɬɟɪɟɨɯɿɦɿɱɧɨʀ ɬɨɱɤɢ ɡɨɪɭ ɫɬɪɭɤɬɭɪɚɦɢ.
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ɊɈɁȾІɅ 2 

ɆȿɌɈȾɂɄȺ ȾɈɋɅІȾɀȿɇЬ ɌȺ ȿɄɋɉȿɊɂɆȿɇɌȺɅЬɇȺ ɑȺɋɌɂɇȺ 

 

ȼɢɜɱɟɧɧɹ π-ɤɨɦɩɥɟɤɫɿɜ Cu(I) ɡ N- ɬɚ S-ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 

1,3,4-ɬɿɚɞɿɚɡɨɥɭ ɜɤɥɸɱɚɥɨ ɬɪɢ ɨɫɧɨɜɧɿ ɟɬɚɩɢ: 

1.  ɋɢɧɬɟɡ ɨɪɝɚɧɿɱɧɢɯ ɥɿɝɚɧɞɿɜ; 

2.  Ɉɞɟɪɠɚɧɧɹ ɤɨɦɩɥɟɤɫɿɜ ɭ ɜɢɝɥɹɞɿ ɹɤɿɫɧɢɯ ɦɨɧɨɤɪɢɫɬɚɥɿɜ; 

3.    Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɢɣ ɚɧɚɥɿɡ ɨɬɪɢɦɚɧɢɯ ɫɩɨɥɭɤ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ 

ʀɯɧɶɨʀ ɛɭɞɨɜɢ ɦɟɬɨɞɚɦɢ Іɑ- ɬɚ ɄɊ-ɫɩɟɤɬɪɨɫɤɨɩɿʀ ɿɡ ɡɚɥɭɱɟɧɧɹɦ 

ɤɜɚɧɬɨɜɨ-ɯɿɦɿɱɧɢɯ ɪɨɡɪɚɯɭɧɤɿɜ. 

2.1. ɋɢɧɬɟɡ ɥɿɝɚɧɞɿɜ 

N-ɚɥɿɥɶɧɿ ɩɨɯɿɞɧɿ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ ɜɩɟɪɲɟ ɛɭɥɢ ɞɨɛɭɬɿ ɩɨɧɚɞ ɫɬɨɥɿɬɬɹ ɬɨɦɭ 

ɉɭɥɶɜɟɪɦɚɯɟɪɨɦ [39] ɜɟɥɶɦɢ ɪɚɰɿɨɧɚɥɶɧɨɸ ɫɯɟɦɨɸ, ɹɤɭ, ɩɿɫɥɹ ɞɟɹɤɨɝɨ 

ɭɞɨɫɤɨɧɚɥɟɧɧɹ, ɰɿɥɤɨɦ ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɿ ɬɟɩɟɪ. Ɂɝɿɞɧɨ ɡɚɩɪɨɩɨɧɨɜɚɧɨʀ 

ɦɟɬɨɞɢɤɢ ɫɢɧɬɟɡ ɩɪɨɜɨɞɢɬɶɫɹ ɭ ɞɜɿ ɫɬɚɞɿʀ; ɧɚ ɩɟɪɲɿɣ ɨɞɟɪɠɭɸɬɶ ɫɟɦɿɤɚɪɛɚɡɢɞ 

ɚɛɨ ɬɿɨɫɟɦɿɤɚɪɛɚɡɢɞ ɿɡ ɧɟɨɛɯɿɞɧɢɦɢ ɡɚɦɿɫɧɢɤɚɦɢ, ɹɤɢɣ, ɧɚ ɞɪɭɝɿɣ ɫɬɚɞɿʀ, 

ɰɢɤɥɿɡɭɸɬɶ ɞɿєɸ ɜɨɞɨɜɿɞɧɿɦɚɸɱɨɝɨ ɚɝɟɧɬɚ (ɚɰɟɬɢɥɯɥɨɪɢɞ ɱɢ ɤɨɧɰ. ɫɭɥɶɮɚɬɧɚ ɤ-

ɬɚ). Ȼɿɥɶɲɿɫɬɶ ɥɿɝɚɧɞɿɜ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɡɝɿɞɧɨ ɜɢɳɟɜɤɚɡɚɧɨʀ ɡɚɝɚɥɶɧɨʀ ɫɯɟɦɢ*, 

ɨɤɪɿɦ 2, 2,5–ɛɿɫ(ɚɥɿɥɬɿɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥɭ (L5), ɹɤɢɣ ɮɭɧɤɰɿɨɧɚɥɿɡɭɜɚɥɢ ɭɠɟ 

ɩɿɫɥɹ ɰɢɤɥɿɡɚɰɿʀ. 

 

ɋɢɧɬɟɡ 2–ɚɥɿɥɚɦɿɧɨ–5–ɦɟɬɢɥ–1,3,4–ɬɿɚɞɿɚɡɨɥɭ (L1) 

Ɋɨɡɱɢɧ ɚɥɿɥɿɡɨɬɿɨɰɿɚɧɚɬɭ (20,0 ɦɥ, 0,206 ɦɨɥɶ) ɜ 20 ɦɥ ɟɬɚɧɨɥɭ ɩɨɜɿɥɶɧɨ 

ɞɨɞɚɜɚɥɢ ɱɟɪɟɡ ɡɜɨɪɨɬɧɿɣ ɯɨɥɨɞɢɥɶɧɢɤ ɞɨ ɨɯɨɥɨɞɠɭɜɚɧɨɝɨ ɩɪɨɬɨɱɧɨɸ ɜɨɞɨɸ 

ɝɿɞɪɚɡɢɧ ɝɿɞɪɚɬɭ (10,0 ɦɥ, 0,206 ɦɨɥɶ) ɜ 10 ɦɥ ɟɬɚɧɨɥɭ (ɫɯɟɦɚ І). Ɉɬɪɢɦɚɧɚ ɛɿɥɚ 

ɝɭɫɬɚ ɫɭɫɩɟɧɡɿɹ ɩɟɪɟɦɿɲɭɜɚɥɚɫɶ ɜɩɪɨɞɨɜɠ 10 ɯɜ, ɩɿɫɥɹ ɱɨɝɨ ɛɭɥɚ 

ɩɪɨɮɿɥɶɬɪɨɜɚɧɚ ɩɿɞ ɜɚɤɭɭɦɨɦ, ɩɪɨɦɢɬɚ ɧɟɜɟɥɢɤɨɸ ɤɿɥɶɤɿɫɬɸ ɟɬɚɧɨɥɭ ɬɚ 

                                           
* 2–ɚɥɿɥɬɿɨ–5–ɚɦɿɧɨ–1,3,4–ɬɿɚɞɿɚɡɨɥ (L4) ɛɭɜ ɫɢɧɬɟɡɨɜɚɧɢɣ ɭ ɫɩɿɜɩɪɚɰɿ ɡ ɧɚɭɤɨɜɢɦ 

ɫɩɿɜɪɨɛɿɬɧɢɤɨɦ ɤɚɮɟɞɪɢ ɨɪɝɚɧɿɱɧɨʀ ɯɿɦɿʀ ɒɢɣɤɨɸ Ɉ.ə. 



39 

 

ɜɢɫɭɲɟɧɚ ɧɚ ɩɨɜɿɬɪɿ. ɉɟɪɟɤɪɢɫɬɚɥɿɡɚɰɿєɸ ɡ ɚɰɟɬɨɧɿɬɪɢɥɭ ɨɬɪɢɦɚɧɨ ɩɪɨɞɭɤɬ – 4-

ɚɥɿɥɬɿɨɫɟɦɿɤɚɪɛɚɡɢɞ – ɭ ɜɢɝɥɹɞɿ ɛɿɥɢɯ ɝɨɥɨɤ. ȼɢɯɿɞ: 17,3 ɝ (64 %), Ɍɩɥ = 76˚ɋ [40]. 
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2–ɚɥɿɥɚɦɿɧɨ–5–ɦɟɬɢɥ–1,3,4–ɬɿɚɞɿɚɡɨɥ (L1) ɛɭɜ ɨɬɪɢɦɚɧɢɣ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɤɥɚɫɢɱɧɨɝɨ ɦɟɬɨɞɭ, ɪɟɚɤɰɿєɸ 4-ɚɥɿɥɬɿɨɫɟɦɿɤɚɪɛɚɡɢɞɭ ɡ ɚɰɟɬɢɥɯɥɨɪɢɞɨɦ [41]. 

ɇɚɞɥɢɲɨɤ ɚɰɟɬɢɥ ɯɥɨɪɢɞɭ (8,25 ɝ, 0,105 ɦɨɥɶ) ɛɭɜ ɞɨɞɚɧɢɣ ɞɨ ɩɨɞɪɿɛɧɟɧɨɝɨ ɜ 

ɩɨɪɨɲɨɤ 4-ɚɥɿɥɬɿɨɫɟɦɿɤɚɪɛɚɡɢɞɭ (3,93 ɝ, 0,03 ɦɨɥɶ) ɩɪɢ ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ 

(ɨɯɨɥɨɞɠɟɧɧɹ ɯɨɥɨɞɧɨɸ ɜɨɞɨɸ). ɋɭɦɿɲ ɡɚɤɨɪɤɭɜɚɥɢ ɯɥɨɪɤɚɥɶɰɿєɜɨɸ ɬɪɭɛɤɨɸ 

ɬɚ ɩɟɪɟɦɿɲɭɜɚɥɢ ɩɪɨɬɹɝɨɦ 20 ɝɨɞɢɧ. ɉɨɬɿɦ ɞɨ ɫɭɦɿɲɿ ɞɨɞɚɥɢ 20 ɦɥ ɥɶɨɞɹɧɨʀ 

ɜɨɞɢ, ɧɟɣɬɪɚɥɿɡɭɜɚɥɢ 20 % ɪɨɡɱɢɧɨɦ ɥɭɝɭ (ɞɨ pH ≈ 7,5) (ɫɯɟɦɚ ІІ). ɉɪɢ ɰɶɨɦɭ 

ɩɪɨɞɭɤɬ ɩɨɜɧɿɫɬɸ ɨɫɚɞɢɜɫɹ. ɋɢɪɢɣ ɩɪɨɞɭɤɬ ɜɿɞɮɿɥɶɬɪɭɜɚɥɢ, ɩɪɨɦɢɥɢ ɦɚɥɨɸ 

ɤɿɥɶɤɿɫɬɸ ɯɨɥɨɞɧɨʀ ɜɨɞɢ ɬɚ ɩɟɪɟɤɪɢɫɬɚɥɿɡɭɜɚɥɢ ɡ ɜɨɞɢ ɡ ɜɢɯɨɞɨɦ 62% (2,89 ɝ). 

ɉɆɊ 1ɇ (400 MȽɰ, CDCl3), δ, ɦ.ɱ. 6,34 (ɫ, 1H, NH), 5,97 – 5,87 (ɦ, 1H, CH), 5,35 

– 5,20 (ɞɞ, J = 17,2, 10.4, 2H, -CH2-), 3,94 (ɞ, J = 5,6 Ƚɰ, 2H, ɋɇ2=), 2,57 (ɫ, 3H, 

CH3). 
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ɋɢɧɬɟɡ 2–ɚɥɿɥɚɦɿɧɨ–5–ɮɟɧɿɥ–1,3,4–ɬɿɚɞɿɚɡɨɥɭ (HL2) 

2–ɚɥɿɥɚɦɿɧɨ–5–ɮɟɧɿɥ–1,3,4–ɬɿɚɞɿɚɡɨɥ (HL2) ɛɭɜ ɫɢɧɬɟɡɨɜɚɧɢɣ ɡ 

ɤɨɦɟɪɰɿɣɧɨ ɞɨɫɬɭɩɧɢɯ ɛɟɧɡɝɿɞɪɚɡɢɞɭ ɬɚ ɚɥɿɥɿɡɨɬɿɨɰɿɚɧɚɬɭ ɜ ɞɜɚ ɟɬɚɩɢ. 

Ɋɨɡɱɢɧ ɚɥɿɥɿɡɨɬɿɨɰɿɚɧɚɬɭ (1,98 ɝ, 20 ɦɦɨɥɶ) ɜ 10 ɦɥ ɟɬɚɧɨɥɭ ɩɪɢɤɚɩɭɜɚɥɢ 

ɞɨ ɝɚɪɹɱɨɝɨ ɪɨɡɱɢɧɭ ɛɟɧɡɝɿɞɪɚɡɢɞɭ (2,72 ɝ, 20 ɦɦɨɥɶ) ɜ 25 ɦɥ ɟɬɚɧɨɥɭ. 

Ɉɬɪɢɦɚɧɚ ɫɭɦɿɲ ɩɟɪɟɦɿɲɭɜɚɥɚɫɶ ɩɪɢ ɧɚɝɪɿɜɚɧɧɿ 4 ɝɨɞɢɧɢ, ɬɨɞɿ ɨɯɨɥɨɞɠɟɧɚ 
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(ɫɯɟɦɚ ІІІ). Ɉɞɟɪɠɚɧɢɣ ɛɿɥɢɣ ɨɫɚɞ ɜɿɞɮɿɥɶɬɪɨɜɚɧɢɣ ɬɚ ɩɟɪɟɤɪɢɫɬɚɥɿɡɨɜɚɧɢɣ ɡ 

ɟɬɚɧɨɥɭ.  N-ɚɥɿɥ-2-ɛɟɧɡɨʀɥɝɿɞɪɚɡɢɧɤɚɪɛɨɬɿɨɚɦɿɞ ɨɬɪɢɦɚɧɢɣ ɭ ɜɢɝɥɹɞɿ ɛɿɥɢɯ 

ɝɨɥɨɤ ɡ ɜɢɯɨɞɨɦ 85 % (4,0 ɝ), Ɍɩɥ = 185˚ɋ. 
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Ⱦɨ ɨɞɟɪɠɚɧɨɝɨ ɛɟɧɡɨʀɥɝɿɞɪɚɡɢɧɤɚɪɛɨɬɿɨɚɦɿɞɭ ɨɛɟɪɟɠɧɨ ɞɨɞɚɜɚɥɚɫɶ 98% 

ɫɭɥɶɮɚɬɧɚ ɤɢɫɥɨɬɚ (10 ɦɥ) ɩɪɢ ɨɯɨɥɨɞɠɟɧɧɿ ɭ ɥɶɨɞɹɧɿɣ ɛɚɧɿ ɬɚ ɩɟɪɟɦɿɲɭɜɚɧɧɿ 

ɩɪɨɬɹɝɨɦ 30 ɯɜ ɞɨɩɨɤɢ ɝɿɞɪɚɡɢɞ ɧɟ ɪɨɡɱɢɧɢɜɫɹ ɩɨɜɧɿɫɬɸ [41]. Ɉɬɪɢɦɚɧɚ ɫɭɦɿɲ 

ɩɟɪɟɦɿɲɭɜɚɥɚɫɶ 3 ɝɨɞɢɧɢ ɩɪɢ ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ. Ⱦɚɥɿ ɜ ɤɨɥɛɭ ɨɛɟɪɟɠɧɨ 

ɛɭɜ ɞɨɞɚɧɢɣ ɩɨɞɪɿɛɧɟɧɢɣ ɥɿɞ (50 ɝ), ɩɿɫɥɹ ɱɨɝɨ ɨɬɪɢɦɚɧɚ ɫɭɦɿɲ ɛɭɥɚ 

ɧɟɣɬɪɚɥɿɡɨɜɚɧɚ ɜɨɞɧɢɦ ɪɨɡɱɢɧɨɦ ɚɦɨɧɿɚɤɭ (25 %) ɞɨ pH ≈ 7,5. Ɂɚɬɜɟɪɞɿɥɢɣ 

ɩɪɨɞɭɤɬ ɟɤɫɬɪɚɝɭɜɚɥɢ ɡ ɭɬɜɨɪɟɧɨʀ ɫɭɦɿɲɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɜɨɯ ɩɨɪɰɿɣ 

ɟɬɢɥɚɰɟɬɚɬɭ (230 ɦɥ). Ɉɬɪɢɦɚɧɢɣ ɟɤɫɬɪɚɤɬ ɜɢɫɭɲɢɥɢ ɧɚɞ ɛɟɡɜɨɞɧɢɦ 

ɫɭɥɶɮɚɬɨɦ ɧɚɬɪɿɸ, ɪɨɡɱɢɧɧɢɤ ɜɿɞɿɝɧɚɥɢ ɩɪɢ ɩɨɧɢɠɟɧɧɨɦɭ ɬɢɫɤɭ. ɍ ɪɟɡɭɥɶɬɚɬɿ – 

ɨɬɪɢɦɚɧɨ 2–ɚɥɿɥɚɦɿɧɨ–5–ɮɟɧɿɥ–1,3,4–ɬɿɚɞɿɚɡɨɥ (ɫɯɟɦɚ IV) . ȼɢɯɿɞ: 2,7 ɝ (73 %), 

Ɍɩɥ = 112 ɋ (ɥɿɬ. 114-115 [42]). ɉɆɊ 1ɇ (400 MȽɰ, CDCl3,), δ ɦ.ɱ. 7,73-7,40 (ɦ, 

6H), 5,98-5,88 (ɦ, 1H), 5,47 (ɞɞ, J = 17,2, 0,92, 1H), 5,31 (ɞɞ, J = 10,3, 0,94, 1H), 

4,24 (ɞɬ, J = 5,5, 1,5, 2H). 
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ɋɢɧɬɟɡ 2,5–ɛɿɫ(ɚɥɿɥɚɦɿɧɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥɭ (L3) 

Ⱦɨ ɪɨɡɱɢɧɭ N,N’-ɞɢɚɥɿɥɬɿɨɫɟɦɿɤɚɪɛɚɡɢɞɭ (3,45ɝ, 15 ɦɦɨɥɶ) ɜ 15 ɦɥ ɜɨɞɢ 

ɩɨɜɿɥɶɧɨ ɩɪɢɤɚɩɭɜɚɥɢ 25 ɦɥ 3% ɪɨɡɱɢɧɭ ɝɿɞɪɨɝɟɧ ɩɟɪɨɤɫɢɞɭ, ɩɪɢ ɰɶɨɦɭ 

ɩɨɦɿɬɧɨ ɜɢɞɿɥɹɥɢɫɶ ɛɭɥɶɛɚɲɤɢ ɝɚɡɭ; ɨɬɪɢɦɚɧɭ ɫɭɦɿɲ ɩɟɪɟɦɿɲɭɜɚɥɢ ɜɩɪɨɞɨɜɠ 

20 ɝɨɞɢɧ. ɉɪɢ ɰɶɨɦɭ ɭɬɜɨɪɢɜɫɹ ɠɨɜɬɭɜɚɬɢɣ ɨɫɚɞ (ɫɯɟɦɚ V). Ɋɟɚɤɰɿɣɧɭ ɫɭɦɿɲ 

ɧɚɝɪɿɥɢ ɞɨ t = 70÷80˚ɋ, ɬɚ ɩɪɨɮɿɥɶɬɪɭɜɚɥɢ ɝɚɪɹɱɨɸ. Ⱦɨ ɬɜɟɪɞɨɝɨ ɡɚɥɢɲɤɭ 

ɞɨɞɚɥɢ 20 ɦɥ ɟɬɚɧɨɥɭ, ɿ, ɩɿɫɥɹ ɩɟɪɟɦɿɲɭɜɚɧɧɹ, ɜɿɞɮɿɥɶɬɪɭɜɚɥɢ ɳɟ ɪɚɡ. Ⱦɪɭɝɢɣ 

ɮɿɥɶɬɪɚɬ ɭɩɚɪɢɥɢ ɩɪɢ ɤɿɦɧɚɬɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ. ȼɢɯɿɞ: 0,95 ɝ (28 %), Tɩɥ = 95˚C. 
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ɋɢɧɬɟɡ 2,5–ɛɿɫ(ɚɥɿɥɬɿɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥɭ (L5) 

 ɍ ɬɪɢɝɨɪɥɭ ɤɨɥɛɭ ɜɧɟɫɥɢ ɫɭɫɩɟɧɡɿɸ ɝɿɞɪɚɡɢɧ-ɫɭɥɶɮɚɬɭ (20 ɝ, 0,154 ɦɨɥɶ) ɜ 

45 ɝ ɜɨɞɢ; ɩɿɫɥɹ ɰɶɨɝɨ ɞɨɞɚɥɢ ɪɨɡɱɢɧ 31 ɦɥ (40 ɝ, 0,54 ɦɨɥɶ, ɧɚɞɥɢɲɨɤ) 

ɞɢɫɭɥɶɮɿɞɭ ɤɚɪɛɨɧɭ ɜ 60 ɦɥ ɟɬɚɧɨɥɭ. Ɋɨɡɱɢɧ 22 ɝ ɤɚɥɿɣ ɝɿɞɪɨɤɫɢɞɭ (22 ɝ, 0,39 

ɦɨɥɶ, ɧɚɞɥɢɲɨɤ) ɜ 100 ɦɥ ɟɬɚɧɨɥɭ ɩɪɢɤɚɩɭɜɚɥɢ ɜɩɪɨɞɨɜɠ 30 ɯɜ. Ɉɬɪɢɦɚɧɭ 

ɫɭɦɿɲ ɧɚɝɪɿɜɚɥɢ ɧɚ ɝɥɿɰɟɪɢɧɨɜɿɣ ɛɚɧɿ ɩɪɢɛɥɢɡɧɨ 3,5 ɝɨɞ ɩɪɢ 82÷85˚ɋ. ɉɪɢ 

ɰɶɨɦɭ ɜɢɩɚɜ ɨɫɚɞ ɤɚɥɿɣ ɫɭɥɶɮɚɬɭ, ɪɨɡɱɢɧ ɠɟ ɫɬɚɜ ɬɟɦɧɨ-ɠɨɜɬɢɦ. ɉɿɫɥɹ 

ɨɯɨɥɨɞɠɟɧɧɹ ɞɨ ɤɿɦɧɚɬɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ɫɿɥɶ ɜɿɞɮɿɥɶɬɪɭɜɚɥɢ, ɮɿɥɶɬɪɚɬ ɨɛɪɨɛɢɥɢ 

ɜɟɥɢɤɢɦ ɧɚɞɥɢɲɤɨɦ ɤɨɧɰɟɧɬɪɨɜɚɧɨʀ (>35%) ɯɥɨɪɢɞɧɨʀ ɤɢɫɥɨɬɢ (ɛɿɥɶɲɟ 100 ɦɥ) 

(ɫɯɟɦɚ VI). Ɉɫɚɞ ɠɨɜɬɨɝɨ ɤɨɥɶɨɪɭ ɜɿɞɮɿɥɶɬɪɭɜɚɥɢ, ɩɪɨɦɢɥɢ ɧɟɜɟɥɢɤɨɸ 

ɤɿɥɶɤɿɫɬɸ ɜɨɞɢ, ɚ ɩɨɬɿɦ – ɩɟɬɪɨɥɟɣɧɢɦ ɟɮɿɪɨɦ (420 ɦɥ). ɉɪɨɞɭɤɬ ɩɿɫɥɹ 

ɩɪɨɫɭɲɭɜɚɧɧɹ - ɠɨɜɬɢɣ ɞɪɿɛɧɨɤɪɢɫɬɚɥɿɱɧɢɣ. ȼɢɯɿɞ: 15,43 ɝ (52,3%). 
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Ⱦɨ ɪɨɡɱɢɧɭ ɤɚɥɿɣ ɝɿɞɪɨɤɫɢɞɭ (5,27 ɝ, 94 ɦɦɨɥɶ) ɜ 50 ɦɥ ɫɩɢɪɬɭ ɞɨɞɚɥɢ 

ɪɨɡɱɢɧ ɚɥɿɥɯɥɨɪɢɞɭ (6,96 ɝ, 91 ɦɦɨɥɶ) ɬɚ 2,5-ɞɢɬɿɨɥɨ-1,3,4-ɬɿɚɞɿɚɡɨɥɭ (6 ɝ, 40 



42 

 

ɦɦɨɥɶ) ɜ 25 ɦɥ ɟɬɢɥɨɜɨɝɨ ɫɩɢɪɬɭ. ɍɬɜɨɪɢɜɫɹ ɡɥɟɝɤɚ ɦɭɬɧɢɣ ɪɨɡɱɢɧ ɿɡ ɪɇ ≈ 10 

(ɫɯɟɦɚ VII). ɉɿɫɥɹ ɨɞɧɨɝɨɞɢɧɧɨɝɨ ɩɟɪɟɦɿɲɭɜɚɧɧɹ ɡ ɧɚɝɪɿɜɨɦ ɭɬɜɨɪɢɥɨɫɶ ɛɚɝɚɬɨ 

ɝɭɫɬɨɝɨ ɨɫɚɞɭ (KCl), ɩɪɨɬɟ ɧɚɝɪɿɜɚɧɧɹ ɡ ɩɟɪɟɦɿɲɭɜɚɧɧɹɦ ɩɪɨɞɨɜɠɢɥɢ ɳɟ 

ɩɪɢɛɥɢɡɧɨ ɧɚ 1 ɞɨɛɭ (ɤɿɧɰɟɜɟ ɪɇ ≈ 7). ɉɿɫɥɹ ɮɿɥɶɬɪɭɜɚɧɧɹ ɫɭɦɿɲɿ ɡ ɨɞɟɪɠɚɧɨɝɨ 

ɮɿɥɶɬɪɚɬɭ ɜɿɞɿɝɧɚɥɢ ɫɩɢɪɬ. ɍɬɜɨɪɟɧɢɣ ɩɪɨɞɭɤɬ - ɠɨɜɬɚ ɪɿɞɢɧɚ. ȼɢɯɿɞ: 96,1%. 
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2.2. ɋɢɧɬɟɡ ɤɨɦɩɥɟɤɫɿɜ 

əɤɿɫɧɿ ɦɨɧɨɤɪɢɫɬɚɥɢ ɛɿɥɶɲɨɫɬɿ ɫɩɨɥɭɤ ɛɭɥɢ ɨɞɟɪɠɚɧɿ ɦɟɬɨɞɨɦ 

ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ [43,44]. 

 

 

Ɋɢɫ. 2.1. ɉɪɢɧɰɢɩɨɜɚ ɫɯɟɦɚ ɩɪɢɥɚɞɭ ɞɥɹ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ 

ɫɢɧɬɟɡɭ ɤɨɦɩɥɟɤɫɿɜ Cu(I). 

R – ɡɦɿɧɧɢɣ ɨɩɿɪ ɞɥɹ ɡɦɿɧɢ ɧɚɩɪɭɝɢ 0–3,0 ȼ; Ʌ – ɿɧɞɢɤɚɬɨɪɧɚ ɥɚɦɩɨɱɤɚ; 

 – ɦɿɥɿɚɦɩɟɪɦɟɬɪ ɞɥɹ ɡɦɿɧɧɨɝɨ ɫɬɪɭɦɭ;   – ɜɨɥɶɬɦɟɬɪ ɞɥɹ ɡɦɿɧɧɨɝɨ 

ɫɬɪɭɦɭ; Ɂɩ – ɡɚɩɨɛɿɠɧɢɤ; ɉ – ɩɟɪɟɦɢɤɚɱ; ȼɦ – ɜɢɦɢɤɚɱ; Ɋ – ɪɟɚɤɬɨɪ ɞɥɹ 

ɨɬɪɢɦɚɧɧɹ ɤɪɢɫɬɚɥɿɜ ɤɨɦɩɥɟɤɫɿɜ; Ɍɪ – ɬɪɚɧɫɮɨɪɦɚɬɨɪ 220/3 ȼ 
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ȼɢɯɿɞɧɿ ɪɨɡɱɢɧɢ ɥɿɝɚɧɞɭ ɬɚ ɜɿɞɩɨɜɿɞɧɨʀ ɫɨɥɿ ɤɭɩɪɭɦɭ(ІІ) ɩɨɦɿɳɚɥɢ ɜ 

ɩɪɨɛɿɪɤɭ ɨɛ’єɦɨɦ 5 ɦɥ ɿ ɳɿɥɶɧɨ ɡɚɤɪɢɜɚɥɢ ɝɭɦɨɜɢɦ ɤɨɪɤɨɦ ɡɿ ɜɫɬɚɜɥɟɧɢɦɢ ɜ 

ɧɶɨɝɨ ɞɜɨɦɚ ɦɿɞɧɢɦɢ ɟɥɟɤɬɪɨɞɚɦɢ, ɜɢɝɨɬɨɜɥɟɧɢɦɢ ɡ ɞɪɨɬɭ ɞɿɚɦɟɬɪɨɦ 1.2 ɦɦ, - 

ɡɨɜɧɿɲɧɿɦ ɫɩɿɪɚɥɶɧɢɦ ɬɚ ɜɧɭɬɪɿɲɧɿɦ ɩɪɹɦɢɦ, ɭ ɜɢɝɥɹɞɿ ɫɬɪɢɠɧɹ, ɧɚ ɤɿɧɟɰɶ 

ɹɤɨɝɨ ɡ ɦɟɬɨɸ ɟɥɟɤɬɪɨɿɡɨɥɹɰɿʀ ɩɨɦɿɳɚɥɢ ɤɜɚɪɰɨɜɢɣ ɤɟɦɛɪɢɤ. ȿɥɟɤɬɪɨɞɢ 

ɩɿɞ’єɞɧɭɜɚɥɢ ɞɨ ɞɠɟɪɟɥɚ ɡɦɿɧɧɨɝɨ ɫɬɪɭɦɭ (ɱɚɫɬɨɬɚ ɫɬɪɭɦɭ 50 Ƚɰ) (ɪɢɫ. 2.1). ɉɪɢ 

ɧɚɩɪɭɡɿ 0,4-0,8 ȼ ɜɿɞɛɭɜɚɥɨɫɹ ɜɿɞɧɨɜɥɟɧɧɹ Cu(II) ɞɨ Cu(I), ɳɨ, ɡɚɡɜɢɱɚɣ, 

ɫɭɩɪɨɜɨɞɠɭɜɚɥɨɫɶ ɩɨɜɧɢɦ ɚɛɨ ɱɚɫɬɤɨɜɢɦ ɡɧɟɛɚɪɜɥɟɧɧɹɦ ɪɨɡɱɢɧɭ. 

Ɇɨɧɨɤɪɢɫɬɚɥɢ ɤɭɩɪɨɣɨɞɢɞɧɨɝɨ π-ɤɨɦɩɥɟɤɫɭ ɛɭɥɢ ɨɬɪɢɦɚɧɿ ɧɚ ɦɿɞɧɨɦɭ 

ɞɪɨɬɿ ɿɡ ɪɨɡɱɢɧɭ ɨɪɝɚɧɿɱɧɨɝɨ ɥɿɝɚɧɞɭ ɬɚ ɣɨɞɭ ɛɟɡ ɧɚɤɥɚɞɚɧɧɹ ɫɬɪɭɦɭ. Ⱦɟɹɤɿ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɪɢɫɬɚɥɿɜ ɧɚɜɟɞɟɧɿ ɭ ɬɚɛɥ. 2.1. Ɂɚɝɚɥɶɧɭ ɫɯɟɦɭ ɭɬɜɨɪɟɧɧɹ 

ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) ɡ N- ɬɚ/ɱɢ S-ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ (L) 

ɦɟɬɨɞɨɦ ɡɦɿɧɧɨ-ɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɬɚɤ: 

xL + yCuAn2 + zCu0 = LxCuy+zAn2y 

Тɚɛɥɢɰɹ 2.1 

Ɏɿɡɢɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɪɢɫɬɚɥɿɜ ɤɨɦɩɥɟɤɫɿɜ Cu ɡ ɚɥɿɥьɧɢɦɢ 
ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ 

№ ɋɩɨɥɭɤɚ Ɋɨɡɱɢɧɧɢɤ Ƚɚɛɿɬɭɫ Ʉɨɥɿɪ ρɟɤɫɩ 

1 [Cu2(L1)Cl2] ɟɬɚɧɨɥ ɝɨɥɤɢ ɛɟɡɛɚɪɜɧɿ 2,29 

2 [Cu(L1)BF4] ɟɬɚɧɨɥ ɩɥɚɫɬɢɧɤɢ ɛɟɡɛɚɪɜɧɿ 2,01 

3 [Cu2(L1)2(ClO4)2] ɟɬɚɧɨɥ ɩɪɢɡɦɢ ɛɟɡɛɚɪɜɧɿ 2,02 

4 [Cu(L1)NO3] ɟɬɚɧɨɥ ɩɥɚɫɬɢɧɤɢ ɛɟɡɛɚɪɜɧɿ 1,91 

5 [Cu4(L1)4(H2O)4]SiF6·4H2O ɚɰɟɬɨɧɿɬɪɢɥ+ɜɨɞɚ ɩɥɚɫɬɢɧɤɢ ɛɟɡɛɚɪɜɧɿ 1,92 

6 [Cu(L1)(CF3SO3)]2 ɟɬɚɧɨɥ ɝɨɥɤɢ ɛɟɡɛɚɪɜɧɿ 1,93 

7 [Cu2(L1)2(SO3NH2)2] ɧ-ɩɪɨɩɚɧɨɥ ɩɥɚɫɬɢɧɢ ɛɟɡɛɚɪɜɧɿ 1,93 

8 [Cu2(L1)2(H2O)(SO4)]·H2O ɚɰɟɬɨɧɿɬɪɢɥ+ɜɨɞɚ ɩɥɚɫɬɢɧɢ ɛɟɡɛɚɪɜɧɿ 2,04 

9 [Cu2(L1)2]SiF6·{C6H6} 
ɚɰɟɬɨɧɿɬɪɢɥ+ɜɨɞɚ 

+ɛɟɧɡɟɧ 
ɩɪɢɡɦɢ ɛɟɡɛɚɪɜɧɿ 1,93 

10 
[Cu2(L1)2(H2O)2]SiF6·CH3C(O)NH2 

·2H2O 
ɦɟɬɚɧɨɥ+ɬɨɥɭɟɧ ɩɥɚɫɬɢɧɢ ɛɟɡɛɚɪɜɧɿ 1,84 

11 [Cu2(L1)2(CH3C6H4SO3)2] ɦɟɬɚɧɨɥ+ɬɨɥɭɟɧ ɩɥɚɫɬɢɧɢ ɛɟɡɛɚɪɜɧɿ 1,73 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 2.1 

12 [Cu2(L1)2(C6H5SO3)2] 
ɦɟɬɚɧɨɥ+ɜɨɞɚ 

+ɛɟɧɡɟɧ 
ɩɪɢɡɦɢ ɛɟɡɛɚɪɜɧɿ 1,76 

13 [Cu4(L2)4] ɚɰɟɬɨɧɿɬɪɢɥ ɝɨɥɤɢ ɛɟɡɛɚɪɜɧɿ 1,57 

14 [Cu2(L3)(SO3NH2)2]·2H2O ɧ-ɩɪɨɩɚɧɨɥ+ɜɨɞɚ ɩɥɚɫɬɢɧɢ ɛɟɡɛɚɪɜɧɿ 2,04 

15 [Cu2(L4)2(H2O)(SiF6)]·CH3CN ɚɰɟɬɨɧɿɬɪɢɥ+ɜɨɞɚ ɝɨɥɤɢ ɛɟɡɛɚɪɜɧɿ 1,96 

16 [Cu2(L4)2(H2O)(NO3)2] ɚɰɟɬɨɧɿɬɪɢɥ ɩɥɚɫɬɢɧɢ ɛɟɡɛɚɪɜɧɿ 2,00 

17 [Cu2(L4)2(H2O)(BF4)](BF4) 
ɟɬɚɧɨɥ+і-

ɩɪɨɩɚɧɨɥ 
ɩɪɢɡɦɢ ɛɟɡɛɚɪɜɧɿ 2,02 

18 [Cu2(L4)I2]2 ɟɬɚɧɨɥ ɩɪɢɡɦɢ ɠɨɜɬɭɜɚɬɿ 2,33 

19 [Cu(L4)(SO3NH2)] ɚɰɟɬɨɧɿɬɪɢɥ+ɜɨɞɚ ɩɥɚɫɬɢɧɢ ɛɟɡɛɚɪɜɧɿ 2,16 

20 [Cu3(L5)Cl(CF3COO)] ɟɬɚɧɨɥ ɩɪɢɡɦɢ ɛɟɡɛɚɪɜɧɿ 2,07 

21 [Cu3(L5)Cl3] ɟɬɚɧɨɥ ɝɨɥɤɢ ɠɨɜɬɭɜɚɬɿ 2,38 

22 [Cu2(L5)Cl2] ɬɨɥɭɟɧ+ɟɬɚɧɨɥ ɩɪɢɡɦɢ ɠɨɜɬɭɜɚɬɿ 2,16 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)Cl2] (1) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)Cl2], ɭɬɜɨɪɢɥɢɫɶ ɩɪɨɬɹɝɨɦ 

ɦɿɫɹɰɹ ɧɚ ɟɥɟɤɬɪɨɞɚɯ ɪɟɚɤɬɨɪɚ (U0 = 0,4 ȼ), ɳɨ ɦɿɫɬɢɜ ɟɬɚɧɨɥɶɧɢɣ ɪɨɡɱɢɧ 0,342 

ɝ (0,002 ɦɨɥɶ) CuCl2·2H2O ɬɚ 0,33 ɝ (0,002 ɦɨɥɶ) L1 (ɨɞɪɚɡɭ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ 

ɤɨɦɩɨɧɟɧɬɿɜ – ɬɪɚɜ’ɹɧɢɫɬɨ-ɡɟɥɟɧɢɣ, ɩɪɨɡɨɪɢɣ ɪɨɡɱɢɧ).  

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu(L1)BF4] (2) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu(L1)BF4] ɨɬɪɢɦɚɧɿ ɩɪɨɬɹɝɨɦ ɞɨɛɢ 

ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ (U0 = 0,42 ȼ), ɜɢɯɨɞɹɱɢ ɿɡ 

ɫɩɢɪɬɨɜɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,692 ɝ (0,002 ɦɨɥɶ) Cu(BF4)2·6H2O ɬɚ 0,33 ɝ 

(0,002 ɦɨɥɶ) L1 (ɨɞɪɚɡɭ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ – ɬɪɚɜ’ɹɧɢɫɬɨ-ɡɟɥɟɧɢɣ, 

ɩɪɨɡɨɪɢɣ ɪɨɡɱɢɧ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(ClO4)2] (3) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(ClO4)2] ɨɬɪɢɦɚɧɿ ɩɪɨɬɹɝɨɦ 

ɬɪɶɨɯ ɬɢɠɧɿɜ ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ (U0 = 0,5 ȼ), 
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ɜɢɯɨɞɹɱɢ ɿɡ ɫɩɢɪɬɨɜɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,371 ɝ (0,001 ɦɨɥɶ) Cu(ClO4)2·6H2O 

ɬɚ 0,155 ɝ (0,001 ɦɨɥɶ) L1 (ɨɞɪɚɡɭ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ – ɬɟɦɧɨ-

ɡɟɥɟɧɢɣ, ɩɪɨɡɨɪɢɣ ɪɨɡɱɢɧ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu(L1)NO3] (4) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu(L1)NO3] ɭɬɜɨɪɢɥɢɫɶ ɩɪɨɬɹɝɨɦ ɫɟɦɢ 

ɞɧɿɜ ɧɚ ɦɿɞɧɢɯ ɟɥɟɤɬɪɨɞɚɯ ɪɟɚɤɬɨɪɚ (U0 = 0,45 ȼ), ɳɨ ɦɿɫɬɢɜ ɟɬɚɧɨɥɶɧɢɣ ɪɨɡɱɢɧ 

0,484 ɝ (0,002 ɦɨɥɶ) Cu(NO3)2·3H2O ɬɚ 0,33 ɝ (0,002 ɦɨɥɶ) L1 (ɨɞɪɚɡɭ ɩɿɫɥɹ 

ɡɦɿɲɭɜɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ – ɛɥɿɞɨ-ɫɦɚɪɚɝɞɨɜɢɣ ɩɪɨɡɨɪɢɣ ɪɨɡɱɢɧ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu4(L1)4(H2O)4]SiF6·5H2O (5) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu4(L1)4(H2O)4]SiF6·5H2O ɭɬɜɨɪɢɥɢɫɶ 

ɩɪɨɬɹɝɨɦ ɞɟɫɹɬɢ ɞɧɿɜ ɧɚ ɦɿɞɧɢɯ ɟɥɟɤɬɪɨɞɚɯ ɪɟɚɤɬɨɪɚ (U0 = 0,6 ȼ), ɳɨ ɦɿɫɬɢɜ 

ɜɨɞɧɨ-ɚɰɟɬɨɧɿɬɪɢɥɶɧɢɣ ɪɨɡɱɢɧ 0,628 ɝ (0,002 ɦɨɥɶ) CuSiF6·4H2O ɬɚ 0,33 ɝ 

(0,002 ɦɨɥɶ) L1 (ɡ ɧɟɜɟɥɢɤɨɸ ɞɨɛɚɜɤɨɸ ɟɬɚɧɨɥɭ) (ɩɪɢ ɡɦɿɲɭɜɚɧɧɿ ɜɨɞɧɨɝɨ 

ɪɨɡɱɢɧɭ ɫɨɥɿ ɬɚ ɚɰɟɬɨɧɿɬɪɢɥɶɧɨɝɨ ɪɨɡɱɢɧɭ ɥɿɝɚɧɞɭ ɭɬɜɨɪɢɥɚɫɶ ɞɜɨɮɚɡɧɚ ɫɭɦɿɲ 

(ɧɢɠɧɿɣ ɲɚɪ – ɬɟɦɧɨ-ɡɟɥɟɧɢɣ, ɩɪɨɡɨɪɢɣ, ɜɟɪɯɧɿɣ – ɩɪɚɤɬɢɱɧɨ ɱɨɪɧɢɣ), ɹɤɚ 

ɝɨɦɨɝɟɧɿɡɭɜɚɥɚɫɶ ɱɟɪɟɡ 7 ɞɧɿɜ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu(L1)(CF3SO3)] (6) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu(L1)(CF3SO3)] ɨɬɪɢɦɚɧɿ ɩɪɨɬɹɝɨɦ ɲɟɫɬɢ 

ɞɧɿɜ ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ (U0 = 0,55 ȼ), 

ɜɢɯɨɞɹɱɢ ɿɡ ɫɩɢɪɬɨɜɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,362 ɝ (0,001 ɦɨɥɶ) Cu(CF3SO3)2 ɬɚ 

0,155 ɝ (0,001 ɦɨɥɶ) L1 (ɨɞɪɚɡɭ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ ɤɨɦɩɨɧɟɧɬɿɜ – ɬɟɦɧɨ-ɡɟɥɟɧɢɣ, 

ɩɪɨɡɨɪɢɣ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(SO3NH2)2] (7) 

Ȼɟɡɛɚɪɜɧɿ ɞɭɠɟ ɞɪɿɛɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(SO3NH2)2] 

ɨɬɪɢɦɚɧɿ ɩɪɨɬɹɝɨɦ 10 ɞɧɿɜ ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ 
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(U0 = 0,58 ȼ), ɜɢɯɨɞɹɱɢ ɿɡ ɫɩɢɪɬɨɜɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,304 ɝ (0,001 ɦɨɥɶ) 

Cu(SO3NH2)2•3H2O ɬɚ 0,155 ɝ (0,001 ɦɨɥɶ) L1.  

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(H2O)(SO4)]·H2O (8) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(H2O)(SO4)]·H2O ɭɬɜɨɪɢɥɢɫɶ 

ɩɪɨɬɹɝɨɦ ɞɨɛɢ ɧɚ ɦɿɞɧɢɯ ɟɥɟɤɬɪɨɞɚɯ ɪɟɚɤɬɨɪɚ (U0 = 0,6 ȼ), ɳɨ ɦɿɫɬɢɜ ɜɨɞɧɨ-

ɚɰɟɬɨɧɿɬɪɢɥɶɧɢɣ ɪɨɡɱɢɧ 0,500 ɝ (0,002 ɦɨɥɶ) CuSO4·5H2O ɬɚ 0,33 ɝ (0,002 ɦɨɥɶ) 

L1 (ɩɪɢ ɡɦɿɲɭɜɚɧɧɿ ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ ɫɨɥɿ ɬɚ ɚɰɟɬɨɧɿɬɪɢɥɶɧɨɝɨ – ɥɿɝɚɧɞɭ 

ɭɬɜɨɪɢɜɫɹ ɠɨɜɬɨ-ɡɟɥɟɧɢɣ, ɩɪɨɡɨɪɢɣ ɪɨɡɱɢɧ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2]SiF6·{C6H6} (9) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2]SiF6·{C6H6} ɭɬɜɨɪɢɥɢɫɶ 

ɩɪɨɬɹɝɨɦ ɞɜɨɯ ɞɧɿɜ ɧɚ ɦɿɞɧɢɯ ɟɥɟɤɬɪɨɞɚɯ ɪɟɚɤɬɨɪɚ (U0 = 0,6 ȼ), ɳɨ ɦɿɫɬɢɜ 

ɜɨɞɧɨ-ɚɰɟɬɨɧɿɬɪɢɥɶɧɢɣ ɪɨɡɱɢɧ 0,628 ɝ (0,002 ɦɨɥɶ) CuSiF6·4H2O ɬɚ 0,33 (0,002 

ɦɨɥɶ) L1 (ɡ ɧɟɜɟɥɢɤɨɸ ɞɨɛɚɜɤɨɸ ɛɟɧɡɟɧɭ ɜ ɹɤɨɫɬɿ ɜɢɫɨɥɸɜɚɱɚ) (ɩɪɢ ɡɦɿɲɭɜɚɧɧɿ 

ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ ɫɨɥɿ ɬɚ ɚɰɟɬɨɧɿɬɪɢɥɶɧɨɝɨ ɪɨɡɱɢɧɭ ɥɿɝɚɧɞɭ ɭɬɜɨɪɢɥɚɫɶ 

ɞɜɨɮɚɡɧɚ ɫɭɦɿɲ, ɧɢɠɧɿɣ ɲɚɪ –ɬɟɦɧɨ-ɡɟɥɟɧɢɣ ɩɪɨɡɨɪɢɣ, ɜɟɪɯɧɿɣ – ɬɟɦɧɢɣ). ɓɟ 

ɡɚ ɬɪɢ ɞɧɿ ɤɪɢɫɬɚɥɢ ɞɨɫɹɝɧɭɥɢ ɧɟɨɛɯɿɞɧɨɝɨ ɞɥɹ ɊɋȺ ɪɨɡɦɿɪɭ. 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu4(L1)4(H2O)4]SiF6·CH3CONH2 (10) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu4(L1)4(H2O)4]SiF6·CH3CONH2 

ɭɬɜɨɪɢɥɢɫɶ ɧɚ ɦɿɞɧɢɯ ɞɪɨɬɚɯ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɪɟɚɤɬɨɪɚ ɜɧɚɫɥɿɞɨɤ 

ɩɟɪɟɪɨɞɠɟɧɧɹ ɤɪɢɫɬɚɥɿɜ ɫɩɨɥɭɤɢ [Cu2(L)2]SiF6·{C6H6} ɩɿɫɥɹ ʀɯ ɩɟɪɟɛɭɜɚɧɧɹ ɭ 

ɩɨɤɪɢɫɬɚɥɿɡɚɰɿɣɧɨɦɭ ɪɨɡɱɢɧɿ ɜɩɪɨɞɨɜɠ ɬɪɢɞɰɹɬɢ ɦɿɫɹɰɿɜ. 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(CH3C6H4SO3)2] (11) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(CH3C6H4SO3)2] ɭɬɜɨɪɢɥɢɫɶ 

ɩɪɨɬɹɝɨɦ ɞɨɛɢ ɧɚ ɦɿɞɧɢɯ ɟɥɟɤɬɪɨɞɚɯ ɪɟɚɤɬɨɪɚ (U0 = 0,6 ȼ), ɜɢɯɨɞɹɱɢ ɡ 

ɦɟɬɚɧɨɥɶɧɨ-ɬɨɥɭɟɧɨɜɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,514 ɝ (0,001 ɦɨɥɶ) 



47 

 

Cu(CH3C6H4SO3)2·6H2O ɬɚ 0,155 (0,001 ɦɨɥɶ) L1 (ɜɢɯɿɞɧɚ ɫɭɦɿɲ - ɞɜɨɮɚɡɧɚ, 

ɧɢɠɧɿɣ ɲɚɪ – ɬɟɦɧɨ-ɡɟɥɟɧɢɣ, ɩɪɨɡɨɪɢɣ, ɜɟɪɯɧɿɣ – ɛɟɡɛɚɪɜɧɢɣ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(C6H5SO3)2] (12) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(C6H5SO3)2] ɭɬɜɨɪɢɥɢɫɶ 

ɩɪɨɬɹɝɨɦ ɩ’ɹɬɢ ɞɧɿɜ ɧɚ ɦɿɞɧɢɯ ɟɥɟɤɬɪɨɞɚɯ ɪɟɚɤɬɨɪɚ (U0 = 0,6 ȼ), ɜɢɯɨɞɹɱɢ ɡ 

ɦɟɬɚɧɨɥɶɧɨ-ɬɨɥɭɟɧɨɜɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,486 ɝ (0,001 ɦɨɥɶ) 

Cu(C6H5SO3)2·6H2O ɬɚ 0,155 ɝ (0,001 ɦɨɥɶ) L1 (ɜɢɯɿɞɧɚ ɫɭɦɿɲ - ɞɜɨɮɚɡɧɚ, 

ɧɢɠɧɿɣ ɲɚɪ – ɬɟɦɧɨ-ɡɟɥɟɧɢɣ, ɩɪɨɡɨɪɢɣ, ɜɟɪɯɧɿɣ – ɛɟɡɛɚɪɜɧɢɣ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu4(L2)4] (13) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ ɤɨɦɩɥɟɤɫɭ [Cu4(L2)4] ɨɬɪɢɦɚɧɿ ɩɪɨɬɹɝɨɦ ɫɿɦɧɚɞɰɹɬɢ 

ɞɧɿɜ ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ (U0 = 0,5 ȼ), ɜɢɯɨɞɹɱɢ 

ɿɡ ɚɰɟɬɨɧɿɬɪɢɥɶɧɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,484 ɝ (0,002 ɦɨɥɶ) Cu(NO3)2·3H2O ɬɚ 

0,436 ɝ (0,002 ɦɨɥɶ) L2 (ɫɭɦɿɲ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ – ɫɦɚɪɚɝɞɨɜɢɣ, ɩɪɨɡɨɪɢɣ 

ɪɨɡɱɢɧ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L3)(SO3NH2)2]·2H2O (14) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L3)(SO3NH2)2]·2H2O ɨɬɪɢɦɚɧɿ 

ɩɪɨɬɹɝɨɦ ɞɜɚɞɰɹɬɢ ɞɧɿɜ ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ 

(U0 = 0,6 ȼ), ɜɢɯɨɞɹɱɢ ɿɡ ɧ-ɩɪɨɩɚɧɨɥɶɧɨɝɨ ɪɨɡɱɢɧɭ 0,098 ɝ (0,0005 ɦɨɥɶ) L3 ɬɚ 

ɬɪɢɤɪɚɬɧɨɝɨ ɧɚɞɥɢɲɤɭ Cu(SO3NH2)2•3H2O 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L4)2(H2O)(NO3)2] (15) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L4)2(H2O)(NO3)2] ɨɬɪɢɦɚɧɿ 

ɩɪɨɬɹɝɨɦ ɞɨɛɢ ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ (U0 = 0,5 

ȼ), ɜɢɯɨɞɹɱɢ ɿɡ ɚɰɟɬɨɧɿɬɪɢɥɶɧɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,484 ɝ (0,002 ɦɨɥɶ) 

Cu(NO3)2·3H2O ɬɚ 0,346 ɝ (0,002 ɦɨɥɶ) L4 (ɫɭɦɿɲ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ – ɬɟɦɧɨ-

ɫɦɚɪɚɝɞɨɜɢɣ, ɩɪɨɡɨɪɢɣ ɪɨɡɱɢɧ). ɓɟ ɱɨɬɢɪɢ ɞɧɿ ɡɧɚɞɨɛɢɥɨɫɶ, ɚɛɢ ɜɨɧɢ 

ɞɨɫɹɝɧɭɥɢ ɪɨɡɦɿɪɭ, ɞɨɫɬɚɬɧɶɨɝɨ ɞɥɹ ɊɋȺ. 
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ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L4)2(H2O)(SiF6)]·CH3CN (16) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L4)2(H2O)(SiF6)]·CH3CN ɭɬɜɨɪɢɥɢɫɶ 

ɩɪɨɬɹɝɨɦ ɩ’ɹɬɢ ɞɿɛ ɧɚ ɦɿɞɧɢɯ ɟɥɟɤɬɪɨɞɚɯ ɪɟɚɤɬɨɪɚ (U0 = 0,45 ȼ), ɳɨ ɦɿɫɬɢɜ 

ɜɨɞɧɨ-ɚɰɟɬɨɧɿɬɪɢɥɶɧɢɣ ɪɨɡɱɢɧ 0,314 ɝ (0,001 ɦɨɥɶ) CuSiF6·4H2O ɬɚ 0,173 (0,001 

ɦɨɥɶ) L4 (ɜɢɯɿɞɧɚ ɫɭɦɿɲ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ – ɞɜɨɮɚɡɧɚ, ɧɢɠɧɿɣ ɲɚɪ – ɡɟɥɟɧɢɣ, 

ɩɪɨɡɨɪɢɣ; ɜɟɪɯɧɿɣ – ɬɟɦɧɢɣ, ɩɪɨɡɨɪɢɣ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L4)2(H2O)(BF4)](BF4) (17) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L)2(H2O)(BF4)](BF4) ɨɬɪɢɦɚɧɿ 

ɩɪɨɬɹɝɨɦ ɞɟɜ’ɹɬɢ ɞɧɿɜ ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ 

(U0 = 0,5 ȼ), ɜɢɯɨɞɹɱɢ ɿɡ ɟɬɚɧɨɥ-і-ɩɪɨɩɿɥɶɧɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,346 ɝ (0,001 

ɦɨɥɶ) Cu(BF4)2·6H2O ɬɚ 0,173 ɝ (0,001 ɦɨɥɶ) L4, ɬɢɬɪɨɜɚɧɨɝɨ ɜɨɞɧɢɦ ɪɨɡɱɢɧɨɦ 

ɇBF4 ɞɨ ɪɇ = 4 (ɫɭɦɿɲ ɩɿɫɥɹ ɡɦɿɲɭɜɚɧɧɹ – ɡɟɥɟɧɢɣ, ɩɪɨɡɨɪɢɣ ɪɨɡɱɢɧ). 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ ɤɨɦɩɥɟɤɫɭ [Cu2(L4)I2]2 (18) 

ɀɨɜɬɭɜɚɬɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L4)I2]2 ɨɬɪɢɦɚɧɨ ɡɚ ɞɨɛɭ ɧɚ ɦɿɞɧɢɯ 

ɞɪɨɬɚɯ, ɜɢɯɨɞɹɱɢ ɿɡ ɬɟɦɧɨɱɟɪɜɨɧɨɝɨ ɚɰɟɬɨɧɿɬɪɢɥ-ɟɬɚɧɨɥɶɧɨɝɨ (4:1) ɪɨɡɱɢɧɭ, ɳɨ 

ɦɿɫɬɢɜ 0,346 ɝ (0,002 ɦɨɥɶ) L4 ɬɚ 0,254 ɝ І2 (0,001 ɦɨɥɶ) [45]. 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu(L4)(SO3NH2)] (19) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu(L4)(SO3NH2)] ɭɬɜɨɪɢɥɢɫɶ ɩɪɨɬɹɝɨɦ 

ɜɨɫɶɦɢ ɞɧɿɜ ɧɚ ɦɿɞɧɢɯ ɟɥɟɤɬɪɨɞɚɯ ɪɟɚɤɬɨɪɚ (U0 = 0,5 ȼ), ɳɨ ɦɿɫɬɢɜ ɜɨɞɧɨ-

ɚɰɟɬɨɧɿɬɪɢɥɶɧɢɣ ɪɨɡɱɢɧ 0,304 ɝ (0,001 ɦɨɥɶ) Cu(SO3NH2)2•3H2O ɬɚ 0,173 (0,001 

ɦɨɥɶ) L4 (ɩɪɢ ɡɦɿɲɭɜɚɧɧɿ ɜɨɞɧɨɝɨ ɪɨɡɱɢɧɭ ɫɨɥɿ ɬɚ ɚɰɟɬɨɧɿɬɪɢɥɶɧɨɝɨ ɪɨɡɱɢɧɭ – 

ɥɿɝɚɧɞɭ ɭɬɜɨɪɢɥɚɫɶ ɞɜɨɮɚɡɧɚ ɫɭɦɿɲ, ɧɢɠɧɿɣ ɲɚɪ ɡɟɥɟɧɨ-ɫɢɧɿɣ, ɦɭɬɧɢɣ, ɜɟɪɯɧɿɣ 

– ɬɟɦɧɨ-ɡɟɥɟɧɢɣ, ɩɪɨɡɨɪɢɣ). 
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ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu3(L5)Cl(CF3COO)] (20) 

Ȼɟɡɛɚɪɜɧɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu3(L5)Cl(CF3COO)] ɨɬɪɢɦɚɧɿ ɩɪɨɬɹɝɨɦ 

ɫɟɦɢ ɞɧɿɜ ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ (U0 = 0,5 ȼ), 

ɜɢɯɨɞɹɱɢ ɿɡ ɟɬɚɧɨɥ-ɬɨɥɭɟɧɨɜɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,398 ɝ Cu(CF3COO)2•xH2O 

ɬɚ 0,230 ɝ (0,001 ɦɨɥɶ) L5 (ɜɢɯɿɞɧɢɣ ɪɨɡɱɢɧ – ɞɜɨɲɚɪɨɜɢɣ, ɧɢɠɧɿɣ ɲɚɪ – ɬɟɦɧɨ-

ɡɟɥɟɧɢɣ, ɦɭɬɧɢɣ, ɜɟɪɯɧɿɣ – ɫɜɿɬɥɨ-ɠɨɜɬɢɣ, ɩɪɨɡɨɪɢɣ). ɓɟ ɞɜɚ ɬɢɠɧɿ 

ɡɧɚɞɨɛɢɥɨɫɶ, ɚɛɢ ɜɨɧɢ ɞɨɫɹɝɧɭɥɢ ɪɨɡɦɿɪɭ ɞɨɫɬɚɬɧɶɨɝɨ ɞɥɹ ɊɋȺ. 
 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu3(L5)Cl3] (21) 

ɀɨɜɬɭɜɚɬɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu3(L5)Cl3] ɨɬɪɢɦɚɧɿ ɩɪɨɬɹɝɨɦ 5 ɞɧɿɜ 

ɦɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ (U0 = 0,6 ȼ), ɜɢɯɨɞɹɱɢ ɿɡ 

ɟɬɚɧɨɥɶɧɨɝɨ ɪɨɡɱɢɧɭ, ɳɨ ɦɿɫɬɢɜ 0,220 ɝ (0,0013 ɦɨɥɶ) CuCl2·2H2O ɬɚ 0,250 ɝ 

(0,0011 ɦɨɥɶ) L5. 

 

ɋɢɧɬɟɡ ɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L5)Cl2] (22) 

ɀɨɜɬɭɜɚɬɿ ɤɪɢɫɬɚɥɢ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L5)Cl2] ɨɬɪɢɦɚɧɿ ɧɚ ɞɧɿ 

ɟɥɟɤɬɪɨɥɿɡɟɪɚ ɲɥɹɯɨɦ ɜɿɞɫɬɨɸɜɚɧɧɹ ɜ ɦɨɪɨɡɢɥɰɿ ɩɪɢ -18°ɋ ɩɪɨɬɹɝɨɦ ɞɜɨɯ 

ɬɢɠɧɿɜ ɪɟɚɤɰɿɣɧɨʀ ɫɭɦɿɲɿ ɡ ɤɪɢɫɬɚɥɚɦɢ [Cu3Cl3(L5)] (21). 

 

 Еɤɫɩɟɪɢɦɟɧɬɚɥьɧɟ ɜɢɡɧɚчɟɧɧɹ ɝɭɫɬɢɧɢ ɤɪɢɫɬɚɥɿɜ 

 Ƚɭɫɬɢɧɭ ɤɪɢɫɬɚɥɿɜ ɜɢɡɧɚɱɚɥɢ ɮɥɨɬɚɰɿɣɧɢɦ ɦɟɬɨɞɨɦ ɜ ɫɭɦɿɲɿ ɯɥɨɪɨɮɨɪɦ-

ɛɪɨɦɨɮɨɪɦ. Ⱦɨɫɥɿɞɠɭɜɚɧɢɣ ɤɪɢɫɬɚɥ ɪɨɡɦɿɪɨɦ ɞɨ 1 ɦɦ ɩɨɦɿɳɚɥɢ ɭ ɜɭɡɶɤɭ 

ɩɪɨɛɿɪɤɭ ɡ ɧɚɥɢɬɢɦ ɭ ɧɟʀ ɛɪɨɦɨɮɨɪɦɨɦ. əɤɳɨ ɣɨɝɨ ɝɭɫɬɢɧɚ ɦɟɧɲɚ, ɧɿɠ ɝɭɫɬɢɧɚ 

ɛɪɨɦɨɮɨɪɦɭ (ɳɨ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɭ ɛɿɥɶɲɨɫɬɿ ɜɢɩɚɞɤɿɜ), ɜɿɧ ɩɥɚɜɚє ɧɚ ɩɨɜɟɪɯɧɿ 

ɪɿɞɢɧɢ. Ɍɨɞɿ ɜ ɩɪɨɛɿɪɤɭ ɩɨɫɬɭɩɨɜɨ (ɩɿɩɟɬɤɨɸ) ɞɨɞɚɸɬɶ ɯɥɨɪɨɮɨɪɦ ɞɨ ɬɨɝɨ 

ɦɨɦɟɧɬɭ, ɤɨɥɢ ɤɪɢɫɬɚɥɢɤ ɡɚɜɢɫɧɟ ɭ ɜɪɿɜɧɨɜɚɠɟɧɨɦɭ ɫɬɚɧɿ ɜ ɨɛ’єɦɿ ɫɭɦɿɲɿ. 

əɤɳɨ ɜɿɧ ɬɨɧɟ, ɬɨɞɿ ɡɚɛɚɝɚɬɨ ɞɨɞɚɧɨ ɯɥɨɪɨɮɨɪɦɭ – ɿ ɩɨɬɪɿɛɧɨ ɞɨɞɚɜɚɬɢ 

ɛɪɨɦɨɮɨɪɦ. Ƚɭɫɬɢɧɚ ɤɪɢɫɬɚɥɭ ɛɥɢɡɶɤɚ ɞɨ ɝɭɫɬɢɧɢ ɫɭɦɿɲɿ ɪɿɞɢɧ.  

ρɟɤɫɩ = (ρɯɥ∙Vɯɥ + ρɛɪ∙Vɛɪ)/(Vɯɥ + Vɛɪ), 

ɞɟ ρɯɥ, ρɛɪ, Vɯɥ, Vɛɪ - ɜɿɞɩɨɜɿɞɧɨ ɝɭɫɬɢɧɢ ɯɥɨɪɨɮɨɪɦɭ (1.49 ɝ/ɫɦ3) ɿ 

ɛɪɨɦɨɮɨɪɦɭ (2.89 ɝ/ɫɦ3) ɬɚ ʀɯ ɨɛ’єɦɢ. 
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Хɚɪɚɤɬɟɪɢɫɬɢɤɚ ɥɿɝɚɧɞɿɜ ɬɚ ɞɟɹɤɢɯ ɨɞɟɪɠɚɧɢɯ ɫɩɨɥɭɤ ɡ ɞɨɩɨɦɨɝɨɸ 

ІЧ- ɬɚ КɊ- ɫɩɟɤɬɪɨɫɤɨɩɿʀ 

Іɑ-ɫɩɟɤɬɪɢ ɩɨɝɥɢɧɚɧɧɹ ɤɨɦɩɥɟɤɫɿɜ ɬɚ ɨɪɝɚɧɿɱɧɢɯ ɥɿɝɚɧɞɿɜ ɜ ɞɿɚɩɚɡɨɧɿ 

4000-400 ɫɦ-1 ɨɞɟɪɠɚɧɿ ɧɚ ɫɩɟɤɬɪɨɦɟɬɪɚɯ Bruker Vertex 70 FTIR ɬɚ Bruker IFS-

88 ɜ ɬɚɛɥɟɬɤɚɯ KBr. 

ɄɊ-ɫɩɟɤɬɪɢ ɪɟєɫɬɪɭɜɚɥɢɫɹ ɜ ɚɧɚɥɨɝɿɱɧɨɦɭ ɞɿɚɩɚɡɨɧɿ 4000-400 ɫɦ-1 ɧɚ 

ɞɢɫɩɟɪɫɿɣɧɨɦɭ ɄɊ ɫɩɟɤɬɪɨɦɟɬɪɿ Horiba Jobin–Yvon LabRAM HR, ɹɤ ɞɠɟɪɟɥɨ 

ɡɛɭɞɠɟɧɧɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɨɫɶ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ He-Ne ɥɚɡɟɪɚ (ɞɨɜɠɢɧɚ ɯɜɢɥɿ 

632.81 ɧɦ) ɩɨɬɭɠɧɿɫɬɸ 17 ɦȼɬ, ɹɤɚ ɞɨɞɚɬɤɨɜɨ ɩɨɫɥɚɛɥɸɜɚɥɚɫɶ, ɚɛɢ ɡɚɩɨɛɿɝɬɢ 

ɪɨɡɤɥɚɞɚɧɧɸ ɡɪɚɡɤɚ ɩɿɞ ɱɚɫ ɡɣɨɦɤɢ. 

Ⱦɥɹ ɫɩɨɥɭɤ 9, 10 ɬɚ 13 ɬɚɤɨɠ ɛɭɥɨ ɩɪɨɜɟɞɟɧɨ DFT ɪɨɡɪɚɯɭɧɤɢ, 

ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ B3LYP ɮɭɧɤɰɿɨɧɚɥ [46, 47] ɬɚ ɛɚɡɢɫɧɢɣ ɫɟɬ cc-PVDZ, 

ɿɦɩɥɟɦɟɧɬɨɜɚɧɿ ɜ ɩɚɤɟɬ ɩɪɨɝɪɚɦ GAMESS(US) [48]. Ⱦɨ ɚɬɨɦɿɜ ɤɭɩɪɭɦɭ ɛɭɥɢ 

ɞɨɞɚɬɤɨɜɨ ɩɪɢɤɥɚɞɟɧɿ ɟɮɟɤɬɢɜɧɿ ɹɞɟɪɧɿ ɩɨɬɟɧɰɿɚɥɢ. ȼɢɯɿɞɧɿ ɝɟɨɦɟɬɪɿʀ ɨɞɟɪɠɚɧɿ 

ɡ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ, ɛɭɥɢ ɨɩɬɢɦɿɡɨɜɚɧɿ ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ C2v 

ɫɢɦɟɬɪɿɸ, ɚ ɪɟɡɭɥɶɬɭɸɱɚ ɪɿɜɧɨɜɚɠɧɚ ɝɟɨɦɟɬɪɿɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɶ ɞɥɹ 

ɪɨɡɪɚɯɭɧɤɿɜ ɦɚɬɪɢɰɿ ɫɢɥɨɜɢɯ ɤɨɧɫɬɚɧɬ. Ⱦɚɥɿ ɛɭɜ ɪɨɡɪɚɯɨɜɚɧɢɣ ɬɟɧɡɨɪ 

ɩɨɥɹɪɢɡɨɜɚɧɨɫɬɿ, ɚ ɪɟɡɭɥɶɬɭɸɱɿ Ɋɚɦɚɧɿɜɫɶɤɿ ɚɤɬɢɜɧɨɫɬɿ (Si) ɛɭɥɢ ɩɟɪɟɜɟɞɟɧɿ ɜ 

Ɋɚɦɚɧɿɜɫɶɤɿ ɿɧɬɟɧɫɢɜɧɨɫɬɿ (Ii), ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɧɚɫɬɭɩɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɡ 

ɬɟɨɪɿʀ Ɋɚɦɚɧɿɜɫɶɤɨɝɨ ɪɨɡɫɿɸɜɚɧɧɹ [49-51]: 

 𝐼𝑖 = ݂ሺ𝑣0 − 𝑣𝑖ሻ4𝑆𝑖𝑣𝑖 [1 − ݁𝑥𝑝ቀ− ℎ𝑐𝑣𝑖𝑘𝑇 ቁ] 

 

ɞɟ ν0 –ɱɚɫɬɨɬɚ ɡɛɭɞɠɟɧɧɹ (ɫɦ-1) ɿ νi – ɤɨɥɢɜɚɥɶɧɟ ɯɜɢɥɶɨɜɟ ɱɢɫɥɨ i-ɝɨ 

ɧɨɪɦɚɥɶɧɨɝɨ ɦɨɞɭ (ɫɦ-1). Ⱦɥɹ ɫɢɦɭɥɶɨɜɚɧɢɯ ɫɩɟɤɬɪɿɜ ɜɢɤɨɪɢɫɬɚɧɟ ɞɨɩɥɟɪɿɜɫɶɤɟ 

ɪɨɡɲɢɪɟɧɧɹ ɡ ɲɢɪɢɧɨɸ ɫɦɭɝɢ ɧɚ ɩɿɜɜɢɫɨɬɿ ɩɿɤɭ ɭ 15 ɫɦ-1. 

Ɉɞɟɪɠɚɧɚ ɫɬɪɭɤɬɭɪɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɶ ɞɥɹ ɩɨɪɿɜɧɹɧɧɹ ɡ ɪɟɡɭɥɶɬɚɬɨɦ 

ɪɨɡɪɚɯɭɧɤɿɜ. Ɍɚɛɥɢɰɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɿ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɱɚɫɬɨɬ-
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ɿɧɬɟɧɫɢɜɧɨɫɬɟɣ, ɚ ɬɚɤɨɠ ɪɢɫɭɧɤɢ ɩɨɪɿɜɧɹɧɧɹ ɜɿɞɩɨɜɿɞɧɢɯ ɜɚɪɿɚɧɬɿɜ ɝɟɨɦɟɬɪɿɣ 

ɧɚɜɟɞɟɧɿ ɜ ɞɨɞɚɬɤɭ ȼ. 

ɇɢɠɱɟ ɧɚɜɟɞɟɧɨ Іɑ ɫɩɟɤɬɪɢ ɞɥɹ ɧɢɡɤɢ ɥɿɝɚɧɞɿɜ ɬɚ ɤɨɦɩɥɟɤɫɿɜ, ɝɪɚɮɿɱɧɢɣ 

ɜɚɪɿɚɧɬ ɫɩɟɤɬɪɿɜ ɧɚɜɟɞɟɧɨ ɜ ɞɨɞɚɬɤɭ Ȼ. 

2-(N-ɚɥɿɥ)ɚɦɿɧɨ-5-ɦɟɬɢɥ-1,3,4-ɬɿɚɞɿɚɡɨɥ (L1) 

IR (KBr, cm-1): 3179(vs), 3076(m), 2978(vs), 2915(s), 2855(m), 2768(m), 

2357(m), 2334(w), 1643(m), 1566(vs), 1491(vs), 1456(s), 1435(m), 1417(s), 

1336(m), 1267(m), 1214(s), 1187(m), 1145(w), 1084(m), 1008(w), 992(m), 960(m), 

925(s), 814(w), 756(m), 650(m), 617(w), 522(w). 

2-(S-ɚɥɿɥ)ɬɿɨɥɨ-5-ɚɦɿɧɨ -1,3,4-ɬɿɚɞɿɚɡɨɥ (L4) 

IR (KBr, cm-1): 3279(vs), 3093(vs), 2959(vs), 2923(vs), 2785(m), 2686(m), 

2337(w), 1845(w), 1643(s), 1518(vs), 1464(s), 1424(s), 1398(m), 1376(m), 1329(m), 

1233(m), 1198(w), 1141(m), 1098(m), 1062(s), 1050(s), 987(s), 922(vs), 867(m), 

779(w), 729(m), 686(m), 617(m), 580(m), 545(w). 

 

[Cu(L1)BF4] (2)  

IR (KBr, cm-1): 3338(s), 3094(w), 3036(m), 2926(w), 2367(m), 2337(m), 

1565(vs), 1522(s), 1503(s), 1445(s), 1420(m), 1387(m), 1333(s), 1284(s), 1262(m), 

1246(w), 1224(s), 1068(vs), 1012(vs), 978(vs), 946(s), 903(m), 786(m), 703(w), 

683(w), 599(w), 546(m), 519(m). 

 

[Cu(L1)NO3] (4). 

IR (nujol, cm-1): 3450(m), 3215(m), 2996(m), 2392(w), 1576(m), 1509(w), 

1384(vs), 1220(m), 1043(w), 976(w), 942(w), 898(w), 826(w), 785(w), 717(w), 

676(w), 620(w), 544(w), 514(w). 

[Cu2(L4)2(H2O)(NO3)2] (16)  

IR (KBr, cm-1): 2955(vs), 2922(vs), 2852(vs), 1463(s), 1377(s), 1342(m), 

1153(w), 1044(w), 723(m), 511(w). 
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2.3 Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɦɨɧɨɤɪɢɫɬɚɥɿɜ π-ɤɨɦɩɥɟɤɫɿɜ 

 Ɇɚɫɢɜɢ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɿɧɬɟɝɪɚɥɶɧɢɯ ɿɧɬɟɧɫɢɜɧɨɫɬɟɣ ɜɿɞɛɢɬɬɿɜ 

ɨɞɟɪɠɭɜɚɥɢ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɚɯ Rigaku AFC7 CCD (ɡ ɞɟɬɟɤɬɨɪɨɦ Mercury 

CCD), Agilent Xcalibur (ɡ ɞɟɬɟɤɬɨɪ Onyx CCD ɚɛɨ ɞɟɬɟɤɬɨɪɨɦ Atlas CCD) ɬɚ 

Kuma KM-4 CCD. Ɂɿɛɪɚɧɿ ɞɢɮɪɚɤɰɿɣɧɿ ɦɚɫɢɜɢ ɛɭɥɢ ɨɛɪɨɛɥɟɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ 

ɩɪɨɝɪɚɦ CrysAlis PRO [52,53] ɱɢ Rigaku CrystalClear [54]. ȼɫɿ ɫɬɪɭɤɬɭɪɢ 

ɪɨɡɜ’ɹɡɚɧɿ ɬɚ ɭɬɨɱɧɟɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦ SHELXS, SHELXT ɬɚ SHELXL 

[55,56] ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɿɧɬɟɪɮɟɣɫɿɜ OLEX2 [57] ɱɢ WinGX [58]. Ʉɨɨɪɞɢɧɚɬɢ ɬɚ 

ɩɚɪɚɦɟɬɪɢ ɬɟɩɥɨɜɢɯ ɡɦɿɳɟɧɶ ɛɿɥɶɲɨɫɬɿ ɚɬɨɦɿɜ (ɜɢɤɥɸɱɟɧɧɹ ɫɤɥɚɞɚɸɬɶ 

ɪɨɡɜɩɨɪɹɞɤɨɜɚɧɿ ɮɪɚɝɦɟɧɬɢ) ɭɬɨɱɧɟɧɿ ɜ ɚɧɿɡɨɬɪɨɩɧɨɦɭ ɧɚɛɥɢɠɟɧɧɿ 

ɩɨɜɧɨɦɚɬɪɢɱɧɢɦ ɦɟɬɨɞɨɦ ɧɚɣɦɟɧɲɢɯ ɤɜɚɞɪɚɬɿɜ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ F2. ɉɨɡɢɰɿʀ 

ɛɿɥɶɲɨɫɬɿ ɚɬɨɦɿɜ ɝɿɞɪɨɝɟɧɭ ɡɧɚɣɞɟɧɿ ɿɡ ɝɟɨɦɟɬɪɢɱɧɢɯ ɦɿɪɤɭɜɚɧɶ ɿ ɭɬɨɱɧɟɧɧɿ ɜ 

ɦɨɞɟɥɿ “ɜɟɪɲɧɢɤɚ”[59]. Ⱦɟɹɤɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ 

ɟɤɫɩɟɪɢɦɟɧɬɭ ɞɨɫɥɿɞɠɟɧɢɯ ɫɩɨɥɭɤ ɧɚɜɟɞɟɧɿ ɜ ɬɚɛɥɢɰɿ 2.2. 

ɉɨɜɟɪɯɧɿ ɏɿɪɲɜɟɥɶɞɚ [60] ɬɚ ɜɿɞɩɨɜɿɞɧɿ ɝɪɚɮɿɤɢ «ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» [61] 

ɩɨɛɭɞɨɜɚɧɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɢ CrystalExplorer [60]. 
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ɊɈɁȾІɅ 3 

ɊȿɁɍɅЬɌȺɌɂ ȿɄɋɉȿɊɂɆȿɇɌɍ 

 

ɍ ɫɬɪɭɤɬɭɪɚɯ ɞɨɫɥɿɞɠɟɧɢɯ ɫɩɨɥɭɤ ɚɥɿɥɶɧɿ ɩɨɯɿɞɧɿ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ 

ɩɟɪɟɜɚɠɧɨ ɩɪɨɹɜɥɹɸɬɶ π,ı-ɦɿɫɬɤɨɜɨ-ɯɟɥɚɬɧɭ ɬɪɢɞɟɧɬɚɬɧɭ ɮɭɧɤɰɿɸ, 

ɤɨɨɪɞɢɧɭɸɱɢɫɶ ɞɨ ɤɭɩɪɭɦɭ(І) ɞɜɨɦɚ ɚɬɨɦɚɦɢ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ ɬɚ 

ɨɥɟɮɿɧɨɜɢɦ ɡɜ’ɹɡɤɨɦ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ. ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ 5 ɥɿɝɚɧɞɿɜ – ɚɥɿɥɶɧɢɯ 

ɩɨɯɿɞɧɢɯ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ (ɧɚɜɟɞɟɧɢɯ ɭ ɬɚɛɥɢɰɿ 2.2) – ɞɨɛɭɬɨ 22 ɪɚɧɿɲɟ 

ɧɟɜɿɞɨɦɢɯ ɤɭɩɪɨɤɨɦɩɥɟɤɫɿɜ, ɡ ɧɢɯ 21 – π-ɤɨɦɩɥɟɤɫ ɬɚ 1 ı-ɤɨɦɩɥɟɤɫ ɤɭɩɪɭɦɭ(І). 

Ɂɚ ɞɨɩɨɦɨɝɨɸ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɿɡɭ ɜɫɬɚɧɨɜɥɟɧɨ ʀɯɧɸ ɛɭɞɨɜɭ ɬɚ 

ɩɪɨɚɧɚɥɿɡɨɜɚɧɨ ɫɬɟɪɟɨɯɿɦɿɱɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɜ ɫɬɪɭɤɬɭɪɚɯ ɨɬɪɢɦɚɧɢɯ 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 ɫɩɨɥɭɤ ɩɪɨɹɜɥɹєɬɶɫɹ π∙∙∙π-ɫɬɟɤɿɧɝ. 

 

Ɉɩɢɫ ɤɪɢɫɬɚɥɿɱɧɢɯ ɫɬɪɭɤɬɭɪ ɤɨɦɩɥɟɤɫɿɜ 

3.1. Ʉɨɦɩɥɟɤɫɢ ɤɭɩɪɭɦɭ(І) ɡ 2–ɚɥɿɥɚɦɿɧɨ–5–ɦɟɬɢɥ–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L1) 

3.1.1. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)Cl2] (1) [62] 

ɉɪ. ɝɪ. P-1, Z = 2 , a = 7,548(3); b = 8,761(5); c = 8,862(5) Å; 

α = 104,668(16); ȕ = 112,473(14) ; Ȗ = 93,630(9) °; V = 515,4(5) Å3. 

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 ɤɚɬɿɨɧɧɢɣ ɞɢɦɟɪ {CuL}2
2+ (ɪɢɫ. 3.1), ɜ 

ɹɤɨɦɭ ɚɬɨɦ ɦɟɬɚɥɭ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɨɦɭ ɨɬɨɱɟɧɧɿ (ɬɚɛɥ. 

3.1). 



57 

 

 

Ɋɢɫ. 3.1. Ʉɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɤɭɩɪɭɦɭ(І) ɜ ɫɬɪɭɤɬɭɪɿ 1. 

 

Ⱥɩɿɤɚɥɶɧɿ ɩɨɥɨɠɟɧɧɹ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɩɨɥɿɟɞɪɿɜ ɦɟɬɚɥɭ ɤɚɬɿɨɧɧɢɯ 

ɮɪɚɝɦɟɧɬɿɜ ɡɚɣɦɚɸɬɶ ɚɬɨɦɢ Cl(2) ɡ ɚɧɿɨɧɧɢɯ ɮɪɚɝɦɟɧɬɿɜ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɦɨɠɧɚ 

ɫɩɨɫɬɟɪɿɝɚɬɢ ɩɨɫɥɿɞɨɜɧɨ–ɩɚɪɚɥɟɥɶɧɟ ɤɚɬɿɨɧ–ɚɧɿɨɧɧɟ ɭɤɥɚɞɚɧɧɹ ɭ 

ɦɟɬɚɥɨɧɟɨɪɝɚɧɿɱɧɢɣ ɩɨɥɿɦɟɪɧɢɣ ɥɚɧɰɸɝ ɭɡɞɨɜɠ ɧɚɩɪɹɦɤɭ [010] (ɪɢɫ. 3.2). 

 

Тɚɛɥɢɰɹ 3.1 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ [Cu2(L1)Cl2] (1) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–N(3) 1,983(4) N(4)–Cu(1)–N(3) 113,5(2) 

Cu(1)–N(4) 2,007(4) N(3)–Cu(1)–C(1) 152,9(2) 

Cu(1)–C(1) 2,046(6) N(4)–Cu(1)–C(1) 92,4(2) 

Cu(1)–C(2) 2,088(6) N(3)-Cu(1)-C(2) 114,5(2) 

Cu(1)–Cl(2) 2,772(3) Cl(1)–Cu(2)–Cl(2) 138,73(7) 

Cu(1)–m 1,952(4) Cl(1)–Cu(2)–Cl(2) 120,02(7) 

Cu(2)–Cl(2) 2,183(2) Cl(1)–Cu(2)–Cl(1) 99,66(6) 

Cu(2)–Cl(1) 2,254(2)   

Cu(2)–Cl(1) 2,395(2)   
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Ɋɢɫ. 3.2. Ɇɟɬɚɥɨɧɟɨɪɝɚɧɿɱɧɚ ɩɨɥɿɦɟɪɧɚ ɫɬɪɿɱɤɚ ɜ ɫɬɪɭɤɬɭɪɿ 1. 

 

3.1.2. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu(L1)BF4] (2) 

ɉɪ. ɝɪ. P-1, Z = 2 , a = 7,754 (3), b = 7,965 (3), c = 10,372 (4) Å, α = 67,57 

(3)˚, ȕ = 89,99 (3)˚, Ȗ = 61,07 (3) °,V = 504,6 (4) Å3 [63]. 

 

Ⱥɫɢɦɟɬɪɢɱɧɢɣ ɮɪɚɝɦɟɧɬ ɦɿɫɬɢɬɶ ɚɬɨɦ Cu(I), ɨɞɧɭ ɦɨɥɟɤɭɥɭ ɥɿɝɚɧɞɭ (L1) 

ɬɚ ɨɞɢɧ ɚɧɿɨɧ BF4
–. Ʌɿɝɚɧɞ ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɞɨ ɦɟɬɚɥɭ ɞɜɨɦɚ ɚɬɨɦɚɦɢ ɧɿɬɪɨɝɟɧɭ 

ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɬɚ ɚɥɿɥɶɧɢɦ ɡɜ’ɹɡɤɨɦ ɋ=ɋ, ɮɨɪɦɭɸɱɢ ɬɪɢɝɨɧɚɥɶɧɨ-

ɩɿɪɚɦɿɞɚɥɶɧɟ ɨɬɨɱɟɧɧɹ. Ȼɚɡɨɜɭ ɩɥɨɳɢɧɭ ɮɨɪɦɭɸɬɶ ɞɜɚ ɚɬɨɦɢ ɧɿɬɪɨɝɟɧɭ ɪɿɡɧɢɯ 

ɦɨɥɟɤɭɥ ɥɿɝɚɧɞɭ ɬɚ ɚɥɿɥɶɧɢɣ ɡɜ’ɹɡɨɤ; ɚɩɿɤɚɥɶɧɟ ɩɨɥɨɠɟɧɧɹ ɩɨɫɿɞɚє ɫɥɚɛɨ 

ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɚɬɨɦ ɮɥɸɨɪɭ ɬɟɬɪɚɮɥɸɨɪɨɛɨɪɚɬ-ɚɧɿɨɧɭ (ɪɢɫ. 3.3). Ɍɚɤɢɦ 

ɱɢɧɨɦ, ɮɨɪɦɭɸɬɶɫɹ ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ ɞɢɦɟɪɢ [Cu(L1)BF4]2. ɇɚɣɛɥɢɠɱɚ 

ɜɿɞɫɬɚɧɶ Cu∙∙∙Cu ɫɤɥɚɞɚє 3,488(2) Å, ɳɨ ɧɚɞɬɨ ɛɚɝɚɬɨ ɹɤ ɞɥɹ ɤɭɩɪɨɮɿɥɶɧɨʀ 

ɜɡɚєɦɨɞɿʀ [64]. Ⱦɜɚ ɬɿɚɞɿɚɡɨɥɶɧɿ ɤɿɥɶɰɹ ɞɢɦɟɪɭ ɩɨɜɧɿɫɬɸ ɤɨɩɥɚɧɚɪɧɿ. 

ȿɮɟɤɬɢɜɧɿɫɬɶ ɜɡɚєɦɨɞɿʀ Cu(I)—(C=C) ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɮɚɤɬɨɦ ɧɟɜɟɥɢɤɨɝɨ 

ɜɢɞɨɜɠɟɧɧɹ ɨɥɟɮɿɧɨɜɨɝɨ ɡɜ'ɹɡɤɭ ɞɨ 1,371(2) Å (2) (ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ɧɨɦɿɧɚɥɶɧɢɦɢ 

1,33 Å ɬɚ ɡɧɚɣɞɟɧɢɦɢ 1,340(7) ɭ ɦɨɥɟɤɭɥɿ ɥɿɝɚɧɞɭ) ɬɚ ɜɢɯɨɞɨɦ Cu(I) ɡ ɩɥɨɳɢɧɢ 

ɨɫɧɨɜɢ ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ ɧɚ ∆=0,062(2) Å, ɜ ɬɨɣ ɱɚɫ ɹɤ ɤɭɬ ɦɿɠ ɨɥɟɮɿɧɨɜɢɦ 

ɡɜ’ɹɡɤɨɦ ɬɚ ɰɿєɸ ɩɥɨɳɢɧɨɸ ɫɬɚɧɨɜɢɬɶ  = 12,5(1)º. Ⱦɨɫɢɬɶ ɤɨɪɨɬɤɚ ɜɿɞɫɬɚɧɶ 

Cu—m ɬɚ ɞɨɫɢɬɶ ɜɟɥɢɤɿ ɤɭɬɢ C—Cu—C (ɬɚɛɥ. 3.2) ɬɟɠ є ɞɨɤɚɡɚɦɢ ɟɮɟɤɬɢɜɧɨɫɬɿ 

ɰɿєʀ ɦɟɬɚɥ-ɨɥɟɮɿɧɨɜɨʀ ɜɡɚєɦɨɞɿʀ. 
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Тɚɛɥɢɰɹ 3.2 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ [Cu(L1)BF4] (2) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)—N(3) 2,004(2) N(4)i–Cu(1)–N(3) 114,54(5) 

Cu(1)—N(4)i 1,965(1) C(1)–Cu(1)–C(2) 38,80(5) 

Cu(1)—C(2) 2,045(1) F(1)—Cu—m 95,51(3) 

Cu(1)—C(1) 2,080(2) C(1)–C(2)–C(3) 123,8(1) 

Cu(1)—m 1,9454(9)   

Cu(1)–F(1) 2,667(2)   

C(1)=C(2) 1,371(2)   

*(i) x, y−1, z 

Ɂɚɜɞɹɤɢ ɜɨɞɧɟɜɢɦ ɡɜ’ɹɡɤɚɦ N—H∙∙∙F (ɬɚɛɥ. 3.3) ɦɿɠ ɚɬɨɦɚɦɢ H 

ɚɦɿɧɨɝɪɭɩɢ ɨɞɧɨɝɨ ɥɿɝɚɧɞɭ ɬɚ ɚɧɿɨɧɨɦ, ɳɨ ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɞɨ ɫɭɫɿɞɧɶɨɝɨ 

ɞɢɦɟɪɭ, ɮɨɪɦɭɸɬɶɫɹ ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɿ «ɫɯɿɞɰɿ», ɳɨ ɩɪɨɫɬɹɝɚɸɬɶɫɹ ɜ ɧɚɩɪɹɦɤɭ 

[010] (ɪɢɫ. 3.4).  

 

Ɋɢɫ. 3.3. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɞɢɦɟɪ ɭ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ 2. 

 

                                           
* Ɍɭɬ ɿ ɞɚɥɿ ɧɚɜɟɞɟɧɿ ɤɨɞɢ ɫɢɦɟɬɪɿʀ 
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Ɋɢɫ. 3.4. ȼɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɭ ɫɬɪɭɤɬɭɪɿ 2. 

Тɚɛɥɢɰɹ 3.3 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 2 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

N2—H2···F2 x, y−1, z, 0,87 (2) 1,95 (2) 2,787 (2) 160 

N2—H2···F3 x, y−1, z, 0,87 (2) 2,53 (2) 3,242 (2) 140 

C3—H3B···F4 1−x, 1−y, −z 0,99 (2) 2,53 (2) 3,490 (2) 162 

 

 

3.1.3. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(ClO4)2] (3) 

ɉɪ. ɝɪ. P -1 ; Z = 1, a = 7,8911(7); b = 8,0996(9); c = 10,4198(10) Å; 

α = 112,483(3); ȕ = 90,2844(19); Ȗ = 118,682(2)°; V = 525,05(9) Å3 [65] 

Ɇɨɥɟɤɭɥɚ ɥɿɝɚɧɞɭ ɜ ɫɬɪɭɤɬɭɪɿ 3 ɜɢɫɬɭɩɚє ɬɪɢɞɟɧɬɚɬɧɢɦ ɯɟɥɚɬɧɨ-

ɦɿɫɬɤɨɜɢɦ ɥɿɝɚɧɞɨɦ, ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɞɨ ɚɬɨɦɚ ɦɟɬɚɥɭ ɞɜɨɦɚ ɚɬɨɦɚɦɢ ɧɿɬɪɨɝɟɧɭ 

ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɬɚ ɚɥɿɥɶɧɢɦ ɡɜ’ɹɡɤɨɦ ɋ=ɋ, ɮɨɪɦɭɸɱɢ ɟɤɜɚɬɨɪɿɚɥɶɧɭ 

ɩɥɨɳɢɧɭ ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɨɝɨ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɨɬɨɱɟɧɧɹ; ɚɩɿɤɚɥɶɧɟ 

ɩɨɥɨɠɟɧɧɹ ɡɚɣɦɚє ɨɤɫɢɝɟɧ ɩɟɪɯɥɨɪɚɬ-ɚɧɿɨɧɭ (ɪɢɫ. 3.5. ɬɚɛɥ. 3.4). Ɍɚɤɢɦ ɱɢɧɨɦ 

ɮɨɪɦɭɸɬɶɫɹ ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ ɞɢɦɟɪɢ [Cu(L1)ClO4]2. Ⱦɜɚ ɬɿɚɞɿɚɡɨɥɶɧɿ ɤɿɥɶɰɹ 

ɞɢɦɟɪɭ ɩɨɜɧɿɫɬɸ ɤɨɩɥɚɧɚɪɧɿ. ȼɡɚєɦɨɞɿɹ Cu(I)—(C=C) ɩɨɦɿɪɧɚ, ɨɥɟɮɿɧɨɜɢɣ 

ɡɜ'ɹɡɨɤ ɜɢɞɨɜɠɟɧɢɣ ɞɨ 1,355(2) Å (1,340(7) ɭ ɦɨɥɟɤɭɥɿ ɥɿɝɚɧɞɭ), ɜɢɯɿɞ Cu(I) ɡ 

ɩɥɨɳɢɧɢ ɨɫɧɨɜɢ ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ ɫɬɚɧɨɜɢɬɶ ∆=0,081(2) Å. 
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Тɚɛɥɢɰɹ 3.4 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ [Cu2(L1)2(ClO4)2] (3) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)—N(3) 1,972(3) N(4)i–Cu(1)–N(3) 114,56(11) 

Cu(1)—N(4)i 2,014(3) C(1)–Cu(1)–C(2) 38,19(15) 

Cu(1)—C(1) 2,057(3) Ɉ(1)—Cu—m 97,59(18) 

Cu(1)—C(2) 2,084(3) C(1)–C(2)–C(3) 124,30(20) 

Cu(1)—m 1,952(4)   

Cu(1)–Ɉ(1) 2,662(4)   

C(1)=C(2) 1,355(3)   

(i) x, y−1, z 

 

Ɍɚɤɨɠ ɭ ɫɬɪɭɤɬɭɪɿ ɧɚɹɜɧɿ ɪɹɞ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɦɿɠ ɚɬɨɦɚɦɢ ɨɤɫɢɝɟɧɭ 

ɩɟɪɯɥɨɪɚɬ ɚɧɿɨɧɭ ɬɚ ɚɬɨɦɚɦɢ ɇ ɚɦɿɧɨɝɪɭɩ ɨɪɝɚɧɿɱɧɨɝɨ ɥɿɝɚɧɞɭ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ 

ɮɨɪɦɭєɬɶɫɹ ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɢɣ 3-D ɤɚɪɤɚɫ (ɪɢɫ. 3.6, ɬɚɛɥ. 3.5). 

 

Ɋɢɫ. 3.5. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɜ ɫɬɪɭɤɬɭɪɿ 3. 
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Ɋɢɫ.3.6. ȼɨɞɧɟɜɨɡɜ’ɹɡɚɧɿ ɲɚɪɢ ɜ ɫɬɪɭɤɬɭɪɿ 3. 

Тɚɛɥɢɰɹ 3.5 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 3 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

N2—H22···Ɉ4i 1−x, 1−y, −z 0,87 (2) 2,04 (2) 2,863 (2) 159 

N2—H22···Ɉ3i 1−x, 1−y, −z 0,87 (2) 2,68 (2) 3,406 (2) 143 

 

3.1.4. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu(L1)NO3] (4) 

ɉɪ. ɝɪ. P-1, Z = 2 , a = 7,235 (3), b = 7,548 (3), c = 10,297 (4) Å, α = 105,42 

(3)˚, ȕ = 98,15 (3)˚, Ȗ = 112,43 (3)°, V = 482,0 (4) Å3 [63]. 

Ȼɭɞɨɜɚ ɫɩɨɥɭɤɢ 4 ɞɨɜɨɥɿ ɫɯɨɠɚ ɧɚ ɛɭɞɨɜɭ ɫɩɨɥɭɤɢ 2. ɍ 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 ɚɥɿɥɶɧɢɦ ɡɜ’ɹɡɤɨɦ ɋ=ɋ, ɮɨɪɦɭɸɱɢ ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɟ ɨɬɨɱɟɧɧɹ. 

Ȼɚɡɨɜɭ ɩɥɨɳɢɧɭ (ɬɨɛɬɨ ɨɫɧɨɜɭ ɩɿɪɚɦɿɞɢ) ɮɨɪɦɭɸɬɶ ɞɜɚ ɚɬɨɦɢ ɧɿɬɪɨɝɟɧɭ ɪɿɡɧɢɯ 

ɦɨɥɟɤɭɥ ɥɿɝɚɧɞɭ ɬɚ ɝɪɭɩɚ ɋ=ɋ ɚɥɿɥɶɧɨɝɨ ɡɜ’ɹɡɤɭ; ɜ ɚɩɿɤɚɥɶɧɨɦɭ ɩɨɥɨɠɟɧɧɿ 

ɡɧɚɯɨɞɢɬɶɫɹ ɚɬɨɦ ɨɤɫɢɝɟɧɭ ɧɿɬɪɚɬ-ɚɧɿɨɧɭ (ɪɢɫ. 3.7). ȼɿɞɫɬɚɧɶ Cu∙∙∙Cu ɫɤɥɚɞɚє 

3,472(2) Å, ɳɨ ɡɚɛɚɝɚɬɨ ɞɥɹ ɤɭɩɪɨɮɿɥɶɧɨʀ ɜɡɚєɦɨɞɿʀ [64].  
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ȿɮɟɤɬɢɜɧɿɫɬɶ ɜɡɚєɦɨɞɿʀ Cu(I)—(C=C) ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɮɚɤɬɨɦ 

ɜɢɞɨɜɠɟɧɧɹ ɨɥɟɮɿɧɨɜɨɝɨ ɡɜ’ɹɡɤɭ ɞɨ 1,360(3) Å (ɜ ɩɨɪɿɜɧɹɧɧɿ ɡ ɧɨɦɿɧɚɥɶɧɢɦɢ 

1,33 Å ɬɚ ɡɧɚɣɞɟɧɢɦɢ 1,340(7) ɭ ɦɨɥɟɤɭɥɿ ɥɿɝɚɧɞɭ) ɬɚ ɜɢɯɨɞɨɦ Cu(I) ɡ ɩɥɨɳɢɧɢ 

ɨɫɧɨɜɢ ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ ɧɚ ∆=0,132(3) Å, ɜ ɬɨɣ ɱɚɫ ɹɤ ɤɭɬ ɦɿɠ ɨɥɟɮɿɧɨɜɢɦ 

ɡɜ’ɹɡɤɨɦ ɬɚ ɰɿєɸ ɩɥɨɳɢɧɨɸ () ɫɬɚɧɨɜɢɬɶ 11,3(1)º. Ɂ ɰɢɦ ɭɡɝɨɞɠɭєɬɶɫɹ ɿ ɤɨɪɨɬɤɚ 

ɜɿɞɫɬɚɧɶ Cu—m ɬɚ ɞɨɫɢɬɶ ɜɟɥɢɤɿ ɤɭɬɢ C—Cu—C (ɬɚɛɥ. 3.6). 

 

Тɚɛɥɢɰɹ 3.6 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ [Cu(L1)NO3] (4) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)—N(3) 1,994(2) N(4)i–Cu(1)–N(3) 114,48(7) 

Cu(1)—N(4)i 1,969(2) C(1)–Cu(1)–C(2) 38,62(8) 

Cu(1)—C(2) 2,038(2) O(1)—Cu—m 97,76(5) 

Cu(1)—C(1) 2,073(2) C(1)–C(2)–C(3) 122,8(2) 

Cu(1)—m 1,940(1)   

Cu(1)–O(1) 2,473(3)   

C(1)=C(2) 1,360(3)   

(i) x, y−1, z 

 

Ɋɢɫ. 3.7. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɭ ɫɬɪɭɤɬɭɪɿ 4. 
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Ɂɚɜɞɹɤɢ ɜɨɞɧɟɜɢɦ ɡɜ’ɹɡɤɚɦ (ɬɚɛɥ. 3.7) ɞɢɦɟɪɧɿ ɮɪɚɝɦɟɧɬɢ [Cu(L1)NO3]2 

ɨɛ’єɞɧɭɸɬɶɫɹ ɭ ɩɪɨɫɬɨɪɨɜɭ ɫɿɬɤɭ (ɪɢɫ. 3.8). 

 

 

Ɋɢɫ. 3.8. ɋɿɬɤɨɩɨɞɿɛɧɚ ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɚ ɫɬɪɭɤɬɭɪɚ ɭ 4. 

 

 

Тɚɛɥɢɰɹ 3.7 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 4 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

N2—H2···O1 x, y−1, z, 0,80 (3) 2,32 (3) 3,034 (3) 150 

N2—H2···O2 x, y−1, z, 0,80 (3) 2,24 (3) 2,970 (3) 152 

 

3.1.5. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu4(L1)4(H2O)4]SiF6·5H2O (5) 

ɉɪ. ɝɪ. P-1, Z = 2 , a = 13,0493(10), b = 13,3386(6), c = 15,0976(8) Å, 

α = 71,95(7)˚, ȕ = 68,93(6)°, Ȗ = 77,39(7)˚, V = 2314,6(2) Å3 [66,67]. 

 

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

ɥɿɝɚɧɞɭ L1 ɜɿɞɿɝɪɚє ɜɠɟ ɡɜɢɱɧɭ ɪɨɥɶ ɬɪɢɞɟɧɬɚɬɧɨɝɨ ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɨɝɨ ɥɿɝɚɧɞɭ, 

ɤɨɬɪɢɣ ɡɜ’ɹɡɚɧɢɣ ɡ ɚɬɨɦɨɦ Cu(I) ɱɟɪɟɡ ɞɜɚ ɚɬɨɦɢ N3 ɬɚ N4 ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ 

ɬɚ ɡɜ’ɹɡɤɨɦ C=C ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ. əɤ ɧɚɫɥɿɞɨɤ, ɤɭɩɪɭɦ(І) ɦɚє ɬɪɢɝɨɧɚɥɶɧɨ-

ɩɿɪɚɦɿɞɚɥɶɧɟ ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ, ɚɥɟ ɭ ɚɩɿɤɚɥɶɧɿɣ ɩɨɡɢɰɿʀ 
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ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɩɨɥɿɟɞɪɚ ɡɚɦɿɫɬɶ ɚɬɨɦɚ F ɝɟɤɫɚɮɥɸɨɪɨɫɢɥɿɤɚɬ-ɚɧɿɨɧɭ 

ɡɧɚɯɨɞɢɬɶɫɹ ɨɤɫɢɝɟɧ ɦɨɥɟɤɭɥɢ ɜɨɞɢ. ȼɚɪɬɨ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɞɜɿ ɚɩɿɤɚɥɶɧɿ 

ɦɨɥɟɤɭɥɢ ɜɨɞɢ ɪɨɡɬɚɲɨɜɚɧɿ ɡ ɨɞɧɨɝɨ ɛɨɤɭ Cu2N4 ɤɿɥɶɰɹ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɜ 

ɫɬɪɭɤɬɭɪɿ ɮɨɪɦɭɸɬɶɫɹ ɞɜɚ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɧɟɡɚɥɟɠɧɿ ɧɟɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ 

ɤɚɬɿɨɧɧɿ ɞɢɦɟɪɢ [{Cu(L1)(H2O)}2]
2+, ɳɨ ɪɨɡɬɚɲɨɜɚɧɿ ɩɿɞ ɤɭɬɨɦ 78° ɨɞɢɧ 

ɜɿɞɧɨɫɧɨ ɨɞɧɨɝɨ (Ɋɢɫ. 3.9). 

 

ȿɮɟɤɬɢɜɧɿɫɬɶ ɜɡɚєɦɨɞɿʀ Cu(I)(C=C) ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɧɟɡɧɚɱɧɨɸ 

ɜɟɥɢɱɢɧɨɸ ɜɢɯɨɞɭ ɚɬɨɦɭ Cu(I) ɡ ɨɫɧɨɜɢ (∆, Å) ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ, ɚ ɬɚɤɨɠ 

ɤɭɬɨɦ (,°) ɦɿɠ ɡɜ’ɹɡɤɨɦ C=C ɬɚ ɬɿєɸ ɠ ɩɥɨɳɢɧɨɸ, ɹɤɿ ɫɬɚɧɨɜɥɹɬɶ: 0,27Å 

(8,28°), 0,33Å (7°) , 0,29Å (15,54°) ɿ 0,21Å (8,56°) ɜɿɞɩɨɜɿɞɧɨ ɞɥɹ ɚɬɨɦɿɜ Cu(1), 

Cu(2), Cu(3) ɬɚ Cu(4). Ʉɨɪɨɬɤɚ Cu–m (m – ɫɟɪɟɞɢɧɚ C=C ɡɜ’ɹɡɤɭ) ɜɿɞɫɬɚɧɶ ɿ 

ɞɨɜɨɥɿ ɜɟɥɢɤɿ C-Cu-C ɤɭɬɢ (Ɍɚɛɥ. 3.8) ɬɚɤɨɠ ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɟɮɟɤɬɢɜɧɿɫɬɶ ɰɿєʀ 

ɜɡɚєɦɨɞɿʀ. 
 

 

Ɋɢɫ. 3.9. Ʉɨɨɪɞɢɧɚɰɿɣɧɿ ɜɭɡɥɢ ɭ ɫɬɪɭɤɬɭɪɿ 5. 
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 Тɚɛɥɢɰɹ 3.8 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu4(L1)4(H2O)4]SiF6·5H2O (5) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–C(11) 2,076(8) N(13)–Cu(1)–m1 112,1(3) 

Cu(1)–C(12) 2,047(8) N(24)–Cu(1)–m1 132,3(3) 

Cu(1)–m1 [a] 1,948(8) O(1)–Cu(1)–m1 98,6(3) 

Cu(1)–N(13) 1,994(6) N(13)–Cu(1)–N(24) 110,1(2) 

Cu(1)–N(24) 1,987(6) N(13)–Cu(1)–O(1) 92,3(2) 

Cu(1)–O(1) 2,483(5) N(24)–Cu(1)–O(1) 101,0(2) 

C(11)=C(12) 1,36(1) C(11)–Cu(1)–C(12) 38,4(3) 

  C(11)=C(12)–C(13) 123,2(7) 

Cu(2)–C(21) 2,071(7) N(14)–Cu(2)–m2 132,8(3) 

Cu(2)–C(22) 2,041(8) N(23)–Cu(2)–m2 111,3(3) 

Cu(2)–m2 [a] 1,944(7) O(2)–Cu(2)–m2 104,2(3) 

Cu(2)–N(14) 1,987(6) N(14)–Cu(2)–N(23) 107,5(2) 

Cu(2)–N(23) 2,012(5) N(14)–Cu(2)–O(2) 99,1(2) 

Cu(2)–O(2) 2,218(5) N(23)–Cu(2)–O(2) 93,5(2) 

C(21)=C(22) 1,34(1) C(21)–Cu(2)–C(22) 37,9(3) 

  C(21)=C(22)–C(23) 122,0(7) 

Cu(3)–C(31) 2,045(7) N(33)–Cu(3)–m3 112,5(3) 

Cu(3)–C(32) 2,040(8) N(44)–Cu(3)–m3 129,9(3) 

Cu(3)–m3 [a] 1,928(7) O(3)–Cu(3)–m3 104,2(3) 

Cu(3)–N(33) 2,008(6) N(33)–Cu(3)–N(44) 111,1(2) 

Cu(3)–N(44) 1,966(6) N(33)–Cu(3)–O(3) 86,1(2) 

Cu(3)–O(3) 2,273(5) N(44)–Cu(3)–O(3) 102,0(2) 

C(31)=C(32) 1,35(1) C(31)–Cu(3)–C(32) 38,6(3) 

  C(31)=C(32)–C(33) 125,6(9) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 3.9 

Cu(4)–C(41) 2,072(7) N(34)–Cu(4)–m4 134,7(3) 

Cu(4)–C(42) 2,027(7) N(43)–Cu(4)–m4 111,6(3) 

Cu(4)–m4 [a] 1,936(7) O(4)–Cu(4)–m4 101,8(3) 

Cu(4)–N(34) 1,971(6) N(34)–Cu(4)–N(43) 110,2(2) 

Cu(4)–N(43) 2,017(6) N(34)–Cu(4)–O(4) 85,1(2) 

Cu(4)–O(4) 2,457(6) N(43)–Cu(4)–O(4) 98,4(2) 

C(41)=C(42) 1,35(1) C(41)–Cu(4)–C(42) 38,3(3) 

  C(41)=C(42)–C(43) 122,3(8) 

[a] m1, m2, m3 ɬɚ m4  ɫɟɪɟɞɢɧɢ ɡɜ’ɹɡɤɿɜ C11=C12, C21=C22, C31=C32 ɬɚ 

C41=C42. 

 

 ɇɚɞɡɜɢɱɚɣɧɨ ɜɚɠɥɢɜɭ ɪɨɥɶ ɭ ɩɨɛɭɞɨɜɿ ɞɚɧɨʀ ɫɬɪɭɤɬɭɪɢ ɜɿɞɿɝɪɚɸɬɶ ɜɨɞɧɟɜɿ 

ɡɜ’ɹɡɤɢ [68, 69]. Ʉɨɨɪɞɢɧɨɜɚɧɿ ɦɨɥɟɤɭɥɢ ɜɨɞɢ ɜɿɞɿɝɪɚɸɬɶ ɪɨɥɶ «ɦɿɫɬɤɿɜ» ɦɿɠ 

ɞɢɦɟɪɚɦɢ [{Cu(L1)}2]
2+ ɬɚ ɚɧɿɨɧɚɦɢ SiF6

2, ɜ ɬɨɣ ɱɚɫ ɹɤ ɤɪɢɫɬɚɥɿɡɚɰɿɣɧɚ ɜɨɞɚ 

ɡɜ’ɹɡɭє ɝɟɤɫɚɮɥɸɨɪɨɫɢɥɿɤɚɬ-ɚɧɿɨɧɢ ɜ ɬɪɢɜɢɦɿɪɧɭ ɫɿɬɤɭ (ɪɢɫ. 3.10 , ɬɚɛɥ. 3.9 ). 

 

Ɋɢɫ 3.10. 3-D ɜɨɞɧɟɜɨ–ɡɜ'ɹɡɚɧɚ ɫɿɬɤɚ ɭ ɫɬɪɭɤɬɭɪɿ 5. 
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Тɚɛɥɢɰɹ 3.9 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 5 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

O(1)−H(1A)···O(7)  0,96 2,07 3,022(8) 169 

O(1)−H(1B)···F(25)  0,97 1,85 2,777(8) 160 

O(2)–H(2B)···F(13) 1−x, 1−y, 1−z 0,96 1,94 2,737(8) 138 

O(3)−H(3A)···O(4)  0,96 1,99 2,736(8) 133 

O(3)−H(3B)···F(14) 1−x, 1−y, 1−z 0,97 1,87 2,806(8) 164 

O(4)−H(1O4)···F(24) x, 1+y, z 0,86 1,79 2,63(2) 166 

O(4)−H(1O4)···F(27) x, 1+y, z 0,86 2,11 2,94(3) 162 

O(5)−H(1O5)···F(14) 1−x, −y, 1−z 0,86 2,06 2,784(8) 142 

O(7)−H(1O7)···F(21) −x, 1−y, 1−z 0,86 1,89 2,74(3) 165 

O(7)−H(1O7)···F(28) −x, 1−y, 1−z 0,86 2,20 3,06(2) 177 

O(8)−H(1O8)···F(23) −x, 1−y, 1−z 0,85 1,96 2,79(1) 166 

O(9)−H(1O9)···F(16) 1−x, −y, 1−z 0,87 1,90 2,720(10) 156 

O(5)−H(2O5)···F(12) x, y, −1+z 0,86 1,86 2,690(7) 161 

O(6)−H(2O6)···F(11)  0,85 1,99 2,751(9) 148 

O(7)−H(2O7)···F(26)  0,86 2,18 3,016(10) 163 

O(7)−H(2O7)···F(28)  0,86 2,18 2,87(2) 138 

 

3.1.6. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu(L1)(CF3SO3)]2 (6) 

ɉɪ. ɝɪ. P21/n, Z = 2 , a = 7,6412(10), b = 20,7907(18), c = 8,6997(11) Å, 

ȕ = 113,168(5)°, V = 1270,6(3) Å3 [66]. 

ɍ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ [Cu(L)CF3SO3]2 (6) ɚɬɨɦ Cu(I) ɨɱɿɤɭɜɚɧɨ ɮɨɪɦɭє 

ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɟ ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɡ ɞɜɨɯ ɚɬɨɦɿɜ N(3) ɬɚ N(4) 

ɞɜɨɯ ɫɭɫɿɞɧɿɯ ɦɨɥɟɤɭɥ ɨɪɝɚɧɿɱɧɨɝɨ ɥɿɝɚɧɞɭ ɬɚ ɨɥɟɮɿɧɨɜɨɝɨ ɋ=ɋ ɡɜ’ɹɡɤɭ, ɳɨ 

ɞɨɩɨɜɧɸєɬɶɫɹ ɨɤɫɢɝɟɧɨɦ ɬɪɢɮɥɸɨɪɨɦɟɬɚɧɫɭɥɶɮɨɧɚɬ-ɚɧɿɨɧɭ ɜ ɚɩɿɤɚɥɶɧɿɣ 

ɩɨɡɢɰɿʀ (ɪɢɫ. 3.11). ȼɧɚɫɥɿɞɨɤ ɰɶɨɝɨ ɮɨɪɦɭɸɬɶɫɹ ɫɬɚɛɿɥɶɧɿ ɞɢɦɟɪɢ 

{Cu(L)CF3SO3}2, ɳɨ ɦɿɫɬɹɬɶ ɞɜɚ ɲɟɫɬɢɱɥɟɧɧɿ ɰɢɤɥɢ {Cu(C2)C2N2} ɬɚ ɨɞɢɧ – 

{Cu2N4}. 
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Ɋɢɫ. 3.11. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɞɢɦɟɪ ɭ ɫɬɪɭɤɬɭɪɿ 6. 

 

Тɚɛɥɢɰɹ 3.10 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu(L)CF3SO3]2 (6) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu–C(1)i 2,087(6) N(3)–Cu–m 111,3(2) 

Cu–C(2)i 2,060(5) N(4)–Cu–m 132,6(2) 

Cu–m 1,959(6) O(3)–Cu–m 101,2(2) 

Cu–N(3)i 2,015(4) N(3)–Cu–N(4) 114,5(2) 

Cu–N(4) 1,981(4) N(3)–Cu–O(3) 89,8(2) 

Cu–O(3) 2,442(5) N(4)–Cu–O(3) 90,4(2) 

C(1)=C(2) 1,360(8) C(1)–Cu–C(2) 38,3(2) 

  C(1)=C(2)–C(3) 123,3(6) 

 (i) −x+2, −y, −z+1  

 

ȿɮɟɤɬɢɜɧɿɫɬɶ ɜɡɚєɦɨɞɿʀ Cu(I)(C=C) ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɮɚɤɬɚɦɢ ɧɟɡɧɚɱɧɨɝɨ 

ɜɢɯɨɞɭ ɚɬɨɦɭ Cu(I) ɡ ɨɫɧɨɜɢ (∆, Å) ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ, ɚ ɬɚɤɨɠ ɤɭɬɨɦ (,°) 

ɦɿɠ ɡɜ’ɹɡɤɨɦ C=C ɬɚ ɬɿєɸ ɠ ɩɥɨɳɢɧɨɸ, ɳɨ ɫɬɚɧɨɜɥɹɬɶ: ∆=0.14 ɬɚ  =13°, 
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ɜɿɞɩɨɜɿɞɧɨ. Ⱦɨɜɨɥɿ ɤɨɪɨɬɤɚ Cu–m ɜɿɞɫɬɚɧɶ ɿ ɞɨɜɨɥɿ ɜɟɥɢɤɿ C–Cu–C ɤɭɬɢ (ɬɚɛɥ. 

3.10) ɬɚɤɨɠ ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɰɟɣ ɮɚɤɬ. 

əɤ ɿ ɜ 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) 

(ɪɢɫ.3.12, ɬɚɛɥ. 3.11). 

 

Тɚɛɥɢɰɹ 3.11 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 6 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

N(2)−H(1N2)···O(1) 1−x, −y, −z 0,86 2,42 3,232(7) 158 

N(2)−H(1N2)···O(2) 1−x, −y, −z 0,86 2,29 2,993(6) 139 

 

 

Ɋɢɫ. 3.12. ȼɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɭ ɫɬɪɭɤɬɭɪɿ 6.  

 

3.1.7. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(SO3NH2)2] (7) 

ɉɪ. ɝɪ. P-1, Z = 1 , a = 7,7994(18); b = 8,054(3); c = 10,165(2) Å; 

α = 96,003(7); ȕ = 109,168(4); Ȗ = 112,949(5)°; V = 535,2(3) Å3 [70]. 

ɍ ɜɢɩɚɞɤɭ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(SO3NH2)2] (7) ɦɢ ɛɚɱɢɦɨ 

ɬɢɩɨɜɭ ɩɨɜɟɞɿɧɤɭ ɦɨɥɟɤɭɥɢ 2-(N-ɚɥɿɥ)-ɚɦɿɧɨ-5-ɦɟɬɢɥ-1,3,4-ɬɿɚɞɿɚɡɨɥɭ, ɤɨɬɪɚ 
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ɜɢɫɬɭɩɚє ɬɪɢɞɟɧɬɚɬɧɢɦ ɦɿɫɬɤɨɜɨ-ɯɟɥɚɬɧɢɦ ɥɿɝɚɧɞɨɦ, ɫɩɪɢɹɸɱɢ ɮɨɪɦɭɜɚɧɧɸ 

ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɞɢɦɟɪɧɢɯ ɮɪɚɝɦɟɧɬɿɜ [Cu2(L1)2]
2+. Ɋɚɡɨɦ ɡ ɬɢɦ, ɫɭɥɶɮɚɦɚɬ 

ɚɧɿɨɧ ɤɨɨɪɞɢɧɨɜɚɧɢɣ ɞɨ ɚɬɨɦɚ ɦɟɬɚɥɭ ɧɟ ɨɤɫɢɝɟɧɨɦ, ɚ ɛɿɥɶɲ ɧɭɤɥɟɨɮɿɥɶɧɢɦ 

ɧɿɬɪɨɝɟɧɨɦ, ɳɨ ɧɚɛɥɢɠɚє ɩɿɪɚɦɿɞɚɥɶɧɟ ɨɬɨɱɟɧɧɹ ɤɭɩɪɭɦɭ ɞɨ ɬɟɬɪɚɟɞɪɚ (ɪɢɫ. 

3.13, ɬɚɛɥ. 3.12). 

ȼɢɯɿɞ ɚɬɨɦɚ ɦɟɬɚɥɭ ɡ ɩɥɨɳɢɧɢ ɨɫɧɨɜɢ (∆, Å), ɚ ɬɚɤɨɠ ɤɭɬ (,°) ɦɿɠ 

ɡɜ’ɹɡɤɨɦ C=C ɬɚ ɬɿєɸ ɠ ɩɥɨɳɢɧɨɸ ɫɤɥɚɞɚɸɬɶ: ∆= 0,308 Å ɬɚ  =17,9°, ɳɨ 

ɞɨɡɜɨɥɹє ɜɿɞɦɿɬɢɬɢ ɩɨɦɿɪɧɭ ɟɮɟɤɬɢɜɧɿɫɬɶ Cu(I)(C=C) ɜɡɚєɦɨɞɿʀ.  

Тɚɛɥɢɰɹ 3.12 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L1)2(SO3NH2)2] (7) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)—N(3) 1,998(4) N(4)–Cu(1)–N(3) 112,8(1) 

Cu(1)—N(4) 2,092(3) C(1)–Cu(1)–C(2) 38,0(2) 

Cu(1)—C(1) 2,088(4) O(1)—Cu—m 111,7(3) 

Cu(1)—C(2) 2,069(4) C(1)–C(2)–C(3) 71,7(3) 

Cu(1)—m 1,965(2)   

Cu(1)–N(a) 2,267(4)   

C(1)=C(2) 1,355(7)   

 

 

Ɋɢɫ. 3.13. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɞɢɦɟɪ ɭ 7. 
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Ɂɚɜɞɹɤɢ ɤɿɥɶɤɨɦ ɜɨɞɧɟɜɢɦ ɤɨɧɬɚɤɬɚɦ (ɬɚɛɥ. 3.13) ɭ ɫɬɪɭɤɬɭɪɿ ɦɨɠɧɚ 

ɫɩɨɫɬɟɪɿɝɚɬɢ ɭɬɜɨɪɟɧɧɹ 2-D ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɢɯ ɲɚɪɿɜ (ɪɢɫ. 3.14). 

 

 

Ɋɢɫ. 3.14. ɒɚɪɭɜɚɬɚ ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɚ ɫɬɪɭɤɬɭɪɚ ɭ 7. 

 

Тɚɛɥɢɰɹ 3.13 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 7 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

N(ɚ)−H(1Nɚ)···O(1) 1−x, −y, 1−z 0,86 1,91 2,738(6) 161 

N(2)−H(1N2)···O(2) x, 1+y, z 0,90 2,19 2,923(6) 138 

 

 

3.1.8. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(H2O)(SO4)]·H2O (8) 

ɉɪ. ɝɪ. P-1, Z = 2 , a = 8,917(3); b = 10,554(3); c = 10,968(3) Å; 

α = 82,13(3); ȕ = 88,38(3); Ȗ = 66,80(4)°; V = 939,4(5) Å3 [71]. 

ɍ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(H2O)(SO4)]·H2O (8) ɦɨɥɟɤɭɥɚ 

ɨɪɝɚɧɿɱɧɨɝɨ ɥɿɝɚɧɞɭ L1 ɜɿɞɿɝɪɚє ɪɨɥɶ ɬɪɢɞɟɧɬɚɬɧɨɝɨ ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɨɝɨ 
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ɥɿɝɚɧɞɭ, ɛɭɞɭɱɢ ɡɜ’ɹɡɚɧɨɸ ɡ ɚɬɨɦɨɦ ɤɭɩɪɭɦɭ ɱɟɪɟɡ ɞɜɚ ɚɬɨɦɢ N(3) ɬɚ N(4) 

ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɬɚ ɡɜ’ɹɡɤɨɦ C=C N-ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ. əɤ ɧɚɫɥɿɞɨɤ, ɚɬɨɦ 

ɤɭɩɪɭɦɭ(І) ɦɚє ɛɥɢɡɶɤɟ ɞɨ ɬɟɬɪɚɟɞɪɢɱɧɨɝɨ ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ. 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 (ɬɚɛɥ. 3.14). ȼɧɚɫɥɿɞɨɤ ɰɶɨɝɨ ɞɢɦɟɪɧɿ ɮɪɚɝɦɟɧɬɢ 

(Cu2(L1)2(H2O)(SO4)) ɦɿɫɬɹɬɶ ɞɜɚ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ ɦɟɬɚɥɭ (ɪɢɫ. 

3.15). 

ȿɮɟɤɬɢɜɧɿɫɬɶ ɜɡɚєɦɨɞɿʀ Cu(I)(C=C) ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɦɚɥɢɦ ɡɧɚɱɟɧɧɹɦ 

ɜɢɯɨɞɭ ɚɬɨɦɭ Cu(I) ɡ ɨɫɧɨɜɢ (∆, Å) ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ, ɚ ɬɚɤɨɠ ɤɭɬɨɦ (,°) 

ɦɿɠ ɡɜ’ɹɡɤɨɦ C=C ɬɚ ɩɥɨɳɢɧɨɸ ɨɫɧɨɜɢ, ɳɨ ɫɬɚɧɨɜɥɹɬɶ: 0.31Å (15.46°), 0.28Å 

(16.61°) ɞɥɹ ɚɬɨɦɿɜ Cu(1), Cu(2), ɜɿɞɩɨɜɿɞɧɨ. Ʉɨɪɨɬɤɚ ɜɿɞɫɬɚɧɶ Cu–m ɿ ɞɨɜɨɥɿ 

ɜɟɥɢɤɿ ɤɭɬɢ C–Cu–C (ɬɚɛɥ. 3.15) ɭɡɝɨɞɠɭɸɬɶɫɹ ɡ ɬɜɟɪɞɠɟɧɧɹɦ ɩɪɨ ɟɮɟɤɬɢɜɧɿɫɬɶ 

ɦɟɬɚɥ-ɨɥɟɮɿɧɨɜɨʀ ɜɡɚєɦɨɞɿʀ. 

 

 

Ɋɢɫ. 3.15. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ 8. 
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Тɚɛɥɢɰɹ 3.14 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L1)2(H2O)(SO4)]·H2O (8) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)—N(13) 1,993(2) N(23)–Cu(1)–N(13) 109,9(6) 

Cu(1)—N(24) 2,029(2) C(11)–Cu(1)–C(12) 38,43(8) 

Cu(1)—C(11) 2,079(2) O(13)—Cu(1)—m1 101,53(2) 

Cu(1)—C(12) 2,052(2) C(11)–C(12)–C(13) 122,5(2) 

Cu(1)—m1 1,950(3)   

Cu(1)–Ɉ(13) 2,248(2)   

C(11)=C(12) 1,360(3)   

Cu(2)—N(14) 2,004(2) N(24)–Cu(2)–N(14) 109,70(6) 

Cu(2)—N(23) 2,013(2) C(21)–Cu(2)–C(22) 38,68(7) 

Cu(2)—C(21) 2,082(2) O(1)—Cu(2)—m2 98,77(2) 

Cu(2)—C(22) 2,054(2) C(21)–C(22)–C(23) 121,5(2) 

Cu(1)—m2 1,952(2)   

Cu(2)—Ɉ(1) 2,256(2)   

C(21)=C(22) 1,370(2)   

Ⱦɨɜɨɥɿ ɫɢɥɶɧɿ ɜɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ (ɬɚɛɥ. 3.15) ɩɪɢɡɜɨɞɹɬɶ ɞɨ ɮɨɪɦɭɜɚɧɧɹ 2-D 

ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɨʀ ɫɿɬɤɢ (ɪɢɫ. 3.16).  

 

Ɋɢɫ. 3.16. ɉɨɪɢɫɬɚ ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɚ ɫɬɪɭɤɬɭɪɚ 8. 
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Тɚɛɥɢɰɹ 3.15 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 8 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

Ɉ(1)−H(1)···O(3) x, y−1, z 0,83 1,843 2,657(6) 167 

Ɉ(1)−H(2)···O(4) x, y−1, z 0,77 2,043 2,805(6) 167 

Ɉ(2)−H(22)···O(4) 1−x, −y, 1−z 0,79 2,151 2,939(5) 172 

Ɉ(2)−H(21)···O(6) 1−x, −y, 1−z 0,81 1,935 2,740(8) 173 

 

3.1.9. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2]SiF6·{C6H6} (9) 

ɉɪ. ɝɪ. P-1, Z = 1 , a = 7,8716(10); b = 8,1709(10); c = 10,3149(14) Å; 

α = 111,591(3); ȕ = 110,158(4); Ȗ = 91,756(2)°; V = 569,59(13) Å3 [72]. 

ɍ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ 9 ɨɪɝɚɧɿɱɧɚ ɦɨɥɟɤɭɥɚ L1 ɜɿɞɿɝɪɚє ɪɨɥɶ N,N,(N-C3H5) 

ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɨɝɨ ɥɿɝɚɧɞɭ, ɡɜ’ɹɡɭɸɱɢ ɞɜɚ ɣɨɧɢ Cu+ ɜ ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɢɣ 

ɞɢɦɟɪ [Cu2(L1)2]
2+ (Ɋɢɫ. 3.17, ɬɚɛɥ. 3.16), ɳɨ ɦɿɫɬɢɬɶ ɬɪɢ ɲɟɫɬɢɱɥɟɧɧɿ ɤɿɥɶɰɹ: 

ɞɜɚ CuC4N2 (ɜɜɚɠɚɸɱɢ C=C ɡɜ'ɹɡɨɤ ɨɞɧɿєɸ ɤɨɨɪɞɢɧɚɰɿɣɧɨɸ ɩɨɡɢɰɿєɸ) ɬɚ ɨɞɧɟ 

Cu2N4. Ƀɨɧ ɤɭɩɪɭɦ(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 ɜ ɨɫɧɨɜɿ ɩɿɪɚɦɿɞɢ (Ɍɚɛɥ. 3.16). Ɉɫɨɛɥɢɜɿɫɬɸ ɫɬɪɭɤɬɭɪɢ є 

ɩɪɢɫɭɬɧɿɫɬɶ ɚɬɨɦɚ ɮɥɭɨɪɭ ɡ ɚɧɿɨɧɭ SiF6
2-ɜ ɚɩɿɤɚɥɶɧɿɣ ɩɨɡɢɰɿʀ ɤɨɨɪɞɢɧɚɰɿɣɧɨʀ 

ɫɮɟɪɢ ɤɭɩɪɭɦɭ. 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) [38], 

ɚɥɟ ɜɫɟ ɠ ɤɨɪɨɬɲɟ ɡɚ ɫɭɦɭ ɜɿɞɩɨɜɿɞɧɢɯ ɜɚɧɞɟɪɜɚɥɶɫɨɜɢɯ ɪɚɞɿɭɫɿɜ (2.87 Å) [73]. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɫɬɪɭɤɬɭɪɚ 9 є ɥɢɲɟ ɞɪɭɝɢɦ ɜɿɞɨɦɢɦ ɜɢɧɹɬɤɨɦ ɡ ɡɚɝɚɥɶɧɨʀ 

ɬɟɧɞɟɧɰɿʀ, ɤɨɥɢ ɬɜɟɪɞɢɣ ɚɬɨɦ F SiF6
2- ɧɟ ɤɨɨɪɞɢɧɭєɬɶɫɹ ɞɨ ɦ’ɹɤɨɝɨ Cu(I). 

Ƚɨɥɨɜɧɨɸ ɩɪɢɱɢɧɨɸ ɮɨɪɦɭɜɚɧɧɹ ɬɚɤɨɝɨ ɡɜ’ɹɡɤɭ ɜ 9 є ɜɿɞɫɭɬɧɿɫɬɶ ɜɨɞɢ ɜ ɲɚɪɿ 

ɛɟɧɡɟɧɭ ɪɟɚɤɰɿɣɧɨʀ ɫɭɦɿɲɿ [72] ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɜɿɞɫɭɬɧɿɫɬɶ ɦɨɥɟɤɭɥ ɜɨɞɢ ɜ 

ɤɨɨɪɞɢɧɚɰɿɣɧɿɣ ɫɮɟɪɿ ɤɭɩɪɭɦɭ(І), ɳɨ ɭɦɨɠɥɢɜɥɸє ɭɱɚɫɬɶ ɝɟɤɫɚɮɥɸɨɪɫɢɥɿɤɚɬ-
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ɚɧɿɨɧɚ ɭ ɤɨɨɪɞɢɧɚɰɿʀ ɤɭɩɪɭɦɭ(І). Ʉɨɠɟɧ ɚɧɿɨɧ SiF6
2- ɜɢɫɬɭɩɚє ɜ ɪɨɥɿ ɦɿɫɬɤɚ, 

ɛɭɞɭɱɢ ɡɜ’ɹɡɚɧɢɦ ɡ ɞɜɨɦɚ ɦɟɬɚɥɿɱɧɢɦɢ ɰɟɧɬɪɚɦɢ ɡ ɪɿɡɧɢɯ ɞɢɦɟɪɿɜ, ɳɨ 

ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɭɬɜɨɪɟɧɧɹ ɧɟɫɤɿɧɱɟɧɧɢɯ ɥɚɧɰɸɝɿɜ {Cu2(L1)2SiF6}n.  

ɐɿɤɚɜɢɦ є ɩɪɢɫɭɬɧɿɫɬɶ ɭ ɫɬɪɭɤɬɭɪɿ ɦɨɥɟɤɭɥ ɛɟɧɡɟɧɭ, ɹɤɿ «ɜɤɥɸɱɟɧɿ» ɦɿɠ 

ɡɝɚɞɭɜɚɧɢɦɢ ɥɚɧɰɸɝɚɦɢ. Ʉɨɠɧɟ ɛɟɧɡɟɧɨɜɟ ɤɿɥɶɰɟ ɡɧɚɯɨɞɢɬɶɫɹ ɦɿɠ ɞɜɨɦɚ 

ɰɢɤɥɚɦɢ Cu2N4 ɡ ɜɿɞɫɬɚɧɹɦɢ ɦɿɠ ʀɯ ɩɥɨɳɢɧɚɦɢ d ≈ 3.5 Å, ɳɨ ɜɤɚɡɭє ɧɚ 

ɩɪɢɫɭɬɧɿɫɬɶ π∙∙∙π ɫɬɟɤɿɧɝɭ. ɇɟɳɨɞɚɜɧɨ ɚɜɬɨɪɚɦɢ [74] ɨɬɪɢɦɚɧɨ ɡɧɚɱɟɧɧɹ 

3.757(4) Å ɞɥɹ π∙∙∙π-ɫɬɟɤɿɧɝɭ ɦɿɠ ɛɟɧɡɟɧɨɦ ɬɚ ɿɦɿɞɚɡɨɬɿɚɞɿɚɡɨɥɶɧɨɸ ɫɢɫɬɟɦɨɸ. 

Ɉɤɪɿɦ ɫɬɟɤɿɧɝɭ, ɦɨɥɟɤɭɥɭ ɛɟɧɡɟɧɭ ɜ ɦɿɠɞɢɦɟɪɧɨɦɭ ɩɪɨɫɬɨɪɿ ɭɬɪɢɦɭɸɬɶ ɿ ɫɥɚɛɤɿ 

ɜɨɞɧɟɜɿ ɤɨɧɬɚɤɬɢ C—H···F (ɬɚɛɥ. 3.17). 

 

 

 

Ɋɢɫ. 3.17. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɭ ɫɬɪɭɤɬɭɪɿ 9. 

 

Ɉɬɠɟ, ɜɡɚєɦɨɞɿɹ Cu+–(C=C) ɜ ɫɩɨɥɭɰɿ 9 ɞɟɦɨɧɫɬɪɭє ɫɟɪɟɞɧɸ 

ɟɮɟɤɬɢɜɧɿɫɬɶ. Ʉɭɬ C–Cu–C ɫɬɚɧɨɜɢɬɶ 38,4(1)o, ɳɨ є ɞɨɜɨɥɿ ɡɜɢɱɧɢɦ ɞɥɹ ɬɚɤɢɯ 

ɫɩɨɥɭɤ, ɚ ɜɿɞɫɬɚɧɶ Cu – m – 1,957(3) Å є ɞɟɳɨ ɞɨɜɲɨɸ, ɧɿɠ ɭ ɩɨɩɟɪɟɞɧɶɨ 

ɞɨɫɥɿɞɠɟɧɢɯ π-ɤɨɦɩɥɟɤɫɚɯ ɧɚ ɨɫɧɨɜɿ Cu2SiF6 (1,920(5) ɿ 1,935(5) Å, 1,948(8) Å). 

Ɂɜ'ɹɡɨɤ C=C ɞɟɳɨ ɜɢɞɨɜɠɟɧɢɣ ɞɨ 1,363(3) Å, ɩɨɪɿɜɧɹɧɨ ɿɡ 1,34 Å ɭ ɜɿɥɶɧɢɯ 

ɨɥɟɮɿɧɚɯ [75]. Ⱥɬɨɦ ɦɟɬɚɥɭ ɡɧɚɯɨɞɢɬɶɫɹ ɜ ɨɫɧɨɜɿ ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ, ɚ 
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ɡɜ'ɹɡɨɤ C=C є ɞɟɳɨ ɧɚɯɢɥɟɧɢɦ (ɧɚ 11o) ɜɿɞɧɨɫɧɨ ɩɥɨɳɢɧɢ ɨɫɧɨɜɢ, ɳɨ є ɬɢɩɨɜɢɦ 

ɞɥɹ ɞɨɜɨɥɿ ɟɮɟɤɬɢɜɧɨʀ ɜɡɚєɦɨɞɿʀ Cu+–(C=C). 

 

Тɚɛɥɢɰɹ 3.16 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L1)2]SiF6·{C6H6} (9) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)—N(3) 1,973(3) N(4)i–Cu(1)–N(3) 114,5(1) 

Cu(1)—N(4)i 1,987(2) C(1)–Cu(1)–C(2) 38,3(1) 

Cu(1)—C(1) 2,051(3) F(1)—Cu(1)—m1 84,4(2) 

Cu(1)—C(2)  2,094(3) C(1)=C(2)–C(3) 124,0(3) 

Cu(1)—m1 1,957(2)   

Cu(1)–F(1) 2,720(3)   

C(1)=C(2) 1,363(4)   

 (i) −x+2, −y+1, −z+1. 

 

Тɚɛɥɢɰɹ 3.17 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 9 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

C9—H9···F1 1+x, 1+y, z 0,93 2,46 3,171 (3) 133 

N2—H1N2···F2  0,86 2,11 2,855 (4) 145 

N2—H1N2···F3  0,86 2,12 2,865 (4) 145 

 

 

3.1.10. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ 

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

ɉɪ. ɝɪ. P21/n, Z = 4 , a = 8,0729 (2), b = 19,7500 (5), c = 16,3139 (5) Å, 

ȕ = 102,739 (3)°,V = 2537,08 (12) Å3 [72]. 
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ɋɬɪɭɤɬɭɪɚ 10 ɹɜɥɹє ɫɨɛɨɸ ɩɪɨɞɭɤɬ 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 ɭ ɤɨɨɪɞɢɧɚɰɿɣɧɟ 

ɨɬɨɱɟɧɧɹ ɣɨɧɿɜ ɤɭɩɪɭɦɭ(І), ɫɩɪɢɹɸɱɢ ɮɨɪɦɭɜɚɧɧɸ ɚɰɟɧɬɪɢɱɧɢɯ ɤɚɬɿɨɧɧɢɯ 

ɮɪɚɝɦɟɧɬɿɜ [Cu2L2(H2O)2]
2+, ɨɛɢɞɜɿ ɦɨɥɟɤɭɥɢ ɜɨɞɢ ɡɧɚɯɨɞɹɬɶɫɹ ɡ ɨɞɧɨɝɨ ɛɨɤɭ 

ɩɥɨɳɢɧɢ ɤɿɥɶɰɹ {Cu2N4} (ɪɢɫ. 3.18). Ɋɟɲɬɚ ɦɨɥɟɤɭɥ «ɝɨɫɬɟɣ» ɧɟ ɜɯɨɞɹɬɶ ɭ 

ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɦɟɬɚɥɭ, ɚɥɟ ɫɬɚɛɿɥɿɡɭɸɬɶ ɤɪɢɫɬɚɥɿɱɧɭ ɫɬɪɭɤɬɭɪɭ 

ɡɚɜɞɹɤɢ ɦɟɪɟɠɿ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ . 

 

Ɋɢɫ. 3.18. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ 10. 

 

ȼɡɚєɦɨɞɿɹ Cu+–(C=C) ɭ ɫɩɨɥɭɰɿ 10 ɞɟɦɨɧɫɬɪɭє ɫɟɪɟɞɧɸ ɟɮɟɤɬɢɜɧɿɫɬɶ. Ʉɭɬ 

C–Cu–C ɫɬɚɧɨɜɢɬɶ 38,4(2)o, ɳɨ є ɞɨɜɨɥɿ ɡɜɢɱɧɢɦ ɞɥɹ ɬɚɤɢɯ ɫɩɨɥɭɤ, ɚ ɜɿɞɫɬɚɧɶ 

Cu–m 1,951(2) ɬɚ 1,952(2) Å (ɬɚɛɥ. 3.18) є ɞɟɳɨ ɞɨɜɲɨɸ, ɧɿɠ ɭ ɩɨɩɟɪɟɞɧɶɨ 

ɞɨɫɥɿɞɠɟɧɢɯ π-ɤɨɦɩɥɟɤɫɚɯ ɧɚ ɨɫɧɨɜɿ Cu2SiF6 (1,920(5) ɿ 1,935(5) Å, 1,948(8) Å). 

Ɂɜ'ɹɡɨɤ C=C ɞɟɳɨ ɜɢɞɨɜɠɟɧɢɣ ɞɨ 1,360(3) Å, ɩɨɪɿɜɧɹɧɨ ɿɡ 1,34 Å ɭ ɜɿɥɶɧɢɯ 

ɨɥɟɮɿɧɚɯ. ȼɢɯɿɞ ɚɬɨɦɚ ɦɟɬɚɥɭ ɡ ɩɥɨɳɢɧɢ ɨɫɧɨɜɢ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɩɨɥɿɟɞɪɚ 

ɫɬɚɧɨɜɢɬɶ (∆, Å) ɫɬɚɧɨɜɢɬɶ, ɜɿɞɩɨɜɿɞɧɨ, 0,25 ɬɚ 0,28 Å, ɳɨ є ɬɢɩɨɜɢɦ ɞɥɹ ɞɨɜɨɥɿ 

ɟɮɟɤɬɢɜɧɨʀ Cu+–(C=C) ɜɡɚєɦɨɞɿʀ. 
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Тɚɛɥɢɰɹ 3.18 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L1)2(H2O)2]SiF6·CH3C(O)NH2·2H2O (10) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)—N(13) 2,032(2) N(13)–Cu(1)– m1 112,2(9) 

Cu(1)—N(24) 1,986(2) N(24)–Cu(1)– m1 131,4(4) 

Cu(1)—C(11)  2,077(2) C(11)–Cu(1)–C(12) 38,4(1) 

Cu(1)—C(12)  2,057(2) Ɉ(1)—Cu(1)—m1 99,4(5) 

Cu(1)—m1 1,951(2) C(11)=C(12)–C(13) 123,0(3) 

Cu(1)–Ɉ(1) 2,234(2)   

C(11)=C(12) 1,360(3)   

Cu(2)—N(14) 1,993(2) N(14)–Cu(2)– m2 112,0(9) 

Cu(2)—N(23) 2,015(2) N(23)–Cu(2)– m2 131,4(5) 

Cu(2)—C(21)  2,080(2) C(21)–Cu(2)–C(22) 38,4(1) 

Cu(21)=C(22)  2,058(2) Ɉ(2)—Cu(2)—m2 97,6(4) 

Cu(2)—m2 1,952(2) C(21)=C(22)–C(23) 122,5(3) 

Cu(2)–Ɉ(2) 2,394(2)   

C(21)=C(22) 1,360(3)   

 

Тɚɛɥɢɰɹ 3.19 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 10 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

O1—H1B···O2  0,79(3) 1,91(3) 2,671(2) 164(3) 

O1—H1A···F6  0,76(3) 1,93(3) 2,684(2) 173(3) 

O2—H2A···O3 3/2−x,1/2+y,1/2−z 0,81(3) 1,89(3) 2,702(2) 178(3) 

O2—H2B···O5 1/2−x,1/2+y,1/2−z 0,78(4) 2,06(4) 2,824(2) 169(3) 

O3—H3B···F1  0,73(3) 2,08(4) 2,804(2) 172(4) 

O3—H3A···O4  0,83(4) 1,97(4) 2,797(3) 175(3) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 3.19 

O4—H4A···O5  0,81(4) 2,08(4) 2,890(3) 177(4) 

N13—H13···F5 x−1,y,z 0,77(3) 2,18(3) 2,860(2) 148(3) 

N23—H23···F2 x+1/2,3/2-y,1/2+z 0,79(3) 2,10(3) 2,853(2) 159(3) 

N1—H1D···O1 1/2−x,y−1/2,1/2−z 0,84 (3) 2,13 (3) 2,970 (3) 178(3) 

 

3.1.11. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(CH3C6H4SO3)2] 

(11) 

ɉɪ. ɝɪ. P21/c; Z = 2; a = 8,4229(5); b = 20,5199(13); c = 8,7247(5) Å; 

ȕ = 92,332(4)°; V = 1506,7(2) Å3 [76] 

Ɇɨɥɟɤɭɥɚ ɥɿɝɚɧɞɭ L1 ɜ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ 11 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 ɡɚɣɦɚє ɚɬɨɦ ɨɤɫɢɝɟɧɭ ɚɧɿɨɧɭ (ɪɢɫ. 3.19).  

 

Ɋɢɫ. 3.19. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɞɢɦɟɪ ɭ ɫɬɪɭɤɬɭɪɿ 11. 

 

ɐɿɤɚɜɢɦ 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. 

3.20).  



81 

 

 

 

Ɋɢɫ. 3.20. π–π ɫɬɟɤɿɧɝ ɬɨɥɭɟɧɨɜɢɯ ɬɚ ɬɿɚɞɿɚɡɨɥɶɧɢɯ ɤɿɥɟɰɶ  

ɭ ɫɬɪɭɤɬɭɪɿ 11. 

 

ȼɡɚєɦɨɞɿɹ Cu(I)—(C=C) ɩɨɦɿɪɧɚ, ɨɥɟɮɿɧɨɜɢɣ ɡɜ'ɹɡɨɤ ɜɢɞɨɜɠɟɧɢɣ ɞɨ 

1,355(2) Å (ɬɚɛɥ. 3.20) (1,340(7) ɭ ɦɨɥɟɤɭɥɿ ɥɿɝɚɧɞɭ), ɜɢɯɿɞ Cu(I) ɡ ɩɥɨɳɢɧɢ 

ɨɫɧɨɜɢ ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ ɫɬɚɧɨɜɢɬɶ ∆=0,166(2) Å.  

 

Тɚɛɥɢɰɹ 3.20 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L1)2(CH3C6H4SO3)2] (11) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)—N(4) 1,994(4) N(3)i–Cu(1)–N(4) 114,6(2) 

Cu(1)—N(3)i 2,009(4) C(1)–Cu(1)–C(2) 38,8(2) 

Cu(1)—C(2) i 2,068(5) Ɉ(1)—Cu(1)—m1 96,84(2) 

Cu(1)—C(1) i 2,111(5) C(1)=C(2)–C(1) 124,2(7) 

Cu(1)—m1 1,971(5)   

Cu(1)–Ɉ(1) 2,343(4)   

C(1)=C(2) 1,355(2)   

 (i) −x, −y, −z+2. 
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3.1.12. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(C6H5SO3)2]2 (12) 

ɉɪ. ɝɪ. P21; Z = 2; a = 8,1972(12); b = 20,2585(10); c = 17,3042(10) Å; 

ȕ = 92,404(6)°; V = 2871,0(5) Å3 [77] 

ɍ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ 12 ɧɚɹɜɧɿ ɱɨɬɢɪɢ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ 

ɤɭɩɪɭɦɭ. 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 (ɬɚɛɥ. 3.21). 

 

Тɚɛɥɢɰɹ 3.21 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L1)2(C6H5SO3)2]2 (12) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–C(11) 2,076(8) N(13)–Cu(1)–m1 112,1(3) 

Cu(1)–C(12) 2,047(8) N(24)–Cu(1)–m1 132,3(3) 

Cu(1)–m1 1,948(8) O(1)–Cu(1)–m1 98,6(3) 

Cu(1)–N(13) 1,994(6) N(13)–Cu(1)–N(24) 110,1(2) 

Cu(1)–N(24) 1,987(6) N(13)–Cu(1)–O(1) 92,3(2) 

Cu(1)–O(11) 2,483(5) N(24)–Cu(1)–O(1) 101,0(2) 

C(11)=C(12) 1,36(1) C(11)–Cu(1)–C(12) 38,4(3) 

  C(11)=C(12)–C(13) 123,2(7) 

Cu(2)–C(21) 2,071(7) N(14)–Cu(2)–m2 132,8(3) 

Cu(2)–C(22) 2,041(8) N(23)–Cu(2)–m2 111,3(3) 

Cu(2)–m2 1,944(7) O(2)–Cu(2)–m2 104,2(3) 

Cu(2)–N(14) 1,987(6) N(14)–Cu(2)–N(23) 107,5(2) 

Cu(2)–N(23) 2,012(5) N(14)–Cu(2)–O(2) 99,1(2) 

Cu(2)–O(21) 2,218(5) N(23)–Cu(2)–O(2) 93,5(2) 

C(21)=C(22) 1,34(1) C(21)–Cu(2)–C(22) 37,9(3) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 3.21 

  C(21)=C(22)–C(23) 122,0(7) 

Cu(3)–C(31) 2,045(7) N(33)–Cu(3)–m3 112,5(3) 

Cu(3)–C(32) 2,040(8) N(44)–Cu(3)–m3 129,9(3) 

Cu(3)–m3 1,928(7) O(3)–Cu(3)–m3 104,2(3) 

Cu(3)–N(33) 2,008(6) N(33)–Cu(3)–N(44) 111,1(2) 

Cu(3)–N(44) 1,966(6) N(33)–Cu(3)–O(3) 86,1(2) 

Cu(3)–O(31) 2,273(5) N(44)–Cu(3)–O(3) 102,0(2) 

C(31)=C(32) 1,35(1) C(31)–Cu(3)–C(32) 38,6(3) 

  C(31)=C(32)–C(33) 125,6(9) 

Cu(4)–C(41) 2,072(7) N(34)–Cu(4)–m4 134,7(3) 

Cu(4)–C(42) 2,027(7) N(43)–Cu(4)–m4 111,6(3) 

Cu(4)–m4 1,936(7) O(4)–Cu(4)–m4 101,8(3) 

Cu(4)–N(34) 1,971(6) N(34)–Cu(4)–N(43) 110,2(2) 

Cu(4)–N(43) 2,017(6) N(34)–Cu(4)–O(4) 85,1(2) 

Cu(4)–O(41) 2,457(6) N(43)–Cu(4)–O(4) 98,4(2) 

C(41)=C(42) 1,35(1) C(41)–Cu(4)–C(42) 38,3(3) 

  C(41)=C(42)–C(43) 122,3(8) 

 

ɉɪɨɫɬɨɪɨɜɚ ɭɩɚɤɨɜɤɚ ɮɪɚɝɦɟɧɬɿɜ ɧɚɝɚɞɭє ɫɩɨɥɭɤɭ 11 – ɜ ɤɨɦɩɥɟɤɫɿ 12 ɬɟɠ 

ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ «ɤɨɥɨɧɢ» ɜɡɞɨɜɠ ɧɚɩɪɹɦɤɭ [100] (ɪɢɫ. 3.21), ɹɤɿ ɡɜ’ɹɡɚɧɿ ɦɿɠ 

ɫɨɛɨɸ ɡɚɜɞɹɤɢ ɞɨɜɨɥɿ ɫɢɥɶɧɢɦ ɜɨɞɧɟɜɢɦ ɡɜ’ɹɡɤɚɦ N-H∙∙∙O (ɬɚɛɥ. 3.22). 

Тɚɛɥɢɰɹ 3.22 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 12 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

N42—H42···O12 x,y,z-1 0,86 1,97 2,818(2) 171 

N32—H32···O22 x+1,y,z 0,86 2,14 2,980(3) 165 

N22—H22···O43  0,86 1,96 2,801(2) 167 

N12—H12···O33 x-1,y,z-1 0,86 2,18 3,027(3) 168 
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Ɋɢɫ. 3.21. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɭ [Cu2(L1)2(C6H5SO3)2]2. 

 

3.2. Ʉɨɦɩɥɟɤɫɢ ɤɭɩɪɭɦɭ(І) ɡ 2–ɚɥɿɥɚɦɿɧɨ–5–ɮɟɧɿɥ–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (HL2) 

3.2.1. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ ɤɨɦɩɥɟɤɫɭ [Cu4(L2)4] (13) 

ɉɪ. ɝɪ. I41/a, Z = 4 , a = 13,6319 (5), c = 25,1706 (11) Å,V = 4677,4 (3) Å3 

[78, 79]. 

ɍ ɫɬɪɭɤɬɭɪɿ ı-ɤɨɦɩɥɟɤɫɭ [Cu4(L2)4], ɹɤɢɣ 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. 

3.22). 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 (ɬɚɛɥ. 3.19). 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. 3.22). Ɉɫɬɚɧɧє 

ɡɧɚɱɟɧɧɹ є ɦɟɧɲɟ ɫɭɦ ɜɚɧɞɟɪɜɚɥɶɫɨɜɢɯ ɪɚɞɿɭɫɿɜ ɡɚɡɜɢɱɚɣ ɩɪɢɣɧɹɬɢɯ ɞɥɹ 
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ɤɭɩɪɭɦɭ (rvdW(Cu) 1,4Å) [80], ɿ є ɰɿɥɤɨɦ ɩɨɪɿɜɧɸɜɚɧɢɦ ɿɡ ɞɿɚɩɚɡɨɧɨɦ ɜɿɞɫɬɚɧɟɣ 

Cu(I) ∙∙∙Cu(I) ɭ 2,71–2,75 Å ɜ ɤɭɩɪɭɦ(I) ɛɟɧɡɨɚɬɿ [81], ɬɚ ɞɟɳɨ ɛɿɥɶɲɟ, ɧɿɠ 2,58-

2,60Å ɜ [Cu4(1,3-Ph2N3)4] (1,3-Ph2N3 – 1,3-ɞɢɮɟɧɿɥɬɪɢɚɡɟɧɿɞ) [82].  

 

 

Ɋɢɫ. 3.22. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɭ [Cu4(L2)4]. 

 

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 ı-ɤɨɦɩɨɧɟɧɬɢ ɭ ɧɶɨɦɭ (ɪɢɫ. 3.23). ɑɟɪɟɡ 

ɟɮɟɤɬ ɤɨɧ’ɸɝɚɰɿʀ ɦɿɠ ɝɟɬɟɪɨɰɢɤɥɿɱɧɢɦ C=N ɬɚ ɚɡɚɧɿɞɧɢɦ C–N ɡɜ’ɹɡɤɚɦɢ L2– 

ɜɿɞɫɬɚɧɿ C(4)–N(3) ɬɚ C(4)–N(2) є ɞɭɠɟ ɛɥɢɡɶɤɢɦɢ ɿ ɫɬɚɧɨɜɥɹɬɶ 1,354(5) Å ɬɚ 

1,315(4) Å ɜɿɞɩɨɜɿɞɧɨ (ɬɚɛɥ. 3.23) (ɜ ɤɪɢɫɬɚɥɿɱɧɿɣ ɫɬɪɭɤɬɭɪɿ ɜɿɥɶɧɨɝɨ HL2 

ɜɿɞɫɬɚɧɿ C(4)–N(2) ɬɚ C(4)–N(3) ɪɿɜɧɿ 1,315(6) ɬɚ 1,335(7) Å, ɜɿɞɩɨɜɿɞɧɨ [83]). 
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Ɋɢɫ. 3.23. Ɍɟɬɪɚɦɟɪɧɚ ɫɬɪɭɤɬɭɪɚ 13. 

 

Тɚɛɥɢɰɹ 3.23 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu4(L2)4] (13) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu–N(3) 1,866(3) N(3)–Cu–N(2)i 175,9(1) 

Cu–N(2)i 1,873(3) N(4)–N(3)–Cu 120,1(2) 

Cu–Cui 2,7451(6) Cui–Cu–Cuii 89,38(4) 

N(4)–C(5) 1,296(4) C(4)–N(3)–Cu 125,9(2) 

N(4)–N(3) 1,376(4) C(4)–N(2)–Cuii 120,6(2) 

N(3)–C(4) 1,354(5)   

N(2)–C(4) 1,315(4)   

 (i) y−1/4, −x+1/4, −z+1/4; (ii) −y+1/4, x+1/4, −z+1/4. 
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3.3. Ʉɨɦɩɥɟɤɫɢ ɤɭɩɪɭɦɭ(І) ɡ 2,5–ɛɿɫ(ɚɥɿɥɚɦɿɧɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L3) 

3.3.1. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L3)(SO3NH2)2]·2H2O (14) 

ɉɪ. ɝɪ. P-1, Z = 2 , a = 7,879(3), b = 8,960(3), c = 13,816(4) Å, α = 71,62(3), 

ȕ = 75,03(3), Ȗ = 83,53(3)°, V = 893,7(6) Å3 [84, 85]. 

ɍ ɫɬɪɭɤɬɭɪɿ ɫɩɨɥɭɤɢ [Cu2(L3)(SO3NH2)2]·2H2O ɧɚɹɜɧɿ ɞɜɚ 

ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ ɤɭɩɪɭɦɭ, ɯɨɱ ɿ ɦɚɸɬɶ ɩɪɚɤɬɢɱɧɨ ɿɞɟɧɬɢɱɧɟ 

ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ – ɬɪɢɝɨɧɚɥɶɧɭ ɩɿɪɚɦɿɞɭ. Ⱦɨ ɣɨɝɨ ɫɤɥɚɞɭ ɜɯɨɞɹɬɶ ɩɨ 

ɨɞɧɨɦɭ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ, ɨɥɟɮɿɧɨɜɨɦɭ ɡɜ’ɹɡɤɭ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ, ɚ 

ɬɚɤɨɠ ɧɿɬɪɨɝɟɧ ɬɚ ɨɤɫɢɝɟɧ ɞɜɨɯ ɪɿɡɧɢɯ ɫɭɥɶɮɚɦɚɬ-ɚɧɿɨɧɿɜ (ɪɢɫ. 3.24, ɬɚɛɥ. 3.24). 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɚɧɿɨɧ ɩɪɨɹɜɥɹє ɦɿɫɬɤɨɜɭ ɮɭɧɤɰɿɸ, ɩɪɢɡɜɨɞɹɱɢ ɞɨ ɭɬɜɨɪɟɧɧɹ 

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

ȼɡɚєɦɨɞɿɹ Cu+–(C=C) ɜ ɫɩɨɥɭɰɿ 14 ɞɟɦɨɧɫɬɪɭє ɫɟɪɟɞɧɸ ɟɮɟɤɬɢɜɧɿɫɬɶ. Ʉɭɬ 

C–Cu–C ɫɬɚɧɨɜɢɬɶ 38,3(2)o ɬɚ 38,7(2)o, ɳɨ є ɞɨɜɨɥɿ ɡɜɢɱɧɢɦ ɞɥɹ ɬɚɤɢɯ ɫɩɨɥɭɤ, ɚ 

ɜɿɞɫɬɚɧɶ Cu–m 1,948(8) ɬɚ 1,933(7) Å. Ɂɜ'ɹɡɨɤ C=C ɡɥɟɝɤɚ ɜɢɞɨɜɠɟɧɢɣ (ɬɚɛɥ. 

3.24).  

 

 

 

Ɋɢɫ. 3.24. Ʉɨɨɪɞɢɧɚɰɿɣɧɿ ɜɭɡɥɢ ɭ ɫɬɪɭɤɬɭɪɿ [Cu2(L3)(SO3NH2)2]·2H2O. 
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Тɚɛɥɢɰɹ 3.24 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L3)(SO3NH2)2]·2H2O (14) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–C(11) 2,069(8) N(3)–Cu(1)–m1 112,3(3) 

Cu(1)–C(12) 2,056(8) N(41)–Cu(1)–m1 121,8(3) 

Cu(1)–m1 1,948(8) O(31)–Cu(1)–m1 97,8(3) 

Cu(1)–N(3) 1,965(7) C(11)–Cu(1)–C(12) 38,3(3) 

Cu(1)–N(41) 2,041(7) C(11)=C(12)–C(13) 121,7(8) 

Cu(1)–O(31) 2,300(6)   

C(11)=C(12) 1,35(1)   

Cu(2)–C(21) 2,043(8) N(4)–Cu(2)–m2 113,9(3) 

Cu(2)–C(22) 2,054(9) N(31)–Cu(2)–m2 119,7(3) 

Cu(2)–m2 1,933(7) O(41)–Cu(2)–m2 98,3(3) 

Cu(2)–N(4) 1,944(7) C(21)–Cu(2)–C(22) 38,7(3) 

Cu(2)–N(31) 2,023(7) C(21)=C(22)–C(23) 122,6(9) 

Cu(2)–O(41) 2,386(6)   

C(21)=C(22) 1,36(1)   

 

Ɇɨɥɟɤɭɥɢ ɜɨɞɢ ɧɟ ɛɟɪɭɬɶ ɭɱɚɫɬɿ ɭ ɤɨɨɪɞɢɧɚɰɿʀ ɚɬɨɦɚ ɦɟɬɚɥɭ, ɡɚɬɟ 

ɫɩɪɢɹɸɬɶ ɭɬɜɨɪɟɧɧɸ ɪɨɡɝɚɥɭɠɟɧɨʀ ɫɢɫɬɟɦɢ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ (ɬɚɛɥ. 3.25), ɳɨ 

ɜɢɥɢɜɚєɬɶɫɹ ɭ ɮɨɪɦɭɜɚɧɧɹ 2-D ɲɚɪɭɜɚɬɨʀ ɫɬɪɭɤɬɭɪɢ ɜɡɞɨɜɠ ɨɫɿ (010) (ɪɢɫ. 

3.25). 

 

Ɋɢɫ. 3.25. ȼɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɭ ɫɬɪɭɤɬɭɪɿ [Cu2(L3)(SO3NH2)2]·2H2O. 
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Тɚɛɥɢɰɹ 3.25 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 14 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

N31—H31A···O52 x,y+1,z 0,91 1,92 2,828(9) 177 

N41—H41A···O52 x,y+1,z 0,91 2,40 3,27(1) 159 

N31—H31B···O42 x+1,y,z 0,91 2,23 3,05(1) 149 

N41—H41B···O33 x−1,y,z 0,91 2,25 3,05(1) 146 

O51—H51A···O43 x+1,y−1,z 0,87 2,06 2,920(9) 170 

O51—H51B···O32  0,87 2,12 2,97(1) 165 

 

3.4. Ʉɨɦɩɥɟɤɫɢ ɤɭɩɪɭɦɭ(І) ɡ 2–ɚɥɿɥɬɿɨ–5–ɚɦɿɧɨ–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L4) 

3.4.1. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ 

[Cu2(L4)2(H2O)(SiF6)]·CH3CN·H2O (15) 

ɉɪ. ɝɪ. P21/n, Z = 4 , a = 11,899 (4), b = 11,442 (4), c = 17,678 (5) Å, 

ȕ = 102,04 (3)°, V = 2353,9 (13) Å3 [63, 86]. 

ɍ ɫɬɪɭɤɬɭɪɿ 15 ɚɫɢɦɟɬɪɢɱɧɢɣ ɮɪɚɝɦɟɧɬ ɦɿɫɬɢɬɶ ɞɜɚ ɣɨɧɢ ɤɭɩɪɭɦɭ(І), ɞɜɿ 

ɦɨɥɟɤɭɥɢ ɥɿɝɚɧɞɭ L4, ɨɞɧɭ ɦɨɥɟɤɭɥɭ ɜɨɞɢ ɬɚ ɨɞɢɧ ɝɟɤɫɚɮɥɭɨɪɨɫɢɥɿɤɚɬ-ɚɧɿɨɧ. 

ɉɥɨɳɢɧɢ ɬɿɚɞɿɚɡɨɥɶɧɢɯ ɤɿɥɟɰɶ ɮɨɪɦɭɸɬɶ ɞɜɨɝɪɚɧɧɢɣ ɤɭɬ ɭ 28,3(1)º. ɐɟɣ 

ɤɨɦɩɥɟɤɫ є ɪɿɞɤɿɫɧɢɦ ɩɪɢɤɥɚɞɨɦ ɩɪɹɦɨʀ ɜɡɚєɦɨɞɿʀ π-ɤɨɨɪɞɢɧɨɜɚɧɨɝɨ ɤɭɩɪɭɦɭ(І) 

CuI–F(SiF6
2-). Ɋɚɧɿɲɟ ɬɚɤɚ ɜɡɚєɦɨɞɿɹ ɛɭɥɚ ɡɧɚɣɞɟɧɚ ɥɢɲɟ ɜ ɨɞɧɨɦɭ π-ɤɨɦɩɥɟɤɫɿ 

Cu2SiF6 ɡ 1-ɚɥɿɥɛɟɧɡɨɬɪɢɚɡɨɥɨɦ [38]. Ʉɨɧɮɨɪɦɚɰɿɣɧɚ ɝɧɭɱɤɿɫɬɶ 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 

(ɬɚɛɥ. 3.26) ɜ 15 є ɛɿɥɶɲɚ, ɧɿɠ CuI–F 2,44 Å ɜ [Cu2(Abtr)2(H2O)2SiF6]·2H2O [73], 

ɚɥɟ ɦɟɧɲɚ, ɧɿɠ ɫɭɦɚ ɪɚɞɿɭɫɿɜ ɜɚɧɞɟɪɜɚɥɶɫɚ (2,87 Å). ɐɹ ɜɡɚєɦɨɞɿɹ ɬɚɤɨɠ 

ɜɿɞɛɢɜɚєɬɶɫɹ ɧɚ ɡɧɢɠɟɧɧɿ ɜɟɥɢɱɢɧɢ Ueq(F1) ɞɨ 0,0531(5)Å2 (ɩɨɪɿɜɧɹɧɨ ɿɡ Ueq(F2) 

0,0641(6)Å2), ɜ ɬɨɣ ɱɚɫ ɹɤ ɿɧɲɿ ɚɬɨɦɢ ɮɥɭɨɪɭ ɚɧɿɨɧɭ SiF6
2- ɪɨɡɭɩɨɪɹɞɤɨɜɚɧɿ ɭ 

ɜɢɝɥɹɞɿ «ɤɚɪɭɫɟɥɿ» (Ɋɢɫ. 3.26). 
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Ɋɢɫ. 3.26. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ 15. 

 

Тɚɛɥɢɰɹ 3.26 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L4)2(H2O)(SiF6)]·CH3CN·H2O (14) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1A)–C(12) 2,043(8) N(13)–Cu(1A)–m1 114,6(3) 

Cu(1A)–C(11) 2,082(7) N(24)–Cu(1A)–m1 119,6(3) 

Cu(1A)–m1 1,933(7) O(1w)–Cu(1A)–m1 101,8(3) 

Cu(1A)–N(13) 1,975(4) C(11)–Cu(1A)–C(12) 36,6(6) 

Cu(1A)–N(24) 2,003(4) C(11)=C(12)–C(13) 126(3) 

Cu(1A)–O(1w) 2,386(6)   

C(11)=C(12) 1,29(2) N(23)–Cu(2)–m2 112,4(3) 

Cu(2)–C(22) 2,035(5) N(14)–Cu(2)–m2 120,9(3) 

Cu(2)–C(21) 2,06(2) O(1w)–Cu(2)–m2 98,3(3) 

Cu(2)–m2 1,948(8) C(21)–Cu(2)–C(22) 39,8(9) 

Cu(2)–N(23) 2,010(2) C(21)=C(22)–C(23) 128(1) 

Cu(2)–N(14) 1,991(2)   

Cu(2)–O(1w) 2,364(3)   

C(21)=C(22) 1,364(6)   
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Ⱥɬɨɦɢ ɝɿɞɪɨɝɟɧɭ ɚɦɿɧɨɝɪɭɩɢ ɥɿɝɚɧɞɭ ɭɬɜɨɪɸɸɬɶ ɪɹɞ ɡɜ’ɹɡɤɿɜ N—H∙∙∙F ɡ 

ɚɬɨɦɚɦɢ F(1) ɬɚ F(2) ɫɭɫɿɞɧɿɯ ɚɧɿɨɧɿɜ SiF6
2-, ɨɛ’єɞɧɭɸɱɢ ɛɥɨɤɢ 

{Cu2(L4)2(H2O)(SiF6)} ɭ ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɿ ɲɚɪɢ (ɪɢɫ. 3.27), ɹɤɿ, ɜ ɫɜɨɸ ɱɟɪɝɭ, 

ɤɨɧɬɚɤɬɚɦɢ O—H∙∙∙O ɬɚ O—H∙∙∙F ɩɟɪɟɩɥɿɬɚɸɬɶɫɹ ɭ ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɭ 

ɫɬɪɭɤɬɭɪɭ (ɬɚɛɥ. 3.27).  

 

Ɋɢɫ. 3.27. ȼɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɭ 15.  

Тɚɛɥɢɰɹ 3.27 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 15 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

N(12)—H(12A)···F(1)  0,86 2,14(4) 2,973(4) 163(3) 

N(12)—H(12B)···F(2) -x-3/2, y-1/2,−z+1/2 0,86  2,04(4) 2,827(3) 152(3) 

N(22)—H(22A)···F(2) x+1/2, -y-3/2, z−1/2 0,93  2,05(4) 2,903(4) 153(3) 

O(1)—H(1A)···N(1)  0,91 1,89(5) 2,789(5) 175(3) 

O(2)—H(2B)···F(3D) x+1, y, z 0,87 1,59(4) 2,465(4) 177(2) 

 

3.4.2. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L4)2(H2O)(NO3)2] (16) 

ɉɪ. ɝɪ. P21/c, Z = 4 , a = 7,379(3), b =18,780(5), c = 14,702(4) Å, ȕ = 94,82 

(3)˚, V = 2030,2(11) Å3 [63,87]. 

ɍ ɫɬɪɭɤɬɭɪɿ 16 ɦɨɥɟɤɭɥɚ ɨɪɝɚɧɿɱɧɨɝɨ ɥɿɝɚɧɞɭ ɤɨɨɪɞɢɧɨɜɚɧɚ ɞɨ ɚɬɨɦɚ 

ɤɭɩɪɭɦɭ(І) ɞɜɨɦɚ ɧɿɬɪɨɝɟɧɚɦɢ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ ɬɚ ɚɥɿɥɶɧɢɦ ɡɜ’ɹɡɤɨɦ C=C, 
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ɜɢɫɬɭɩɚɸɱɢ ɬɪɢɞɟɧɬɚɬɧɢɦ ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɢɦ ɥɿɝɚɧɞɨɦ (ɪɢɫ. 3.28), ɿ ɭɬɜɨɪɸɸɱɢ 

ɜɢɤɪɢɜɥɟɧɢɣ ɧɟɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɢɣ ɞɢɦɟɪ {Cu2(L4)2}
2+. ɉɥɨɳɢɧɢ ɬɿɚɞɿɚɡɨɥɶɧɢɯ 

ɤɿɥɟɰɶ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɞɜɨɝɪɚɧɧɢɦ ɤɭɬɨɦ, ɪɿɜɧɢɦ 31,2(1)º. 

Ʉɨɧɮɨɪɦɚɰɿɣɧɚ ɝɧɭɱɤɿɫɬɶ ɞɢɦɟɪɭ ɞɨɡɜɨɥɹє ɨɛɨɦ ɚɬɨɦɚɦ ɤɭɩɪɭɦɭ(І) 

ɪɨɡɳɟɩɥɸɜɚɬɢɫɶ ɧɚ ɞɜɿ ɩɨɡɢɰɿʀ (Cu(1A) – Cu(1B) (0,765:0,235) ɬɚ Cu(2A) – 

Cu(2B) (0,794:0,206), ɡ ɪɿɡɧɢɦ ɤɨɨɪɞɢɧɚɰɿɣɧɢɦ ɨɬɨɱɟɧɧɹɦ. ȿɤɜɚɬɨɪɿɚɥɶɧɿ 

ɩɨɡɢɰɿʀ ɞɥɹ ɭɫɿɯ ɩɨɥɨɠɟɧɶ ɚɬɨɦɿɜ ɤɭɩɪɭɦɭ(І) ɡɚɣɧɹɬɿ ɨɥɟɮɿɧɨɜɢɦ ɡɜ’ɹɡɤɨɦ ɬɚ 

ɚɬɨɦɚɦɢ ɧɿɬɪɨɝɟɧɭ ɥɿɝɚɧɞɭ. Ⱦɥɹ ɩɚɪɢ Cu(1A) ɬɚ Cu(2A) ɚɩɿɤɚɥɶɧɿ ɩɨɥɨɠɟɧɧɹ 

ɡɚɣɧɹɬɿ ɫɥɚɛɤɨ ɤɨɨɪɞɢɧɨɜɚɧɢɦɢ ɚɬɨɦɚɦɢ ɨɤɫɢɝɟɧɭ ɚɧɿɨɧɿɜ NO3
– (ɬɚɛɥ. 3.28). 

Ⱦɥɹ ɞɜɨɯ ɿɧɲɢɯ ɩɨɥɨɠɟɧɶ ɤɭɩɪɭɦɭ(І), ɚ ɫɚɦɟ Cu(1B) ɬɚ Cu(2B) ɜ ɚɩɿɤɚɥɶɧɿɣ 

ɩɨɡɢɰɿʀ ɡɧɚɯɨɞɢɬɶɫɹ ɦɿɫɬɤɨɜɚ ɦɨɥɟɤɭɥɚ ɜɨɞɢ. ȼɿɞɩɨɜɿɞɧɿ ɜɿɞɫɬɚɧɿ ɫɬɚɧɨɜɥɹɬɶ 

2,835 ɿ 2,767 Å ɬɚ є ɜɿɞɱɭɬɧɨ ɛɿɥɶɲɢɦɢ, ɧɿɠ ɮɨɪɦɚɥɶɧɢɣ ɥɿɦɿɬ (2,63 Å) [88] ɞɥɹ 

Cu—Oap ɜɡɚєɦɨɞɿʀ (ɭ ɜɢɩɚɞɤɭ π-ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(I)ɡ ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 

ɝɟɬɟɪɨɰɢɤɥɿɜ), ɚɥɟ ɞɟɳɨ ɦɟɧɲɿ, ɧɿɠ ɫɭɦɚ ɧɨɦɿɧɚɥɶɧɢɯ ɜɚɧɞɟɪɜɚɥɶɫɨɜɢɯ ɪɚɞɿɭɫɿɜ 

– 2,92 Å [80]. 

Тɚɛɥɢɰɹ 3.28 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 

[Cu2(L4)2(H2O)(NO3)2] (16) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1A—N13 2,045 (3) N24—Cu1A—N13 110,1 (1) 

Cu1A—N24 1,962 (2) C11A—Cu1A-C12A 39,2 (2) 

Cu1A—C12A 2,054 (4) N14—Cu2A—N23 111,1 (1) 

Cu1A—C11A 2,039 (6) C21A—Cu2A-C22A 38,9 (3) 

Cu1B—O1 2,363 (7)   

Cu2A—N14 1,974 (3)   

Cu2A—N23 1,998 (3)   

Cu1A—m1 1,928 (2)   

Cu2A—C22A 2,062 (4)   

Cu2A—C21A 2,052 (8)   
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 3.28 

Cu2B—O1 2,341 (7) C11A—C12A-C13A 125,4 (5) 

Cu1A—O11 2,442(3) C21A—C22A-C23A 125,9 (5) 

Cu2A—O21 2,539(3) O11—Cu1A—m 98,77(8) 

C11A—C12A 1,374 (9) O21—Cu2A—m 101,25(8) 

C21A—C22A 1,369 (1)   

Cu2A—m2 1,940 (2)   

 

 

Ɋɢɫ. 3.28. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɞɢɦɟɪ ɭ 16. 

 

Ⱥɬɨɦɢ ɝɿɞɪɨɝɟɧɭ ɚɦɿɧɨɝɪɭɩɢ ɥɿɝɚɧɞɭ ɬɚ ɤɨɨɪɞɢɧɨɜɚɧɨʀ ɦɨɥɟɤɭɥɢ ɜɨɞɢ 

ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɜ ɭɬɜɨɪɟɧɧɿ ɪɹɞɭ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ X—H∙∙∙Y (X, Y = N, O) ɡ 

ɚɧɿɨɧɚɦɢ NO3
-, ɮɨɪɦɭɸɱɢ 3D-ɜɨɞɧɟɜɨ ɡɜ’ɹɡɚɧɭ ɫɿɬɤɭ (ɬɚɛɥ. 3.29). 

 

Тɚɛɥɢɰɹ 3.29 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 16 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

O1—H1A···O13 x−1, y, z 0,93 (5) 2,01 (5) 2,846 (4) 149 (4) 

O1—H1B···O22 x, −y+3/2, z+1/2 0,99 (5) 2,29 (5) 3,142 (4) 143 (4) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 3.29 

O1—H1B···O23 x, −y+3/2, z+1/2 0,99 (5) 2,25 (5) 2,946 (3) 126 (3) 

N12—H12A···O13 −x+2, y+1/2, −z+1/2 0,93 (4) 2,16 (4) 3,053 (4) 161 (3) 

N12—H12B···O22  0,84 (4) 2,09 (4) 2,918 (4) 166 (3) 

N22—H22A···O12  0,85 (4) 2,07 (4) 2,895 (4) 163 (3) 

N22—H22B···O23 −x+1, −y+1, −z 0,82 (3) 2,07 (3) 2,856 (3) 162 (3) 

 

3.4.3. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L4)2(H2O)(BF4)](BF4) (17) 

ɉɪ. ɝɪ. P -1, Z = 2 , a = 8,2440(15); b = 10,6277(18); c = 14,097(3) Å; 

α = 74,189(15); ȕ = 88,623(15); Ȗ = 68,283(16); V = 1100,0(4) Å3 [89]. 

 ɍ ɫɬɪɭɤɬɭɪɿ 17 ɦɨɠɧɚ ɩɨɛɚɱɢɬɢ ɭɬɜɨɪɟɧɧɹ ɬɢɩɨɜɢɯ ɤɚɬɿɨɧɧɢɯ ɞɢɦɟɪɿɜ 

{Cu2(L4)2}
2+, ɹɤɿ ɮɨɪɦɭɸɬɶɫɹ ɡɚɜɞɹɤɢ ɬɪɢɞɟɧɬɚɬɧɨɫɬɿ ɦɨɥɟɤɭɥɢ ɥɿɝɚɧɞɭ L4. 

ȼɢɳɟɜɤɚɡɚɧɿ ɞɢɦɟɪɢ – ɧɟɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿ, ɦɿɫɬɹɬɶ ɞɜɚ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ 

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

ɨɛɨɯ ɚɬɨɦɿɜ Cu(I) ɩɨɥɿɟɞɪɚɦɢ ɜɢɫɬɭɩɚɸɬɶ ɬɪɢɝɨɧɚɥɶɧɿ ɩɿɪɚɦɿɞɢ, ɹɤɿ 

ɜɿɞɪɿɡɧɹɸɬɶɫɹ ɚɩɿɤɚɥɶɧɢɦɢ ɡɚɦɿɫɧɢɤɚɦɢ: ɞɥɹ Cu(1) ɧɢɦ ɜɢɫɬɭɩɚє ɚɬɨɦ ɮɥɭɨɪɭ 

ɨɞɧɨɝɨ ɡ ɬɟɬɪɚɮɥɸɨɪɨɛɨɪɚɬ-ɚɧɿɨɧɿɜ, ɞɥɹ Cu(2) – ɨɤɫɢɝɟɧ ɦɨɥɟɤɭɥɢ ɜɨɞɢ (ɪɢɫ. 3. 

29, ɬɚɛɥ. 3.30).  

 

 

Ɋɢɫ. 3.29. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ 17. 
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Тɚɛɥɢɰɹ 3.30 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L4)2(H2O)(BF4)](BF4) (17) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–C(11) 2,043(8) N(13)–Cu(1)–m1 114,9(3) 

Cu(1)–C(12) 2,082(7) N(24)–Cu(1)–m1 130,6(3) 

Cu(1)–m1 [a] 1,935(2) F(1)–Cu(1)–m1 109,0(3) 

Cu(1)–N(13) 2,00(1) C(11)–Cu(1)–C(12) 39,6(5) 

Cu(1)–N(24) 1,97(1) C(11)=C(12)–C(13) 124,8(3) 

Cu(1)–F(1) 2,495(3)   

C(11)=C(12) 1,39(2)   

Cu(2)–C(22) 2,035(5) N(14)–Cu(2)–m2 131,1(3) 

Cu(2)–C(21) 2,06(2) N(23)–Cu(2)–m2 116,0(3) 

Cu(2)–m2 [a] 1,972(4) O(1)–Cu(2)–m2 97,3(3) 

Cu(2)–N(14) 1,98(1) C(21)–Cu(2)–C(22) 38,2(4) 

Cu(2)–N(23) 2,012(9) C(21)=C(22)–C(23) 123,2(2) 

Cu(2)–O(1) 2,644(3)   

C(21)=C(22) 1,37(2)   

 

ɇɟɤɨɨɪɞɢɧɨɜɚɧɢɣ ɬɟɬɪɚɮɥɸɨɪɨɛɨɪɚɬ-ɚɧɿɨɧ ɛɟɪɟ ɭɱɚɫɬɶ ɭ ɮɨɪɦɭɜɚɧɧɿ 

ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ, ɤɨɬɪɿ ɫɩɨɥɭɱɚɸɬɶ ɨɤɪɟɦɿ ɮɪɚɝɦɟɧɬɢ [Cu2(L4)2(H2O)(BF4)]
+ ɜ 

«ɤɨɥɨɧɢ» ɜɡɞɨɜɠ ɧɚɩɪɹɦɤɭ [100] (ɪɢɫ. 3.30, ɬɚɛɥ. 3.31). 

Тɚɛɥɢɰɹ 3.31 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 17 

 ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

N22−H1N22∙∙∙F2  0,86 2,08 2,88(1) 155 

O1−H1O1∙∙∙F8  0,85 2,02 2,75(2) 143 

O1−H2O1∙∙∙F7 1+x, y, z 0,85 2,07 2,91(3) 170 
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Ɋɢɫ. 3.30. ȼɨɞɧɟɜɨɡɜ’ɹɡɚɧɿ ɤɨɥɨɧɢ ɜ ɫɬɪɭɤɬɭɪɿ 17. 

 

3.4.4. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L4)I2]2 (18) 

ɉɪ. ɝɪ. P21/n; Z = 3; a = 8,20469(15); b = 10,9773(2); c = 13,6493(2) Å; 

α = 74,189(15); ȕ = 95,5759(16); Ȗ = 68,283(16)°; V = 1223,51(4) Å3. 

ɋɬɪɭɤɬɭɪɚ 18 ɹɜɥɹє ɫɨɛɨɸ ɩɪɚɤɬɢɱɧɨ ɿɡɨɥɶɨɜɚɧɿ ɬɟɬɪɚɦɟɪɧɿ 

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

ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ ɤɭɩɪɭɦɭ (І). Ʉɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɩɟɪɲɨɝɨ ɫɤɥɚɞɚєɬɶɫɹ ɡ 

ɬɪɶɨɯ ɚɬɨɦɿɜ ɣɨɞɭ, ɨɞɧɨɝɨ ɚɬɨɦɚ ɤɭɩɪɭɦɭ ɬɚ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ ɿ 

ɦɚє ɜɢɝɥɹɞ ɜɢɤɪɢɜɥɟɧɨʀ ɬɟɬɪɚɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ. Ⱦɪɭɝɢɣ ɚɬɨɦ ɦɟɬɚɥɭ є π-

ɤɨɨɪɞɢɧɨɜɚɧɢɦ, ɨɤɪɿɦ ɋ=ɋ ɡɜ’ɹɡɤɭ, ɜ ɤɨɨɪɞɢɧɚɰɿɣɧɭ ɫɮɟɪɭ ɬɚɤɨɠ ɜɯɨɞɹɬɶ ɚɬɨɦɢ 

ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɹɞɪɚ ɬɚ ɞɜɚ ɚɬɨɦɢ ɣɨɞɭ (ɪɢɫ. 3.31, ɬɚɛɥ. 3.32). 

 

Ɋɢɫ. 3.31. ɋɬɪɭɤɬɭɪɧɢɣ ɮɪɚɝɦɟɧɬ ɭ 18. 
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Тɚɛɥɢɰɹ 3.32 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L4)I2]2 (18) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)–І(1) 2,7500(5) N(3)–Cu(1)–І(1) 96,80(8) 

Cu(1)–І(2) 2,5816(5) N(3)–Cu(1)–І(1)i 101,07(8) 

Cu(1)–І(1)i 2,6378(5) I(2)–Cu(1)–І(1) 108,23(2) 

Cu(1)–Cu(1)i 2,6193(8) N(3)–Cu(1)–Cu(1)i 108,52(8) 

Cu(1)–N(3) 2,026(3)   

Cu(2)–C(11) 2,130(5) I(1)–Cu(2)–m2 123,8(3) 

Cu(2)–C(12) 2,142(6) N(4)–Cu(2)–m2 115,1(3) 

Cu(2)–m2 2,027(4) I(2)–Cu(2)–m2 99,8(3) 

Cu(2)–N(4) 2,025(3) C(11)–Cu(2)–C(12) 36,8(4) 

Cu(2)–I(1) 2,5889(5) C(11)=C(12)–C(13) 123,3(2) 

Cu(2)–I(2) 2,8259(5)   

C(11)=C(12) 1,349(5)   

 (i) 1-x, 1- y, 1-z 

ɉɨɦɿɪɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ɜɡɚєɦɨɞɿʀ Cu(I)—(C=C) ɩɿɞɬɜɟɪɞɠɭєɬɶɫɹ ɧɟɜɟɥɢɤɢɦ 

ɜɢɞɨɜɠɟɧɧɹɦ ɨɥɟɮɿɧɨɜɨɝɨ ɡɜ’ɹɡɤɭ ɞɨ 1,349(5) Å ɬɚ ɜɢɯɨɞɨɦ Cu(I) ɡ ɩɥɨɳɢɧɢ 

ɨɫɧɨɜɢ ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ ɧɚ ∆=0,539(2) Å, ɜ ɬɨɣ ɱɚɫ ɹɤ ɤɭɬ ɦɿɠ ɨɥɟɮɿɧɨɜɢɦ 

ɡɜ’ɹɡɤɨɦ ɬɚ ɰɿєɸ ɩɥɨɳɢɧɨɸ ɫɬɚɧɨɜɢɬɶ  = 18,9(1)º. 

 

3.4.5. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu(L4)(SO3NH2)] (19) 

ɉɪ. ɝɪ. P-1, Z = 2 , a = 7,6867(3); b = 7,7110(3); c = 10,1434(5) Å; 

α = 110,286(4); ȕ = 99,436(4); Ȗ = 106,337(4)°; V = 517,82(4) Å3 [89]. 

ɋɬɪɭɤɬɭɪɚ 19 ɮɨɪɦɭєɬɶɫɹ ɬɚɤɨɠ ɡ ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɢɯ ɞɢɦɟɪɧɢɯ 

ɮɪɚɝɦɟɧɬɿɜ {Cu(L4)(SO3NH2)} (ɪɢɫ. 3.32). Ʉɨɨɪɞɢɧɚɰɿɣɧɢɦ ɩɨɥɿɟɞɪɨɦ 

ɤɭɩɪɭɦɭ(І) є ɬɪɢɝɨɧɚɥɶɧɚ ɩɿɪɚɦɿɞɚ, ɟɤɜɚɬɨɪɿɚɥɶɧɿ ɩɨɡɢɰɿʀ ɹɤɨʀ ɡɚɣɧɹɬɿ ɞɜɨɦɚ 
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ɚɬɨɦɚɦɢ ɧɿɬɪɨɝɟɧɭ ɬɚ ɨɥɟɮɿɧɨɜɢɦ  ɡɜ’ɹɡɤɨɦ ɋ=ɋ, ɚɩɿɤɚɥɶɧɟ ɠ ɩɨɥɨɠɟɧɧɹ 

ɩɨɫɿɞɚє ɚɬɨɦ ɧɿɬɪɨɝɟɧɭ ɫɭɥɶɮɚɦɚɬ-ɚɧɿɨɧɭ (ɬɚɛɥ. 3.33). 

 

 

Ɋɢɫ. 3.32. Ⱦɢɦɟɪɧɢɣ ɮɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ ɭ 19. 

 

Тɚɛɥɢɰɹ 3.33 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu(L4)(SO3NH2)] (19) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)—N(3) 2,032(2) N(4)–Cu(1)–N(3) 111,87(6) 

Cu(1)—N(4) 2,005(2) C(1)–Cu(1)–C(2) 38,69(8) 

Cu(1)—C(1) 2,054(2) N(a)—Cu—m 108,09(5) 

Cu(1)—C(2) 2,073(2) C(1)=C(2)–C(3) 122,1(2) 

Cu(1)—m 1,940(1)   

Cu(1)–N(a) 2,347(2)   

C(1)=C(2) 1,367(3)   

 

ȼɡɚєɦɨɞɿɹ Cu(I)—(C=C) є ɞɨɫɢɬɶ ɟɮɟɤɬɢɜɧɨɸ: ɩɨɦɿɬɧɟ ɜɢɞɨɜɠɟɧɧɹ 

ɨɥɟɮɿɧɨɜɨɝɨ  ɡɜ’ɹɡɤɭ ɞɨ 1,367(3) Å ɬɚ ɜɢɯɿɞ Cu(I) ɡ ɩɥɨɳɢɧɢ ɨɫɧɨɜɢ 

ɬɪɢɝɨɧɚɥɶɧɨʀ ɩɿɪɚɦɿɞɢ ɧɚ ∆=0,212(3) Å, ɜ ɬɨɣ ɱɚɫ ɹɤ ɤɭɬ ɦɿɠ ɨɥɟɮɿɧɨɜɢɦ 

ɡɜ’ɹɡɤɨɦ ɬɚ ɰɿєɸ ɩɥɨɳɢɧɨɸ ɫɬɚɧɨɜɢɬɶ ɜɫɶɨɝɨ  = 9,54(2)º.  
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ɇɢɡɤɚ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɫɩɪɢɱɢɧɹɸɬɶ ɨɛ’єɞɧɚɧɧɹ ɞɢɦɟɪɧɢɯ ɛɥɨɤɿɜ 

[Cu(L4)(SO3NH2)]2 ɭ 2-D ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɿ ɲɚɪɢ ɜ ɩɥɨɳɢɧɿ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɿɣ 

ɧɚɩɪɹɦɤɭ [001] (ɪɢɫ. 3.33, ɬɚɛɥ. 3.34). 

 

Ɋɢɫ. 3.33. ȼɨɞɧɟɜɨɡɜ’ɹɡɚɧɢɣ ɲɚɪ ɜ ɫɬɪɭɤɬɭɪɿ [Cu(L4)(SO3NH2)]. 

Тɚɛɥɢɰɹ 3.34 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 19 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

Na−H1Na∙∙∙O1 1-x,2-y,1-z 0,89 2,16 3,04(1) 174 

Na−H2Na∙∙∙O1 2-x,2-y,1-z 0,89 2,09 2,87(1) 154 

 

3.5. Ʉɨɦɩɥɟɤɫɢ ɤɭɩɪɭɦɭ(І) ɡ 2,5–ɛɿɫ(ɚɥɿɥɬɿɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥɭ (L5) 

3.5.1. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L5)Cl(CF3COO)]2(H2O) (20) 

ɉɪ. ɝɪ. Fdd2; Z = 8; a = 18,5284(4); b = 43,3333(9); c = 8,2346(2); 

V = 6611,5(3) [90]. 

ɍ 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 ɚɬɨɦɚ ɧɿɬɪɨɝɟɧɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ 

ɰɢɤɥɭ, ɦɿɫɬɤɨɜɨɝɨ ɚɬɨɦɚ ɯɥɨɪɭ ɬɚ ɚɬɨɦɚ ɨɤɫɢɝɟɧɭ ɬɪɢɮɥɭɨɪɦɟɬɚɧɫɭɥɶɮɨɧɚɬ-

ɚɧɿɨɧɭ (ɬɚɛɥ. 3.35), ɹɤɢɣ ɡɚɣɦɚє ɨɛɢɞɜɚ ɚɩɿɤɚɥɶɧɿ ɩɨɥɨɠɟɧɧɹ ɬɪɢɝɨɧɚɥɶɧɢɯ 

ɩɿɪɚɦɿɞ ɿ ɬɨɦɭ ɜɢɤɨɧɭє ɦɿɫɬɤɨɜɭ ɮɭɧɤɰɿɸ. Ɋɚɡɨɦ ɡ ɬɢɦ, ɛɭɞɿɜɟɥɶɧɢɦ ɛɥɨɤɨɦ 
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ɫɬɪɭɤɬɭɪɢ є ɫɟɧɫ ɜɜɚɠɚɬɢ ɡɞɜɨєɧɢɣ ɞɢɦɟɪɧɢɣ ɮɪɚɝɦɟɧɬ 

[Cu2(L5)Cl(CF3COO)]2(H2O), ɜ ɹɤɨɦɭ ɤɪɢɫɬɚɥɿɡɚɰɿɣɧɚ ɦɨɥɟɤɭɥɚ ɜɨɞɢ, ɡɚɜɞɹɤɢ 

ɩɚɪɿ ɜɟɥɶɦɢ ɫɢɥɶɧɢɯ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ, ɡɜ’ɹɡɭє ɞɜɚ ɦɟɬɚɥɨɨɪɝɚɧɿɱɧɿ ɞɢɦɟɪɢ 

ɞɨɤɭɩɢ (ɪɢɫ. 3.34). 

 

Ɋɢɫ. 3.34. Ɂɞɜɨєɧɢɣ ɤɨɨɪɞɢɧɚɰɿɣɧɢɣ ɞɢɦɟɪ ɭ ɫɬɪɭɤɬɭɪɿ 20. 

Тɚɛɥɢɰɹ 3.35 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L5)Cl(CF3COO)]2(H2O) (20) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu(1)—N(3) 2,011(6) N(3)—Cu(1)—m1 114,6(4) 

Cu(1)—C(11) 2,052(3) O(1)—Cu(1)—m1 115,1(4) 

Cu(1)—C(12) 2,089(3) Cl—Cu(1)—m1 123,1(4) 

Cu(1)—m1 1,956(3) C(11)—Cu(1)—C(12) 38,3(9) 

Cu(1)—O(1) 2,165(4)   

Cu(1)–Cl  2,318(1)   

C(11)=C(12) 1,36(1)   

Cu(2)—N(4) 2,023(5) N(4)—Cu(2)—m2 115,2(4) 

Cu(2)—C(11) 2,062(3) O(2)—Cu(2)—m2 113,8(4) 

Cu(2)—C(12) 1,974(3) Cl—Cu(2)—m2 121,9(4) 

Cu(2)—m2 1,911(4) C(21)—Cu(2)—C(22) 37,5(9) 

Cu(2)—O(2) 2,058(4)   

Cu(2)–Cl 2,360(1)   

C(21)=C(22) 1,30(2)   
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Ⱥɬɨɦɢ ɝɿɞɪɨɝɟɧɭ ɚɦɿɧɨɝɪɭɩɢ ɥɿɝɚɧɞɭ ɬɚ ɤɨɨɪɞɢɧɨɜɚɧɨʀ ɦɨɥɟɤɭɥɢ ɜɨɞɢ 

ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɜ ɭɬɜɨɪɟɧɧɿ ɫɢɫɬɟɦɢ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ X—H∙∙∙Y (X, Y = N, O) ɡ 

NO3
- ɚɧɿɨɧɚɦɢ (ɬɚɛɥ. 3.36), ɮɨɪɦɭɸɱɢ 3D-ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɭ ɫɿɬɤɭ (ɪɢɫ. 3.35). 

 

Тɚɛɥɢɰɹ 3.36 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 20 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

O(w)—H(1w)···O(1) 1-x, 1- y, z 0,86 2,17 2,93 148(4) 

O(w)—H(1w)···O(1) 1-x, 1- y, z 0,86 (5) 2,17 (5) 2,93 148(4) 

C(13)—H(1C13)···F(2) x+1/2, y, z-1/2 0,97 (5) 2,64 (5) 3,36 (3) 131 (3) 

 

Ɋɢɫ. 3.35. 3D-ɫɢɫɬɟɦɚ ɇ-ɡɜ'ɹɡɤɿɜ ɭ 20. 

 

3.5.2. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu3(L5)Cl3] (21) 

ɉɪ. ɝɪ P212121; Z = 1; a = 8,328(3); b = 10,495(4); c = 16,733(5) Å;  

V = 1462,5(9) Å3 [90]. 

Ⱥɫɢɦɟɬɪɢɱɧɚ ɱɚɫɬɢɧɚ ɫɬɪɭɤɬɭɪɢ ɫɩɨɥɭɤɢ 21 ɜɤɥɸɱɚє ɜ ɫɟɛɟ ɩɨ ɬɪɢ 

ɧɟɡɚɥɟɠɧɿ ɚɬɨɦɢ ɤɭɩɪɭɦɭ(І) ɿ ɯɥɨɪɭ, ɚɥɟ ɥɢɲɟ ɨɞɧɭ ɦɨɥɟɤɭɥɭ ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ 

ɥɿɝɚɧɞɭ. Ʉɨɨɪɞɢɧɚɰɿɣɧɚ ɩɨɜɟɞɿɧɤɚ ɨɫɬɚɧɧɶɨɝɨ ɬɢɩɨɜɚ, ɜɿɧ ɜɢɫɬɭɩɚє 

ɬɪɢɞɟɧɬɚɬɧɢɦ π,ı-ɦɿɫɬɤɨɜɨ-ɯɟɥɚɬɧɢɦ ɥɿɝɚɧɞɨɦ ɡɚɜɞɹɤɢ ɞɜɨɦ ɚɬɨɦɚɦ ɧɿɬɪɨɝɟɧɭ 

ɝɟɬɟɪɨɰɢɤɥɭ ɬɚ ɨɥɟɮɿɧɨɜɨɦɭ ɋ=ɋ  ɡɜ’ɹɡɤɭ (ɪɢɫ. 3.36, ɬɚɛɥ. 3.37). 
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Ɋɢɫ. 3.36. Ɏɪɚɝɦɟɧɬ ɫɬɪɭɤɬɭɪɢ 21; Ʉɨɞ ɫɢɦɟɬɪɿʀ: x-0,5, 1,5-y, 1-z. 

Ʉɨɨɪɞɢɧɚɰɿɣɧɿ ɩɨɥɿɟɞɪɢ ɞɥɹ ɚɬɨɦɿɜ Cu(1) ɿ Cu(2) – ɜɢɤɪɢɜɥɟɧɿ ɬɟɬɪɚɟɞɪɢ. 

ȼɿɞɫɭɬɧɿɫɬɶ π-ɤɨɨɪɞɢɧɚɰɿʀ ɞɨ ɚɬɨɦɚ Cu(3) ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɣɨɝɨ ɬɪɢɝɨɧɚɥɶɧɨɝɨ 

ɨɬɨɱɟɧɧɹ (ɜɫɿ ɬɪɢ ɩɨɡɢɰɿʀ ɩɨɫɿɞɚɸɬɶ ɚɬɨɦɢ ɯɥɨɪɭ), ɚ ɬɚɤɨɠ, ɜɧɚɫɥɿɞɨɤ ɭɬɜɨɪɟɧɧɹ 

ɤɨɧɬɚɤɬɿɜ Cu(3)–Cl(1)i (2,287(3) Å), ɞɨ ɮɨɪɦɭɜɚɧɧɹ ɧɟɫɤɿɧɱɟɧɧɢɯ ɦɟɬɚɥ-

ɧɟɨɪɝɚɧɿɱɧɢɯ ɩɨɥɿɦɟɪɧɢɯ ɤɨɥɨɧ ɜɡɞɨɜɠ ɨɫɿ ɚ (ɪɢɫ. 3.37), ɞɨɞɚɬɤɨɜɢɦ ɮɚɤɬɨɪɨɦ 

ɫɬɚɛɿɥɿɡɚɰɿʀ ɹɤɢɯ є ɜɨɞɧɟɜɿ ɤɨɧɬɚɤɬɢ (ɬɚɛɥ. 3.38). 

 

Тɚɛɥɢɰɹ 3.37 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu3(L5Cl3)] (21) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1—N3 2,027(8) N3—Cu1—m1 111,8(4) 

Cu1—Cl1 2,429(3) Cl1—Cu1—m1 118,9(4) 

Cu1—Cl2 2,348(3) Cl2—Cu1—m1 108,2(4) 

Cu1—m1 2,040(9) Cl1—Cu1—Cl2 101,9(1) 

Cu2—N4 2,033(7) N4—Cu2—m2 111,0(6) 

Cu2—Cl1 2,370(3) Cl1—Cu2—m2 123,5(6) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 3.37 

Cu2—Cl3 2,383(3) Cl3—Cu2—m2 115,6(6) 

Cu2—m2 1,976(9) Cl2—Cu2—Cl3 101,32(9) 

Cu3—Cl1 2,287(3) Cu1—Cl1—Cu2 90,49(8) 

Cu3—Cl2 2,255(3) Cl1—Cu3—Cl2 114,9(1) 

Cu3—Cl3 2,234(3) Cl1—Cu3—Cl3 125,4(1) 

Cu3—Cl1i 2,287(3) Cl1—Cu3—Cl1i 101,9(1) 

ɋ(11)=ɋ(12) 1,36(2)   

ɋ(21)=ɋ(22) 1,36(2)   

(i) -0,5+x, 1,5-y, 1-z. 

 

 

Ɋɢɫ. 3.37. ȼɨɞɧɟɜɨɡɜ'ɹɡɚɧɿ ɤɨɥɨɧɢ ɭ ɫɬɪɭɤɬɭɪɿ 21. 

 

Тɚɛɥɢɰɹ 3.38 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 21 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

ɋ13−H13B∙∙∙Cl2 0,5+x, 0,5-y, 1-z 0,99 2,84 3,46(1) 122 

ɋ18B−H18B∙∙∙Cl2 1-x, 0,5+y, 1,5-z 0,99 2,63 3,48(5) 144 

ɋ12−H12∙∙∙S12 -0,5+x, 0,5-y, 1-z 0,95 2,90 3,72(1) 145 



104 

 

 

3.5.1. Кɪɢɫɬɚɥɿчɧɚ ɫɬɪɭɤɬɭɪɚ π-ɤɨɦɩɥɟɤɫɭ [Cu2(L5)Cl2] (22) 

ɉɪ. ɝɪ. Pca21; Z = 4; a = 11,0330(2); b = 8,3449(2); c = 14,3825(3); 

V = 1324,19(5) [90]. 

ɍ ɫɬɪɭɤɬɭɪɿ 22 ɧɚɹɜɧɿ ɞɜɚ ɤɪɢɫɬɚɥɨɝɪɚɮɿɱɧɨ ɜɿɞɦɿɧɧɿ ɚɬɨɦɢ ɤɭɩɪɭɦɭ(І). 

Cu(1) ɮɨɪɦɭє ɬɟɬɪɚɟɞɪɢɱɧɟ ɨɬɨɱɟɧɧɹ ɡ ɨɥɟɮɿɧɨɜɨɝɨ  ɡɜ’ɹɡɤɭ, ɚɬɨɦɚ ɧɿɬɪɨɝɟɧɭ 

1,3,4-ɬɿɚɞɿɚɡɨɥɶɧɨɝɨ ɰɢɤɥɭ ɿ ɞɜɨɯ ɚɬɨɦɿɜ ɝɚɥɨɝɟɧɭ (ɪɢɫ. 3.38). ɉɪɢ ɰɶɨɦɭ, ɨɞɢɧ ɡ 

ɚɬɨɦɿɜ ɯɥɨɪɭ (Cl(1)) ɜɢɫɬɭɩɚє ɜ ɪɨɥɿ ɦɿɫɬɤɚ, ɨɛ’єɞɧɭɸɱɢ ɞɜɚ ɚɬɨɦɢ ɤɭɩɪɭɦɭ(І) ɜ 

ɩ'ɹɬɢɱɥɟɧɧɢɣ 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); 

ɧɚɣɛɥɢɠɱɚ ɜɿɞɫɬɚɧɶ Cl(2) ɞɨ Cu(2) ɫɬɚɧɨɜɢɬɶ 3,922(2) Å, ɳɨ ɡɧɚɱɧɨ ɛɿɥɶɲɟ ɡɚ 

ɫɭɦɭ ɜɚɧɞɟɪɜɚɥɶɫɨɜɢɯ ɪɚɞɿɭɫɿɜ (ɬɚɛɥ. 3.39). Ɍɚɤɨɠ ɧɚɹɜɧɿ ɫɥɚɛɤɿ ɜɨɞɧɟɜɿ 

ɤɨɧɬɚɤɬɢ (ɬɚɛɥ. 3.40). 

 

Тɚɛɥɢɰɹ 3.39 

Ɉɫɧɨɜɧɿ ɞɨɜɠɢɧɢ ɡɜ’ɹɡɤɿɜ ɬɚ ɜɚɥɟɧɬɧɿ ɤɭɬɢ ɭ ɫɬɪɭɤɬɭɪɿ 
[Cu2(L5)Cl2] (22) 

Ɂɜ'ɹɡɨɤ d, Å Ʉɭɬ ω, ɝɪɚɞɭɫɿɜ 

Cu1—N3 2,105(6) N3—Cu1—m1 109,4(3) 

Cu1—Cl1 2,384(2) Cl1—Cu1—m1 122,9(3) 

Cu1—Cl2 2,352(2) Cl2—Cu1—m1 119,4(3) 

Cu1—m1 1,995(6) Cl1—Cu1—Cl2 103,1(1) 

Cu2—N4 1,975(6) N4—Cu2—m2 117,0(3) 

Cu2—Cl1 2,224(2) Cl1—Cu2—m2 137,4(3) 

Cu2—m2 1,909(6) Cu1—Cl1—Cu2 89,80(6) 

ɋ(11)=ɋ(12) 1,373(9)   

ɋ(21)=ɋ(22) 1,41(1)   
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Ɋɢɫ. 3.38. Ʉɨɨɪɞɢɧɚɰɿɣɧɢɣ ɜɭɡɨɥ ɜ ɤɨɦɩɥɟɤɫɿ [Cu2(L5)Cl2]. 

 

 

Тɚɛɥɢɰɹ 3.40 

Ƚɟɨɦɟɬɪɿɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ ɜ ɫɬɪɭɤɬɭɪɿ 22 

Ⱥɬɨɦɢ ɋɢɦɟɬɪɿɹ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A  D···H H···A D···A D−H···A 

ɋ13−H13B∙∙∙Cl2 -0,5+x, 1-y, z 0,99 2,85 3,524(7) 126 

ɋ12−H12∙∙∙S13 1-x, 1-y, -0,5+z 0,95 2,96 3,827(7) 153 
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ɊɈɁȾІɅ 4 

ɈȻȽɈȼɈɊȿɇɇə ɊȿɁɍɅЬɌȺɌІȼ 

 

4.1. Ɉɫɨɛɥɢɜɨɫɬɿ ɭɬɜɨɪɟɧɧɹ ɿ ɫɬɟɪɟɨɯɿɦɿʀ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ Cu(I) 

ɡ N(S)-ɚɥɿɥьɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ. 

Ʉɪɢɫɬɚɥɨɯɿɦɿɱɧɢɣ ɚɧɚɥɿɡ ɫɬɪɭɤɬɭɪɢ ɤɭɩɪɨ(І) π-ɤɨɦɩɥɟɤɫɿɜ ɡ ɚɥɿɥɶɧɢɦɢ 

ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ ɞɨɡɜɨɥɢɜ ɜɢɹɜɢɬɢ ɡɚɝɚɥɶɧɿ ɬɟɧɞɟɧɰɿʀ ɜ ɭɬɜɨɪɟɧɧɿ 

ɬɚɤɨʀ ɝɪɭɩɢ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ. ȼɟɥɢɤɭ 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 ɞɨɜɨɥɿ 

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. Ɂɧɚɱɧɢɣ ɜɧɟɫɨɤ ɭ ɫɬɚɛɿɥɿɡɚɰɿɸ ɫɬɪɭɤɬɭɪ ɜɧɨɫɹɬɶ 

ɫɥɚɛɤɿ ɜɡɚєɦɨɞɿʀ, ɩɪɨ ɳɨ ɛɭɞɟ ɫɤɚɡɚɧɨ ɞɚɥɿ. 

 

4.1.1. Ƚɟɨɦɟɬɪɿɹ π-ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɨɬɨɱɟɧɧɹ ɚɬɨɦɚ Cu(I) 

ɍ ɜɫɿɯ ɞɨɫɥɿɞɠɟɧɢɯ ɫɩɨɥɭɤɚɯ ɫɬɚɧ ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ – ɤɭɩɪɭɦɭ(І) – 

ɮɨɪɦɚɥɶɧɨ ɨɩɢɫɭєɬɶɫɹ ɟɥɟɤɬɪɨɧɧɨɸ ɤɨɧɮɿɝɭɪɚɰɿєɸ [Ar]3d104s04p0. 

ɏɚɪɚɤɬɟɪɧɢɦ ɤɨɨɪɞɢɧɚɰɿɣɧɢɦ ɦɧɨɝɨɝɪɚɧɧɢɤɨɦ ɞɥɹ ɬɚɤɨɝɨ ɫɬɚɧɭ ɦɚє ɛɭɬɢ 

ɬɟɬɪɚɟɞɪ, ɚ ɫɚɦ ɚɬɨɦ Cu(I) ɡɞɚɬɧɢɣ ɭɬɜɨɪɸɜɚɬɢ π-ɡɜ’ɹɡɤɢ [91]. ɉɪɨɬɟ ɿɞɟɚɥɶɧɨɝɨ 

ɬɟɬɪɚɟɞɪɢɱɧɨɝɨ ɨɬɨɱɟɧɧɹ ɧɟ ɭɬɜɨɪɸєɬɶɫɹ ɜ ɠɨɞɧɨɦɭ ɤɨɦɩɥɟɤɫɿ, ɛɨ ɦɢ ɦɚєɦɨ 

ɫɩɪɚɜɭ ɡ ɪɿɡɧɢɦɢ ɥɿɝɚɧɞɚɦɢ ɭ ɜɧɭɬɪɿɲɧɿɣ ɤɨɨɪɞɢɧɚɰɿɣɧɿɣ ɫɮɟɪɿ ɚɬɨɦɚ ɦɟɬɚɥɭ, 

ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɞɟɮɨɪɦɚɰɿɣ ɩɨɥɿɟɞɪɚ, ɡɚɬɟ ɡɛɿɥɶɲɭє ɪɿɡɧɨɦɚɧɿɬɬɹ ɫɩɨɥɭɤ ɡ 

ɰɿɤɚɜɢɦɢ ɜɥɚɫɬɢɜɨɫɬɹɦɢ [92]. ȼɯɨɞɠɟɧɧɹ ɧɟɧɚɫɢɱɟɧɨɝɨ ɡɜ’ɹɡɤɭ ɋ=ɋ ɭ 

ɤɨɨɪɞɢɧɚɰɿɣɧɭ ɫɮɟɪɭ Cu(I) ɫɩɪɢɹє π-ɡɜ’ɹɡɭɜɚɧɧɸ Cu(I) – (ɋ=ɋ), ɡɝɿɞɧɨ ɬɟɨɪɿʀ 
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Ⱦɶɸɚɪɚ-ɑɚɬɬɚ-Ⱦɭɧɤɚɧɫɨɧɚ [93]. Ɂɝɿɞɧɨ ɰɿєʀ ɤɨɧɰɟɩɰɿʀ ɡɜ’ɹɡɨɤ ɜ ɨɥɟɮɿɧɨɜɢɯ 

ɦɟɬɚɥɨɤɨɦɩɥɟɤɫɚɯ ɫɤɥɚɞɚєɬɶɫɹ ɡ ɞɜɨɯ ɤɨɦɩɨɧɟɧɬ: 1) (M←L)ı ɞɨɧɨɪɧɨ-

ɚɤɰɟɩɬɨɪɧɨʀ, ɤɨɬɪɚ ɪɟɚɥɿɡɭєɬɶɫɹ ɜ ɪɟɡɭɥɶɬɚɬɿ ɩɟɪɟɤɪɢɜɚɧɧɹ ɡɜ’ɹɡɭɸɱɨʀ ɨɪɛɿɬɚɥɿ 

ɝɪɭɩɢ ɋ=ɋ ɡ ɧɟɡɚɩɨɜɧɟɧɨɸ 4s ɨɪɛɿɬɚɥɥɸ ɤɭɩɪɭɦɭ(І), ɬɚ 2) (M→L)π ɞɚɬɢɜɧɨʀ, 

ɤɨɬɪɚ ɭɬɜɨɪɸєɬɶɫɹ ɜɧɚɫɥɿɞɨɤ ɜɿɞɬɹɝɭɜɚɧɧɹ ɟɥɟɤɬɪɨɧɧɨʀ ɝɭɫɬɢɧɢ ɡ 3d-ɨɪɛɿɬɚɥɟɣ 

ɦɟɬɚɥɭ ɧɚ ɜɚɤɚɧɬɧɭ ɪɨɡɩɭɲɭɸɱɭ ɨɪɛɿɬɚɥɶ ɨɥɟɮɿɧɨɜɨɝɨ ɡɜ’ɹɡɤɭ. Ɍɚɤɢɦ ɱɢɧɨɦ, 

ɜɿɞɛɭɜɚєɬɶɫɹ ɩɟɪɟɪɨɡɩɨɞɿɥ ɟɥɟɤɬɪɨɧɧɨʀ ɝɭɫɬɢɧɢ ɧɚ d-ɨɪɛɿɬɚɥɹɯ ɤɭɩɪɭɦɭ(І), ɳɨ 

ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɨɫɢɥɟɧɧɹ ɡɜ’ɹɡɤɭ Cu-Leq ɿ ɩɨɫɥɚɛɥɟɧɧɹ ɡɜ’ɹɡɤɭ Cu-Lap. əɤ 

ɧɚɫɥɿɞɨɤ, ɜɿɞɛɭɜɚєɬɶɫɹ ɞɟɮɨɪɦɚɰɿɹ ɜɢɯɿɞɧɨɝɨ ɬɟɬɪɚɟɞɪɢɱɧɨɝɨ ɨɬɨɱɟɧɧɹ, 

ɯɚɪɚɤɬɟɪɧɨɝɨ ɞɥɹ ɤɭɩɪɭɦɭ(І) ɜ ɫɬɪɭɤɬɭɪɿ CuCl – ɞɨ ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɨɝɨ 

(ɝɪɚɧɢɱɧɢɣ ɜɢɩɚɞɨɤ – ɩɥɨɫɤɨ-ɬɪɢɝɨɧɚɥɶɧɟ ɨɬɨɱɟɧɧɹ ɰ.ɚ. ɜ ɫɬɪɭɤɬɭɪɚɯ 

ɡɭɫɬɪɿɱɚєɬɶɫɹ ɪɿɞɤɨ). ȼɢɯɨɞɹɱɢ ɡ ɰɶɨɝɨ, ɦɢ ɦɨɠɟɦɨ ɨɰɿɧɸɜɚɬɢ 

ɟɮɟɤɬɢɜɧɿɫɬɶ π-ɡɜ’ɹɡɭɜɚɧɧɹ ɡ ɩɟɜɧɢɯ ɝɟɨɦɟɬɪɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ. Ɍɚɤ, ɫɤɨɪɨɱɟɧɧɹ 

ɜɿɞɫɬɚɧɿ Cu-(ɋ=ɋ) ɜɤɚɡɭє ɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ ı-ɫɤɥɚɞɨɜɨʀ, ɜɢɞɨɜɠɟɧɧɹ ɡɜ’ɹɡɤɭ ɋ=ɋ 

ɬɚ ɩɨɫɥɚɛɥɟɧɧɹ ɡɜ’ɹɡɤɭ Cu-Xap ɚ – ɧɚ ɟɮɟɤɬɢɜɧɿɫɬɶ π-ɫɤɥɚɞɨɜɨʀ. Ⱦɨɞɚɬɤɨɜɨɸ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ π-ɡɜ’ɹɡɭɜɚɧɧɹ ɬɚɤɨɠ ɜɢɫɬɭɩɚє ɜɟɥɢɱɢɧɚ ɜɢɯɨɞɭ ɚɬɨɦɚ ɦɟɬɚɥɭ 

ɡ ɩɥɨɳɢɧɢ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ ɥɿɝɚɧɞɿɜ - ∆, ɹɤɚ ɬɢɦ ɦɟɧɲɚ, ɱɢɦ ɫɢɥɶɧɿɲɚ π-

ɜɡɚєɦɨɞɿɹ, ɚ ɬɚɤɨɠ ɤɭɬ, ɭɬɜɨɪɟɧɢɣ ɡɜ’ɹɡɤɨɦ ɋ=ɋ ɡ ɩɥɨɳɢɧɨɸ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ 

ɥɿɝɚɧɞɿɜ – Ĳ (ɩɪɢ ɟɮɟɤɬɢɜɧɿɣ ɜɡɚєɦɨɞɿʀ ɤɭɬ ɡɚɡɜɢɱɚɣ ɦɟɧɲɢɣ, ɬɚɛɥ. 4.1).  

Ⱦɥɹ ɡɚɥɟɠɧɨɫɬɿ ɜɢɯɨɞɭ ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ ɡ ɩɥɨɳɢɧɢ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ 

ɥɿɝɚɧɞɿɜ (∆) ɜɿɞ ɞɨɜɠɢɧɢ ɤɨɧɬɚɤɬɭ Cu-Xɚɩ ɪɚɧɿɲɟ ɛɭɥɨ ɜɫɬɚɧɨɜɥɟɧɨ ɥɿɧɿɣɧɢɣ 

ɯɚɪɚɤɬɟɪ ɞɥɹ ɪɿɡɧɢɯ ɤɥɚɫɿɜ π-ɤɨɦɩɥɟɤɫɿɜ ɤɭɩɪɭɦɭ(І) [94, 95]. Ɍɚɤɚ 

ɡɚɤɨɧɨɦɿɪɧɿɫɬɶ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɿ ɞɥɹ ɫɢɧɬɟɡɨɜɚɧɢɯ ɫɩɨɥɭɤ 1-22 (ɪɢɫ. 4.1 ɬɚ 4.2). 

Ɉɫɤɿɥɶɤɢ ɞɥɹ ɟɮɟɤɬɢɜɧɨʀ π-ɜɡɚєɦɨɞɿʀ ɧɚɣɤɪɚɳɟ ɩɿɞɯɨɞɢɬɶ ɜɿɥɶɧɚ 4s-ɨɪɛɿɬɚɥɶ 

ɚɬɨɦɚ ɤɭɩɪɭɦɭ(І), ɚ ɝɚɥɨɝɟɧɿɞɧɿ ɫɩɨɥɭɤɢ ɤɭɩɪɭɦɭ ɦɚɸɬɶ ɩɟɜɧɭ ɡɚɥɢɲɤɨɜɭ 

ɟɥɟɤɬɪɨɧɧɭ ɝɭɫɬɢɧɭ ɧɚ 4s-ɨɪɛɿɬɚɥɹɯ, π-ɡɜ’ɹɡɭɜɚɧɧɹ ɭ ɤɨɦɩɥɟɤɫɚɯ ɡ ɿɨɧɧɢɦɢ 

ɫɨɥɹɦɢ ɤɭɩɪɭɦɭ(І) ɫɢɥɶɧɿɲɟ. Ɍɚɤɚ ɡɚɤɨɧɨɦɿɪɧɿɫɬɶ ɞɨɛɪɟ ɩɪɨɫɥɿɞɤɨɜɭєɬɶɫɹ ɭ 

ɿɨɧɧɢɯ ɫɩɨɥɭɤɚɯ Cu(I) (ɨɫɨɛɥɢɜɨ ɡ 2–ɚɥɿɥɚɦɿɧɨ–5–ɦɟɬɢɥ–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ), ɜ 

ɹɤɢɯ ɞɟɮɨɪɦɚɰɿɹ ɬɟɬɪɚɟɞɪɢɱɧɨʀ ɤɨɨɪɞɢɧɚɰɿʀ ɚɬɨɦɚ ɦɟɬɚɥɭ ɞɨ ɬɪɢɝɨɧɚɥɶɧɨ-

ɩɿɪɚɦɿɞɚɥɶɧɨʀ (ɱɢ ɬɪɢɝɨɧɚɥɶɧɨ-ɛɿɩɿɪɚɦɿɞɚɥɶɧɨʀ) є ɧɚɣɛɿɥɶɲ ɫɭɬɬєɜɨɸ. Ɉɬɨɱɟɧɧɹ 
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ɚɬɨɦɚ ɤɭɩɪɭɦɭ(І) ɫɮɨɪɦɨɜɚɧɟ ɡ ɨɥɟɮɿɧɨɜɨɝɨ ɋ=ɋ-ɡɜ’ɹɡɤɭ, ɞɜɨɯ ɚɬɨɦɿɜ N ɞɜɨɯ 

ɫɭɫɿɞɧɿɯ ɬɿɚɞɿɚɡɨɥɶɧɢɯ ɤɿɥɟɰɶ ɜ ɩɥɨɳɢɧɿ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ ɥɿɝɚɧɞɿɜ ɬɚ ɡ 

ɜɿɞɞɚɥɟɧɨɝɨ ɚɬɨɦɚ Lɚɩ ɜ ɚɩɿɤɚɥɶɧɨɦɭ ɩɨɥɨɠɟɧɧɿ.  

əɤ ɩɪɢɤɥɚɞ, ɞɥɹ ɤɨɦɩɥɟɤɫɭ [Cu(L1)BF4] ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɡɧɚɱɧɟ 

ɜɢɞɨɜɠɟɧɧɹ ɨɥɟɮɿɧɨɜɨɝɨ ɡɜ’ɹɡɤɭ ɋ=ɋ ɞɨ 1,371(2) Å, ɚ ɬɚɤɨɠ ɡɨɜɫɿɦ ɧɟɜɟɥɢɤɢɣ 

ɜɢɯɿɞ ɡ ɟɤɜɚɬɨɪɿɚɥɶɧɨʀ ɩɥɨɳɢɧɢ (0,062(2) Å). Ⱦɥɹ ɩɨɪɿɜɧɹɧɧɹ, ɝɚɥɨɝɟɧɿɞɧɢɣ π-

ɤɨɦɩɥɟɤɫ ɡ ɬɢɦ ɠɟ ɥɿɝɚɧɞɨɦ - [Cu2(L1)Cl2] ɩɨɤɚɡɭє ɡɧɚɱɧɨ ɫɥɚɛɲɿ ɩɨɤɚɡɧɢɤɢ – 

1,359(8) Å ɞɥɹ ɩɨɞɜɿɣɧɨɝɨ ɡɜ’ɹɡɤɭ ɬɚ ɜɢɯɿɞ ɭ 0,156 Å, ɬɨɛɬɨ ɭ ɞɪɭɝɨɦɭ ɜɢɩɚɞɤɭ 

π- ɡɜ’ɹɡɭɜɚɧɧɹ ɫɥɚɛɲɟ. Ⱦɨɜɠɢɧɚ ɡɜ’ɹɡɤɿɜ Cu–Lɟɤɜ ɿ Cu–Lɚɩ, ɜɢɯɿɞ ɚɬɨɦɚ ɦɟɬɚɥɭ ɡ 

ɩɥɨɳɢɧɢ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ ɥɿɝɚɧɞɿɜ ɬɚ ɜɢɞɨɜɠɟɧɧɹ ɩɨɞɜɿɣɧɨɝɨ ɡɜ’ɹɡɤɭ ɋ=ɋ, 

ɜɤɚɡɭє ɧɚ ɟɮɟɤɬɢɜɧɭ ɜɡɚєɦɨɞɿɸ Ɇ–(ɋ=ɋ) ɞɥɹ ɛɿɥɶɲɨɫɬɿ ɫɩɨɥɭɤ ɋu(І) ɡ N- ɿ S-

ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ (ɬɚɛɥ. 4.1).  

ɍ ɝɚɥɨɝɟɧɿɞɿɜ ɤɭɩɪɭɦɭ(І), ɹɤɢɦ ɩɪɢɬɚɦɚɧɧɢɣ ɤɨɜɚɥɟɧɬɧɢɣ ɩɨɥɹɪɧɢɣ 

ɡɜ’ɹɡɨɤ Cu–X, ɧɚ 4s ɨɪɛɿɬɚɥɿ є ɞɟɹɤɚ ɟɥɟɤɬɪɨɧɧɚ ɝɭɫɬɢɧɚ < 1, ɳɨ ɜɿɞɛɢɜɚєɬɶɫɹ ɧɚ 

(M←L)ı ɫɤɥɚɞɨɜɿɣ π-ɡɜ’ɹɡɤɭ. ɍ ɰɢɯ ɫɩɨɥɭɤɚɯ ɨɬɨɱɟɧɧɹ ɰɟɧɬɪɚɥɶɧɨɝɨ ɚɬɨɦɚ – 

ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɟ (ɯɨɱ ɿ ɛɥɢɠɱɟ ɞɨ ɬɟɬɪɚɟɞɪɢɱɧɨɝɨ, ɩɨɪɿɜɧɹɧɨ ɿɡ 

ɣɨɧɧɢɦɢ ɤɨɦɩɥɟɤɫɚɦɢ). ȼ ɟɤɜɚɬɨɪɿɚɥɶɧɭ ɩɥɨɳɢɧɭ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɩɨɥɿɟɞɪɚ 

ɞɨɫɥɿɞɠɟɧɢɯ ɫɩɨɥɭɤ ɡɚɜɲɟ ɜɯɨɞɹɬɶ ɋ=ɋ ɡɜ’ɹɡɤɨɤ ɬɚ ɨɞɢɧ ɡ ɚɬɨɦɿɜ ɧɿɬɪɨɝɟɧɭ 

ɚɪɨɦɚɬɢɱɧɨɝɨ ɤɿɥɶɰɹ. Ɍɪɟɬє ɠ ɩɨɥɨɠɟɧɧɹ ɚɥɶɬɟɪɧɚɬɢɜɧɟ: ɣɨɝɨ ɩɨɫɿɞɚє ɿɧɲɢɣ 

ɚɬɨɦ ɧɿɬɪɨɝɟɧɭ ɱɢ ɦɿɫɬɤɨɜɢɣ ɚɬɨɦ ɝɚɥɨɝɟɧɭ. ɍ ɚɩɿɤɚɥɶɧɨɦɭ ɩɨɥɨɠɟɧɧɿ 

ɡɧɚɯɨɞɢɬɶɫɹ ɜɿɞɧɨɫɧɨ ɜɿɞɞɚɥɟɧɢɣ ɚɬɨɦ ɝɚɥɨɝɟɧɭ.  

 ɉɨɪɿɜɧɹɧɨ ɫɥɚɛɲɨɸ π-ɜɡɚєɦɨɞɿєɸ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɤɨɦɩɥɟɤɫ 

[Cu2(L4)I2]2 (18) : ɞɨɜɠɢɧɚ ɤɨɨɪɞɢɧɨɜɚɧɨɝɨ ɡɜ’ɹɡɤɭ ɋ=ɋ ɫɬɚɧɨɜɢɬɶ ɜɫɶɨɝɨ 

1,349(5) Å, ɚɬɨɦ ɦɟɬɚɥɭ ɜɿɞɞɚɥɹєɬɶɫɹ ɡ ɩɥɨɳɢɧɢ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ ɥɿɝɚɧɞɿɜ ɭ 

ɧɚɩɪɹɦɤɭ ɚɩɿɤɚɥɶɧɨɝɨ ɚɬɨɦɚ ɿɨɞɭ ɚɠ ɧɚ 0,54 Å, ɜɢɞɨɜɠɟɧɧɹ Cu–Іap ɧɟɡɧɚɱɧɟ – 

2,7500(5) Å (Cu–Іɟɤɜ – 2,5892(6) Å), ɜɿɞɧɨɫɧɨ ɦɚɥɨɟɮɟɤɬɢɜɧɚ π-ɜɡɚєɦɨɞɿɹ ɿ ɭ 

ɫɩɨɥɭɰɿ [Cu2Cl2(L5)] (ɞɥɹ ɚɬɨɦɚ Cu(I)): ɞɨɜɠɢɧɚ ɋ=ɋ – 1,367(3) Å, Δ = 0,692 Å, 

ɜɢɞɨɜɠɟɧɧɹ Cu–Clɚɩ – 2,353 (2) Å (ɬɚɛɥ. 4.1). 

 Ɂɚɝɚɥɨɦ, ɭ ɿɨɞɢɞɧɢɯ ɤɨɦɩɥɟɤɫɚɯ π-ɜɡɚєɦɨɞɿɹ ɫɥɚɛɲɚ, ɧɿɠ ɭ ɯɥɨɪɢɞɧɢɯ, 

ɳɨ ɩɨɜ’ɹɡɚɧɨ ɡ ɦɟɧɲɨɸ ɩɨɥɹɪɧɿɫɬɸ ɡɜ’ɹɡɤɭ Cu–І ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ Cu–Cl, ɚ ɨɬɠɟ 
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ɛɿɥɶɲɨɸ ɜɟɥɢɱɢɧɨɸ ɡɚɥɢɲɤɨɜɨʀ ɟɥɟɤɬɪɨɧɧɨʀ ɝɭɫɬɢɧɢ ɧɚ 4s ɨɪɛɿɬɚɥɿ (ɯɨɱɚ 

ɨɞɧɨɝɨ ɨɞɟɪɠɚɧɨɝɨ ɿɨɞɢɞɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɡɚɦɚɥɨ ɞɥɹ ɚɞɟɤɜɚɬɧɨɝɨ ɩɨɪɿɜɧɹɧɧɹ). 

Ⱦɥɹ ɬɢɯ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɜɭɡɥɿɜ, ɞɟ ɚɬɨɦ ɝɚɥɨɝɟɧɭ ɏ є ɬɟɪɦɿɧɚɥɶɧɢɦ, 

ɜɢɞɨɜɠɟɧɧɹ ɡɜ’ɹɡɤɭ Cu–Xap ɛɿɥɶɲɟ, ɧɿɠ ɞɥɹ ɬɢɯ, ɞɟ ɏ – ɦɿɫɬɤɨɜɢɣ ɿ ɡ’єɞɧɚɧɢɣ ɡ 

ɿɧɲɢɦ ɚɬɨɦɨɦ ɤɭɩɪɭɦɭ(І). 

Ʌɟɝɤɨ ɛɚɱɢɬɢ ɿɡ ɧɚɜɟɞɟɧɢɯ ɡɚɥɟɠɧɨɫɬɟɣ, ɳɨ ɨɛ’єɞɧɚɧɧɹ ɝɚɥɨɝɟɧɿɞɧɢɯ 

ɤɨɦɩɥɟɤɫɿɜ ɿɡ ɪɿɡɧɢɦɢ ɚɬɨɦɚɦɢ ɝɚɥɨɝɟɧɭ (ɋl ɬɚ І) ɬɚ ɡ ɪɿɡɧɢɦɢ ɥɿɝɚɧɞɚɦɢ (2–

ɚɥɿɥɚɦɿɧɨ–5–ɦɟɬɢɥ–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L1), 2–ɚɥɿɥɬɿɨ–5–ɚɦɿɧɨ–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ 

(L4) ɬɚ 2,5–ɛɿɫ(ɚɥɿɥɬɿɨ)–1,3,4–ɬɿɚɞɿɚɡɨɥɨɦ (L5)) є ɞɨɜɨɥɿ ɥɨɝɿɱɧɢɦ.  

 

 

Ɋɢɫ. 4.1. ȼɡɚєɦɨɡɜ’ɹɡɨɤ ɜɢɯɨɞɭ ɚɬɨɦɚ ɦɟɬɚɥɭ ɡ ɩɥɨɳɢɧɢ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ ɥɿɝɚɧɞɿɜ 

(∆) ɿ ɜɢɞɨɜɠɟɧɧɹ ɡɜ’ɹɡɤɭ d(Cu-Lap) ɞɥɹ ɨɞɟɪɠɚɧɢɯ ɝɚɥɨɝɟɧɿɞɧɢɯ π-ɤɨɦɩɥɟɤɫɿɜ. 

Ɋɿɜɧɹɧɧɹ ɡɚɥɟɠɧɨɫɬɿ: ∆ = 1,940 - 0,591d ;R = -0,712, SD = 0,143. 

 

əɤɳɨ ɞɟɬɚɥɶɧɿɲɟ ɯɚɪɚɤɬɟɪɢɡɭɜɚɬɢ ɡɚɥɟɠɧɿɫɬɶ ɧɚ ɪɢɫ. 4.1, ɬɨ ɜɚɪɬɨ 

ɫɤɚɡɚɬɢ, ɳɨ ɡɧɚɱɟɧɧɹ ɬɚɧɝɟɧɰɿɚɥɶɧɨɝɨ ɤɨɟɮɿɰɿєɬɧɭ ɩɪɹɦɨʀ ɞɚɥɟɤɨ ɧɟ 
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ɟɤɫɬɪɢɦɚɥɶɧɟ [95], ɳɨ ɫɜɿɞɱɢɬɶ, ɳɨ ɚɬɨɦɢ ɝɚɥɨɝɟɧɿɜ ɫɭɬɬєɜɨ ɦɨɞɢɮɿɤɭɸɬɶ 

ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ ɚɬɨɦɿɜ ɤɭɩɪɭɦɭ(І) ɩɿɞ ɫɟɛɟ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ ɧɨɦɿɧɚɥɶɧɨ 

ɿɞɟɧɬɢɱɧɿ ɞɟɧɬɚɬɧɿɫɬɶ ɿ ɯɟɥɚɬɧɨ-ɦɿɫɬɤɨɜɿ ɮɭɧɤɰɿʀ ɜ ɝɚɥɨɝɟɧɿɞɧɢɯ ɬɚ ɣɨɧɧɢɯ π-

ɤɨɦɩɥɟɤɫɚɯ. 

ȼɚɪɬɨ ɜɿɞɦɿɬɢɬɢ ɳɨ ɣɨɞɢɞɧɢɣ ɤɨɦɩɥɟɤɫ (18) (ɩɿɫɥɹ ɡɜɟɞɟɧɧɹ ɞɨ ɨɞɧɨɝɨ 

ɪɚɞɿɭɫɚ ɚɬɨɦɚ ɝɚɥɨɝɟɧɭ) ɧɟ ɜɿɞɯɢɥɹєɬɶɫɹ ɜɿɞ ɡɚɝɚɥɶɧɨʀ ɬɟɧɞɟɧɰɿʀ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ 

ɛɿɥɶɲɭ ɩɨɥɹɪɧɿɫɬɶ ɡɜ’ɹɡɤɭ Cu-І. Ɂ ɬɢɩɨɜɢɯ ɞɥɹ ɞɚɧɨɝɨ ɤɥɚɫɭ ɝɚɥɨɝɟɧɿɞɧɢɯ π-

ɤɨɦɩɥɟɤɫɿɜ ɩɨɤɚɡɧɢɤɿɜ ∆ ≈ 0,5-0,7 Å ɜɢɩɚɞɚє ɥɢɲɟ ɨɞɢɧ ɤɨɦɩɥɟɤɫ [Cu2(L1)Cl2], ɡ 

∆ = 0,156(3) Å ɬɚ ɜɢɞɨɜɠɟɧɧɹɦ ɜɿɞɞɚɥɿ ɞɨ ɚɩɿɤɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɧɹ ɞɨ 2,772(3) Å, 

ɳɨ ɦɨɠɧɚ ɩɨɹɫɧɢɬɢ ɭɬɜɨɪɟɧɧɹɦ ɤɨɦɩɥɟɤɫɧɢɯ ɚɧɿɨɧɿɜ [Cu2Cl4]
2-. 
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Ɋɢɫ. 4.2. ȼɡɚєɦɨɡɜ’ɹɡɨɤ ɜɢɯɨɞɭ ɚɬɨɦɚ ɦɟɬɚɥɭ ɡ ɩɥɨɳɢɧɢ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ ɥɿɝɚɧɞɿɜ 

(∆) ɿ ɜɢɞɨɜɠɟɧɧɹ ɡɜ’ɹɡɤɭ d(Cu-Lap) ɞɥɹ ɨɞɟɪɠɚɧɢɯ ɣɨɧɧɢɯ π-ɤɨɦɩɥɟɤɫɿɜ. 

Ɋɿɜɧɹɧɧɹ ɡɚɥɟɠɧɨɫɬɿ: ∆ = 1,256 - 0,440d ;R = -0,722, SD = -0,065. 

 

ȼɚɠɤɨ ɩɟɪɟɜɿɪɢɬɢ ɞɨɰɿɥɶɧɿɫɬɶ ɩɨɞɿɥɭ ɚɥɿɥɶɧɢɯ ɩɨɯɿɞɧɢɯ 1,3,4-

ɬɿɚɞɿɚɡɨɥɶɧɢɯ π-ɤɨɦɩɥɟɤɫɿɜ ɋu(I) ɡ ɿɨɧɧɢɦɢ ɫɨɥɹɦɢ ɧɚ ɤɿɥɶɤɚ ɝɪɭɩ, ɜ ɡɚɥɟɠɧɨɫɬɿ 

ɜɿɞ ɜɢɤɨɪɢɫɬɨɜɭɜɚɧɨɝɨ ɥɿɝɚɧɞɚ, ɨɫɤɿɥɶɤɢ ɞɥɹ ɛɿɥɶɲɨɫɬɿ ɥɿɝɚɧɞɿɜ ɛɭɞɟ ɥɢɲɟ ɩɨ 

ɩɚɪɿ ɩɪɟɞɫɬɚɜɧɢɤɿɜ, ɬɨɦɭ ɫɩɪɨɛɭєɦɨ ɩɪɨɚɧɚɥɿɡɭɜɚɬɢ ɞɚɧɿ ɞɥɹ ɭɫɿɯ ɨɞɟɪɠɚɧɢɯ 

ɣɨɧɧɢɯ π-ɤɨɦɩɥɟɤɫɿɜ. 

əɤ ɜɿɞɨɦɨ, ɧɚ ɞɨɫɢɬɶ ɟɮɟɤɬɢɜɧɭ π-ɜɡɚєɦɨɞɿɸ ɭ ɤɨɦɩɥɟɤɫɿ ɋu(I) 

ɜɩɥɢɜɚɸɬɶ ɞɜɿ ɫɤɥɚɞɨɜɿ (M←L)ı ɞɨɧɨɪɧɨ-ɚɤɰɟɩɬɨɪɧɨʀ, (M→L)π ɞɚɬɢɜɧɨʀ [96], ɿ 

ɥɢɲɟ ɫɢɧɟɪɝɿɡɦ ɨɛɢɞɜɨɯ ɫɤɥɚɞɨɜɢɯ ɞɚє ɧɚɣɤɪɚɳɿ ɪɟɡɭɥɶɬɚɬɢ. Ⱦɥɹ ɭɫɿɯ 

ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɩɨɥɿɟɞɪɿɜ, ɹɤɿ ɡɧɚɯɨɞɹɬɶ ɜɿɞɨɛɪɚɠɟɧɧɹ ɧɚ ɪɢɫɭɧɤɭ 4.2 ɡɧɚɱɟɧɧɹ 

∆ < 0,35 Å, ɳɨ ɫɜɿɞɱɢɬɶ ɩɪɨ ɩɟɪɟɜɚɠɚɧɧɹ ɬɪɢɝɨɧɚɥɶɧɨ-ɩɿɪɚɦɿɞɚɥɶɧɨɝɨ ɨɬɨɱɟɧɧɹ 

ɧɚɞ ɬɟɬɪɚɟɞɪɢɱɧɢɦ ɭ ɜɫɿɯ ɧɚɜɟɞɟɧɢɯ ɤɨɦɩɥɟɤɫɚɯ ɬɚ ɡɧɚɱɧɭ ɜɟɥɢɱɢɧɭ ɞɚɬɢɜɧɨʀ 

ɫɤɥɚɞɨɜɨʀ π-ɡɜ’ɹɡɭɜɚɧɧɹ. Ɋɚɡɨɦ ɡ ɬɢɦ ɜɚɪɬɨ ɜɿɞɦɿɬɢɬɢ ɩɟɜɧɭ ɫɤɥɚɞɧɿɫɬɶ 

ɨɬɪɢɦɚɧɧɹ ɫɩɨɥɭɤ, ɜ ɹɤɢɯ ɜɨɧɚ ɛɭɥɚ ɛ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚɣɩɨɜɧɿɲɟ. ɏɨɪɨɲɢɦ 
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ɩɪɢɤɥɚɞɨɦ є ɤɨɦɩɥɟɤɫ [Cu2(L1)2]SiF6·{C6H6} (9), ɜ ɹɤɨɦɭ ɚɩɿɤɚɥɶɧɟ ɩɨɥɨɠɟɧɧɹ 

ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɩɨɥɿɟɞɪɚ ɚɬɨɦɚ ɤɭɩɪɭɦɭ(І) ɡɚɣɦɚє ɚɬɨɦ ɮɥɸɨɪɭ 

ɝɟɤɫɚɮɥɸɨɪɫɢɥɿɤɚɬ-ɚɧɿɨɧɭ ɧɚ ɜɿɞɫɬɚɧɿ 2,720(3) Å. Ɂɚɜɞɹɤɢ ɬɚɤɨɦɭ ɫɥɚɛɤɨɦɭ 

ɜɩɥɢɜɭ ɚɩɿɤɚɥɶɧɨɝɨ ɥɿɝɚɧɞɭ ɜɟɥɢɱɢɧɚ ∆ ɫɬɚɧɨɜɢɬɶ ɜɫɶɨɝɨ 0,035 Å, ɳɨ є 

ɫɜɿɞɱɟɧɧɹɦ ɞɭɠɟ ɫɢɥɶɧɨʀ π-ɫɤɥɚɞɨɜɨʀ ɡɜ’ɹɡɭɜɚɧɧɹ. ɉɪɨɬɟ ɞɨɫɹɝɧɭɬɢ ɬɚɤɢɯ 

ɩɨɤɚɡɧɢɤɿɜ ɞɭɠɟ ɧɟɩɪɨɫɬɨ, ɚɞɠɟ ɜ ɩɟɪɟɜɚɠɧɿɣ ɛɿɥɶɲɨɫɬɿ ɿɧɲɢɯ ɨɬɪɢɦɚɧɢɯ 

ɤɨɦɩɥɟɤɫɿɜ ɿɡ Cu2SiF6 ɞɨ ɫɤɥɚɞɭ ɜɤɥɸɱɚєɬɶɫɹ ɩɟɜɧɚ ɤɿɥɶɤɿɫɬɶ ɦɨɥɟɤɭɥ ɜɨɞɢ, ɹɤɿ, 

ɜɧɚɫɥɿɞɨɤ ɭɫɩɿɲɧɨʀ ɤɨɧɤɭɪɟɧɰɿʀ ɡ ɚɬɨɦɨɦ F, ɜɢɬɿɫɧɹɸɬɶ ɚɧɿɨɧ SiF6
2- ɡ 

ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɨɬɨɱɟɧɧɹ ɦɟɬɚɥɿɱɧɨɝɨ ɰɟɧɬɪɭ. ɉɪɢ ɰɶɨɦɭ ɡɧɚɱɟɧɧɹ d(Cu-Lɚɩ) 

ɡɧɚɱɧɨ ɡɧɢɠɭɸɬɶɫɹ, ɿ ɥɟɠɚɬɶ ɜ ɞɿɚɩɚɡɨɧɿ 2,218-2,483 (5), 2,234 ɿ 2,394 (9), 2,364 

ɬɚ 2,386 (15) Å. 

 

4.1.2 ȼɩɥɢɜ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɨɬɨɱɟɧɧɹ Cu(I) ɧɚ ɪɨɡщɟɩɥɟɧɧɹ ɚɬɨɦɿɜ ɭ 
ɫɬɪɭɤɬɭɪɿ 
 Ⱦɥɹ π-ɤɨɨɪɞɢɧɨɜɚɧɢɯ ɚɬɨɦɿɜ ɤɭɩɪɭɦɭ(І) ɯɚɪɚɤɬɟɪɧɟ ɬɪɢɝɨɧɚɥɶɧɨ-

ɩɿɪɚɦɿɞɚɥɶɧɟ ɤɨɨɪɞɢɧɚɰɿɣɧɟ ɨɬɨɱɟɧɧɹ. ɍ ɜɢɩɚɞɤɭ ɧɚɣɟɮɟɤɬɢɜɧɿɲɨʀ π-ɜɡɚєɦɨɞɿʀ 

ɚɬɨɦ ɦɟɬɚɥɭ ɡɧɚɯɨɞɢɬɢɦɟɬɶɫɹ ɩɪɚɤɬɢɱɧɨ ɜ ɩɥɨɳɢɧɿ ɟɤɜɚɬɨɪɿɚɥɶɧɢɯ ɥɿɝɚɧɞɿɜ, ɚ 

ɩɪɢ ʀʀ ɩɨɫɥɚɛɥɟɧɧɿ ɡɧɚɱɧɨ ɩɿɞɧɨɫɢɬɶɫɹ ɧɚɞ ɨɫɧɨɜɨɸ ɩɨɥɿɟɞɪɚ. ɉɪɢ ɰɶɨɦɭ, ɜ ɪɚɡɿ 

ɫɩɪɢɹɬɥɢɜɨɝɨ ɩɪɨɫɬɨɪɨɜɨɝɨ ɪɨɡɬɚɲɭɜɚɧɧɹ, ɿɧɲɢɣ ɥɿɝɚɧɞ, ɳɨ ɡɧɚɯɨɞɢɬɶɫɹ ɡ 

ɩɪɨɬɢɥɟɠɧɨɝɨ ɛɨɤɭ ɜɿɞ ɟɤɜɚɬɨɪɿɚɥɶɧɨʀ ɩɥɨɳɢɧɢ ɦɨɠɟ ɜɤɥɸɱɚɬɢɫɶ ɜ 

ɤɨɨɪɞɢɧɚɰɿɣɧɢɣ ɦɧɨɝɨɝɪɚɧɧɢɤ, ɬɪɚɧɫɮɨɪɦɭɸɱɢ ɬɪɢɝɨɧɚɥɶɧɭ ɩɿɪɚɦɿɞɭ ɜ 

ɛɿɩɿɪɚɦɿɞɭ [97], ɹɤɚ, ɡɨɤɪɟɦɚ, ɯɚɪɚɤɬɟɪɧɚ ɞɥɹ ɨɬɨɱɟɧɧɹ ɣɨɧɿɜ Cu2+ ɭ ɜɨɞɧɢɯ 

ɪɨɡɱɢɧɚɯ [98]. 

 Ɍɚɤɟ ɩɟɪɟɬɜɨɪɟɧɧɹ ɜɿɞɛɭɜɚєɬɶɫɹ, ɧɚɩɪɢɤɥɚɞ, ɭ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ 

[Cu2(L4)2(H2O)(SiF6)]·CH3CN·H2O (15). ȿɤɜɚɬɨɪɿɚɥɶɧɭ ɩɥɨɳɢɧɭ 

ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɨɬɨɱɟɧɧɹ ɚɬɨɦɚ Cu(2) ɮɨɪɦɭɸɬɶ ɞɜɚ ɚɬɨɦɢ ɧɿɬɪɨɝɟɧɭ ɞɜɨɯ 

ɫɭɫɿɞɧɿɯ 1,3,4-ɬɿɚɞɿɚɡɨɥɶɧɢɯ ɰɢɤɥɿɜ ɬɚ ɨɥɟɮɿɧɨɜɢɣ ɡɜ'ɹɡɨɤ ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ. 

Ⱥɩɿɤɚɥɶɧɿ ɩɨɥɨɠɟɧɧɹ ɩɨɫɿɞɚɸɬɶ, ɡ ɨɞɧɨɝɨ ɛɨɤɭ, ɦɿɫɬɤɨɜɢɣ ɚɬɨɦ Ɉ ɦɨɥɟɤɭɥɢ 

ɜɨɞɢ, ɚ ɡ ɿɧɲɨɝɨ – ɫɥɚɛɨɤɨɨɪɞɢɧɨɜɚɧɢɣ ɚɬɨɦ F ɝɟɤɫɚɮɥɸɨɪɫɢɥɿɤɚɬ-ɚɧɿɨɧɭ. Ɍɚɤɚ 

ɤɨɨɪɞɢɧɚɰɿɣɧɚ ɩɨɜɟɞɿɧɤɚ ɜɢɤɥɢɤɚє ɡɧɚɱɧɟ ɧɚɩɪɭɠɟɧɧɹ ɭ ɫɬɪɭɤɬɭɪɿ, ɩɥɨɳɢɧɢ 
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ɬɿɚɞɿɚɡɨɥɶɧɢɯ ɤɿɥɟɰɶ ɭɬɜɨɪɸɸɬɶ ɞɜɨɝɪɚɧɧɢɣ ɤɭɬ ɭ 28,3(1)º (ɞɥɹ ɩɨɪɿɜɧɹɧɧɹ, ɜ 

ɫɬɪɭɤɬɭɪɿ ɿɧɲɨɝɨ ɤɨɦɩɥɟɤɫɭ, ɩɨɯɿɞɧɨɝɨ ɜɿɞ [Cu2SiF6] – 9 – ɜɨɧɢ ɥɟɠɚɬɶ ɜ ɨɞɧɿɣ 

ɩɥɨɳɢɧɿ). Ɍɚɤɢɣ ɫɬɚɧ ɧɟ є ɧɚɞɬɨ ɫɬɚɛɿɥɶɧɢɦ, ɿ ɱɟɪɟɡ ɰɟ ɜɿɞɛɭɜɚєɬɶɫɹ 

ɪɨɡɳɟɩɥɟɧɧɹ ɚɬɨɦɚ Cu(2) ɧɚ ɞɜɚ ɩɨɥɨɠɟɧɧɹ: Cu(2A) ɬɚ Cu(2B) (ɡɿ 

ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ *ɄɁɉ 0,88:0,12), π-ɤɨɨɪɞɢɧɨɜɚɧɿ ɚɥɿɥɶɧɿ ɝɪɭɩɢ ɪɨɡɳɟɩɥɸɬɶɫɹ 

ɚɧɚɥɨɝɿɱɧɨ, ɱɟɪɟɡ ɳɨ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɭɹɜɧɟ ɫɤɨɪɨɱɟɧɧɹ ɨɥɟɮɿɧɨɜɨɝɨ ɡɜ’ɹɡɤɭ. 

ɉɪɢ ɰɶɨɦɭ, ɡɚɜɞɹɤɢ ɝɧɭɱɤɨɫɬɿ ɦɨɥɟɤɭɥ ɥɿɝɚɧɞɿɜ ɜɢɯɿɞɧɢɣ ɞɢɦɟɪ 

{Cu2(L4)2(Ɉɇ2)}
2+ ɞɟɮɨɪɦɭєɬɶɫɹ, ɚɥɟ ɩɪɨɞɨɜɠɭє ɿɫɧɭɜɚɬɢ (Ɋɢɫ. 4.3). ȼɿɞɩɨɜɿɞɧɨ, 

ɨɞɧɚ ɬɪɢɝɨɧɚɥɶɧɚ-ɛɿɩɿɪɚɦɿɞɚ ɪɨɡɞɿɥɹєɬɶɫɹ ɧɚ ɞɜɿ ɡɜɢɱɧɿ ɬɪɢɝɨɧɚɥɶɧɿ ɩɿɪɚɦɿɞɢ. 

Ɍɚɤɚ ɤɨɧɤɭɪɟɧɰɿɹ ɚɩɿɤɚɥɶɧɢɯ ɥɿɝɚɧɞɿɜ ɡɚ ɦɿɫɰɟ ɭ ɤɨɨɪɞɢɧɚɰɿɣɧɨɦɭ ɨɬɨɱɟɧɧɿ 

ɦɟɬɚɥɭ ɫɩɪɢɹє ɩɨɹɜɿ ɫɥɚɛɤɨɝɨ ɡɜ’ɹɡɤɭ Cu(2B)–F(1) 2,833(16) Å, ɞɨɜɠɢɧɚ ɹɤɨɝɨ 

ɛɿɥɶɲɚ ɧɿɠ CuI–F 2,44 Å ɜ [Cu2(Abtr)2(H2O)2SiF6]·2H2O [38] ɿ ɧɚɜɿɬɶ ɞɟɳɨ ɛɿɥɶɲɚ 

ɧɿɠ CuI–F 2,72 Å ɭ ɤɨɦɩɥɟɤɫɿ 9, ɚɥɟ ɦɟɧɲɚ ɧɿɠ ɫɭɦɚ ɜɚɧɞɟɪɜɚɥɶɫɨɜɢɯ ɪɚɞɿɭɫɿɜ 

(2,87 Å). Ɍɚɤɚ ɜɡɚєɦɨɞɿɹ ɬɚɤɨɠ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɡɧɢɠɟɧɧɹ 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» (ɬɚɛɥ. Ⱥ15). Ʉɭɬ ɦɿɠ 

ɚɤɫɿɚɥɶɧɢɦɢ ɥɿɝɚɧɞɚɦɢ F-Cu-O ≈173º ɬɚ ɝɟɨɦɟɬɪɿɹ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɩɨɥɿɟɞɪɿɜ 

ɫɜɿɞɱɚɬɶ ɩɪɨ ɡɜ’ɹɡɭɸɱɢɣ ɯɚɪɚɤɬɟɪ ɫɥɚɛɤɢɯ ɜɡɚєɦɨɞɿɣ. 

 

Ɋɢɫ. 4.3. Ɋɨɡɳɟɩɥɟɧɧɹ ɚɬɨɦɚ Cu(1) ɭ ɫɬɪɭɤɬɭɪɿ 15. 

                                           
* ɄɁɉ – ɤɨɟɮɿɰɿєɧɬ ɡɚɩɨɜɧɟɧɧɹ ɩɪɚɜɢɥɶɧɨʀ ɫɢɫɬɟɦɢ ɬɨɱɨɤ 
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ɋɯɨɠɢɦ ɱɢɧɨɦ ɩɨɜɨɞɹɬɶ ɫɟɛɟ ɚɬɨɦɢ ɦɟɬɚɥɭ ɭ ɫɬɪɭɤɬɭɪɿ ɤɨɦɩɥɟɤɫɭ 

[Cu2(L4)2(H2O)(NO3)2] (16). ȼ ɞɚɧɿɣ ɫɩɨɥɭɰɿ ɬɟɠ ɭɬɜɨɪɸєɬɶɫɹ ɞɢɦɟɪ 

{Cu2(L4)2}
2+, ɹɤɢɣ ɞɨɩɨɜɧɸєɬɶɫɹ, ɡ ɨɞɧɨɝɨ ɛɨɤɭ, ɦɿɫɬɤɨɜɨɸ ɦɨɥɟɤɭɥɨɸ ɜɨɞɢ, 

ɬɨɞɿ ɹɤ ɡ ɿɧɲɨɝɨ ɛɨɤɭ ɟɤɜɚɬɨɪɿɚɥɶɧɨʀ ɩɥɨɳɢɧɢ ɄɆ ɡɧɚɯɨɞɹɬɶɫɹ ɚɤɫɿɚɥɶɧɿ ɧɿɬɪɚɬ-

ɚɧɿɨɧɢ (ɪɢɫ. 4.4). ȼɿɞɩɨɜɿɞɧɨ, ɭɠɟ ɞɜɚ ɣɨɧɢ ɤɭɩɪɭɦɭ(І) ɬɚ ɡɜ’ɹɡɚɧɿ ɡ ɧɢɦɢ ɚɥɿɥɶɧɿ 

ɝɪɭɩɢ ɪɨɡɳɟɩɥɸɸɬɶɫɹ ɧɚ ɞɜɚ ɩɨɥɨɠɟɧɧɹ ɤɨɠɟɧ: (Cu(1A):Cu(1B) (0,765:0,235) 

ɬɚ Cu(2A):Cu(2B) (0,794:0,206).  

Ⱦɥɹ ɩɚɪɢ Cu(1A) ɬɚ Cu(2A) ɚɩɿɤɚɥɶɧɿ ɩɨɥɨɠɟɧɧɹ ɡɚɣɧɹɬɿ ɫɥɚɛɤɨ 

ɤɨɨɪɞɢɧɨɜɚɧɢɦɢ ɚɬɨɦɚɦɢ ɨɤɫɢɝɟɧɭ ɚɧɿɨɧɿɜ NO3
- (2,442(3) ɬɚ 2,539(3) Å, 

ɜɿɞɩɨɜɿɞɧɨ). Ⱦɥɹ ɞɜɨɯ ɿɧɲɢɯ ɩɨɥɨɠɟɧɶ ɤɭɩɪɭɦɭ(І), ɚ ɫɚɦɟ Cu(1B) ɬɚ Cu(2B) 

ɚɩɿɤɚɥɶɧɚ ɩɨɡɢɰɿɹ ɡɚɣɧɹɬɚ ɨɞɧɿєɸ ɦɿɫɬɤɨɜɨɸ ɦɨɥɟɤɭɥɨɸ ɜɨɞɢ. ȼɿɞɩɨɜɿɞɧɿ 

ɜɿɞɫɬɚɧɿ ɫɬɚɧɨɜɥɹɬɶ 2,835(3) ɿ 2,767(2) Å, ɬɚ є ɜɿɞɱɭɬɧɨ ɛɿɥɶɲɢɦɢ, ɧɿɠ 

ɮɨɪɦɚɥɶɧɚ ɦɚɤɫɢɦɚɥɶɧɚ ɜɿɞɫɬɚɧɶ (2,63 Å) [91] ɞɥɹ ɜɡɚєɦɨɞɿʀ Cu—Oap (ɭ ɜɢɩɚɞɤɭ 

ɤɭɩɪɭɦ(I) π-ɤɨɦɩɥɟɤɫɿɜ ɡ ɚɥɿɥɶɧɢɦɢ ɩɨɯɿɞɧɢɦɢ ɝɟɬɟɪɨɰɢɤɥɿɜ), ɚɥɟ ɞɟɳɨ ɦɟɧɲɿ, 

ɧɿɠ ɫɭɦɚ ɧɨɦɿɧɚɥɶɧɢɯ ɜɚɧɞɟɪɜɚɥɶɫɨɜɢɯ ɪɚɞɿɭɫɿɜ  - 2,92 Å [80].  

 

Ɋɢɫ. 4.4. Ɋɨɡɳɟɩɥɟɧɧɹ ɚɬɨɦɚ Cu(1) ɭ ɫɬɪɭɤɬɭɪɿ 16. 
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4.2. Ɋɚɦɚɧɿɜɫьɤɿ ɫɩɟɤɬɪɢ ɬɚ DFT ɪɨɡɪɚɯɭɧɤɢ ɝɟɨɦɟɬɪɢɱɧɨʀ ɨɩɬɢɦɿɡɚɰɿʀ 
ɤɨɦɩɥɟɤɫɭ. 

Ɋɚɦɚɧɿɜɫɶɤɿ ɫɩɟɤɬɪɢ ɫɩɨɥɭɤɢ 5 ɬɚ ɱɢɫɬɨɝɨ ɥɿɝɚɧɞɭ (L1) ɧɚɜɟɞɟɧɿ ɧɚ 

ɪɢɫɭɧɤɭ 4.5, ɚɧɚɥɨɝɿɱɧɿ ɫɩɟɤɬɪɢ ɞɥɹ 6 – ɪɢɫ. 4.6. ɇɟɡɜɚɠɚɸɱɢ ɧɚ ɬɟ, ɳɨ ɫɩɟɤɬɪ 

ɧɚɜɿɬɶ ɫɚɦɨɝɨ ɥɿɝɚɧɞɭ L1 є ɞɨɫɢɬɶ ɫɤɥɚɞɧɢɦ, ɩɨɪɿɜɧɸɸɱɢ ɣɨɝɨ ɡɿ ɫɩɟɤɬɪɚɦɢ 

ɜɿɞɩɨɜɿɞɧɢɯ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɪɹɞ ɜɢɫɧɨɜɤɿɜ.  

Ʉɨɥɢɜɚɥɶɧɿ ɫɦɭɝɢ ɩɪɢ 405 ɬɚ 685 ɫɦ-1 ɜ ɫɩɟɤɬɪɿ 5 ɧɟ ɩɪɢɫɭɬɧɿ ɜ ɫɩɟɤɬɪɿ 

ɥɿɝɚɧɞɭ, ɚ ɨɬɠɟ ɦɨɠɭɬɶ ɛɭɬɢ ɩɪɢɩɢɫɚɧɿ ɨɤɬɚɟɞɪɢɱɧɨɦɭ [SiF6]
2 ɚɧɿɨɧɭ. Ⱦɪɭɝɚ 

ɫɦɭɝɚ (685 ɫɦ-1) є ɧɚɫɥɿɞɤɨɦ ɫɢɦɟɬɪɢɱɧɨɝɨ ɜɚɥɟɧɬɧɨɝɨ (1), ɚ ɩɟɪɲɚ (405 ɫɦ-1) 

ɚɫɢɦɟɬɪɢɱɧɨɝɨ (2) ɤɨɥɢɜɚɧɧɹ SiF6
2- ɝɪɭɩɢ. ȼ [(C2H5)NH3]2SiF6, ɜɿɞɩɨɜɿɞɧɿ 

ɫɦɭɝɢ ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɩɪɢ 395 ɬɚ 665 ɫɦ-1 [99].  

ɋɦɭɝɢ ɜɚɥɟɧɬɧɢɯ ɤɨɥɢɜɚɧɶ O-H (ɛɿɥɹ 3000 ɫɦ-1) ɜ 5 ɩɟɪɟɤɪɢɜɚɸɬɶɫɹ ɡ 

ɤɨɥɢɜɚɧɧɹɦɢ ɝɪɭɩ C-H ɤɨɨɪɞɢɧɨɜɚɧɨɝɨ ɥɿɝɚɧɞɭ. Ɋɟɲɬɚ ɤɨɥɢɜɚɥɶɧɢɯ ɫɦɭɝ 

ɦɨɠɧɚ ɩɪɢɩɢɫɚɬɢ ɥɿɝɚɧɞɭ, ɞɥɹ ɹɤɨɝɨ ɧɚɣɛɿɥɶɲ ɜɚɠɥɢɜɚ ɫɦɭɝɚ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ 

ɩɪɢ 1545 ɫɦ-1. ɐɹ ɫɦɭɝɚ ɜɢɧɢɤɚє ɜɧɚɫɥɿɞɨɤ ɜɿɛɪɚɰɿɣ ɤɨɨɪɞɢɧɨɜɚɧɨɝɨ ɞɨ ɣɨɧɭ 

ɤɭɩɪɭɦɭ(І) ɨɥɟɮɿɧɨɜɨɝɨ ɡɜ’ɹɡɤɭ C=C ɚɥɿɥɶɧɨʀ ɝɪɭɩɢ [100]. ɍ ɱɢɫɬɨɦɭ ɥɿɝɚɧɞɿ  

ɡɜ’ɹɡɭɸɱɿ ɤɨɥɢɜɚɧɧɹ ɡɜ’ɹɡɤɭ C=C ɫɩɨɫɬɟɪɿɝɚɸɬɶɫɹ ɩɪɢ 1637 ɫɦ-1, ɪɿɡɧɢɰɹ 

ɫɤɥɚɞɚє 92 ɫɦ-1. ɐɟ ɞɟɳɨ ɦɟɧɲɟ, ɧɿɠ ɡɧɢɠɟɧɧɹ ɱɚɫɬɨɬɢ ɜɿɞɩɨɜɿɞɧɨʀ ɫɦɭɝɢ (100 

ɫɦ-1) ɜ ɤɭɩɪɭɦ(I) π-ɤɨɦɩɥɟɤɫɚɯ ɡ ɟɬɢɥɟɧɨɦ [101]. 
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Ɋɢɫ. 4.5. Ɋɚɦɚɧɿɜɫɶɤɢɣ ɫɩɟɤɬɪ ɤɨɦɩɥɟɤɫɭ 5 ɬɚ ɱɢɫɬɨɝɨ L1. 

 

ɋɦɭɝɢ ɩɪɢ 315, 353, 573, 760 ɬɚ 1030 ɫɦ-1, ɳɨ ɧɚɹɜɧɿ ɜ ɄɊ-ɫɩɟɤɬɪɿ 

ɤɨɦɩɥɟɤɫɭ 6 ɜɿɞɫɭɬɧɿ ɭ ɫɩɟɤɬɪɿ ɥɿɝɚɧɞɭ, ɚ ɨɬɠɟ ɦɨɠɭɬɶ ɛɭɬɢ ɩɪɢɩɢɫɚɧɿ ɬɪɢɮɥɚɬ-

ɚɧɿɨɧɭ.  

ɋɦɭɝɚ ɩɪɢ 760 ɫɦ-1 ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ C-F ɫɢɦɟɬɪɢɱɧɢɯ ɞɟɮɨɪɦɚɰɿɣɧɢɯ 

ɤɨɥɢɜɚɧɶ s(CF3). ȼ (PEO)3LiCF3SO3 (PEO – (ɩɨɥɿ(ɟɬɢɥɟɧɨɤɫɢɞ)), ɜɿɞɩɨɜɿɞɧɚ 

ɫɦɭɝɚ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɩɪɢ 766 ɫɦ-1 [68]. 

ɋɦɭɝɚ ɩɪɢ 1030 ɫɦ-1 ɦɨɠɟ ɛɭɬɢ ɩɪɢɩɢɫɚɧɚ ɫɢɦɟɬɪɢɱɧɢɦ ɜɚɥɟɧɬɧɢɦ 

ɤɨɥɢɜɚɧɧɹɦ s(S-O) ɬɪɢɮɥɚɬ-ɚɧɿɨɧɭ, ɬɨɱɧɨ ɩɪɢ ɬɿɣ ɠɟ ɱɚɫɬɨɬɿ ʀʀ ɫɩɨɫɬɟɪɿɝɚɥɢ ɜ 

ɪɨɡɱɢɧɿ ɬɪɢɮɥɚɬɭ ɚɪɝɟɧɬɭɦɭ ɜ DMF/ɚɤɪɢɥɨɧɿɬɪɢɥ [102]. ɋɦɭɝɢ ɩɪɢ 315, 353 ɬɚ 

573 ɫɦ-1 ɜɢɤɥɢɤɚɧɿ C-S ɜɚɥɟɧɬɧɢɦ, SO3 ɫɢɦɟɬɪɢɱɧɢɦ ɬɚ CF3 ɚɧɬɢɫɢɦɟɬɪɢɱɧɢɦ 

ɞɟɮɨɪɦɚɰɿɣɧɢɦɢ ɤɨɥɢɜɚɧɧɹɦɢ ɜɿɞɩɨɜɿɞɧɨ. 

ȼɿɞɩɨɜɿɞɧɿ ɫɦɭɝɢ ɜ ɬɜɟɪɞɨɦɭ NO2CF3SO3 ɫɩɨɫɬɟɪɿɝɚɥɢɫɶ ɩɪɢ 322-324, 353-

356 ɿ 574-578 ɫɦ-1 [103] ȼɚɥɟɧɬɧɿ ɤɨɥɢɜɚɧɧɹ ɡɜ’ɹɡɤɭ C=C ɬɚɤɨɠ ɡɦɿɳɟɧɿ ɞɨ 1545 

ɫɦ-1. ɇɚ ɨɫɧɨɜɿ ɜɢɳɟɡɚɡɧɚɱɟɧɨɝɨ, ɦɨɠɧɚ ɞɿɣɬɢ ɜɢɫɧɨɜɤɭ, ɳɨ ɜɡɚєɦɨɞɿɹ Cu+-
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(C=C) є ɜɟɥɶɦɢ ɫɢɥɶɧɨɸ ɜ ɨɛɨɯ ɤɨɦɩɥɟɤɫɚɯ, ɳɨ ɞɨɛɪɟ ɭɡɝɨɞɠɭєɬɶɫɹ ɿɡ 

ɫɬɪɭɤɬɭɪɧɢɦɢ ɞɚɧɢɦɢ. 
 

 

Ɋɢɫ. 4.6. Ɋɚɦɚɧɿɜɫɶɤɢɣ ɫɩɟɤɬɪ ɤɨɦɩɥɟɤɫɭ 6 ɬɚ ɱɢɫɬɨɝɨ L1. 

 

ɍ ɫɤɥɚɞɿ ɤɨɦɩɥɟɤɫɭ 13 (ɿɦɨɜɿɪɧɚ ɫɯɟɦɚ ɭɬɜɨɪɟɧɧɹ ɹɤɨɝɨ ɧɚɜɟɞɟɧɚ ɧɚ 

ɪɢɫɭɧɤɭ 4.7) ɚɧɿɨɧɨɦ ɜɢɫɬɭɩɚє ɚɡɚɧɿɞɧɢɣ ɞɟɩɪɨɬɨɧɨɜɚɧɢɣ ɥɿɝɚɧɞ, ɳɨ ɫɩɪɨɳɭє 

ɩɪɢɜ’ɹɡɤɭ ɫɦɭɝ. ɇɚɣɜɢɳɚ ɡ ɧɢɯ ɡɧɚɯɨɞɢɬɶɫɹ ɩɪɢ 1509 ɫɦ-1 ɬɚ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ 

ɜɚɥɟɧɬɧɢɯ 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 (Ɋɢɫ. 4.8); ɡɦɿɳɟɧɧɹ ɧɚ 4 ɫɦ-1
 ɞɨ 

ɧɢɠɱɢɯ ɱɚɫɬɨɬ ɿɦɨɜɿɪɧɨ ɩɨɹɫɧɸєɬɶɫɹ ɜɩɥɢɜɨɦ ɤɪɢɫɬɚɥɿɱɧɨɝɨ ɩɨɥɹ. 
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Ɋɢɫ. 4.7. Іɦɨɜɿɪɧɚ ɫɯɟɦɚ ɭɬɜɨɪɟɧɧɹ ɤɨɦɩɥɟɤɫɭ 13. 

 

Ɉɞɟɪɠɚɧɚ ɫɬɪɭɤɬɭɪɚ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɚɫɶ ɞɥɹ ɩɨɪɿɜɧɹɧɧɹ ɡ ɪɟɡɭɥɶɬɚɬɨɦ 

ɪɨɡɪɚɯɭɧɤɿɜ. Ɍɚɛɥɢɰɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɿ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɱɚɫɬɨɬ-

ɿɧɬɟɧɫɢɜɧɨɫɬɟɣ, ɚ ɬɚɤɨɠ ɪɢɫɭɧɤɢ ɩɨɪɿɜɧɹɧɧɹ ɜɿɞɩɨɜɿɞɧɢɯ ɜɚɪɿɚɧɬɿɜ ɝɟɨɦɟɬɪɿɣ 

ɧɚɜɟɞɟɧɿ ɜ ɞɨɞɚɬɤɭ Ƚ. ȼɚɪɬɨ ɜɿɞɦɿɬɢɬɢ ɜɿɞɫɭɬɧɿɫɬɶ ɭɹɜɧɢɯ ɱɚɫɬɨɬ, ɳɨ ɜɤɚɡɭє ɧɚ 

ɩɪɚɜɢɥɶɧɢɣ ɜɢɛɿɪ ɫɬɚɰɿɨɧɚɪɧɨʀ ɬɨɱɤɢ. ɋɥɿɞ ɬɚɤɨɠ ɩɿɞɤɪɟɫɥɢɬɢ, ɳɨ ɜɿɞɦɿɧɧɿɫɬɶ ɭ 

ɤɿɥɶɤɨɫɬɿ ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɫɦɭɝ ɦɿɠ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɦɢ ɬɚ ɪɨɡɪɚɯɨɜɚɧɢɦɢ 

ɫɩɟɤɬɪɚɦɢ ɿɦɨɜɿɪɧɨ ɫɩɪɢɱɢɧɟɧɟ ɧɚɞɬɨ ɧɢɡɶɤɢɦɢ ɿɧɬɟɧɫɢɜɧɨɫɬɹɦɢ ɞɟɹɤɢɯ ɩɿɤɿɜ, 

ɿ ɰɟ ɪɨɛɢɬɶ ɧɟɦɨɠɥɢɜɢɦ ɜɢɞɿɥɢɬɢ ʀɯ ɡ ɮɨɧɭ. 
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Ɋɢɫ. 4.8. Ɋɚɦɚɧɿɜɫɶɤɢɣ ɫɩɟɤɬɪ ɤɨɦɩɥɟɤɫɭ 13 ɬɚ ɱɢɫɬɨɝɨ L2. 

 

 

ɐɿɤɚɜɨɸ ɨɫɨɛɥɢɜɿɫɬɸ ɤɨɦɩɥɟɤɫɭ 13 є ɞɟɳɨ ɛɿɥɶɲɚ ɞɨɜɠɢɧɚ ɡɜ’ɹɡɤɭ ɜ 

ɨɩɬɢɦɿɡɨɜɚɧɿɣ ɝɟɨɦɟɬɪɿʀ (1,336 Å) ɩɨɪɿɜɧɹɧɨ ɡ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɸ (1,317(6) Å) 

(ɬɚɛɥ. Ƚ3, ɪɢɫ. 4.9). Ɍɚɤɟ ɭɹɜɧɟ ɫɤɨɪɨɱɟɧɧɹ ɞɨɜɠɢɧɢ ɧɟɤɨɨɪɞɢɧɨɜɚɧɨɝɨ 

ɨɥɟɮɿɧɨɜɨɝɨ ɡɜ’ɹɡɤɭ ɿɦɨɜɿɪɧɨ є ɧɚɫɥɿɞɤɨɦ ɥɟɝɤɨɝɨ ɪɨɡɭɩɨɪɹɞɤɭɜɚɧɧɹ ɚɥɿɥɶɧɨʀ 

ɝɪɭɩɢ ɭ ɤɪɢɫɬɚɥɿ. 
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Ɋɢɫ. 4.9. ɉɨɪɿɜɧɹɧɧɹ ɜɫɬɚɧɨɜɥɟɧɨʀ ɬɚ ɪɨɡɪɚɯɨɜɚɧɨʀ ɫɬɪɭɤɬɭɪ ɞɥɹ 13. 

 

4.3. ȼɩɥɢɜ ɜɨɞɧɟɜɢɯ ɡɜɹɡɤɿɜ ɧɚ ɫɬɟɪɟɨɯɿɦɿɸ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɫɩɨɥɭɤ ɡ 
ɚɥɿɥьɧɢɦɢ ɩɨɯɿɞɧɢɦɢ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ. 

ȼɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɬɚ ʀɯ ɜɩɥɢɜ ɧɚ ɛɭɞɨɜɭ ɿ ɜɥɚɫɬɢɜɨɫɬɿ ɛɿɥɶɲɨɫɬɿ ɫɩɨɥɭɤ, 

ɞɨɫɥɿɞɠɭɸɬɶɫɹ ɧɟ ɬɚɤ ɞɚɜɧɨ  [104-106]. Ⱦɥɹ ɪɹɞɭ ɹɜɢɳ ɫɚɦɟ ɰɿ ɤɨɧɬɚɤɬɢ ɱɚɫɬɨ 

ɦɚɸɬɶ ɜɢɪɿɲɚɥɶɧɭ ɪɨɥɶ, ɡɨɤɪɟɦɚ ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɧɚɩɪɹɦɤɿɜ ɤɚɬɚɥɿɬɢɱɧɢɯ 

ɩɪɨɰɟɫɿɜ [107, 108] ɱɢ ɩɿɞɜɢɳɟɧɧɸ ɫɬɿɣɤɨɫɬɿ ɬɚ ɫɬɚɛɿɥɿɡɚɰɿʀ ɫɬɪɭɤɬɭɪ, ɞɟ ɜɨɧɢ 

ɞɿɸɬɶ ɩɨɪɹɞ ɿɡ ɬɚɤɢɦɢ ɜɡɚєɦɨɞɿɹɦɢ, ɹɤ π-π ɫɬɟɤɿɧɝ ɬɚ π-ɡɜ’ɹɡɤɢ [109]. 

ɉɨɩɟɪɟɞɧɿɣ ɚɧɚɥɿɡ ɫɬɪɭɤɬɭɪ ɫɩɨɥɭɤ ɩɨɤɚɡɚɜ, ɳɨ ɜ ɩɟɪɟɜɚɠɧɿɣ ɛɿɥɶɲɨɫɬɿ 

ɫɢɧɬɟɡɨɜɚɧɢɯ ɤɨɦɩɥɟɤɫɿɜ ɧɚɹɜɧɿ ɜɨɞɧɟɜɿ ɤɨɧɬɚɤɬɢ (ɬɚɛɥ. 4.2), ɤɨɬɪɿ, ɯɨɱ ɿ ɧɟ 

ɛɟɪɭɬɶ ɛɟɡɩɨɫɟɪɟɞɧɶɨʀ ɭɱɚɫɬɿ ɜ ɤɨɨɪɞɢɧɚɰɿʀ ɦɟɬɚɥɿɱɧɨɝɨ ɰɟɧɬɪɭ, ɩɪɨɬɟ ɜɿɞɱɭɬɧɨ 

ɜɩɥɢɜɚɸɬɶ ɧɚ ɛɭɞɨɜɭ ɪɟɡɭɥɶɬɭɸɱɨʀ ɫɬɪɭɤɬɭɪɢ. 



124 

 

Тɚɛɥɢɰɹ 4.2 

ȼɢɛɪɚɧɿ ɜɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɭ ɫɬɪɭɤɬɭɪɚɯ ɨɞɟɪɠɚɧɢɯ π-ɤɨɦɩɥɟɤɫɿɜ 

Ⱥɬɨɦɢ ȼɿɞɫɬɚɧɿ Ʉɭɬɢ 

D−H···A D···H H···A D···A D−H···A 

2 

N2—H2···F2 0,87 1,95 2,787 (2) 160 

N2—H2···F3 0,87 2,53 3,242 (2) 140 

C3—H3B···F4 0,99 2,53 3,490 (2) 162 

3 

N2—H22···Ɉ4i 0,87 2,04 2,863 (2) 159 

N2—H22···Ɉ3i 0,87 2,68 3,406 (2) 143 

4 

N2—H2···O1 0,80 2,32 3,034 (3) 150 

N2—H2···O2 0,80 2,24 2,970 (3) 152 

5 

O1−H1A···O7 0,96 2,07 3,022(8) 169 

O1−H1B···F25 0,97 1,85 2,777(8) 160 

O2–H2B···F13 0,96 1,94 2,737(8) 138 

O3−H3A···O4 0,96 1,99 2,736(8) 133 

O3−H3B···F14 0,97 1,87 2,806(8) 164 

O4−H1O4···F24 0,86 1,79 2,63(2) 166 

O4−H1O4···F27 0,86 2,11 2,94(3) 162 

O5−H1O5···F14 0,86 2,06 2,784(8) 142 

O7−H1O7···F21 0,86 1,89 2,74(3) 165 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 4.2 

O7−H1O7···F28 0,86 2,20 3,06(2) 177 

O8−H1O8···F23 0,85 1,96 2,79(1) 166 

O9−H1O9···F16 0,87 1,90 2,720(10) 156 

O5−H2O5···F12 0,86 1,86 2,690(7) 161 

O6−H2O6···F11 0,85 1,99 2,751(9) 148 

O7−H2O7···F26 0,86 2,18 3,016(10) 163 

O7−H2O7···F28 0,86 2,18 2,87(2) 138 

6 

N2−H1N2···O1 0,86 2,42 3,232(7) 158 

N2−H1N2···O2 0,86 2,29 2,993(6) 139 

7 

Nɚ−H1Nɚ···O1 0,86 1,91 2,738(6) 161 

N2−H1N2···O2 0,90 2,19 2,923(6) 138 

8 

Ɉ1−H1···O3 0,83 1,843 2,657(6) 167 

Ɉ1−H2···O4 0,77 2,043 2,805(6) 167 

Ɉ2−H22···O4 0,79 2,151 2,939(5) 172 

Ɉ2−H21···O6 0,81 1,935 2,740(8) 173 

9 

C9—H9···F1 0,93 2,46 3,171 (3) 133 

N2—H1N2···F2 0,86 2,11 2,855 (4) 145 

N2—H1N2···F3 0,86 2,12 2,865 (4) 145 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 4.2 

10 

O1—H1B···O2 0,79 1,91 2,671(2) 164(3) 

O1—H1A···F6 0,76 1,93 2,684(2) 173(3) 

O2—H2A···O3 0,81 1,89 2,702(2) 178(3) 

O2—H2B···O5 0,78 2,06 2,824(2) 169(3) 

O3—H3B···F1 0,73 2,08 2,804(2) 172(4) 

O3—H3A···O4 0,83 1,97 2,797(3) 175(3) 

O4—H4A···O5 0,81 2,08 2,890(3) 177(4) 

N13—H13···F5 0,77 2,18 2,860(2) 148(3) 

N23—H23···F2 0,79 2,10 2,853(2) 159(3) 

N1—H1D···O1 0,84 2,13 2,970 (3) 178(3) 

12 

N42—H42···O12 0,86 1,97 2,818(2) 171 

N32—H32···O22 0,86 2,14 2,980(3) 165 

N22—H22···O43 0,86 1,96 2,801(2) 167 

N12—H12···O33 0,86 2,18 3,027(3) 168 

14 

N31—H31A···O52 0,91 1,92 2,828(9) 177 

N41—H41A···O52 0,91 2,40 3,27(1) 159 

N31—H31B···O42 0,91 2,23 3,05(1) 149 

N41—H41B···O33 0,91 2,25 3,05(1) 146 

O51—H51A···O43 0,87 2,06 2,920(9) 170 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 4.2 

O51—H51B···O32 0,87 2,12 2,97(1) 165 

15 

N12—H12A···F1 0,86 2,14 2,973(4) 163(3) 

N12—H12B···F2 0,86 2,04 2,827(3) 152(3) 

N22—H22A···F2 0,93 2,05 2,903(4) 153(3) 

O1—H1A···N1 0,91 1,89 2,789(5) 175(3) 

O2—H2B···F3D 0,87 1,59 2,465(4) 177(2) 

16 

O1—H1A···O13 0,93 2,01 2,846 (4) 149 (4) 

O1—H1B···O22 0,99 2,29 3,142 (4) 143 (4) 

O1—H1B···O23 0,99 2,25 2,946 (3) 126 (3) 

N12—H12A···O13 0,93 2,16 3,053 (4) 161 (3) 

N12—H12B···O22 0,84 2,09 2,918 (4) 166 (3) 

N22—H22A···O12 0,85 2,07 2,895 (4) 163 (3) 

N22—H22B···O23 0,82 2,07 2,856 (3) 162 (3) 

17 

N22−H1N22∙∙∙F2 0,86 2,08 2,88(1) 155 

O1−H1O1∙∙∙F8 0,85 2,02 2,75(2) 143 

O1−H2O1∙∙∙F7 0,85 2,07 2,91(3) 170 

19 

Na−H1Na∙∙∙O1 0,89 2,16 3,04(1) 174 

Na−H2Na∙∙∙O1 0,89 2,09 2,87(1) 154 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі 4.2 

20 

Ow—H1w···O1 0,86 2,17 2,93(2) 148(4) 

Ow—H1w···O1 0,86 2,17 2,93(2) 148(4) 

C13—H1C13···F2 0,97 2,64 3,36 (3) 131 (3) 

21 

ɋ13−H13B∙∙∙Cl2 0,99 2,84 3,46(1) 122 

ɋ18B−H18B∙∙∙Cl2 0,99 2,63 3,48(5) 144 

ɋ12−H12∙∙∙S12 0,95 2,90 3,72(1) 145 

22 

ɋ13−H13B∙∙∙Cl2 0,99 2,85 3,524(7) 126 

ɋ12−H12∙∙∙S13 0,95 2,96 3,827(7) 153 

 

ɒɢɪɨɤɢɣ ɫɩɟɤɬɪ ɦɨɠɥɢɜɢɯ ɜɨɞɧɟɜɢɯ ɤɨɧɬɚɤɬɿɜ ɩɪɢɡɜɨɞɢɬɶ ɞɨ 

ɪɿɡɧɨɦɚɧɿɬɧɢɯ ɜɚɪɿɚɧɬɿɜ ɩɪɨɫɬɨɪɨɜɨʀ ɨɪɝɚɧɿɡɚɰɿʀ ɫɬɪɭɤɬɭɪ, ɹɤɿ, ɩɪɨɬɟ, ɦɨɠɧɚ 

ɡɜɟɫɬɢ ɞɨ ɬɪɶɨɯ ɬɢɩɿɜ: ɥɿɧɿɣɧɨʀ (1-D), ɲɚɪɭɜɚɬɨʀ (2-D) ɬɚ– ɩɪɨɫɬɨɪɨɜɨʀ (3-D). 

Ʌɿɧɿɣɧɭ ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɭ ɭɤɥɚɞɤɭ ɦɨɠɟɦɨ ɛɚɱɢɬɢ ɜ ɫɩɨɥɭɤɚɯ 17, 21 ɬɚ 22, 

ɫɬɪɭɤɬɭɪɚ ɹɤɢɯ ɦɚє ɜɢɝɥɹɞ ɤɨɥɨɧ, ɳɨ ɩɪɨɫɬɹɝɚɸɬɶɫɹ ɜɡɞɨɜɠ ɧɚɩɪɹɦɤɭ [100], ɬɚ 

ɫɤɥɚɞɚɸɬɶɫɹ ɡ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɞɢɦɟɪɿɜ {Cu2L2}
2+ ɱɢ {Cu2L}2+, ɤɨɬɪɿ ɫɩɨɥɭɱɟɧɿ 

ɦɿɠ ɫɨɛɨɸ ɜ ɚɩɿɤɚɥɶɧɨɦɭ ɧɚɩɪɹɦɤɭ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɩɨɥɿɟɞɪɿɜ ɚɬɨɦɿɜ ɦɟɬɚɥɭ 

ɜɨɞɧɟɜɢɦɢ ɤɨɧɬɚɤɬɚɦɢ O–H∙∙∙O, N–H∙∙∙F ɱɢ N–H∙∙∙Cl (ɪɢɫ. 4.10). 

Ⱦɚɥɿ ɡɚ ɩɨɲɢɪɟɧɿɫɬɸ ɣɞɭɬɶ 3-D ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɿ ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɿ 

ɦɟɪɟɠɿ, ɤɨɬɪɿ ɮɨɪɦɭɸɬɶ ɫɬɪɭɤɬɭɪɢ ɤɨɦɩɥɟɤɫɿɜ 5, 10, 15 ɬɚ 16. əɤ ɛɚɱɢɦɨ, 

ɛɿɥɶɲɿɫɬɶ ɡ ɧɢɯ є ɩɨɯɿɞɧɢɦɢ Cu2SiF6 ɿ ɦɿɫɬɢɬɶ ɤɪɢɫɬɚɥɿɡɚɰɿɣɧɿ ɦɨɥɟɤɭɥɢ ɜɨɞɢ, 

ɬɨɦɭ ɬɚɤɢɣ ɪɟɡɭɥɶɬɚɬ ɰɿɥɤɨɦ ɡɚɤɨɧɨɦɿɪɧɢɣ. 
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Ɋɢɫ. 4.10. 1-D ɜɨɞɧɟɜɨɡɜ’ɹɡɚɧɿ ɤɨɥɨɧɢ ɭ ɫɬɪɭɤɬɭɪɿ 17. 

 

ɋɚɦɟ ɜ ɰɢɯ ɫɬɪɭɤɬɭɪɚɯ ɡɭɫɬɪɿɱɚɸɬɶɫɹ ɧɚɣɫɢɥɶɧɿɲɿ ɡɿ ɡɧɚɣɞɟɧɢɯ ɜɨɞɧɟɜɢɯ 

ɡɜ’ɹɡɤɿɜ, ɧɚɩɪɢɤɥɚɞ ɭ ɫɩɨɥɭɰɿ 15 (ɪɢɫ. 4.11) Ɉ(2)–H(2)∙∙∙F(3) ɡɿ ɡɧɚɱɟɧɧɹɦɢ H∙∙∙F 

ɭ 1.59 Å ɬɚ ɤɭɬɨɦ O-H-F ɭ 177˚,   ɧɚɛɥɢɠɚɸɬɶɫɹ ɡɚ ɦɿɰɧɿɫɬɸ ɞɨ ɧɚɣɫɢɥɶɧɿɲɢɯ 

ɜɿɞɨɦɢɯ ɡɜ’ɹɡɤɿɜ  H∙∙∙F ɭ ɄɇF2. 

 

Ɋɢɫ. 4.11. 3-D ɫɭɩɪɚɦɨɥɟɤɭɥɹɪɧɚ ɫɬɪɭɤɬɭɪɚ 15. 
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Ⱦɥɹ ɛɿɥɶɲɨɫɬɿ ɫɩɨɥɭɤ ɪɟɚɥɿɡɭєɬɶɫɹ ɜɚɪɿɚɧɬ ɲɚɪɭɜɚɬɨʀ ɱɢ ɫɿɬɱɚɫɬɨʀ 

ɭɩɚɤɨɜɤɢ (ɪɢɫ. 4.12), ɩɪɢ ɹɤɿɣ ɫɟɪɟɞɧɶɨʀ ɫɢɥɢ ɤɨɧɬɚɤɬɢ O–H∙∙∙O, N–H∙∙∙F, N–

H∙∙∙Ɉ ɬɨɳɨ ɧɟ ɬɿɥɶɤɢ ɮɨɪɦɭɸɬɶ ɜɿɞɧɨɫɧɨ ɿɡɨɥɶɨɜɚɧɿ ɤɨɥɨɧɢ ɡ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ 

ɞɢɦɟɪɿɜ, ɹɤ ɭ ɜɢɩɚɞɤɭ 1-D ɫɬɪɭɤɬɭɪ, ɚɥɟ ɣ ɡɜ’ɹɡɭɸɬɶ ʀɯ ɦɿɠ ɫɨɛɨɸ, ɜɧɚɫɥɿɞɨɤ 

ɱɨɝɨ ɭɬɜɨɪɸɸɬɶɫɹ ɲɚɪɢ.  

 

Ɋɢɫ. 4.12. 2-D ɲɚɪɭɜɚɬɚ ɫɬɪɭɤɬɭɪɚ 7. 

 

Ɋɚɡɨɦ ɡ ɬɢɦ, ɜɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɦɨɠɭɬɶ ɧɟ ɥɢɲɟ ɫɚɦɨɫɬɿɣɧɨ ɡɲɢɜɚɬɢ ɬɟɤɬɨɧɢ 

ɜ єɞɢɧɭ ɫɬɪɭɤɬɭɪɭ, ɚɥɟ ɣ ɫɩɪɢɹɬɢ ɪɟɚɥɿɡɚɰɿʀ ɿɧɲɢɯ ɜɡɚєɦɨɞɿɣ, ɧɚɩɪɢɤɥɚɞ, π-π 

ɫɬɟɤɿɧɝɭ. Ⱦɥɹ ɬɨɝɨ, ɚɛɢ ɤɪɚɳɟ ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɬɢ ɬɚɤɢɣ ɜɡɚєɦɨɡɜ’ɹɡɨɤ ɛɭɥɢ 

ɩɨɛɭɞɨɜɚɧɿ ɩɨɜɟɪɯɧɿ ɏɿɪɲɜɟɥɶɞɚ ɞɥɹ ɫɩɨɥɭɤ 9, 11 ɬɚ 12. 

Ɍɚɤ, ɞɥɹ ɩɪɢɤɥɚɞɭ, ɭ ɤɨɦɩɥɟɤɫɿ 9 ɧɚɹɜɧɿ ɞɜɚ ɬɢɩɢ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ: ɞɜɚ 

ɩɪɚɤɬɢɱɧɨ ɿɞɟɧɬɢɱɧɿ ɫɟɪɟɞɧɶɨʀ ɫɢɥɢ ɤɨɧɬɚɤɬɢ N—H···F (2,11-2,12 Å, 145˚), 

ɤɨɬɪɿ ɡɲɢɜɚɸɬɶ ɞɢɦɟɪɧɿ ɮɪɚɝɦɟɧɬɢ ɭ ɫɿɬɤɭ, ɬɚ ɜɿɞɱɭɬɧɨ ɫɥɚɛɲɢɣ C—H···F (2,46 

Å, 133˚), ɹɤɢɣ, ɩɪɨɬɟ, ɞɨɩɨɦɚɝɚє ɭɬɪɢɦɭɜɚɬɢ ɦɨɥɟɤɭɥɭ ɝɨɫɬɹ – ɛɟɧɡɟɧɭ – ɜ 
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ɩɪɨɫɬɨɪɿ ɦɿɠ ɩɥɨɳɢɧɚɦɢ ɬɟɬɪɚɡɨɥɶɧɢɯ ɤɿɥɟɰɶ, ɱɢɦ ɫɬɚɛɿɥɿɡɭє ɫɬɪɭɤɬɭɪɭ ɿ 

ɪɨɛɢɬɶ ɦɨɠɥɢɜɢɦ π-π ɫɬɟɤɿɧɝ (ɪɢɫ. 4.13). 

Ⱦɥɹ ɜɤɚɡɚɧɢɯ ɫɬɪɭɤɬɭɪ ɤɨɧɬɚɤɬɢ, ɳɨ ɜɿɞɩɨɜɿɞɚɥɶɧɿ ɡɚ π…π ɫɬɟɤɿɧɝ 

ɫɤɥɚɞɚɸɬɶ 11,9, 13,2 ɬɚ 14,8 % ɩɥɨɳɿ ɩɨɜɟɪɯɧɿ. Ɍɚɤ, ɭ ɫɩɨɥɭɰɿ 9 ɰɟ ɤɨɧɬɚɤɬɢ ɦɿɠ 

ɛɟɧɡɟɧɨɜɢɦɢ ɬɚ ɰɢɤɥɚɦɢ Cu2N4, ɡ ɜɿɞɫɬɚɧɹɦɢ ɦɿɠ ʀɯ ɩɥɨɳɢɧɚɦɢ ɩɪɢɛɥɢɡɧɨ 3,6 Å. 

 

 

Ɋɢɫ. 4.13. Ⱥɧɚɥɿɡ ɩɨɜɟɪɯɨɧɶ ɏɿɪɲɜɟɥɶɞɚ ɞɥɹ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɤɥɚɫɬɟɪɿɜ ɜ 

ɫɬɪɭɤɬɭɪɿ 9. (ɚ) ɉɨɜɟɪɯɧɹ ɏɿɪɲɜɟɥɶɞɚ ɩɨɛɭɞɨɜɚɧɚ ɡɚ dnorm ɳɨ ɡɨɛɪɚɠɭɸɬɶ ɹɤ 

ɞɨɧɨɪɧɿ, ɬɚɤ ɿ ɚɤɰɟɩɬɨɪɧɿ ɜɥɚɫɬɢɜɨɫɬɿ. (ɛ) Ƚɪɚɮɿɤ «ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» ɞɥɹ π-π 

ɫɬɟɤɿɧɝɭ. (ɜ) Ƚɪɚɮɿɤ «ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» ɞɥɹ ɤɨɧɬɚɤɬɿɜ H···F. 

 

Ⱦɥɹ ɤɨɦɩɥɟɤɫɭ 12 ɩɨɦɿɬɧɚ ɥɟɜɨɜɚ ɱɚɫɬɤɚ, ɹɤɚ ɩɪɢɩɚɞɚє ɤɨɧɬɚɤɬɚɦ ɦɿɠ 

ɚɪɨɦɚɬɢɱɧɨɸ ɫɢɫɬɟɦɨɸ ɞɢɦɟɪɭ {Cu2L2}
2+ ɬɚ ɛɟɧɡɟɧɨɜɢɦɢ ɤɿɥɶɰɹɦɢ ɚɧɿɨɧɿɜ, ɚɥɟ 

ɜɨɧɢ ɡɦɿɳɟɧɿ ɜ ɨɛɥɚɫɬɶ ɞɟɳɨ ɛɿɥɶɲɢɯ ɜɿɞɫɬɚɧɟɣ (ɪɢɫ. 4.14 ɛ) ), ɧɿɠ ɭ ɫɩɨɥɭɰɿ 9, 

ɳɨ ɜɤɚɡɭє ɧɚ ɦɟɧɲɭ ɟɮɟɤɬɢɜɧɿɫɬɶ π∙∙∙π-ɫɬɟɤɿɧɝɭ. 
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Ɋɢɫ. 4.14. Ⱥɧɚɥɿɡ ɩɨɜɟɪɯɨɧɶ ɏɿɪɲɜɟɥɶɞɚ ɞɥɹ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɤɥɚɫɬɟɪɿɜ ɜ 

ɫɬɪɭɤɬɭɪɿ 12. (ɚ) ɉɨɜɟɪɯɧɹ ɏɿɪɲɜɟɥɶɞɚ ɩɨɛɭɞɨɜɚɧɚ ɡɚ dnorm ɳɨ ɡɨɛɪɚɠɭɸɬɶ ɹɤ 

ɞɨɧɨɪɧɿ, ɬɚɤ ɿ ɚɤɰɟɩɬɨɪɧɿ ɜɥɚɫɬɢɜɨɫɬɿ. (ɛ) Ƚɪɚɮɿɤ «ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» ɞɥɹ π-π 

ɫɬɟɤɿɧɝɭ. (ɜ) Ƚɪɚɮɿɤ «ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» ɞɥɹ ɤɨɧɬɚɤɬɿɜ H···O. 

Ⱦɥɹ π-ɤɨɦɩɥɟɤɫɭ 11 ɛɚɱɢɦɨ, ɳɨ ɜɿɞɩɨɜɿɞɧɿ ɤɨɧɬɚɤɬɢ ɡɚɣɦɚɸɬɶ ɜɟɥɶɦɢ 

ɜɭɡɶɤɭ ɨɛɥɚɫɬɶ (ɪɢɫ. 4.15 ɛ), ɳɨ ɞɨɛɪɟ ɤɨɪɟɥɸє ɡ ɮɚɤɬɨɦ ɩɪɚɤɬɢɱɧɨ ɩɨɜɧɨʀ 

ɤɨɩɥɚɧɚɪɧɨɫɬɿ ɚɪɨɦɚɬɢɱɧɢɯ ɤɿɥɟɰɶ ɬɨɥɭɟɧɫɭɥɶɮɨɧɚɬ-ɚɧɿɨɧɭ ɬɚ 1,3,4-ɬɿɚɞɿɚɡɨɥɭ 

(ɤɭɬ ɦɿɠ ʀɯɧɿɦɢ ɩɥɨɳɢɧɚɦɢ < 4o, ɜɿɞɫɬɚɧɶ d ≈ 3.55 Å), ɳɨ ɫɜɿɞɱɢɬɶ ɩɪɨ 

ɧɚɣɫɢɥɶɧɿɲɢɣ ɜɤɥɚɞ ɞɥɹ π…..π ɫɬɟɤɿɧɝɭ ɡ ɩɨɦɿɠ ɪɨɡɝɥɹɧɭɬɢɯ ɫɩɨɥɭɤ (ɿ 

ɧɚɣɫɥɚɛɲɿ ɜɨɞɧɟɜɿ ɡɜ’ɡɤɢ, ɳɨ ɭɡɝɨɞɠɭєɬɶɫɹ ɡ ɜɿɞɫɭɬɧɿɫɬɸ ɫɩɨɥɭɤɢ ɜ ɬɚɛɥɢɰɿ 

4.2). 

 

Ɋɢɫ. 4.15. Ⱥɧɚɥɿɡ ɩɨɜɟɪɯɨɧɶ ɏɿɪɲɜɟɥɶɞɚ ɞɥɹ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɤɥɚɫɬɟɪɿɜ ɜ 

ɫɬɪɭɤɬɭɪɿ 11. (ɚ) ɉɨɜɟɪɯɧɹ ɏɿɪɲɜɟɥɶɞɚ ɩɨɛɭɞɨɜɚɧɚ ɡɚ dnorm ɳɨ ɡɨɛɪɚɠɭɸɬɶ ɹɤ 

ɞɨɧɨɪɧɿ, ɬɚɤ ɿ ɚɤɰɟɩɬɨɪɧɿ ɜɥɚɫɬɢɜɨɫɬɿ. (ɛ) Ƚɪɚɮɿɤ «ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» ɞɥɹ π-π 

ɫɬɟɤɿɧɝɭ. (ɜ) Ƚɪɚɮɿɤ «ɜɿɞɛɢɬɤɿɜ ɩɚɥɶɰɿɜ» ɞɥɹ ɤɨɧɬɚɤɬɿɜ H···O. 
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ɉɨɬɪɿɛɧɨ ɜɿɞɦɿɬɢɬɢ, ɳɨ, ɯɨɱɚ ɜɨɞɧɟɜɿ ɡɜ’ɹɡɤɢ ɿ ɧɟ ɦɨɠɭɬɶ ɜɩɥɢɧɭɬɢ ɧɚ 

ɮɨɪɦɭɜɚɧɧɹ ɬɢɩɨɜɢɯ ɞɢɦɟɪɧɢɯ ɮɪɚɝɦɟɧɬɿɜ {Cu2L2}
2+ (ɤɨɬɪɿ ɮɨɪɦɭɸɬɶɫɹ 

ɥɿɝɚɧɞɚɦɢ, ɳɨ ɦɿɫɬɹɬɶ ɨɞɧɭ ɚɥɿɥɶɧɭ ɝɪɭɩɭ L1 ɬɚ L4), ɱɢ {Cu2L}2+ (ɞɜɨɚɥɿɥɶɧɿ 

ɦɨɥɟɤɭɥɢ L3 ɬɚ L5) (Ɋɢɫ. 4.16 ɚ) ɿ ɛ), ɜɿɞɩɨɜɿɞɧɨ), ɜɨɧɢ, ɩɪɨɬɟ, ɦɨɠɭɬɶ ɜɩɥɢɜɚɬɢ 

ɧɚ ʀɯɧɸ ɫɢɦɟɬɪɿɸ.  

 

 

 

Ɋɢɫ. 4.16. Ⱦɢɦɟɪɢ {Cu2L2}
2+ ɬɚ {Cu2L}2+. 

Ɍɚɤ, ɭ ɜɢɩɚɞɤɭ ɤɨɦɩɥɟɤɫɿɜ ɧɚ ɨɫɧɨɜɿ ɫɨɥɟɣ ɨɞɧɨɡɚɪɹɞɧɢɯ ɚɧɿɨɧɿɜ, 

ɡɚɡɜɢɱɚɣ,  ɚɩɿɤɚɥɶɧɭ ɩɨɡɢɰɿɸ ɤɨɨɪɞɢɧɚɰɿɣɧɨɝɨ ɩɨɥɿɟɞɪɭ ɤɭɩɪɭɦɭ(І) ɡɚɣɦɚє 

ɚɧɿɨɧ, ɿ, ɱɟɪɟɡ ɩɪɨɫɬɨɪɨɜɿ ɬɚ ɟɥɟɤɬɪɨɫɬɚɬɢɱɧɿ ɩɪɢɱɢɧɢ, ɞɥɹ ɞɪɭɝɨɝɨ ɣɨɧɚ ɦɟɬɚɥɭ 

ɜ ɞɢɦɟɪɿ ɚɩɿɤɚɥɶɧɚ ɩɨɡɢɰɿɹ ɦɚɤɫɢɦɚɥɶɧɨ ɜɿɞɞɚɥɟɧɚ – ɬɨɛɬɨ ɡɧɚɯɨɞɢɬɶɫɹ ɡ ɿɧɲɨʀ 

ɫɬɨɪɨɧɢ ɞɢɦɟɪɭ, ɳɨ ɡɭɦɨɜɥɸє ɣɨɝɨ ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɿɫɬɶ (ɪɢɫ. 4.17 ɚ)) ɍ 

ɜɢɩɚɞɤɭ ɠ ɤɨɦɩɥɟɤɫɿɜ ɫɨɥɟɣ ɞɜɨɡɚɪɹɞɧɢɯ ɚɧɿɨɧɿɜ ɤɪɢɫɬɚɥɿɡɚɰɿɹ ɜɿɞɛɭɜɚєɬɶɫɹ ɡ 

ɜɤɥɸɱɟɧɧɹɦ ɡɧɚɱɧɨʀ ɤɿɥɶɤɨɫɬɿ ɦɨɥɟɤɭɥ «ɝɨɫɬɟɣ», ɡɨɤɪɟɦɚ ɦɨɥɟɤɭɥ ɜɨɞɢ, ɤɨɬɪɚ, 

ɡɚɣɦɚɸɱɢ ɩɨɡɢɰɿɸ ɜ ɤɨɨɪɞɢɧɚɰɿɣɧɨɦɭ ɨɬɨɱɟɧɧɿ ɦɟɬɚɥɭ ɩɨɱɢɧɚє ɮɨɪɦɭɜɚɬɢ 

ɦɟɪɟɠɭ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ «ɿɧɜɟɪɫɿʀ» ɿɧɲɨɝɨ ɚɬɨɦɚ ɦɟɬɚɥɭ, 

ɧɚɹɜɧɨɫɬɿ ɨɛɨɯ ɚɩɿɤɚɥɶɧɢɯ ɩɨɡɢɰɿɣ ɡ ɨɞɧɨʀ ɫɬɨɪɨɧɢ ɞɢɦɟɪɭ ɬɚ ɜɬɪɚɬɢ ɨɫɬɚɧɧɿɦ 

ɰɟɧɬɪɨɫɢɦɟɬɪɢɱɧɨɫɬɿ (ɪɢɫ. 4.17 ɛ)). 
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Ɋɢɫ. 4. 17. ɋɢɦɟɬɪɿɹ ɤɨɨɪɞɢɧɚɰɿɣɧɢɯ ɞɢɦɟɪɿɜ. 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɦɿɧɸɸɱɢ ɭɦɨɜɢ ɫɢɧɬɟɡɭ ɬɚ ɜɢɯɿɞɧɿ ɪɟɚɝɟɧɬɢ, ɦɨɠɧɚ 

ɰɿɥɟɫɩɪɹɦɨɜɚɧɨ ɦɨɞɢɮɿɤɭɜɚɬɢ ɫɬɪɭɤɬɭɪɭ ɤɨɦɩɥɟɤɫɭ, ɡɚɥɟɠɧɨ ɜɿɞ ɦɨɠɥɢɜɨɫɬɿ 

ɭɬɜɨɪɟɧɧɹ ɜɨɞɧɟɜɢɯ ɡɜ’ɹɡɤɿɜ.  

.
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ȼɂɋɇɈȼɄɂ 

 

1. Ɇɟɬɨɞɨɦ ɡɦɿɧɧɨɫɬɪɭɦɧɨɝɨ ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɫɢɧɬɟɡɭ ɨɬɪɢɦɚɧɨ ɭ 

ɜɢɝɥɹɞɿ ɹɤɿɫɧɢɯ ɦɨɧɨɤɪɢɫɬɚɥɿɜ 22 ɧɨɜɿ ɫɩɨɥɭɤɢ ɤɭɩɪɭɦɭ(І), ɫɟɪɟɞ ɹɤɢɯ ɨɞɢɧ ı-

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,ı-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. 
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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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ȾОȾȺТОК Ȼ 

ɍ ɞɨɞɚɬɨɤ ɜɢɧɟɫɟɧɿ ɨɫɧɨɜɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ 

ɟɤɫɩɟɪɢɦɟɧɬɭ, ɤɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɬɟɩɥɨɜɨɝɨ ɡɦɿɳɟɧɧɹ ɚɬɨɦɿɜ (ɿɡɨɬɪɨɩɧɿ 

ɟɤɜɿɜɚɥɟɧɬɧɿ ɞɥɹ ɧɟɜɨɞɧɟɜɢɯ). ɉɟɪɟɞ ɫɩɢɫɤɨɦ ɤɨɨɪɞɢɧɚɬ ɚɬɨɦɿɜ ɧɚɜɟɞɟɧɨ: 

ɩɨɪɹɞɤɨɜɢɣ ɧɨɦɟɪ ɬɚ ɮɨɪɦɭɥ ɫɩɨɥɭɤɢ; ɬɟɦɩɟɪɚɬɭɪɭ, ɩɪɢ ɹɤɿɣ ɩɪɨɜɨɞɢɜɫɹ 

ɪɟɧɬɝɟɧɿɜɫɶɤɢɣ ɟɤɫɩɟɪɢɦɟɧɬ (T); ɫɬɪɭɤɬɭɪɧɭ ɚɦɩɥɿɬɭɞɭ ɜɿɞɛɢɬɬɹ ɡ ɿɧɞɟɤɫɨɦ 0 0 

0(F(000)); ɦɚɤɫɢɦɚɥɶɧɢɣ ɤɭɬ ɞɢɮɪɚɤɰɿʀ ɜ ɯɨɞɿ ɪɟɧɬɝɟɧɿɜɫɶɤɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ 

(2θmax); ɤɿɥɶɤɿɫɬɶ ɜɢɦɿɪɧɢɯ ɪɟɮɥɟɤɫɿɜ (Nɜɢɦ); ɤɿɥɶɤɿɫɬɶ ɧɟɡɚɥɟɠɧɢɯ 

ɫɩɨɫɬɟɪɟɠɭɜɚɧɢɯ ɪɟɮɥɟɤɫɿɜ (Nɧɟɡɚɥ); ɤɿɥɶɤɿɫɬɶ ɭɬɨɱɧɸɜɚɧɢɯ ɩɚɪɚɦɟɬɪɿɜ (Ɋ); 

ɮɚɤɬɨɪɢ ɞɨɫɬɨɜɿɪɧɨɫɬɿ R ɬɚ ωR (RF ɬɚ Rɡɜɚɠɟɧɢɣ); ɞɨɛɪɨɬɧɿɫɬɶ ɭɬɨɱɧɟɧɧɹ (S); 

ɩɪɨɫɬɨɪɨɜɭ ɝɪɭɩɭ; ɩɚɪɚɦɟɬɪɢ ɟɥɟɦɟɧɬɚɪɧɨʀ ɤɨɦɿɪɤɢ (a, b, c, α, ȕ, Ȗ, V) ɬɚ ɤɿɥɶɤɿɫɬɶ 

ɮɨɪɦɭɥɶɧɢɯ ɨɞɢɧɢɰɶ ɜ ɤɨɦɿɪɰɿ (Z). 
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Тɚɛɥɢɰɹ Ȼ1 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя* ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 1 

[Cu2(L1)Cl2]; T = 200; F(000) = 348; 2θmax = 57,6; Nɜɢɦ = 4934; Nɧɟɡɚɥ = 2164; 

Ɋ = 127; R = 0,0558;ωR = 0,1566; S = 1,07; P -1; a = 7,548(3); b = 8,761(5); 

c = 8,862(5) Å; α = 104,668(16); ȕ = 112,473(14); Ȗ = 93,630(9)˚; V = 515,4(5); Z = 2. 

 x y z U*, Å2 

Cu1 0,90805(9) 0,87879(8) -0,21081(9) 0,0308(2) 

Cu2 0,11575(11) 0,66610(10) 0,09735(11) 0,0447(3) 

Cl1 -0,1001(2) 0,49640(18) 0,1512(2) 0,0376(4) 

Cl2 0,29899(19) 0,88332(16) 0,29774(19) 0,0341(3) 

S1 0,54000(19) 0,78562(17) 0,06086(19) 0,0314(3) 

N4 0,7853(6) 0,8509(5) -0,0554(6) 0,0261(9) 

N3 0,8301(6) 0,9772(5) 0,0895(6) 0,0284(9) 

N2 0,7175(7) 1,0651(6) 0,3059(6) 0,0306(10) 

H1N2 0,6334 1,0434 0,3446 0,037 

C5 0,6403(7) 0,7413(7) -0,0846(7) 0,0281(11) 

C4 0,7119(7) 0,9619(7) 0,1667(7) 0,0290(11) 

C6 0,5599(9) 0,5933(7) -0,2325(8) 0,0373(13) 

H61 0,4787 0,5196 -0,2118 0,056 

H62 0,6649 0,5446 -0,2474 0,056 

H63 0,4839 0,6198 -0,3342 0,056 

C3 0,8596(8) 1,2151(7) 0,3988(8) 0,0321(12) 

H31 0,8483 1,2649 0,505 0,039 

H32 0,8307 1,2884 0,3304 0,039 

C2 1,0634(8) 1,1868(7) 0,4378(7) 0,0308(11) 

H21 1,0911 1,0888 0,4543 0,037 

C1 1,2113(9) 1,2935(7) 0,4511(8) 0,0354(12) 

H11 1,1891 1,3928 0,4355 0,042 

H12 1,3347 1,2673 0,4758 0,042 
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* - ɬɭɬ ɿ ɞɚɥɿ ɞɥɹ ɧɟɜɨɞɧɟɜɢɯ ɚɬɨɦɿɜ 𝑈екв =  13 ∑ ∑ 𝑈௝௜ ௜௝ • 𝑎௜∗𝑎௝∗ (𝑎೔→𝑎ೕ→), ɞɥɹ ɚɬɨɦɿɜ H 

– Uɿɡɨ 

Тɚɛɥɢɰɹ Ȼ2 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 2 

[Cu(L1)BF4]; T = 100; F(000) = 304; 2θmax = 76,8; Nɜɢɦ = 6709; Nɧɟɡɚɥ = 4784; 

Ɋ = 149; R = 0,0269;ωR = 0,0223; S = 1,065; P -1; a = 7,754(3); b = 7,965(3); 

c = 10,372(4) Å; α = 67,57(3); ȕ = 89,99(3); Ȗ = 61,07(3)˚; V = 504,6(4); Z = 2.  

 x y z U, Å2 

Cu1 0,40020(2) 0,60430(2) 0,31778(2) 0,01224(4) 

S1 0,81824(4) -0,10490(3) 0,52116(2) 0,01379(5) 

N2 0,52780(14) 0,17402(13) 0,27870(9) 0,01616(15) 

H2 0,574(2) 0,071(2) 0,2533(17) 0,019 

N3 0,56082(13) 0,29189(12) 0,44914(8) 0,01262(13) 

N4 0,67773(12) 0,20945(12) 0,58491(8) 0,01243(13) 

C4 0,61534(15) 0,14328(14) 0,40314(10) 0,01299(15) 

C5 0,81566(15) 0,00725(14) 0,63542(10) 0,01316(15) 

C6 0,96188(16) -0,12310(15) 0,77723(10) 0,01759(18) 

H6A 1,0653 -0,2615 0,7825 0,026 

H6B 0,8898 -0,1449 0,8537 0,026 

H6C 1,0266 -0,0486 0,7887 0,026 

C3 0,35674(15) 0,37956(15) 0,17735(10) 0,01552(16) 

H3A 0,2370 0,4161 0,2201 0,019 

H3B 0,3234 0,3696 0,0894 0,019 

C2 0,40423(15) 0,55286(15) 0,13881(10) 0,01463(16) 

H2 0,5411 0,5147 0,1408 0,018 

C1 0,26128(16) 0,76235(15) 0,10109(10) 0,01708(17) 

H1A 0,1232 0,8052 0,0982 0,020 

H1B 0,3003 0,8647 0,0779 0,020 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ2 

F1 0,77274(12) 0,53404(11) 0,31378(8) 0,02589(15) 

F2 0,58069(11) 0,88916(10) 0,16685(8) 0,02546(15) 

F3 0,90363(12) 0,74658(12) 0,27778(8) 0,02710(15) 

F4 0,84274(12) 0,66901(12) 0,09893(8) 0,02720(15) 

B1 0,77701(18) 0,70789(18) 0,21457(12) 0,01625(19) 

 

Тɚɛɥɢɰɹ Ȼ3 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 3 

[Cu2(L1)2(ClO4)2]; T = 200; F(000) = 320; 2θmax = 55,4; Nɜɢɦ = 5123; 

Nɧɟɡɚɥ = 2210; Ɋ = 145; R = 0,0438;ωR = 0,1144; S = 1,078; P -1; a = 7,8911(7); 

b = 8,0996(9); c = 10,4198(10) Å; α = 112,483(3); ȕ = 90,2844(19); Ȗ = 118,682(2)˚; 

V = 525,05(9); Z = 1.  

 x y z U, Å2 

Cu1 -0,00649(6) -0,10256(6) -0,18211(4) 0,02830(17) 

Cl1 -0,48142(12) -0,20314(14) -0,27846(9) 0,0315(2) 

S1 -0,28212(13) -0,59598(14) -0,02380(9) 0,0314(2) 

O1 -0,2991(4) -0,0320(5) -0,1777(3) 0,0533(8) 

O2 -0,5039(5) -0,1622(5) -0,3969(3) 0,0562(8) 

O3 -0,6465(4) -0,2317(6) -0,2132(3) 0,0546(8) 

O4 -0,4737(5) -0,3915(4) -0,3277(3) 0,0507(8) 

N4 -0,1103(4) -0,2865(4) -0,0854(3) 0,0258(6) 

N3 -0,1444(4) -0,2059(5) 0,0497(3) 0,0274(6) 

N2 -0,2899(5) -0,3190(5) 0,2188(3) 0,0351(7) 

H21 -0,3468 -0,423 0,2399 0,042 

C5 -0,1731(5) -0,4845(6) -0,1362(4) 0,0294(7) 

C6 -0,1579(6) -0,6142(6) -0,2775(4) 0,0379(8) 

H61 -0,1779 -0,7416 -0,2788 0,057 

H62 -0,0286 -0,5376 -0,2929 0,057 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ3 

H63 -0,2574 -0,647 -0,3518 0,057 

C4 -0,2368(5) -0,3506(6) 0,0955(4) 0,0278(7) 

C3 -0,2577(5) -0,1192(6) 0,3202(4) 0,0334(8) 

H31 -0,3002 -0,1304 0,4052 0,04 

H32 -0,3377 -0,0831 0,2787 0,04 

C2 -0,0427(5) 0,0518(6) 0,3610(3) 0,0310(8) 

H21 0,0523 0,0149 0,3605 0,037 

C1 0,0224(6) 0,2558(6) 0,3983(3) 0,0339(8) 

H11 -0,0685 0,2983 0,4 0,041 

H12 0,1578 0,3533 0,4223 0,041 

 

Тɚɛɥɢɰɹ Ȼ4 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 4 

[Cu(L1)NO3]; T = 100; F(000) = 284; 2θmax = 79; Nɜɢɦ = 8459; Nɧɟɡɚɥ = 6900; 

Ɋ = 141; R = 0,0466;ωR = 0,0343; S = 1,056; P -1; a = 7,235(3); b = 7,548(3); 

c = 10,297(4) Å; α = 105,42(3); ȕ = 98,15(3); Ȗ = 112,43(3)˚; V = 482,0(4); Z = 2.  

 x y z U, Å2 

Cu1 0,57775(3) 0,57834(3) 0,68133(2) 0,01261(7) 

S1 0,18975(7) -0,09982(7) 0,47322(5) 0,01402(10) 

O1 0,2950(3) 0,6861(3) 0,6800(2) 0,0308(4) 

O2 0,2567(3) 0,8531(3) 0,8713(2) 0,0348(4) 

O3 0,1088(3) 0,5240(3) 0,7949(2) 0,0312(4) 

N1 0,2182(3) 0,6865(3) 0,7824(2) 0,0193(4) 

N2 0,4533(3) 0,1392(3) 0,72781(19) 0,0161(3) 

H2 0,411(4) 0,037(4) 0,746(3) 0,019 

N3 0,4220(2) 0,2864(2) 0,55566(17) 0,0122(3) 

N4 0,3167(2) 0,2273(2) 0,41582(17) 0,0123(3) 

C4 0,3733(3) 0,1302(3) 0,6002(2) 0,0127(3) 

 



160 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ4 

C5 0,1895(3) 0,0338(3) 0,3607(2) 0,0134(3) 

C6 0,0538(3) -0,0697(3) 0,2141(2) 0,0177(4) 

H6A 0,1375 -0,0900 0,1497 0,027 

H6B -0,0103 0,0155 0,1914 0,027 

H6C -0,0551 -0,2026 0,2048 0,027 

C3 0,6182(3) 0,3254(3) 0,8338(2) 0,0161(4) 

H3A 0,7481 0,3591 0,8043 0,019 

H3B 0,6431 0,3010 0,9231 0,019 

C2 0,5662(3) 0,5039(3) 0,8573(2) 0,0150(4) 

H2 0,4246 0,4786 0,8447 0,018 

C1 0,7131(3) 0,7002(3) 0,8957(2) 0,0177(4) 

H1A 0,8556 0,7289 0,9089 0,021 

H1B 0,6733 0,8086 0,9095 0,021 

 

Тɚɛɥɢɰɹ Ȼ5 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 5 

[Cu4(L1)4(H2O)4]SiF6·5H2O; T = 200; F(000) = 1340; 2θmax = 56,5; 

Nɜɢɦ = 15081; Nɧɟɡɚɥ = 14123; Ɋ = 623; R = 0,0936;ωR = 0,226; S = 1,198; P -1; 

a = 13,0493(10); b = 13,3386(6); c = 15,0976(8) Å; α = 71,95(7); ȕ = 68,93(6); 

Ȗ = 77,39(7)˚; V = 2314,6(2); Z = 2.  

 x y z U, Å2 

Cu1 0,47299(7) 0,31668(7) 0,27634(6) 0,0308(2) 

Cu2 0,64939(7) 0,51176(7) 0,20719(6) 0,0315(2) 

Cu3 0,14311(7) 0,88148(7) 0,24821(6) 0,0346(2) 

Cu4 -0,04201(8) 1,11329(7) 0,22769(6) 0,0362(2) 

S1 0,58567(19) 0,32403(19) 0,52014(14) 0,0485(5) 

S2 0,64638(17) 0,40898(15) -0,04547(13) 0,0379(4) 

S3 -0,11346(17) 0,90667(17) 0,53270(14) 0,0424(5) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ5 

S4 0,16518(16) 1,05982(15) -0,06018(13) 0,0380(4) 

Si1 0,47340(17) 0,11149(17) 0,76508(14) 0,0336(4) 

Si2 0,05393(18) 0,43637(16) 0,28475(14) 0,0342(4) 

F11 0,3930(4) 0,1981(4) 0,7028(3) 0,0466(11) 

F12 0,3949(4) 0,1465(4) 0,8670(3) 0,0537(12) 

F13 0,5526(4) 0,2048(4) 0,7388(3) 0,0532(12) 

F14 0,5555(4) 0,0234(4) 0,8252(3) 0,0546(13) 

F15 0,5512(4) 0,0789(4) 0,6608(3) 0,0483(11) 

F16 0,3946(5) 0,0165(4) 0,7912(3) 0,0575(13) 

F21 -0,001(2) 0,504(2) 0,363(2) 0,208(19) 

F22 -0,0516(6) 0,3664(6) 0,3425(4) 0,087(2) 

F23 -0,0086(8) 0,5289(8) 0,2209(9) 0,159(5) 

F24 0,1348(14) 0,3639(10) 0,2086(12) 0,087(5) 

F25 0,1639(5) 0,5043(5) 0,2271(4) 0,0650(15) 

F26 0,1254(6) 0,3415(6) 0,3469(6) 0,122(3) 

F27 0,060(2) 0,3949(19) 0,1927(9) 0,135(10) 

F28 0,037(2) 0,4769(18) 0,3788(11) 0,116(10) 

O1 0,3308(4) 0,4692(4) 0,3105(4) 0,0415(12) 

O2 0,4890(4) 0,6100(4) 0,2052(4) 0,0417(12) 

O3 0,2243(4) 0,9790(4) 0,2981(4) 0,0418(12) 

O4 0,1361(5) 0,1689(4) 0,2023(4) 0,0485(14) 

O5 0,3331(5) 0,1341(4) 0,0600(4) 0,0446(13) 

O6 0,7939(5) 0,7930(5) 0,3450(5) 0,0572(16) 

O7 0,1662(5) 0,3948(5) 0,5106(4) 0,0498(14) 

O8 0,9826(6) 0,7461(5) 0,1972(4) 0,0592(17) 

O9 0,7131(6) 0,0182(6) 0,3190(6) 0,077(2) 

N12 0,4879(6) 0,1869(5) 0,4915(4) 0,0414(15) 

HN12 0,4772 0,1584 0,5531 0,05 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ5 

N13 0,5493(5) 0,3333(4) 0,3632(4) 0,0292(12) 

N14 0,6030(5) 0,4212(5) 0,3436(4) 0,0349(13) 

N22 0,7900(5) 0,4997(5) -0,0163(5) 0,0415(15) 

HN22 0,8226 0,508 -0,0783 0,05 

N23 0,6434(5) 0,4299(4) 0,1177(4) 0,0302(12) 

N24 0,5562(5) 0,3753(4) 0,1365(4) 0,0286(12) 

N32 0,0298(6) 0,7505(5) 0,4685(5) 0,0490(18) 

HN32 0,0176 0,7194 0,5299 0,059 

N33 0,0056(5) 0,9107(4) 0,3566(4) 0,0308(12) 

N34 -0,0557(5) 1,0079(5) 0,3548(4) 0,0325(13) 

N42 -0,0342(5) 1,1642(6) 0,0006(5) 0,0444(16) 

HN42 -0,0299 1,1863 -0,0603 0,053 

N43 0,0425(5) 1,0441(5) 0,1166(4) 0,0324(13) 

N44 0,1362(5) 0,9741(4) 0,1203(4) 0,0291(12) 

C11 0,3783(7) 0,1999(6) 0,2969(6) 0,0424(18) 

H11A 0,427 0,1485 0,2675 0,051 

H11B 0,3298 0,2465 0,2661 0,051 

C12 0,3783(6) 0,2070(6) 0,3845(6) 0,0404(17) 

H12 0,329 0,2591 0,4124 0,048 

C13 0,4528(7) 0,1362(6) 0,4379(5) 0,0410(18) 

H13A 0,4152 0,0762 0,4833 0,049 

H13B 0,5176 0,1089 0,3912 0,049 

C14 0,5355(6) 0,2742(6) 0,4515(5) 0,0372(17) 

C15 0,6264(6) 0,4251(6) 0,4193(5) 0,0395(18) 

C16 0,6829(8) 0,5099(9) 0,4194(7) 0,062(3) 

H16A 0,693 0,4958 0,4822 0,093 

H16B 0,6386 0,5771 0,4068 0,093 

H16C 0,7536 0,5117 0,3693 0,093 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ5 

C21 0,7610(7) 0,6144(6) 0,1819(6) 0,0438(18) 

H21A 0,8171 0,5725 0,2058 0,053 

H21B 0,7092 0,6595 0,2173 0,053 

C22 0,7547(6) 0,6099(6) 0,0969(6) 0,0395(17) 

H22 0,6981 0,6523 0,074 0,047 

C23 0,8363(6) 0,5384(6) 0,0372(6) 0,0403(17) 

H23A 0,8974 0,577 -0,0086 0,048 

H23B 0,8659 0,4784 0,0806 0,048 

C24 0,7012(6) 0,4525(5) 0,0236(5) 0,0296(15) 

C25 0,5439(6) 0,3593(6) 0,0618(5) 0,0342(16) 

C26 0,4612(7) 0,3048(7) 0,0590(6) 0,046(2) 

H26A 0,4759 0,301 -0,007 0,069 

H26B 0,3893 0,343 0,0809 0,069 

H26C 0,4635 0,2343 0,1011 0,069 

C31 0,2364(7) 0,7396(6) 0,2325(5) 0,0395(17) 

H31A 0,2015 0,7081 0,2059 0,047 

H31B 0,2996 0,7719 0,1929 0,047 

C32 0,1952(7) 0,7385(6) 0,3286(6) 0,046(2) 

H32 0,2326 0,771 0,3522 0,056 

C33 0,0985(8) 0,6916(7) 0,3974(6) 0,054(2) 

H33A 0,1218 0,621 0,4324 0,065 

H33B 0,054 0,6837 0,3611 0,065 

C34 -0,0145(6) 0,8490(6) 0,4439(5) 0,0363(16) 

C35 -0,1217(6) 1,0189(6) 0,4414(5) 0,0345(16) 

C36 -0,1980(7) 1,1127(7) 0,4616(6) 0,053(2) 

H36A -0,2349 1,1008 0,531 0,079 

H36B -0,2518 1,1263 0,4282 0,079 

H36C -0,1577 1,1728 0,439 0,079 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ5 

C41 -0,1571(7) 1,2476(6) 0,2301(6) 0,0428(18) 

H41A -0,2252 1,2214 0,2552 0,051 

H41B -0,1335 1,2739 0,2689 0,051 

C42 -0,0929(7) 1,2473(6) 0,1377(6) 0,0429(18) 

H42 -0,0251 1,2738 0,1137 0,051 

C43 -0,1273(6) 1,2052(6) 0,0707(6) 0,0415(18) 

H43A -0,1739 1,1494 0,1104 0,05 

H43B -0,1705 1,262 0,0364 0,05 

C44 0,0443(6) 1,0949(6) 0,0250(5) 0,0347(16) 

C45 0,2065(6) 0,9742(5) 0,0342(5) 0,0330(15) 

C46 0,3141(6) 0,9057(6) 0,0185(6) 0,0427(18) 

H46A 0,3553 0,9215 -0,0502 0,064 

H46B 0,3015 0,8325 0,0411 0,064 

H46C 0,3554 0,9188 0,0543 0,064 

H1A 0,2832 0,4499 0,3773 0,051 

H1B 0,2864 0,4852 0,2673 0,051 

H1O4 0,1286 0,2356 0,1984 0,051 

H1O5 0,3898 0,0908 0,0687 0,051 

H1O6 0,7734 0,7437 0,3994 0,051 

H1O7 0,1081 0,4287 0,543 0,051 

H1O8 0,9841 0,6792 0,2142 0,051 

H1O9 0,689 0,0218 0,2711 0,051 

H2A 0,4991 0,6603 0,1416 0,051 

H2B 0,4665 0,649 0,2545 0,051 

H2O4 0,1494 0,1641 0,1436 0,051 

H2O5 0,3426 0,151 -0,0018 0,051 

H2O6 0,7557 0,7901 0,3104 0,051 

H2O7 0,1534 0,3942 0,4587 0,051 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ5 

H2O8 0,9952 0,7637 0,2423 0,051 

H2O9 0,7839 0,0061 0,2956 0,051 

H3A 0,1795 1,0463 0,302 0,051 

H3B 0,2962 0,9923 0,2507 0,051 

 

Тɚɛɥɢɰɹ Ȼ6 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 6 

[Cu(L1)(CF3SO3)]2; T = 200; F(000) = 736; 2θmax = 56,2; Nɜɢɦ = 5591; 

Nɧɟɡɚɥ = 2874; Ɋ = 172; R = 0,0537;ωR = 0,1497; S = 1,009; P21/n; a = 7,6412(10); 

b = 20,7907(18); c = 8,6997(11) Å; ȕ = 113,168(5)˚; V = 1270,6(3); Z = 2.  

 x y z U, Å2 

Cu1 1,00449(9) 0,07934(3) 0,56768(8) 0,0401(2) 

S1 0,41580(18) 0,01428(7) 0,23761(19) 0,0484(4) 

S2 0,9144(2) 0,12764(8) 0,16003(18) 0,0502(4) 

F1 0,9061(6) 0,23806(18) 0,0129(5) 0,0710(11) 

F2 1,0265(6) 0,24224(19) 0,2817(5) 0,0754(12) 

F3 1,1873(5) 0,20179(18) 0,1516(5) 0,0646(10) 

O1 0,8977(8) 0,0977(2) 0,0063(6) 0,0752(15) 

O2 0,7344(6) 0,1425(3) 0,1683(6) 0,0805(16) 

O3 1,0535(5) 0,0993(2) 0,3108(5) 0,0525(10) 

N2 0,5616(7) -0,0894(2) 0,1464(6) 0,0525(12) 

H1N2 0,4448 -0,0991 0,0872 0,063 

N3 0,7677(6) -0,0205(2) 0,3524(5) 0,0375(9) 

N4 0,7596(6) 0,0361(2) 0,4380(5) 0,0379(9) 

C1 1,0270(8) -0,1701(3) 0,3439(9) 0,0536(15) 

H1A 1,0808 -0,1630 0,2663 0,064 

H1B 1,1014 -0,1860 0,4494 0,064 

C2 0,8396(8) -0,1571(3) 0,3031(7) 0,0484(13) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ6 

H2 0,7892 -0,1646 0,3830 0,058 

C3 0,7103(8) -0,1314(3) 0,1362(7) 0,0506(14) 

H3A 0,7852 -0,1075 0,0879 0,061 

H3B 0,6511 -0,1671 0,0624 0,061 

C4 0,5970(7) -0,0370(3) 0,2424(7) 0,0412(12) 

C5 0,5868(7) 0,0588(3) 0,3906(7) 0,0421(12) 

C6 0,5352(8) 0,1194(3) 0,4557(8) 0,0528(15) 

H6A 0,4087 0,1322 0,3836 0,079 

H6B 0,6233 0,1528 0,4589 0,079 

H6C 0,5404 0,1121 0,5664 0,079 

C7 1,0133(8) 0,2065(3) 0,1495(8) 0,0499(13) 

 

Тɚɛɥɢɰɹ Ȼ7 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 7 

[Cu2(L1)2(SO3NH2)2]; T = 200; F(000) = 320; 2θmax = 57,8; Nɜɢɦ = 5263; 

Nɧɟɡɚɥ = 2255; Ɋ = 145; R = 0,0556;ωR = 0,1616; S = 1,116; P -1; a = 7,7994(18); 

b = 8,054(3); c = 10,165(2) Å; α = 96,003(7); ȕ = 109,168(4); Ȗ = 112,949(5)˚; 

V = 535,2(3); Z = 1.  

 x y z U, Å2 

Cu1 0,12336(7) 0,07023(6) 0,69000(5) 0,0316(2) 

S1 0,26845(16) 0,55461(15) 0,49556(13) 0,0382(3) 

S2 0,57274(15) 0,05866(15) 0,74792(12) 0,0338(3) 

O1 0,6962(7) 0,0364(9) 0,6763(5) 0,0833(17) 

O2 0,4699(7) -0,1050(6) 0,7863(6) 0,0872(18) 

O3 0,6748(5) 0,2242(5) 0,8626(4) 0,0548(10) 

N4 0,0641(5) 0,1987(5) 0,4151(4) 0,0290(7) 

N3 0,0936(5) 0,2506(5) 0,5600(4) 0,0280(7) 

N2 0,2420(6) 0,5222(5) 0,7508(4) 0,0400(8) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ7 

H1N2 0,3094 0,6422 0,7796 0,048 

N4 0,3804(5) 0,0805(6) 0,6279(4) 0,0383(8) 

H1N4 0,3262 -0,0109 0,5461 0,046 

H2N4 0,4335 0,1901 0,6068 0,046 

C1 0,1779(8) 0,1221(7) 0,9091(5) 0,0423(10) 

H11 0,0519 0,0889 0,9135 0,051 

H12 0,2396 0,0437 0,9258 0,051 

C2 0,2714(6) 0,2846(6) 0,8783(4) 0,0359(9) 

H21 0,3972 0,3149 0,8744 0,043 

C3 0,1803(7) 0,4196(6) 0,8498(5) 0,0382(9) 

H31 0,0331 0,3504 0,8095 0,046 

H32 0,223 0,5076 0,9406 0,046 

C4 0,1961(6) 0,4338(5) 0,6152(5) 0,0309(8) 

C5 0,1475(6) 0,3415(6) 0,3680(5) 0,0343(9) 

C6 0,1431(8) 0,3295(7) 0,2199(5) 0,0455(11) 

H61 0,2169 0,2631 0,2047 0,068 

H62 0,205 0,4533 0,2092 0,068 

H63 0,0047 0,2643 0,1501 0,068 

Тɚɛɥɢɰɹ Ȼ8 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 8 

[Cu2(L1)2(H2O)(SO4)]·H2O; T = 100; F(000) = 580; 2θmax = 70,2; Nɜɢɦ = 15534; 

Nɧɟɡɚɥ = 7722; Ɋ = 328; R = 0,0292;ωR = 0,0599; S = 1,022; P -1; a = 8,917(3); 

b = 10,554(3); c = 10,968(3) Å; α = 82,13(3); ȕ = 88,38(3); Ȗ = 66,80(4)˚; V = 939,4(5); 

Z = 2.  

 x y z U, Å2 

Cu1 0,78633(2) 0,157864(19) 0,148749(17) 0,01007(5) 

Cu2 0,88932(2) -0,192740(19) 0,249769(17) 0,00974(5) 

S1 0,63843(5) -0,06149(4) -0,12379(3) 0,01204(8) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ8 

C15 0,74754(19) -0,17325(16) 0,00296(13) 0,0108(3) 

N14 0,80069(16) -0,11388(13) 0,07764(11) 0,0095(2) 

N13 0,76040(16) 0,02763(13) 0,03888(11) 0,0105(3) 

C14 0,67690(19) 0,06890(16) -0,06747(13) 0,0116(3) 

C16 0,7738(2) -0,32262(17) 0,01930(15) 0,0145(3) 

H16A 0,8889 -0,3800 0,0408 0,022 

H16B 0,7445 -0,3460 -0,0576 0,022 

H16C 0,7055 -0,3405 0,0854 0,022 

N12 0,62445(18) 0,19821(15) -0,12825(13) 0,0142(3) 

C13 0,6801(2) 0,30229(17) -0,09650(15) 0,0143(3) 

C12 0,6450(2) 0,33266(16) 0,03342(14) 0,0132(3) 

C11 0,7456(2) 0,36657(17) 0,10121(16) 0,0158(3) 

S2 1,20207(5) -0,01609(4) 0,42885(4) 0,01221(8) 

C25 1,06359(19) 0,10436(16) 0,32064(14) 0,0110(3) 

N24 0,97668(16) 0,05457(13) 0,26477(11) 0,0097(2) 

N23 1,01326(16) -0,08620(13) 0,30485(11) 0,0096(2) 

C24 1,12810(19) -0,13697(16) 0,39302(13) 0,0107(3) 

C26 1,0506(2) 0,25125(17) 0,29863(15) 0,0138(3) 

H26A 1,0494 0,2810 0,2099 0,021 

H26B 1,1444 0,2573 0,3381 0,021 

H26C 0,9496 0,3118 0,3335 0,021 

N22 1,18449(17) -0,26592(14) 0,45450(12) 0,0120(3) 

C23 1,1606(2) -0,38217(16) 0,41274(15) 0,0119(3) 

C22 0,9856(2) -0,35561(16) 0,38915(14) 0,0111(3) 

C21 0,9389(2) -0,40394(17) 0,29333(15) 0,0142(3) 

S3 0,47516(5) 0,28816(4) 0,33810(3) 0,00957(7) 

O13 0,60364(15) 0,16317(12) 0,29561(10) 0,0147(2) 

O23 0,39549(15) 0,24319(13) 0,44510(10) 0,0190(3) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ8 

O33 0,35714(14) 0,36747(12) 0,23842(10) 0,0139(2) 

O43 0,55681(15) 0,37525(12) 0,37798(11) 0,0186(3) 

O1 0,63784(15) -0,10101(13) 0,32700(11) 0,0143(2) 

O2 0,55068(16) 0,63936(14) 0,34031(11) 0,0160(3) 

HN12 0,568(3) 0,214(2) -0,194(2) 0,032(7) 

H13A 0,623(3) 0,379(2) -0,1499(18) 0,026(6) 

H13B 0,792(2) 0,278(2) -0,1112(16) 0,014(5) 

H11A 0,843(3) 0,366(2) 0,0740(19) 0,028(6) 

H11B 0,712(3) 0,400(2) 0,1755(19) 0,021(6) 

HN22 1,276(3) -0,290(3) 0,508(2) 0,054(8) 

H23A 1,219(2) -0,406(2) 0,3423(17) 0,013(5) 

H23B 1,211(2) -0,465(2) 0,4772(16) 0,010(5) 

H22 0,915(2) -0,3278(19) 0,4529(16) 0,010(5) 

H21A 1,017(3) -0,451(2) 0,2419(18) 0,021(5) 

H21B 0,834(3) -0,409(2) 0,2880(18) 0,023(6) 

H1A 0,619(3) -0,017(3) 0,327(2) 0,035(7) 

H1B 0,618(3) -0,128(3) 0,392(2) 0,036(7) 

H2B 0,544(2) 0,564(2) 0,3514(17) 0,014(5) 

H2A 0,559(3) 0,668(3) 0,402(2) 0,041(8) 

Тɚɛɥɢɰɹ Ȼ9 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 9 

[Cu2(L1)2]SiF6·{C6H6}; T = 200; F(000) = 332; 2θmax = 58,3; Nɜɢɦ = 5683; 

Nɧɟɡɚɥ = 2553; Ɋ = 161; R = 0,0527;ωR = 0,1263; S = 1,111; P -1; a = 7,8716(10); 

b = 8,1709(10); c = 10,3149(14) Å; α = 111,591(3); ȕ = 110,158(4); Ȗ = 91,756(2)˚; 

V = 569,59(13); Z = 1.  

 x y z U, Å2 

Cu1 1,16839(5) 0,58632(4) 0,68508(4) 0,02891(10) 

S1 1,19181(11) 0,92723(9) 0,43517(8) 0,03282(19) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ9 

Si1 1,0000 1,0000 0,0000 0,0244(2) 

F1 0,9790(3) 1,1642(3) 0,1465(2) 0,0422(5) 

F2 1,1453(2) 0,9238(2) 0,12095(19) 0,0359(5) 

F3 0,8207(2) 0,8670(2) -0,0151(2) 0,0410(5) 

N2 0,9424(4) 0,6816(3) 0,1787(3) 0,0346(6) 

H1N2 0,9546 0,7587 0,1425 0,041 

N3 1,0200(3) 0,6329(3) 0,4024(2) 0,0266(6) 

N4 1,1385(3) 0,7188(3) 0,5551(3) 0,0271(6) 

C1 0,6105(4) 0,2969(4) 0,1060(3) 0,0326(8) 

H1A 0,6493 0,1997 0,0489 0,039 

H1B 0,5242 0,2784 0,1444 0,039 

C2 0,6800(4) 0,4663(4) 0,1332(3) 0,0297(7) 

H2 0,6385 0,5607 0,1906 0,036 

C3 0,8215(4) 0,5105(4) 0,0755(3) 0,0324(7) 

H3A 0,8948 0,4169 0,0623 0,039 

H3B 0,7584 0,5140 -0,0222 0,039 

C4 1,0351(4) 0,7267(4) 0,3248(3) 0,0282(7) 

C5 1,2334(4) 0,8717(4) 0,5886(3) 0,0284(7) 

C6 1,3694(5) 0,9942(4) 0,7408(4) 0,0372(8) 

H6A 1,3977 1,1093 0,7407 0,056 

H6B 1,4798 0,9452 0,7642 0,056 

H6C 1,3181 1,0069 0,8152 0,056 

C7 0,5125(5) 0,6184(4) 0,4361(4) 0,0406(8) 

H7 0,5207 0,6986 0,3929 0,049 

C8 0,3759(4) 0,4678(4) 0,3566(4) 0,0388(9) 

H8 0,2931 0,4469 0,2601 0,047 

C9 0,3621(4) 0,3491(4) 0,4199(4) 0,0375(8) 

H9 0,2698 0,2481 0,3670 0,045 
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Тɚɛɥɢɰɹ Ȼ10 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 10 

[Cu2(L1)2(H2O)2]SiF6·CH3C(O)NH2·2H2O; T = 150; F(000) = 1448; 

2θmax = 59,8; Nɜɢɦ = 107978; Nɧɟɡɚɥ = 7037; Ɋ = 380; R = 0,0332;ωR = 0,0736; S = 1,062; 

P 21/n; a = 8,0730(2); b = 19,7500(5); c = 16,3139(5) Å; α = 111,591(3); 

ȕ = 102,739(3); Ȗ = 91,756(2)˚; V = 2537,09; Z = 4.  

 x y z U, Å2 

Cu1 0,70757(3) 0,667409(12) 0,458151(16) 0,01591(6) 

Cu2 0,71256(3) 0,842354(12) 0,478262(16) 0,01694(6) 

S1 0,18316(6) 0,75775(3) 0,40440(3) 0,01806(10) 

S2 1,19047(6) 0,74326(3) 0,62575(3) 0,02180(11) 

Si1 0,99667(7) 0,56361(3) 0,24700(4) 0,01839(12) 

F1 0,79035(15) 0,55850(7) 0,25324(9) 0,0258(3) 

F2 0,93487(17) 0,59690(8) 0,15043(9) 0,0326(3) 

F3 0,99096(18) 0,48546(7) 0,20961(10) 0,0352(3) 

F4 1,20311(15) 0,57197(7) 0,24249(9) 0,0276(3) 

F5 1,05867(16) 0,53465(7) 0,34639(8) 0,0279(3) 

F6 1,00426(15) 0,64371(6) 0,28849(9) 0,0251(3) 

O1 0,73878(19) 0,70365(9) 0,33277(10) 0,0202(3) 

O2 0,7156(2) 0,83846(8) 0,33199(10) 0,0224(3) 

O3 0,6064(2) 0,43729(10) 0,22421(13) 0,0331(4) 

O4 0,3401(2) 0,43473(11) 0,30853(14) 0,0358(4) 

O5 0,11698(19) 0,31981(8) 0,26472(10) 0,0256(3) 

N1 0,1237(3) 0,20581(11) 0,25674(12) 0,0234(4) 

N13 0,4944(2) 0,72268(8) 0,45576(11) 0,0156(3) 

N14 0,4914(2) 0,79342(8) 0,45411(10) 0,0159(3) 

N12 0,3032(2) 0,63117(9) 0,42887(12) 0,0201(3) 

H12 0,219(4) 0,6194(14) 0,4007(17) 0,024 

N23 0,9043(2) 0,78242(8) 0,53663(10) 0,0163(3) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ10 

N24 0,9062(2) 0,71160(8) 0,53216(11) 0,0167(3) 

N22 1,0822(2) 0,87110(10) 0,60253(13) 0,0257(4) 

H22 1,174(4) 0,8805(15) 0,6280(18) 0,031 

C1 0,1957(3) 0,26542(12) 0,27937(13) 0,0214(4) 

C2 0,3789(3) 0,26481(13) 0,32396(15) 0,0275(5) 

H2C 0,3909 0,2855 0,3782 0,041 

H2D 0,4444 0,2896 0,2916 0,041 

H2E 0,4187 0,2189 0,3307 0,041 

C11 0,7374(3) 0,56338(10) 0,45071(15) 0,0238(4) 

H11A 0,7604 0,5484 0,5061 0,029 

H11B 0,8243 0,5661 0,4217 0,029 

C12 0,5765(3) 0,58130(10) 0,41208(14) 0,0207(4) 

H12 0,5563 0,5961 0,3567 0,025 

C13 0,4301(3) 0,57822(11) 0,45484(14) 0,0222(4) 

H13A 0,3752 0,5345 0,4434 0,027 

H13B 0,4736 0,5815 0,5150 0,027 

C14 0,3405(2) 0,69672(10) 0,43155(12) 0,0155(4) 

C15 0,3402(2) 0,81853(10) 0,42922(13) 0,0174(4) 

C16 0,2955(3) 0,89175(11) 0,42030(15) 0,0250(4) 

H16A 0,3596 0,9130 0,3844 0,037 

H16B 0,3218 0,9129 0,4746 0,037 

H16C 0,1765 0,8965 0,3962 0,037 

C21 0,6827(3) 0,94636(11) 0,48776(15) 0,0255(4) 

H21A 0,6276 0,9540 0,5313 0,031 

H21B 0,6230 0,9498 0,4323 0,031 

C22 0,8505(3) 0,93020(10) 0,50523(14) 0,0222(4) 

H22 0,9034 0,9227 0,4608 0,027 

C23 0,9534(3) 0,92397(11) 0,59330(14) 0,0246(4) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ10 

H23A 1,0085 0,9669 0,6103 0,029 

H23B 0,8780 0,9143 0,6306 0,029 

C24 1,0466(2) 0,80639(11) 0,58449(13) 0,0185(4) 

C25 1,0451(2) 0,68473(11) 0,57501(13) 0,0192(4) 

C26 1,0841(3) 0,61079(12) 0,58526(15) 0,0272(5) 

H26A 1,2014 0,6048 0,6123 0,041 

H26B 1,0622 0,5895 0,5311 0,041 

H1A 0,809(4) 0,6852(16) 0,317(2) 0,038(9) 

H1B 0,751(4) 0,7431(16) 0,3315(19) 0,033(8) 

H2A 0,770(4) 0,8674(16) 0,3142(19) 0,035(8) 

H2B 0,622(5) 0,8388(16) 0,307(2) 0,043(9) 

H3A 0,530(4) 0,4380(17) 0,251(2) 0,047(10) 

H3B 0,660(4) 0,4673(17) 0,236(2) 0,039(9) 

H4A 0,274(5) 0,4033(19) 0,297(2) 0,052(10) 

H4B 0,295(5) 0,4657(19) 0,298(2) 0,051(11) 

H1C 0,177(4) 0,1702(14) 0,2651(18) 0,026(7) 

H1D 0,020(4) 0,2047(15) 0,2326(19) 0,033(8) 

 

Тɚɛɥɢɰɹ Ȼ11 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 11 

[Cu2(L1)2(CH3C6H4SO3)2]; T = 200; F(000) = 796; 2θmax = 58,4; Nɜɢɦ = 6657; 

Nɧɟɡɚɥ = 3464; Ɋ = 199; R = 0,0679;ωR = 0,2198; S = 1,13; P 21/c; a = 8,4229(5); 

b = 20,5199(13); c = 8,7247(5) Å; ȕ = 92,332(4)˚; V = 1506,70(16); Z = 2.  

 x y z U, Å2 

Cu1 -0,07404(7) 0,05628(3) 0,86227(6) 0,0422(3) 

S1 0,13246(15) 0,15406(6) 1,28490(14) 0,0472(3) 

S2 0,26392(14) 0,12912(6) 0,74396(13) 0,0422(3) 

O1 0,1779(4) 0,06799(17) 0,7612(4) 0,0498(8) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ11 

O2 0,1622(4) 0,18555(18) 0,7262(4) 0,0535(9) 

O3 0,3789(4) 0,12414(18) 0,6237(4) 0,0504(9) 

N2 0,2519(7) 0,0418(2) 1,3916(5) 0,0591(12) 

N3 0,0888(5) 0,0409(2) 1,1625(4) 0,0414(8) 

N4 0,0076(5) 0,08584(18) 1,0684(4) 0,0382(8) 

C01 0,3772(5) 0,1407(2) 0,9184(5) 0,0391(9) 

C1 0,2026(7) -0,1286(2) 1,2622(6) 0,0541(13) 

H1A 0,2984 -0,1374 1,2171 0,065 

H1B 0,1177 -0,1573 1,2490 0,065 

C02 0,4061(6) 0,2030(2) 0,9745(5) 0,0424(10) 

H02 0,3637 0,2391 0,9228 0,051 

C2 0,1863(8) -0,0725(3) 1,3496(7) 0,0663(17) 

H2 0,0889 -0,0651 1,3932 0,080 

C3 0,3126(9) -0,0242(3) 1,3774(8) 0,0724(18) 

H3A 0,3726 -0,0356 1,4708 0,087 

H3B 0,3846 -0,0257 1,2936 0,087 

C03 0,4986(6) 0,2111(2) 1,1082(5) 0,0436(10) 

H03 0,5169 0,2530 1,1456 0,052 

C04 0,5649(6) 0,1582(2) 1,1880(6) 0,0432(10) 

C4 0,1602(6) 0,0701(2) 1,2819(5) 0,0443(10) 

C5 0,0199(5) 0,1464(2) 1,1156(5) 0,0414(9) 

C05 0,5341(7) 0,0962(2) 1,1271(6) 0,0491(11) 

H05 0,5785 0,0600 1,1765 0,059 

C6 -0,0511(7) 0,2047(2) 1,0386(7) 0,0543(12) 

H6A -0,0508 0,2405 1,1096 0,081 

H6B -0,1583 0,1953 1,0043 0,081 

H6C 0,0101 0,2162 0,9521 0,081 

C06 0,4395(6) 0,0872(2) 0,9953(6) 0,0487(11) 



175 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ11 

H06 0,4181 0,0454 0,9588 0,058 

C07 0,6628(7) 0,1671(3) 1,3346(6) 0,0546(12) 

H07A 0,7544 0,1393 1,3336 0,082 

H07B 0,6001 0,1560 1,4202 0,082 

H07C 0,6963 0,2117 1,3434 0,082 

 

Тɚɛɥɢɰɹ Ȼ12 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 12 

[Cu4(L1)4(C6H5SO3)4]; T = 293; F(000) = 1536; 2θmax = 73,7; Nɜɢɦ = 10071; 

Nɧɟɡɚɥ = 9516; Ɋ = 751; R = 0,0800;ωR = 0,2309; S = 1,031; P 21; a = 8,1972(12); 

b = 20,2585(10); c = 17,3042(10) Å; ȕ = 92,404(6)˚; V = 2871,0(5); Z = 2.  

 x y z U, Å2 

Cu1 -0,2580(3) 0,23041(11) -0,05039(10) 0,0208(5) 

Cu2 0,3193(4) 0,22962(12) 0,44963(11) 0,0264(6) 

Cu3 0,1595(8) 0,32680(13) 0,29654(12) 0,0227(14) 

Cu4 -0,1397(4) 0,33244(11) -0,20432(11) 0,0269(6) 

S5 -0,1666(6) 0,44147(19) 0,02146(19) 0,0266(9) 

S6 -0,2563(6) 0,12381(19) -0,2786(2) 0,0260(9) 

S7 0,2959(7) 0,1215(2) 0,2218(2) 0,0309(10) 

S8 0,0826(5) 0,13975(19) -0,02687(18) 0,0218(8) 

S9 0,4915(6) 0,4194(2) 0,25410(19) 0,0238(8) 

S10 -0,0207(6) 0,1425(2) 0,47585(19) 0,0262(9) 

S11 0,2360(7) 0,4414(2) 0,5182(2) 0,0328(10) 

S12 -0,4819(6) 0,4184(2) -0,23464(19) 0,0264(8) 

C1 0,324(3) 0,3632(8) 0,5213(8) 0,026(3) 

N2 -0,1749(17) 0,2344(7) -0,2143(6) 0,019(2) 

C3 -0,168(2) 0,2018(8) -0,2795(8) 0,023(3) 

O4 0,0116(17) 0,2061(7) -0,0196(6) 0,030(3) 

 



176 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ12 

N5 -0,2353(17) 0,3297(7) -0,0431(6) 0,022(3) 

N6 -0,1508(17) 0,3677(6) -0,0965(7) 0,020(3) 

N7 0,2332(19) 0,2335(7) 0,2841(6) 0,024(3) 

N8 0,205(2) 0,3682(7) 0,4001(7) 0,026(3) 

N9 -0,336(2) 0,3421(7) 0,0823(7) 0,029(3) 

H9 -0,3363 0,3661 0,1232 0,034 

N10 0,304(2) 0,1929(7) 0,3430(7) 0,026(3) 

N11 0,2921(19) 0,3287(8) 0,4561(6) 0,026(3) 

C12 0,011(3) 0,3223(10) 0,1984(8) 0,035(4) 

H12 -0,0606 0,2932 0,2212 0,042 

N13 -0,2529(18) 0,1959(6) -0,1582(6) 0,021(3) 

O14 0,2202(15) 0,1313(6) 0,0279(6) 0,029(3) 

C15 0,1579(19) 0,1379(8) -0,1200(7) 0,020(3) 

C16 -0,256(3) 0,3630(7) 0,0211(9) 0,028(4) 

C17 -0,370(2) 0,1668(7) 0,0251(8) 0,023(3) 

H17A -0,4777 0,1623 0,0070 0,027 

H17B -0,2953 0,1331 0,0171 0,027 

C18 0,119(3) 0,2953(9) 0,1362(8) 0,031(4) 

H18A 0,0611 0,2988 0,0863 0,038 

H18B 0,2165 0,3222 0,1346 0,038 

C19 0,223(3) 0,2015(8) 0,2162(8) 0,026(3) 

C20 0,344(2) 0,1362(8) 0,3189(8) 0,027(4) 

N21 0,166(2) 0,2269(8) 0,1494(7) 0,035(4) 

H21 0,1563 0,2004 0,1106 0,042 

O22 -0,4147(17) 0,3514(7) -0,2408(7) 0,031(3) 

C23 0,011(2) 0,3866(9) 0,2228(9) 0,024(3) 

H23A 0,0808 0,4170 0,2012 0,029 

H23B -0,0584 0,3998 0,2611 0,029 



177 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ12 

C24 0,443(3) 0,1668(10) 0,5284(9) 0,033(4) 

H24A 0,5517 0,1643 0,5145 0,040 

H24B 0,3724 0,1320 0,5169 0,040 

O25 0,373(2) 0,4709(7) 0,2604(7) 0,036(3) 

C26 -0,321(2) 0,2222(8) 0,0630(7) 0,023(3) 

H26 -0,2121 0,2240 0,0798 0,027 

C27 -0,300(2) 0,1387(8) -0,1826(8) 0,0211(16) 

O28 -0,038(2) 0,0873(7) -0,0252(7) 0,037(3) 

C29 -0,564(2) 0,4214(8) -0,1412(8) 0,023(3) 

O30 0,6177(15) 0,4338(6) 0,1987(6) 0,027(2) 

O31 0,099(2) 0,0901(8) 0,4861(7) 0,040(3) 

C32 0,493(2) 0,2795(10) 0,5865(9) 0,030(4) 

H32A 0,5413 0,2731 0,6381 0,036 

H32B 0,5807 0,2822 0,5508 0,036 

O33 0,4203(18) 0,3547(6) 0,2404(6) 0,030(3) 

N34 -0,101(2) 0,2244(8) -0,3434(7) 0,035(4) 

H34 -0,1105 0,2010 -0,3848 0,042 

C35 -0,108(2) 0,4258(8) -0,0715(8) 0,0211(16) 

C36 0,257(3) 0,1905(9) -0,1438(10) 0,035(4) 

H36 0,2826 0,2255 -0,1106 0,042 

O37 0,0487(19) 0,2096(7) 0,4788(6) 0,034(3) 

O38 -0,6188(16) 0,4279(7) -0,2905(6) 0,033(3) 

C39 -0,524(3) 0,4730(11) -0,0917(10) 0,038(5) 

H39 -0,4545 0,5066 -0,1067 0,046 

C40 0,076(3) 0,4781(9) 0,3775(9) 0,032(4) 

H40A -0,0317 0,4626 0,3623 0,048 

H40B 0,1341 0,4887 0,3322 0,048 

H40C 0,0668 0,5168 0,4091 0,048 



178 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ12 

C41 -0,015(4) 0,2859(12) -0,3460(10) 0,057(7) 

H41A 0,0855 0,2814 -0,3145 0,069 

H41B 0,0164 0,2930 -0,3989 0,069 

O42 -0,1544(18) 0,1370(7) 0,5283(6) 0,035(3) 

O43 -0,361(2) 0,4694(7) -0,2364(7) 0,042(4) 

C44 -0,090(3) 0,0738(12) 0,3431(11) 0,044(5) 

H44 -0,0276 0,0396 0,3650 0,053 

C45 -0,172(3) 0,0675(13) 0,2685(13) 0,050(6) 

H45 -0,1687 0,0273 0,2427 0,061 

C46 -0,108(3) 0,1334(8) 0,3801(8) 0,029(4) 

C47 -0,422(2) 0,2803(9) 0,0808(8) 0,027(3) 

H47A -0,5116 0,2831 0,0425 0,032 

H47B -0,4685 0,2735 0,1308 0,032 

C48 -0,720(3) 0,3705(12) -0,0455(12) 0,041(5) 

H48 -0,7821 0,3350 -0,0292 0,049 

N50 0,402(2) 0,3416(8) 0,5844(7) 0,036(4) 

H50 0,3987 0,3649 0,6258 0,044 

C51 -0,024(3) 0,4789(9) -0,1160(9) 0,030(4) 

H51A 0,0111 0,5135 -0,0813 0,045 

H51B -0,0989 0,4965 -0,1549 0,045 

H51C 0,0687 0,4605 -0,1402 0,045 

C52 0,389(3) 0,2218(10) 0,5659(8) 0,033(4) 

H52 0,2797 0,2229 0,5791 0,040 

C53 0,199(4) 0,0817(12) -0,2395(11) 0,049(6) 

H53 0,1841 0,0446 -0,2709 0,059 

C54 0,165(2) 0,4252(8) 0,4225(8) 0,0211(16) 

C55 0,678(3) 0,4619(11) 0,4678(11) 0,045(5) 

H55 0,6733 0,4963 0,5031 0,054 



179 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ12 

C56 0,131(2) 0,0833(10) -0,1688(10) 0,030(4) 

H56 0,0679 0,0482 -0,1529 0,036 

C57 0,288(3) 0,1343(12) -0,2649(10) 0,039(5) 

H57 0,3304 0,1332 -0,3139 0,046 

C59 -0,023(3) 0,3951(11) -0,2797(9) 0,038(5) 

H59A 0,0879 0,3939 -0,2661 0,046 

H59B -0,0857 0,4311 -0,2657 0,046 

C60 0,595(2) 0,4147(9) 0,3462(8) 0,027(3) 

C62 0,592(3) 0,4671(11) 0,3980(10) 0,043(6) 

H62 0,5326 0,5051 0,3858 0,052 

C66 0,315(3) 0,1887(11) -0,2183(10) 0,041(5) 

H66 0,3729 0,2246 -0,2367 0,049 

C68 -0,685(3) 0,4220(10) 0,0061(10) 0,045(5) 

H68 -0,7258 0,4214 0,0555 0,054 

C71 -0,384(3) 0,0866(9) -0,1370(9) 0,032(4) 

H71A -0,4285 0,0535 -0,1717 0,047 

H71B -0,4705 0,1064 -0,1094 0,047 

H71C -0,3069 0,0665 -0,1010 0,047 

C79 -0,591(3) 0,4733(11) -0,0171(12) 0,039(4) 

H79 -0,5705 0,5087 0,0161 0,047 

C83 0,768(3) 0,4091(11) 0,4863(9) 0,041(5) 

H83 0,8292 0,4080 0,5329 0,050 

C86 0,419(3) 0,0831(11) 0,3670(9) 0,046(6) 

H86A 0,4431 0,0460 0,3349 0,069 

H86B 0,3455 0,0699 0,4057 0,069 

H86C 0,5189 0,0991 0,3917 0,069 

C96 -0,203(4) 0,1845(12) 0,3482(13) 0,060(8) 

H96 -0,2196 0,2229 0,3762 0,072 



180 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ12 

C98 -0,096(2) 0,3426(10) -0,3216(9) 0,034(4) 

H98 -0,2072 0,3457 -0,3341 0,041 

C 0,772(3) 0,3547(11) 0,4353(11) 0,037(4) 

H 0,8308 0,3168 0,4487 0,044 

C2 -0,256(3) 0,1181(14) 0,2348(10) 0,054(7) 

H2 -0,3011 0,1136 0,1849 0,065 

C5 -0,273(5) 0,1776(14) 0,2754(17) 0,075(10) 

H5 -0,3323 0,2123 0,2529 0,090 

C6 -0,667(3) 0,3705(11) -0,1193(11) 0,041(5) 

H6 -0,6983 0,3373 -0,1540 0,049 

C99 0,684(3) 0,3592(9) 0,3641(11) 0,035(4) 

H99 0,6870 0,3244 0,3290 0,042 

 

Тɚɛɥɢɰɹ Ȼ13 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 13 

[Cu4(L2)4]; T = 150; F(000) = 332; 2θmax = 58,1; Nɜɢɦ = 8593; Nɧɟɡɚɥ = 2802; 

Ɋ = 145; R = 0,0486;ωR = 0,1158; S = 1,228; I 41/a; a = 13,6319(5); c = 25,1706(11) 

Å; V = 4677,4(3); Z = 4.  

 x y z U, Å2 

Cu1 0,59213 0,64309 0,11957 0,03535(18) 

S1 0,46636 0,61599 -0,04071 0,0356(2) 

N3 0,55644 0,63914 0,04803 0,0368(7) 

N4 0,62787 0,64384 0,00905 0,0351(7) 

N2 0,38710 0,62164 0,05870 0,0346(7) 

C4 0,46573 0,62625 0,02878 0,0333(8) 

C5 0,59332 0,63327 -0,03820 0,0341(8) 

C3 0,29367 0,60522 0,03115 0,0389(8) 

H3A 0,29916 0,54746 0,00896 0,047 



181 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ13 

H3B 0,28014 0,66048 0,00811 0,047 

C2 0,21099 0,59226 0,06879 0,0440(9) 

H2 0,21985 0,54818 0,09655 0,053 

C1 0,12878 0,63632 0,06641 0,0562(12) 

H1A 0,11678 0,68102 0,03931 0,067 

H1B 0,08093 0,62369 0,09178 0,067 

C6 0,65370 0,63596 -0,08612 0,0380(8) 

C7 0,62305 0,59470 -0,13368 0,0438(9) 

H7 0,56211 0,56477 -0,13550 0,053 

C8 0,68252 0,59742 -0,17903 0,0532(11) 

H8 0,66152 0,56901 -0,21065 0,064 

C9 0,77160 0,64218 -0,17639 0,0581(12) 

H9 0,81111 0,64451 -0,20648 0,070 

C10 0,80339 0,68366 -0,12994 0,0592(12) 

H10 0,86372 0,71491 -0,12883 0,071 

C11 0,74561 0,67924 -0,08423 0,0497(10) 

H11 0,76863 0,70529 -0,05243 0,060 

 

Тɚɛɥɢɰɹ Ȼ14 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 14 

[Cu2(L3)(SO3NH2)2]·2H2O; T = 150; F(000) = 560; 2θmax = 58,7; Nɜɢɦ = 8829; 

Nɧɟɡɚɥ = 3994; Ɋ = 250; R = 0,1239;ωR = 0,0844; S = 1,086; P -1; a = 7,879(3); 

b = 8,960(3); c = 13,816(4) Å; α = 71,62(3); ȕ = 75,03(3); Ȗ = 83,53(3)˚; V = 893,7(6); Z = 2.  

 x y z U, Å2 

Cu1 0,18377(13) 0,72304(12) 0,15801(8) 0,0283(3) 

Cu2 0,32399(14) 0,80380(12) 0,36362(8) 0,0306(3) 

S1 0,1731(3) 0,3092(2) 0,44555(17) 0,0297(5) 

 



182 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ14 

S41 -0,0444(3) 0,9754(2) 0,26921(17) 0,0274(5) 

S31 0,6104(3) 0,7940(2) 0,14876(17) 0,0289(5) 

O41 0,0900(7) 0,9863(7) 0,3211(5) 0,0305(13) 

O42 -0,1561(7) 0,8427(7) 0,3228(5) 0,0330(14) 

O43 -0,1429(8) 1,1217(7) 0,2397(5) 0,0326(14) 

O31 0,4724(7) 0,7945(7) 0,0960(5) 0,0317(13) 

O32 0,6566(8) 0,6407(7) 0,2110(5) 0,0369(15) 

O33 0,7619(7) 0,8839(7) 0,0777(4) 0,0315(13) 

O51 0,5516(8) 0,3326(8) 0,2103(6) 0,0418(16) 

H51A 0,6455 0,2768 0,2231 0,063 

H51B 0,5626 0,4289 0,2090 0,063 

O52 0,3821(8) 0,1781(8) 0,1148(5) 0,0396(16) 

H52A 0,4358 0,2194 0,1474 0,059 

H52B 0,4531 0,1723 0,0561 0,059 

N11 0,1186(9) 0,3503(8) 0,2550(5) 0,0290(15) 

H11 0,1191 0,2468 0,2747 0,035 

N3 0,1934(9) 0,5678(7) 0,2938(5) 0,0257(15) 

N4 0,2254(9) 0,6066(8) 0,3776(6) 0,0288(15) 

N21 0,2312(9) 0,4893(8) 0,5567(5) 0,0300(16) 

H21 0,1880 0,4105 0,6118 0,036 

N41 0,0697(9) 0,9396(8) 0,1565(5) 0,0301(16) 

H41A 0,1564 1,0105 0,1265 0,036 

H41B -0,0044 0,9618 0,1127 0,036 

N31 0,5170(9) 0,8945(8) 0,2353(6) 0,0312(16) 

H31A 0,4736 0,9873 0,1983 0,037 

H31B 0,6054 0,9185 0,2586 0,037 

C11 0,1486(12) 0,6939(10) 0,0218(7) 0,0322(19) 

H11A 0,0273 0,7174 0,0243 0,039 



183 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ14 

H11B 0,2337 0,7678 -0,0236 0,039 

C12 0,2005(11) 0,5549(9) 0,0831(7) 0,0306(19) 

H12 0,3223 0,5328 0,0798 0,037 

C13 0,0711(12) 0,4353(10) 0,1557(7) 0,033(2) 

H13A -0,0453 0,4887 0,1710 0,040 

H13B 0,0601 0,3583 0,1198 0,040 

C2 0,1608(10) 0,4188(9) 0,3171(7) 0,0274(18) 

C5 0,2144(10) 0,4856(10) 0,4619(7) 0,0267(17) 

C23 0,3143(12) 0,6120(10) 0,5754(7) 0,033(2) 

H23A 0,4434 0,5975 0,5526 0,040 

H23B 0,2853 0,5968 0,6519 0,040 

C22 0,2642(12) 0,7776(11) 0,5217(7) 0,035(2) 

H22 0,1435 0,8047 0,5237 0,042 

C21 0,3842(12) 0,8909(11) 0,4703(7) 0,035(2) 

H21A 0,5056 0,8661 0,4674 0,042 

H21B 0,3469 0,9948 0,4372 0,042 

 

Тɚɛɥɢɰɹ Ȼ15 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 15 

[Cu2(L4)2(H2O)(SiF6)]·CH3CN; T = 260; F(000) = 1380; 2θmax = 58,0; 

Nɜɢɦ = 24572; Nɧɟɡɚɥ = 5649; Ɋ = 412; R = 0,0369;ωR = 0,0828; S = 1,049; P 21/n; 

a = 11,899(4); b = 11,442(4); c = 17,678(5) Å; ȕ = 102,04(3)˚; V = 2353,9(13); Z = 4.  

 x y z U, Å2 G 

C24 -0,3873(2) -1,0688(2) 0,07294(15) 0,0321(6)  

C25 -0,4799(2) -0,9721(2) 0,16465(16) 0,0305(6)  

C14 -0,3561(3) -0,5332(2) 0,05978(17) 0,0357(7)  

C15 -0,3182(3) -0,6313(2) -0,05172(16) 0,0353(7)  

Cu1 -0,26289(3) -0,86456(3) 0,02532(2) 0,03965(12)  

 



184 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ15 

N12 -0,5426(2) -0,9414(3) 0,21542(17) 0,0434(7)  

H12A -0,562(3) -0,869(3) 0,211(2) 0,052  

H12B -0,590(3) -0,987(3) 0,230(2) 0,052  

N13 -0,36247(19) -0,9572(2) 0,08057(13) 0,0312(5)  

N24 -0,4136(2) -0,9013(2) 0,13454(13) 0,0320(5)  

N22 -0,2988(3) -0,6624(3) -0,12019(16) 0,0537(8)  

H22A -0,288(3) -0,737(3) -0,139(2) 0,064  

H22B -0,288(3) -0,609(3) -0,150(2) 0,064  

N23 -0,3555(2) -0,6453(2) 0,06740(13) 0,0327(5)  

N14 -0,3312(2) -0,7043(2) 0,00340(12) 0,0338(5)  

O1 -0,1575(2) -0,7886(2) 0,14329(14) 0,0535(6)  

H1A -0,1317 -0,7155 0,1371 0,080  

H1B -0,0955 -0,8336 0,1620 0,080  

O2 0,0394(2) -0,9116(3) 0,15841(17) 0,0727(8)  

H2A 0,0713 -0,9607 0,1940 0,109  

H2B 0,0844 -0,8516 0,1583 0,109  

S11 -0,47951(7) -1,11532(6) 0,13071(4) 0,03665(18)  

S12 -0,33947(8) -1,16900(7) 0,01339(5) 0,0477(2)  

S21 -0,33098(8) -0,48476(7) -0,02800(5) 0,0456(2)  

C23A -0,2451(6) -1,0907(5) -0,0365(4) 0,0449(17) 0,617(10) 

H23A -0,1995 -1,1480 -0,0572 0,054 0,617(10) 

H23B -0,2926 -1,0510 -0,0802 0,054 0,617(10) 

C22A -0,1651(5) -1,0035(4) 0,0071(4) 0,0404(17) 0,617(10) 

H22A -0,1392 -1,0130 0,0601 0,048 0,617(10) 

C21A -0,1303(15) -0,9146(16) -0,0265(11) 0,054(5) 0,617(10) 

H21A -0,1555 -0,9041 -0,0795 0,065 0,617(10) 

H21B -0,0800 -0,8611 0,0022 0,065 0,617(10) 

C13A -0,4091(3) -0,5095(3) 0,2051(2) 0,0449(9) 0,88 



185 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ15 

H13A -0,4137 -0,4558 0,2468 0,054 0,88 

H13B -0,4841 -0,5453 0,1888 0,054 0,88 

C12A -0,3229(4) -0,6045(3) 0,2367(2) 0,0415(9) 0,88 

H12A -0,2485 -0,5999 0,2282 0,050 0,88 

C11A -0,3530(8) -0,6966(5) 0,2773(4) 0,0501(19) 0,88 

H11A -0,4272 -0,7019 0,2860 0,060 0,88 

H11B -0,2993 -0,7542 0,2962 0,060 0,88 

Cu2A -0,36197(18) -0,7398(3) 0,1618(2) 0,0345(4) 0,88 

S22A -0,37812(15) -0,42713(12) 0,12585(9) 0,0447(3) 0,88 

C23B -0,2026(9) -1,1074(8) 0,0012(7) 0,042(3) 0,383(10) 

H23C -0,1555 -1,0932 0,0521 0,051 0,383(10) 

H23D -0,1635 -1,1657 -0,0237 0,051 0,383(10) 

C22B -0,2086(7) -0,9980(7) -0,0438(6) 0,034(2) 0,383(10) 

H22B -0,2687 -0,9927 -0,0867 0,041 0,383(10) 

C22B -0,135(2) -0,902(3) -0,0297(15) 0,034(5) 0,383(10) 

H22C -0,0738 -0,9021 0,0124 0,041 0,383(10) 

H22D -0,1482 -0,8375 -0,0625 0,041 0,383(10) 

C13B -0,298(3) -0,510(3) 0,2236(19) 0,065(9) 0,12 

H13C -0,2242 -0,5457 0,2237 0,078 0,12 

H13D -0,2866 -0,4536 0,2655 0,078 0,12 

C12B -0,376(2) -0,603(2) 0,2419(15) 0,027(6) 0,12 

H12B -0,4533 -0,5838 0,2353 0,032 0,12 

C11B -0,345(4) -0,712(2) 0,267(3) 0,018(8) 0,12 

H11C -0,2684 -0,7356 0,2748 0,022 0,12 

H11D -0,4001 -0,7645 0,2772 0,022 0,12 

Cu2B -0,3927(13) -0,736(2) 0,1605(14) 0,033(3) 0,12 

S22B -0,3398(9) -0,4323(12) 0,1362(7) 0,035(3) 0,12 

F1 -0,62718(17) -0,70348(17) 0,16507(10) 0,0531(5)  



186 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ15 

F2 -0,81507(19) -0,63711(17) 0,27744(12) 0,0641(6)  

Si1 -0,72257(8) -0,67000(7) 0,21978(5) 0,0384(2)  

F3A -0,7269(6) -0,8125(4) 0,2448(4) 0,0351(13) 0,428(3) 

F5A -0,7214(8) -0,5319(4) 0,1966(4) 0,0492(14) 0,428(3) 

F6A -0,6161(5) -0,6498(7) 0,2977(3) 0,0509(17) 0,428(3) 

F3B -0,7584(8) -0,8120(5) 0,2227(6) 0,0309(19) 0,288(3) 

F4B -0,8174(7) -0,6539(12) 0,1374(4) 0,055(3) 0,288(3) 

F5B -0,6735(9) -0,5315(5) 0,2150(6) 0,0382(18) 0,288(3) 

F6B -0,6144(7) -0,6912(11) 0,2998(4) 0,047(2) 0,288(3) 

F3C -0,7978(15) -0,7868(13) 0,1936(11) 0,069(4) 0,168(3) 

F4C -0,8099(11) -0,5889(17) 0,1521(8) 0,052(3) 0,168(3) 

F5C -0,6468(12) -0,5443(11) 0,2502(12) 0,060(4) 0,168(3) 

F6C -0,6360(12) -0,7418(14) 0,2924(6) 0,038(3) 0,168(3) 

F3D -0,8290(15) -0,7443(19) 0,1626(12) 0,065(6) 0,116(3) 

F4D -0,7765(17) -0,5445(12) 0,1737(9) 0,023(3) 0,116(3) 

F5D -0,6264(15) -0,590(2) 0,2817(12) 0,063(6) 0,116(3) 

F6D -0,6817(17) -0,7901(13) 0,2728(10) 0,026(3) 0,116(3) 

C2 -0,0535(7) -0,4794(9) 0,0952(6) 0,075(3) 0,5 

C3 -0,001(3) -0,379(2) 0,0769(18) 0,100(11) 0,5 

H3A 0,0722 -0,3702 0,1111 0,150 0,5 

H3B -0,0487 -0,3127 0,0821 0,150 0,5 

H3C 0,0088 -0,3837 0,0245 0,150 0,5 

N1 -0,0887(8) -0,5623(9) 0,1155(6) 0,089(3) 0,5 

F4A -0,8329(5) -0,6949(7) 0,1425(4) 0,0542(16) 0,428(3) 

O4 -0,011(2) -0,3481(18) 0,0721(15) 0,097(5) 0,5 

O3 -0,0385(6) -0,6046(6) 0,0816(4) 0,0777(18) 0,5 

 *G – ɤɨɟɮɿɰɿєɧɬ ɡɚɩɨɜɧɟɧɧɹ ɩɪɚɜɢɥɶɧɨʀ ɫɢɫɬɟɦɢ ɬɨɱɨɤ 

 



187 

Тɚɛɥɢɰɹ Ȼ16 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 16 

[Cu2(L4)2(H2O)(NO3)2]; T = 100; F(000) = 1240; 2θmax = 64,6; Nɜɢɦ = 11883; 

Nɧɟɡɚɥ = 6647; Ɋ = 346; R = 0,0750;ωR = 0,0452; S = 1,008; P 21/c; a = 7,379(3); 

b = 18,780(5); c = 14,702(4) Å; ȕ = 94,82(3)˚; V = 2030,2(11); Z = 4.  

 x y z U, Å2 G 

Cu1A 0,6758(2) 0,54841(9) 0,28897(8) 0,0254(2) 0,765(6) 

Cu1B 0,6292(7) 0,5656(2) 0,2979(3) 0,0226(6) 0,235(6) 

Cu2A 0,4280(2) 0,67847(8) 0,15853(14) 0,0280(2) 0,794(7) 

Cu2B 0,4045(8) 0,6712(3) 0,1832(4) 0,0222(7) 0,206(7) 

S11 0,88194(11) 0,77496(4) 0,33415(5) 0,03405(17)  

S12A 0,9467(2) 0,64460(14) 0,45789(9) 0,0351(4) 0,765(6) 

S12B 0,9288(9) 0,6667(3) 0,4581(4) 0,0348(14) 0,235(6) 

S21 0,32163(10) 0,45394(3) 0,06167(5) 0,02596(15)  

S22 0,09397(10) 0,58465(4) 0,02178(5) 0,02980(16)  

O1 0,3426(4) 0,61593(15) 0,31989(18) 0,0561(8)  

H1A 0,262(7) 0,578(3) 0,323(3) 0,084  

H1B 0,326(6) 0,647(2) 0,373(3) 0,084  

O21 0,5703(3) 0,69954(12) 0,00949(15) 0,0405(5)  

O22 0,4733(3) 0,80878(11) 0,00474(15) 0,0381(5)  

O23 0,4103(4) 0,73874(12) -0,10980(15) 0,0468(6)  

N12 0,4863(4) 0,74886(13) -0,03207(16) 0,0321(6)  

N21 0,6913(4) 0,81795(15) 0,17938(18) 0,0358(6)  

H12A 0,750(5) 0,8612(18) 0,189(2) 0,043  

H12B 0,624(5) 0,8080(19) 0,132(2) 0,043  

N13 0,7304(3) 0,65507(13) 0,29752(15) 0,0280(5)  

N14 0,6605(3) 0,70080(12) 0,22911(15) 0,0264(5)  

N22 0,6172(4) 0,40718(13) 0,16391(18) 0,0301(5)  

H22A 0,717(5) 0,4157(17) 0,196(2) 0,036  



188 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ16 

H22B 0,585(5) 0,3677(17) 0,146(2) 0,036  

N23 0,4050(3) 0,57409(11) 0,13393(15) 0,0231(4)  

N24 0,5332(3) 0,52684(12) 0,17360(14) 0,0238(4)  

C14 0,8423(4) 0,68604(17) 0,35797(19) 0,0318(6)  

C15 0,7307(4) 0,76500(15) 0,23714(19) 0,0287(6)  

C13A 0,7803(6) 0,5763(2) 0,4787(3) 0,0313(10) 0,765(6) 

H13A 0,8043 0,5588 0,5421 0,038 0,765(6) 

H13B 0,6575 0,5979 0,4732 0,038 0,765(6) 

C13B 0,8942(19) 0,5707(7) 0,4540(9) 0,033(3) 0,235(6) 

H13C 0,9706 0,5504 0,4082 0,040 0,235(6) 

H13D 0,9375 0,5505 0,5141 0,040 0,235(6) 

C12A 0,7815(6) 0,5150(2) 0,4155(2) 0,0320(10) 0,765(6) 

H12A 0,8945 0,5027 0,3932 0,038 0,765(6) 

C12B 0,7029(16) 0,5471(6) 0,4311(7) 0,019(2) 0,235(6) 

H12B 0,6054 0,5772 0,4447 0,023 0,235(6) 

C11A 0,6328(11) 0,4744(4) 0,3864(4) 0,0318(13) 0,765(6) 

H11A 0,5172 0,4850 0,4071 0,038 0,765(6) 

H11B 0,6456 0,4359 0,3456 0,038 0,765(6) 

C11B 0,669(4) 0,4866(14) 0,3933(19) 0,038(7) 0,235(6) 

H11C 0,7658 0,4562 0,3796 0,045 0,235(6) 

H11D 0,5463 0,4720 0,3791 0,045 0,235(6) 

C24 0,2827(4) 0,54435(13) 0,07774(17) 0,0227(5)  

C25 0,5102(4) 0,46214(14) 0,14025(18) 0,0247(5)  

C23A 0,0483(5) 0,65593(18) 0,1045(3) 0,0288(9) 0,794(7) 

H23A -0,0763 0,6745 0,0898 0,035 0,794(7) 

H23B 0,0539 0,6353 0,1667 0,035 0,794(7) 

C23B 0,0940(17) 0,6732(6) 0,0521(8) 0,020(3) 0,206(7) 

H23C 0,1816 0,6983 0,0159 0,024 0,206(7) 



189 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ16 

H23D -0,0281 0,6927 0,0336 0,024 0,206(7) 

C22A 0,1794(5) 0,71578(19) 0,1038(3) 0,0298(9) 0,794(7) 

H22A 0,2256 0,7269 0,0471 0,036 0,794(7) 

C22B 0,1379(17) 0,6907(7) 0,1468(9) 0,021(3) 0,206(7) 

H22B 0,1072 0,6591 0,1936 0,025 0,206(7) 

C21A 0,2400(13) 0,7564(4) 0,1775(7) 0,0273(14) 0,794(7) 

H21A 0,1975 0,7472 0,2356 0,033 0,794(7) 

H21B 0,3244 0,7938 0,1705 0,033 0,794(7) 

C21B 0,220(6) 0,750(2) 0,167(3) 0,047(13) 0,206(7) 

H21C 0,2503 0,7817 0,1197 0,057 0,206(7) 

H21D 0,2501 0,7629 0,2291 0,057 0,206(7) 

O11 0,9655(3) 0,52030(11) 0,22839(16) 0,0409(5)  

O12 0,9797(3) 0,40739(11) 0,25601(18) 0,0424(6)  

O13 1,2039(3) 0,47483(12) 0,30109(17) 0,0440(6)  

N11 1,0495(3) 0,46788(13) 0,26096(17) 0,0291(5)  

 

Тɚɛɥɢɰɹ Ȼ17 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 17 

[Cu2(L4)2(H2O)(BF4)](BF4); T = 293; F(000) = 658; 2θmax = 57,4; Nɜɢɦ = 9878; 

Nɧɟɡɚɥ = 5186; Ɋ = 319; R = 0,1224;ωR = 0,2801; S = 1,024; P -1; a = 8,2440(15); 

b = 10,6277(18); c = 14,097(3) Å; α = 74,189(15); ȕ = 88,623(15); Ȗ = 68,283(16)˚; 

V = 1100,0(4); Z = 2.  

 x y z U, Å2 G 

Cu1 0,1989(2) 0,68269(14) 0,20954(10) 0,0320(5)  

Cu2 0,4061(2) 0,31883(15) 0,29361(11) 0,0407(5)  

S3 0,2080(5) 0,5215(3) 0,5374(2) 0,0354(8)  

S4 0,2435(5) 0,4721(3) -0,0305(2) 0,0391(9)  

S5 0,5021(5) 0,2438(3) 0,5566(2) 0,0412(9)  

 



190 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ17 

S6 0,2357(5) 0,7622(3) -0,0542(2) 0,0438(9)  

F1 1,2322(11) 0,0990(8) 0,3047(6) 0,050(2)  

N23 0,3265(13) 0,4408(9) 0,3858(7) 0,028(2)  

N24 0,1978(14) 0,5778(9) 0,3485(7) 0,032(2)  

N13 0,2663(14) 0,5595(10) 0,1189(7) 0,032(2)  

F2 -0,1903(13) 0,8721(10) 0,2103(7) 0,070(3)  

F3 -0,3318(16) 0,7142(10) 0,2333(7) 0,086(4)  

F4 0,9637(14) 0,2607(10) 0,2525(6) 0,071(3)  

N14 0,2904(15) 0,4161(10) 0,1576(8) 0,038(3)  

N22 -0,48(16) 0,7567(11) 0,4044(8) 0,045(3)  

H1N22 -0,0455 0,8095 0,3454 0,054  

H2N22 -0,0475 0,7851 0,4545 0,054  

F5 1,27(12) 0,0710(11) 0,3814(8) 0,090(4)  

N12 0,2861(17) 0,2220(11) 0,1067(8) 0,045(3)  

F6 1,0883(15) 0,2406(13) 0,3981(8) 0,103(4)  

C12 0,169(2) 0,8679(11) 0,1056(9) 0,037(3)  

H12 0,0553 0,8801 0,0885 0,044  

C25 0,1235(16) 0,6315(12) 0,4181(8) 0,029(3)  

C21 0,610(2) 0,1220(13) 0,3061(9) 0,044(4)  

H21A 0,7088 0,1406 0,2855 0,053  

H21B 0,5485 0,0968 0,2649 0,053  

C14 0,2534(16) 0,5979(12) 0,0231(8) 0,031(3)  

C22 0,5545(19) 0,1320(13) 0,3969(9) 0,039(3)  

H22 0,4552 0,1130 0,4158 0,047  

C24 0,3488(17) 0,4010(13) 0,4818(9) 0,035(3)  

C11 0,205(2) 0,8793(12) 0,1982(9) 0,041(3)  

H11A 0,3179 0,8677 0,2180 0,049  

H11B 0,1164 0,8985 0,2403 0,049  



191 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ17 

C15 0,2784(17) 0,3567(12) 0,0888(8) 0,031(3)  

C23 0,6457(18) 0,1719(13) 0,4674(9) 0,038(3)  

H23A 0,6903 0,2416 0,4302 0,045  

H23B 0,7449 0,0892 0,5030 0,045  

C13 0,298(2) 0,8381(13) 0,0331(9) 0,041(3)  

H13A 0,4103 0,7731 0,0677 0,050  

H13B 0,3108 0,9250 -0,31 0,050  

O1 0,627(2) 0,4496(19) 0,2474(14) 0,108(5)  

H1O1 0,7204 0,3820 0,2766 0,163  

H2O1 0,6317 0,5275 0,2491 0,163  

F7A -0,187(4) 0,767(3) 0,0934(16) 0,073(7) 0,5 

F7B -0,329(4) 0,849(3) 0,0740(12) 0,066(6) 0,5 

F8A -0,431(2) 0,9258(19) 0,1304(15) 0,063(5) 0,5 

B1 -0,258(3) 0,795(2) 0,1694(14) 0,076(6)  

F8B -0,084(2) 0,669(2) 0,165(2) 0,081(7) 0,5 

B2 1,075(2) 0,1707(19) 0,3334(12) 0,046(4)  

 

Тɚɛɥɢɰɹ Ȼ18 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 18 

[Cu2(L4)I2]2; T = 100; F(000) = 798; 2θmax = 59,1; Nɜɢɦ = 13796; Nɧɟɡɚɥ = 3066; 

Ɋ = 127; R = 0,0248;ωR = 0,0409; S = 1,085; P 21/n; a = 8,20469(15); b = 10,9773(2); 

c = 13,6493(2) Å; ȕ = 95,5759(16)˚; V = 1223,51(4); Z = 2.  

 x y z U, Å2 

I1 0,77073(3) 0,56326(2) 0,48512(2) 0,01199(6) 

I2 0,38493(3) 0,79825(2) 0,54623(2) 0,01223(6) 

Cu2 0,45232(5) 0,60119(4) 0,45514(3) 0,01349(10) 

Cu1 0,70239(5) 0,40685(4) 0,34518(3) 0,01392(10) 

S1 0,55248(11) 0,37063(8) 0,09037(6) 0,01362(19) 

 



192 

ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ18 

S2 0,28592(11) 0,54672(8) 0,12926(6) 0,0154(2) 

N3 0,5101(3) 0,4848(2) 0,26428(19) 0,0103(6) 

N4 0,4110(3) 0,5671(2) 0,3089(2) 0,0110(6) 

N2 0,1703(4) 0,6798(3) 0,2743(2) 0,0240(8) 

H1N2 0,1741 0,7062 0,3339 0,029 

H2N2 0,0916 0,7017 0,2318 0,029 

C2 0,8129(4) 0,3114(3) 0,2318(2) 0,0141(8) 

H2C 0,7563 0,2403 0,2437 0,017 

C1 0,9316(4) 0,3489(3) 0,35(3) 0,0177(8) 

H1A 0,9901 0,4197 0,2904 0,021 

H1B 0,9549 0,3041 0,3580 0,021 

C4 0,4629(4) 0,4672(3) 0,1709(2) 0,0108(7) 

C5 0,2872(4) 0,6045(3) 0,2479(2) 0,0126(7) 

C3 0,7681(4) 0,3778(3) 0,1380(2) 0,0145(8) 

H3A 0,8331 0,3453 0,0883 0,017 

H3B 0,7981 0,4627 0,1477 0,017 

 

Тɚɛɥɢɰɹ Ȼ19 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 19 

[Cu(L4)(SO3NH2)]; T = 100; F(000) = 336; 2θmax = 59,3; Nɜɢɦ = 11453; 

Nɧɟɡɚɥ = 2610; Ɋ = 157; R = 0,0232;ωR = 0,0535; S = 1,053; P -1; a = 7,6867(3); 

b = 7,7110(3); c = 10,1434(5) Å; α = 110,286(4); ȕ = 99,436(4); Ȗ = 106,337(4)˚; 

V = 517,82(4); Z = 2.  

 x y z U, Å2 

Cu1 0,58242(3) 0,59553(3) 0,69267(2) 0,919(7) 

S2 1,04015(6) 0,78444(7) 0,49289(5) 0,943(10) 

S3 1,09845(6) 0,75646(7) 0,77810(5) 0,01131(10) 

S4 0,65178(6) 1,08872(7) 0,74085(5) 0,947(10) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ19 

O5 0,83808(19) 1,0895(2) 0,72937(16) 0,0136(3) 

O6 0,6354(2) 1,1395(2) 0,88805(16) 0,0189(3) 

N3 0,7581(2) 0,6091(2) 0,56404(17) 0,79(3) 

N1 0,5088(2) 0,8495(2) 0,64834(19) 0,0119(3) 

H1N1 0,479(3) 0,825(4) 0,5534(19) 0,014 

H2N2 0,410(3) 0,842(3) 0,679(3) 0,014 

O9 0,5835(2) 1,2012(2) 0,66927(17) 0,0186(3) 

N4 0,6811(2) 0,5980(2) 0,42441(17) 0,80(3) 

N2 0,7763(2) 0,7122(3) 0,25106(18) 0,0126(3) 

H1N2 0,665(3) 0,706(4) 0,218(3) 0,015 

H2N2 0,872(3) 0,782(3) 0,238(3) 0,015 

C2 0,7923(3) 0,7451(3) 0,8894(2) 0,0110(4) 

H2 0,8105 0,8686 0,8830 0,013 

C3 0,9449(3) 0,6585(3) 0,8731(2) 0,0112(4) 

H3A 0,8848 0,5124 0,8183 0,013 

H3B 1,0221 0,6872 0,9718 0,013 

C21 0,8105(2) 0,6899(3) 0,3767(2) 0,87(3) 

C1 0,6287(3) 0,6514(3) 0,9132(2) 0,0137(4) 

H1A 0,6084 0,5278 0,9198 0,016 

H2B 0,5354 0,71 0,9229 0,016 

C13 0,9416(3) 0,72(3) 0,6115(2) 0,88(3) 

 

Тɚɛɥɢɰɹ Ȼ20 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 20 

[Cu3Cl(CF3COO)(L5)]; T = 293; F(000) = 336; 2θmax = 73,2; Nɜɢɦ = 17620; 

Nɧɟɡɚɥ = 4259; Ɋ = 216; R = 0,0487;ωR = 0,1484; S = 1,247; Fdd2; a = 18,5284(4); 

b = 43,3333(9); c = 8,2346(2) Å; V = 6611,5(3); Z = 16. 
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 x y z U, Å2 

Cu1 0,45757(4) 0,43866(2) 0,60392(9) 0,02335(18) 

Cu2 0,30015(4) 0,41604(2) 0,52465(9) 0,02327(18) 

Cl 0,39241(7) 0,39622(2) 0,69253(18) 0,0266(3) 

S1 0,55469(8) 0,46118(3) 0,2379(2) 0,0304(3) 

S2 0,42156(9) 0,43926(3) 0,06005(19) 0,0297(3) 

S3 0,27798(9) 0,40731(4) 0,0843(2) 0,0356(3) 

O1 0,3898(2) 0,47436(7) 0,7069(6) 0,0233(7) 

Ow 0,5000 0,5000 0,9239(10) 0,0387(15) 

1O2 0,5167 0,5086 0,8391 0,058 

H2O2 0,4974 0,5132 1,03 0,058 

O2 0,2789(2) 0,45498(8) 0,6595(6) 0,0293(9) 

N4 0,3621(2) 0,42812(9) 0,3327(6) 0,0229(9) 

N2 0,4288(3) 0,44056(9) 0,3687(7) 0,0234(9) 

C12 0,5648(3) 0,45269(11) 0,5765(9) 0,0298(12) 

H12 0,5526 0,4734 0,5860 0,036 

C3 0,3233(3) 0,47308(9) 0,7195(7) 0,0239(10) 

C5 0,2069(4) 0,39045(15) 0,5477(11) 0,0387(15) 

FF 0,2261(5) 0,4928(2) 0,8760(16) 0,139(6) 

C13 0,5913(3) 0,44153(11) 0,4146(10) 0,0317(13) 

H13A 0,5802 0,4197 0,4053 0,038 

H13B 0,6435 0,4436 0,4124 0,038 

C4 0,3511(3) 0,42532(11) 0,1783(7) 0,0236(10) 

C6 0,2879(3) 0,49804(11) 0,8328(10) 0,03(12) 

C7 0,4658(3) 0,44768(9) 0,2401(7) 0,0226(9) 

C11 0,5573(3) 0,43458(14) 0,7104(11) 0,0348(14) 

H11A 0,5690 0,4137 0,7053 0,042 

H11B 0,5405 0,4431 0,8070 0,042 

F1 0,3328(3) 0,5088(2) 0,9378(13) 0,117(4) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ20 

F2 0,2853(6) 0,52422(13) 0,75(14) 0,114(4) 

C22 0,2253(10) 0,3945(5) 0,3971(16) 0,171(11) 

C23 0,2268(8) 0,3942(5) 0,2493(15) 0,127(8) 

H23A 0,1794 0,4022 0,2226 0,153 

H23B 0,2238 0,3723 0,2267 0,153 

 

Тɚɛɥɢɰɹ Ȼ21 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 21 

[Cu3Cl3(L5)]; T = 120; F(000) = 1032; 2θmax = 89,1; Nɜɢɦ = 10209; Nɧɟɡɚɥ = 3417; 

Ɋ = 171; R = 0,051;ωR = 0,1334; S = 1,027; P212121; a = 8,328(3); b = 10,495(4); 

c = 16,733(5) Å; V = 1462,5(9) Å3, Z = 4.  

 x y z U, Å2 

C14 0,7409(12) 0,4716(8) 0,6325(5) 0,0298(18) 

C15 0,7636(11) 0,6640(8) 0,7047(5) 0,0263(17) 

Cl1 0,4318(3) 0,7631(2) 0,49415(13) 0,0327(5) 

Cl2 0,2224(3) 0,4589(2) 0,53790(16) 0,0407(6) 

Cl3 0,2394(3) 0,7351(2) 0,69108(13) 0,0368(5) 

Cu1 0,48259(15) 0,53806(12) 0,51677(7) 0,0244(3) 

Cu2 0,48216(15) 0,80715(11) 0,63079(7) 0,0227(3) 

Cu3 0,13818(17) 0,65244(12) 0,57881(8) 0,0282(3) 

N13 0,6262(9) 0,5515(7) 0,6142(5) 0,0295(15) 

N14 0,6388(9) 0,6638(7) 0,6554(4) 0,0255(15) 

S11 0,8743(3) 0,5281(2) 0,70059(15) 0,0347(5) 

S12 0,7590(4) 0,3205(2) 0,59087(17) 0,0439(6) 

S13 0,8153(3) 0,7828(3) 0,77041(16) 0,0415(6) 

C11 0,5628(17) 0,4806(10) 0,4029(6) 0,048(3) 

H11A 0,6367 0,5445 0,3865 0,057 

H11B 0,4553 0,4824 0,3840 0,057 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ21 

C12 0,6110(15) 0,3868(13) 0,4531(7) 0,059(3) 

H12 0,5310 0,3261 0,4670 0,071 

C13 0,7667(16) 0,3662(12) 0,4885(7) 0,051(3) 

H13A 0,8302 0,4456 0,4838 0,061 

H13B 0,8233 0,2991 0,4579 0,061 

C21A 0,4968(16) 1,0011(12) 0,6565(8) 0,029(3) 

H21C 0,4088 1,0141 0,6917 0,035 

H21D 0,4901 1,0286 0,6025 0,035 

C22A 0,6323(18) 0,9434(16) 0,6834(9) 0,042(4) 

H22 0,7171 0,9325 0,6461 0,050 

C23A 0,659(2) 0,897(2) 0,7634(10) 0,048(5) 

H23A 0,5586 0,8586 0,7836 0,058 

H23B 0,6858 0,9702 0,7984 0,058 

 

Тɚɛɥɢɰɹ Ȼ22 

Кɨɨɪɞɢɧɚɬɢ ɬɚ ɩɚɪɚɦɟɬɪɢ ɡɦіщɟɧɧя ɚɬɨɦіɜ ɜ ɫɬɪɭɤɬɭɪі 22 

[Cu2Cl2(L5)]; T = 293; F(000) = 846; 2θmax = 73,5; Nɜɢɦ = 12053; Nɧɟɡɚɥ = 3981; 

Ɋ = 172; R = 0,0412;ωR = 0,1082; S = 1,037; Pca21; a = 11,0330(2); b = 8,3449(2); 

c = 14,3825(3) Å; V = 1324,19(5); Z = 4.  

 x y z U, Å2 

Cu1 0,34983(6) 0,18026(10) 0,37307(7) 0,0190(2) 

Cu2 0,52423(7) 0,06361(10) 0,54255(7) 0,0230(2) 

Cl2 0,52770(11) 0,23916(18) 0,28964(12) 0,0165(3) 

Cl1 0,39800(13) -0,06611(17) 0,44841(13) 0,0188(3) 

S12 0,23517(15) 0,57803(19) 0,42886(13) 0,0203(3) 

S13 0,59279(13) 0,3865(2) 0,70220(13) 0,0201(3) 

S11 0,41350(14) 0,5764(2) 0,58929(14) 0,0213(4) 

N13 0,3712(5) 0,3287(7) 0,4902(5) 0,0195(11) 
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ɉɪɨɞɨɜɠɟɧɧɹ ɬɚɛɥɢɰі Ȼ22 

N14 0,4556(4) 0,2809(7) 0,5561(4) 0,0176(11) 

C21 0,6572(6) -0,0675(9) 0,6049(6) 0,0228(14) 

H21A 0,6172 -0,1342 0,6488 0,027 

H21B 0,6865 -0,1116 0,5483 0,027 

C13 0,1442(5) 0,4079(8) 0,3901(6) 0,0198(13) 

H13A 0,1259 0,3402 0,4449 0,024 

H13B 0,0662 0,4493 0,3662 0,024 

C12 0,1996(5) 0,3039(9) 0,3169(5) 0,0187(12) 

H12 0,2513 0,3515 0,2719 0,022 

C15 0,4874(6) 0,3972(8) 0,6127(5) 0,0193(12) 

C11 0,1784(5) 0,1419(8) 0,3125(6) 0,0220(13) 

H11A 0,1269 0,0923 0,3570 0,026 

H11B 0,2151 0,0795 0,2650 0,026 

C22 0,6730(6) 0,0977(9) 0,6238(6) 0,0239(15) 

H22 0,7131 0,1629 0,5793 0,029 

C14 0,3410(5) 0,4786(9) 0,4984(5) 0,0185(12) 

C23 0,6290(7) 0,1716(9) 0,7108(6) 0,0253(15) 

H23A 0,6915 0,1571 0,7594 0,030 

H23B 0,5554 0,1136 0,7313 0,030 
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ȾОȾȺТОК ȼ 

ȼ ɞɨɞɚɬɤɭ ɧɚɜɟɞɟɧɿ ɡɚɥɟɠɧɨɫɬɿ ɫɜɿɬɥɨɩɪɨɩɭɫɤɚɧɧɹ ɜ ɞɿɚɩɚɡɨɧɿ 4000-400 ɫɦ-1 ɞɥɹ 

ɪɹɞɭ ɫɢɧɬɟɡɨɜɚɧɢɯ ɥɿɝɚɧɞɿɜ ɬɚ ɤɨɦɩɥɟɤɫɿɜ.  

 

 



1
9
9
 

 

 199 



2
0
0
 

 

 

 200 



2
0
1
 

 

 

 201 



2
0
2
 

 

 

 
202 



2
0
3
 

ȾО
ȾȺ

ТО
К

 Ƚ
 

ȼ 
ɞɨ

ɞɚ
ɬɤ

ɭ 
ɧɚ

ɜɟ
ɞɟ

ɧɿ
 

ɟɤ
ɫɩ

ɟɪ
ɢɦ

ɟɧ
ɬɚ

ɥɶ
ɧɿ

 
ɫɩ

ɟɤ
ɬɪ

ɢ 
ɤɨ

ɦɛ
ɿɧ

ɚɰ
ɿɣ

ɧɨ
ɝɨ

 

ɪɨ
ɡɫ

ɿɸ
ɜɚ

ɧɧ
ɹ,

 ɚ
 ɬ

ɚɤ
ɨɠ

 ɬ
ɟɨ

ɪɟ
ɬɢ

ɱɧ
ɨ 

ɪɨ
ɡɪ

ɚɯ
ɨɜ

ɚɧ
ɿ(D

F
T

) 
ɪɚ

ɦɚ
ɧɿ

ɜɫ
ɶɤ

ɿ 
ɫɩ

ɟɤ
ɬɪ

ɢ 
ɬɚ

 

ɨɩ
ɬɢ

ɦɿ
ɡɨ

ɜɚ
ɧɿ

 ɜ
ɚɪ

ɿɚ
ɧɬ

ɢ 
ɝɟ

ɨɦ
ɟɬ

ɪɿ
ɣ 

ɞɥ
ɹ 

ɞɟ
ɹɤ

ɢɯ
 ɤ

ɨɦ
ɩɥ

ɟɤ
ɫɿ

ɜ.
  



2
0
4
 

 

 

Ɋɢ
ɫ.

 ȼ
1.

 Ɋ
ɨɡ

ɪɚ
ɯɨ

ɜɚ
ɧɢ

ɣ 
ɬɚ

 ɟ
ɤɫ

ɩɟ
ɪɢ

ɦɟ
ɧɬ

ɚɥ
ɶɧ

ɿ Ʉ
Ɋ-

ɫɩ
ɟɤ

ɬɪ
ɢ 

ɤɨ
ɦɩ

ɥɟ
ɤɫ

ɭ 
1

3
. 
 

 

 204 



2
0
5
 

Тɚ
ɛɥ

ɢɰ
ɹ 

Ƚ1
 

ȿɤ
ɫɩ

ɟɪ
ɢɦ

ɟɧ
ɬɚ

ɥь
ɧі

 ɬ
ɚ 

ɪɨ
ɡɪ

ɚх
ɨɜ

ɚɧ
і Р

ɚɦ
ɚɧ

іɜ
ɫь

ɤі
 ɫ

ɩɟ
ɤɬ

ɪɢ
  

ɤɨ
ɦɩ

ɥɟ
ɤɫ

ɭ 
1

3
 ɜ

 ɞ
іɚ

ɩɚ
ɡɨ

ɧі
 1

0
0
-1

7
0

0
 c

ɦ-1
 

Ɋɨ
ɡɪ

ɚɯ
ɭɧ

ɨɤ
 

ȿɤ
ɫɩ

ɟɪ
ɢɦ

ɟɧ
ɬ 

Ʉɨ
ɥɢ

ɜɚ
ɧɧ

ɹ 

Ɂɫ
ɭɜ

 
Іɧ

ɬ.
 

Ɂɫ
ɭɜ

 
Іɧ

ɬ.
 

1
0

3
 

0
.0

2
 

 
 

Ĳ 
1
0

4
 

0
.0

3
 

 
 

Ĳ 
1
1

0
 

0
.0

4
 

 
 

Ĳ 
1
1

8
 

0
.0

7
 

 
 

Ĳ 
1
2

8
 

0
.0

6
 

 
 

Ĳ 
1
4

0
 

0
.0

1
 

 
 

Ĳ 
1
4

4
 

0
.1

0
 

 
 

Ĳ 
1
5

1
 

0
.0

2
 

1
5
6
 

0
.1

3
 

Ĳ 
1
7

1
 

0
.0

2
 

 
 

Ĳ 
1
7

5
 

0
.0

1
 

 
 

Ĳ 
1
8

0
 

0
.0

2
 

 
 

Ĳ 
1
9

7
 

0
.0

2
 

1
9
7
 

0
.0

4
 

Ĳ 
2
0

6
 

0
.0

2
 

 
 

Ĳ 
2
2

9
 

0
.0

2
 

 
 

Ĳ 
2
5

5
 

0
.0

3
 

 
 

Ĳ 
3
2

1
 

0
.0

2
 

 
 

Ĳ 
3
6

2
 

0
.0

1
 

4
0
0
 

0
.0

4
 

δ(
C-

C
=

C
) a

ll
y
l 

4
1

4
 

0
.0

1
 

4
9
0
 

0
.0

4
 

δ(
C=

CC
-N

) a
ll

y
l 

5
1

4
 

0
.0

1
 

5
3
7
 

0
.0

4
 

δ(
C-

C
=

C
) a

ll
y
l 

6
0

2
 

0
.0

1
 

5
8
8
 

0
.0

5
 

δ(
rin

g)
 

6
0

3
 

0
.0

1
 

 
 

δ(
rin

g)
 

6
1

9
 

0
.0

6
 

6
1
7
 

0
.0

5
 

ν(
C-

S
) 

+
 w

(C
-H

) a
ll

y
l 

6
2

5
 

0
.0

1
 

 
 

o
o
p
-w

(C
-H

) a
ll

y
l 

6
2

6
 

0
.0

2
 

6
3
8
 

0
.0

9
 

ν(
Cu

-N
) 

6
6

8
 

0
.0

4
 

6
9
6
 

0
.0

9
 

ν(
C-

S
) 

7
2

9
 

0
.0

2
 

7
5
8
 

0
.0

6
 

ν(
C-

S
) 

 205 



2
0
6
 

ɉ
ɪɨ

ɞɨ
ɜɠ

ɟɧ
ɧɹ

 ɬ
ɚɛ

ɥɢ
ɰі

 Ƚ
1
 

8
0

0
 

0
.0

2
 

 
 

δ(
N

-N
-C

) 

8
0

4
 

0
.0

1
 

8
2
7
 

0
.0

7
 

δ(
N

-N
-C

) 

9
6

6
 

0
.0

1
 

 
 

δ(
rin

g)
 

9
7

3
 

0
.0

3
 

9
9
6
 

0
.2

2
 

δ(
rin

g)
 

9
8

3
 

0
.0

1
 

 
 

o
o
p
-w

(C
-H

) a
ll

y
l 

1
0

1
2
 

0
.0

2
 

 
 

δ(
rin

g)
ip

 

1
0

3
9
 

0
.0

1
 

 
 

ν(
CH

2
-N

) 

1
0

4
2
 

0
.1

5
 

1
0
5
9
 

0
.1

5
 

ν(
CH

2
-N

) 

1
1

2
6
 

0
.0

2
 

1
0
7
3
 

0
.0

5
 

ip
-w

(C
-H

) r
in

g
 

1
1

4
2
 

0
.2

2
 

1
1
4
5
 

0
.2

2
 

ν(
C-

N
) +

 ν
(N

-N
) 

1
1

4
4
 

0
.0

3
 

 
 

ν(
N

-N
) 

+
 i

p
-w

(C
-H

) r
in

g
 

1
1

4
6
 

0
.2

7
 

 
 

ip
-w

(C
-H

) r
in

g
 

1
1

5
0
 

0
.0

1
 

 
 

ip
-w

(C
-H

) r
in

g
 

1
2

0
7
 

0
.0

1
 

1
1
7
4
 

0
.0

7
 

r(
-C

H
2
-)

a
 

1
2

2
1
 

0
.0

6
 

1
2
3
9
 

0
.0

4
 

w
(C

-N
) 

1
2

2
3
 

0
.0

2
 

 
 

ν(
SC

-N
) 

+
 w

(-
C

H
2
-)

b
 

1
2

5
4
 

0
.1

8
 

1
2
7
5
 

0
.1

0
 

ip
-w

(C
-H

) r
in

g
 

1
2

7
8
 

0
.0

4
 

 
 

ip
-w

(C
-H

) r
in

g
 

1
3

1
3
 

0
.0

1
 

 
 

w
(-

C
H

2
-)

b
 

1
4

1
6
 

0
.1

2
 

1
4
4
4
 

0
.2

6
 

ip
-w

(C
-H

) r
in

g
 

1
4

5
8
 

0
.0

3
 

 
 

ip
-w

(C
-H

) r
in

g
  

1
4

5
9
 

0
.0

2
 

 
 

ip
-w

(C
-H

) r
in

g
 

1
4

9
2
 

0
.3

0
 

 
 

ν(
C-

N
) 

1
4

9
8
 

0
.0

6
 

1
4
7
9
 

0
.3

8
 

ν(
C-

N
) 

1
5

0
0
 

0
.6

6
 

 
 

ν(
C=

N
) 

1
5

0
9
 

1
.0

0
 

1
5
0
9
 

1
.0

0
 

ν(
C-

N
) 

1
5

1
1
 

0
.0

3
 

 
 

ν(
C-

N
) 

1
5

1
6
 

0
.2

0
 

 
 

ν(
C-

N
) 

1
5

6
5
 

0
.0

5
 

 
 

ν(
C-

C
) r

in
g
 

1
5

8
9
 

0
.8

0
 

1
5
9
8
 

0
.6

6
 

ν(
C-

C
) r

in
g
 

1
6

5
0
 

0
.0

4
 

1
6
4
0
 

0
.0

4
 

ν(
C=

C)
al

ly
l  

 206 



2
0
7
 

 

Тɚ
ɛɥ

ɢɰ
ɹ 

Ƚ2
 

ȿɤ
ɫɩ

ɟɪ
ɢɦ

ɟɧ
ɬɚ

ɥь
ɧі

 ɬ
ɚ 

ɪɨ
ɡɪ

ɚх
ɨɜ

ɚɧ
і Р

ɚɦ
ɚɧ

іɜ
ɫь

ɤі
 ɫ

ɩɟ
ɤɬ

ɪɢ
  

ɤɨ
ɦɩ

ɥɟ
ɤɫ

ɭ 
1

3
 ɜ

 ɞ
іɚ

ɩɚ
ɡɨ

ɧі
 2

8
0
0

-3
2

0
0

 c
ɦ-1

 

Ɋɨ
ɡɪ

ɚɯ
ɭɧ

ɨɤ
 

ȿɤ
ɫɩ

ɟɪ
ɢɦ

ɟɧ
ɬ 

Ʉɨ
ɥɢ

ɜɚ
ɧɧ

ɹ 
 

Ɂɫ
ɭɜ

 
Іɧ

ɬ.
 

Ɂɫ
ɭɜ

 
Іɧ

ɬ.
 

2
8
4
3
 

0
.0

2
 

 
 

ν(
C-

H
) 

3
0
1
2
 

0
.0

1
 

2
9
7
6
 

0
.0

2
 

ν(
C-

H
) 

3
0
2
3
 

0
.0

1
 

3
0
4
8
 

0
.0

3
 

ν(
C-

H
) 

3
0
5
3
 

0
.0

3
 

3
0
6
4
 

0
.0

6
 

ν(
C-

H
) 

3
0
6
4
 

0
.0

4
 

3
0
8
1
 

0
.0

3
 

ν(
C-

H
) 

3
0
7
6
 

0
.1

1
 

 
 

ν(
C-

H
) 

3
0
8
9
 

0
.0

1
 

 
 

ν(
C-

H
) 

3
1
0
6
 

0
.0

1
 

 
 

ν(
C-

H
) 

  

 207 



2
0
8
 

 

Ɋɢ
ɫ.

 Ƚ
2.

 ɉ
ɨɪ

ɿɜ
ɧɹ

ɧɧ
ɹ 

ɜɫ
ɬɚ

ɧɨ
ɜɥ

ɟɧ
ɨʀ

 ɬ
ɚ 

ɪɨ
ɡɪ

ɚɯ
ɭɧ

ɤɨ
ɜɨ

ʀ ɫ
ɬɪ

ɭɤ
ɬɭ

ɪ 
ɞɥ

ɹ 
1
3
 

 
208 



2
0
9
  

Тɚ
ɛɥ

ɢɰ
ɹ 

Ƚ3
 

ȼɢ
ɛɪ

ɚɧ
і ɡ

ɜ’
яɡ

ɤɢ
 (Å

) ɬ
ɚ 

ɤɭ
ɬɢ

 (˚
) ɜ

 ɟɤ
ɫɩ

ɟɪ
ɢɦ

ɟɧ
ɬɚ

ɥь
ɧі

ɣ 
ɬɚ

  
ɪɨ

ɡɪ
ɚх

ɨɜ
ɚɧ

іɣ
 ɫɬ

ɪɭ
ɤɬ

ɭɪ
ɚх

 ɤ
ɨɦ

ɩɥ
ɟɤ

ɫɭ
 1

3 

ȼɢ
ɛɪ

ɚɧ
ɿ ɜ

ɿɞ
ɫɬ

ɚɧ
ɿ-ɤ

ɭɬ
ɢ 

ȿɤ
ɫɩ

ɟɪ
ɢɦ

ɟɧ
ɬ 

Ɉ
ɩɬ

ɢɦ
ɿɡ

ɨɜ
ɚɧ

ɚ 
ɝɟ

ɨɦ
ɟɬ

ɪɿ
ɹ 

C
u

 -
 C

u
 

2
.7

4
5
1

(6
) 

2
.8

3
3
 

C
u

 –
 N

2
 

1
.8

6
6
(3

) 
1

.8
8

8
 

C
u

 –
 N

3
 

1
.8

7
3
(3

) 
1

.8
9

3
 

N
1

 –
 N

2
 

1
.3

7
6
(4

) 
1

.3
5

9
 

N
2

 –
 C

2
 

1
.3

5
4
(5

) 
1

.3
5

8
 

C
2

 –
 N

3
 

1
.3

1
5
(4

) 
1

.3
1

8
 

C
1

 –
 C

6
 

1
.4

7
0
(5

) 
1

.4
6

8
 

C
4

 –
 C

5
 

1
.3

1
8
(6

) 
1

.3
3

6
 

N
2

 –
 C

u
 –

 N
3
 

1
7
5

.9
6

(1
3

) 
1

7
2

.3
2
 

N
1

 –
 N

2
 –

 C
u
 

1
2
0

.1
(2

) 
1

1
9

.3
7
 

N
2

 –
 C

2
 –

 N
3
 

1
2
3

.6
(3

) 
1

2
4

.6
2
 

N
1

 –
 C

1
 –

 C
6
 

1
2
3

.0
(3

) 
1

2
4

.0
7
 

C
3

 –
 C

4
 –

 C
5
 

1
2
4

.7
(4

) 
1

2
4

.5
1
 

 

 209 



2
1
0
 

 

Ɋɢ
ɫ.

 Ƚ
3

. 
ɋɯ

ɟɦ
ɚɬ

ɢɱ
ɧɿ

 ɦ
ɨɞ

ɟɥ
ɿ ɟ

ɤɫ
ɩɟ

ɪɢ
ɦɟ

ɧɬ
ɚɥ

ɶɧ
ɨʀ

 ɬ
ɚ 

ɪɨ
ɡɪ

ɚɯ
ɭɧ

ɤɨ
ɜɨ

ʀ ɝ
ɟɨ

ɦɟ
ɬɪ

ɿɣ
 α

- 
(ɥ

ɿɜ
ɚ,

 ɫ
ɩɨ

ɫɬ
ɟɪ

ɿɝ
ɚє

ɬɶ
ɫɹ

 ɜ
 ɤ

ɨɦ
ɩɥ

ɟɤ
ɫɿ

 9
) 

ɬɚ
 β

-

(ɩ
ɪɚ

ɜɚ
, 
ɫɩ

ɨɫ
ɬɟ

ɪɿ
ɝɚ

єɬ
ɫɶ

ɹ 
ɜ 

ɫɬ
ɪɭ

ɤɬ
ɭɪ

ɿ 1
0

) 
C

u
2
L

2
, 
ɚɬ

ɨɦ
ɢ 

ɝɿ
ɞɪ

ɨɝ
ɟɧ

ɭ 
ɬɚ

 ɩ
ɨɞ

ɜɿ
ɣɧ

ɿ ɡ
ɜ’

ɹɡ
ɤɢ

 ɨ
ɩɭ

ɳ
ɟɧ

ɿ ɞ
ɥɹ

 ɤ
ɪɚ

ɳ
ɨʀ

 ɧ
ɚɝ

ɥɹ
ɞɧ

ɨɫ
ɬɿ

 210 



2
1
1
  

Тɚ
ɛɥ

ɢɰ
ɹ 

Ƚ4
 

ȿɤ
ɫɩ

ɟɪ
ɢɦ

ɟɧ
ɬɚ

ɥь
ɧі

 ɬ
ɚ 

ɪɨ
ɡɪ

ɚх
ɨɜ

ɚɧ
і Р

ɚɦ
ɚɧ

іɜ
ɫь

ɤі
 ɫ

ɩɟ
ɤɬ

ɪɢ
  

ɤɨ
ɦɩ

ɥɟ
ɤɫ

ɭ 
1

3
 ɜ

 ɞ
іɚ

ɩɚ
ɡɨ

ɧі
 1

0
0
-1

7
0

0
 c

ɦ-1
 

 

9
 

Ɋɨ
ɡɪ

ɚɯ
ɭɧ

ɨɤ
 α

 
1

0
 

Ɋɨ
ɡɪ

ɚɯ
ɭɧ

ɨɤ
 

β 
Ʉɨ

ɥɢ
ɜɚ

ɧɧ
ɹ 

Ɂɫ
ɭɜ

 
Іɧ

ɬ.
 

Ɂɫ
ɭɜ

 
Іɧ

ɬ.
 

Ɂɫ
ɭɜ

 
Іɧ

ɬ.
 

Ɂɫ
ɭɜ

 
Іɧ

ɬ.
 

1
1
7
 

0
.9

0
 

1
3
2
 

1
.0

0
 

1
1
3
 

1
.0

0
 

9
6
 

0
.3

2
 

ϐ 
 

 
 

 
1

4
8
 

0
.1

5
 

1
3
8
 

0
.1

5
 

Ĳ 
 

 
 

 
1

7
6
 

0
.1

1
 

1
7
4
 

0
.1

6
 

ϐ 
 

 
 

 
1

9
2
 

0
.2

8
 

1
9
3
 

0
.1

2
 

δ li
g
 

2
1
3
 

0
.2

7
 

2
3
3
 

0
.1

2
 

2
2
1
 

0
.1

3
 

2
0
4
 

0
.1

4
 

δ li
g
 

3
0
2
 

0
.3

1
 

3
1
1
 

0
.3

5
 

3
0
2
 

0
.1

0
 

2
8
6
 

0
.3

8
 

ν(
Cu

-C
) 

3
3
9
 

0
.3

7
 

3
4
4
 

0
.5

4
 

3
3
5
 

0
.5

2
 

3
2
5
 

0
.5

6
 

ν(
Cu

-C
) 

 
 

 
 

3
5
9
 

0
.3

6
 

3
2
9
 

0
.0

6
 

ν(
Cu

-C
) 

 
 

 
 

3
7
2
 

0
.3

5
 

3
7
4
 

0
.4

9
 

ν(
Cu

-C
) 

3
8
1
 

0
.8

8
 

3
8
0
 

0
.2

8
 

3
8
0
 

0
.3

7
 

3
7
9
 

0
.0

4
 

ν(
Cu

-C
) 

4
2
9
 

0
.6

7
 

4
2
0
 

0
.0

3
 

4
1
3
 

0
.4

2
 

3
9
3
 

0
.9

0
 

ν(
Cu

-C
) 

5
1
8
 

0
.6

8
 

5
1
7
 

0
.2

0
 

5
1
8
 

0
.3

6
 

5
1
3
 

0
.4

9
 

δ(
C-

S
-C

) 
 

 
 

 
 

 
5

7
9
 

0
.0

5
 

δ(
N

-C
-C

) 

6
8
0
 

0
.8

3
 

6
9
0
 

0
.1

8
 

6
8
1
 

0
.7

8
 

6
8
2
 

0
.7

1
 

ν(
C-

S
) 

6
9
1
 

0
.2

9
 

7
9
0
 

0
.8

9
 

7
9
2
 

0
.2

1
 

7
1
8
 

0
.1

0
 

7
0
7
 

0
.1

7
 

ν(
S-

C
H

3
) 

7
9
6
 

0
.2

4
 

7
8
6
 

0
.6

0
 

7
9
5
 

0
.7

3
 

al
ly

l 
w

(C
-H

) 
w

ag
 

8
0
9
 

0
.5

8
 

8
1
2
 

0
.0

5
 

8
0
5
 

0
.8

5
 

8
1
2
 

0
.2

4
 

ν(
Cu

-N
) 

8
1
4
 

0
.1

7
 

8
7
1
 

0
.1

2
 

8
9
8
 

0
.0

3
 

ν(
Cu

-N
) 

9
3
1
 

0
.2

5
 

9
0
4
 

0
.0

1
 

9
3
4
 

0
.1

0
 

9
5
6
 

0
.1

0
 

w
(C

-H
) 

(C
H

2
) 

al
ly

l 
9

0
6
 

0
.0

1
 

 
 

 
 

 211 



2
1
2
  

ɉ
ɪɨ

ɞɨ
ɜɠ

ɟɧ
ɧɹ

 ɬ
ɚɛ

ɥɢ
ɰі

 Ƚ
4
 

9
7
9
 

0
.5

6
 

9
7
3
 

0
.1

5
 

9
7
5
 

0
.6

2
 

9
7
4
 

0
.2

9
 

w
(C

-H
) 

(C
H

2
) 

al
ly

l 
9

8
7
 

0
.1

3
 

1
0
0
1
 

0
.9

1
 

1
0
0
7
 

0
.0

5
 

1
0
0
5
 

0
.1

5
 

1
0
0
9
 

0
.1

4
 

w
(C

-H
) 

1
0
1
3
 

0
.0

2
 

 
 

1
0
3
0
 

0
.0

2
 

w
(C

-H
) 

1
1
1
7
 

0
.7

6
 

1
1
3
3
 

0
.2

2
 

1
1
0
5
 

0
.2

5
 

1
1
0
5
 

0
.0

6
 

ν(
N

-N
) 

 
 

 
 

 
 

1
1
4
3
 

0
.2

5
 

ν(
C-

C
) 

 
 

 
 

 
 

1
1
4
4
 

0
.0

3
 

 
1

1
8
4
 

0
.2

8
 

1
2
2
4
 

0
.0

8
 

 
 

 
 

ν(
C-

C
)C

H
3
 

1
2
3
6
 

0
.7

2
 

1
2
3
3
 

0
.0

3
 

 
 

 
 

ν(
C-

C
) 

C
H

3
 

1
2
3
5
 

0
.0

1
 

1
2
3
8
 

0
.4

7
 

1
2
2
6
 

0
.0

7
 

ν(
C-

N
) 

1
2
5
9
 

0
.7

7
 

1
2
5
6
 

0
.3

7
 

1
2
5
7
 

0
.6

1
 

1
2
6
1
 

0
.3

4
 

ν(
C-

C
) 

al
ly

l 
1

2
5
8
 

0
.1

6
 

1
2
6
0
 

0
.1

5
 

1
2
8
0
 

0
.6

4
 

1
2
7
6
 

0
.1

9
 

1
2
7
9
 

0
.3

2
 

1
2
7
6
 

0
.6

2
 

ν(
C-

C
) 

al
ly

l 
1

2
8
3
 

0
.1

7
 

 
 

 
 

 
 

1
3
4
4
 

0
.0

4
 

w
(C

H
) 

C
H

2
 (

N
H

) 
w

ag
 

1
3
8
1
 

0
.5

0
 

1
3
9
0
 

0
.0

6
 

1
3
8
0
 

0
.1

5
 

1
3
9
5
 

0
.3

9
 

w
(C

H
) 

C
H

2
 (

N
H

) 
w

ag
 

1
4
1
1
 

0
.2

7
 

1
4
2
5
 

0
.0

7
 

1
4
2
3
 

0
.1

0
 

1
4
2
4
 

0
.1

7
 

w
(C

H
) 

(c
h

3
) 

1
4
2
9
 

0
.0

6
 

1
4
5
0
 

0
.3

2
 

1
4
5
3
 

0
.0

4
 

1
4
5
0
 

0
.2

4
 

1
4
4
4
 

0
.2

2
 

w
(C

H
) 

(n
h

-c
h
2

),
 (

ch
3
) 

1
4
5
7
 

0
.0

5
 

 
 

 
 

1
5
2
1
 

0
.6

9
 

1
5
2
1
 

<
0

.0
1
 

1
5
2
2
 

0
.3

1
 

1
5
2
1
 

0
.0

4
 

w
(N

-H
) 

1
5
4
1
 

1
.0

0
 

1
5
5
4
 

0
.3

0
 

1
5
5
3
 

0
.6

4
 

1
5
8
6
 

0
.6

2
 

ν(
C-

N
) 

(N
-C

u
) 

1
5
5
5
 

0
.0

6
 

 
 

 
 

 

1
5
6
9
 

0
.6

3
 

1
6
1
7
 

0
.0

1
 

1
5
7
9
 

0
.1

0
 

1
6
1
7
 

0
.0

1
 

ν(
C-

N
) 

(N
-C

u
) 

1
6
2
0
 

0
.2

0
 

1
6
4
7
 

0
.0

6
 

1
6
2
0
 

0
.5

0
 

ν(
C

-N
) 

+
 δ

(H
-O

-H
) 

  

 212 



2
1
3
 

 

Тɚ
ɛɥ

ɢɰ
ɹ 

Ƚ5
 

ȿɤ
ɫɩ

ɟɪ
ɢɦ

ɟɧ
ɬɚ

ɥь
ɧі

 ɬ
ɚ 

ɪɨ
ɡɪ

ɚх
ɨɜ

ɚɧ
і Р

ɚɦ
ɚɧ

іɜ
ɫь

ɤі
 ɫ

ɩɟ
ɤɬ

ɪɢ
  

ɤɨ
ɦɩ

ɥɟ
ɤɫ

ɭ 
1

3
 ɜ

 ɞ
іɚ

ɩɚ
ɡɨ

ɧі
 2

7
0
0

-3
5

0
0

 c
ɦ-1

 

9
 

1
0
 

Ʉɨ
ɥɢ

ɜɚ
ɧɧ

ɹ 
Ɂɫ

ɭɜ
 

Іɧ
ɬ.

 
Ɂɫ

ɭɜ
 

Іɧ
ɬ.

 
2

6
8
2
 

0
.1

7
 

 
 

ν(
C-

H
) 

 
 

2
8
6
8
 

0
.1

5
 

2
9
3
4
 

0
.6

2
 

2
9
3
2
 

0
.6

7
 

2
9
9
0
 

0
.2

1
 

2
9
7
9
 

0
.3

3
 

3
0
6
1
 

0
.1

6
 

3
0
1
2
 

0
.1

0
 

 
 

3
2
8
1
 

0
.0

5
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

3
4
6
3
 

0
.0

6
 

ν(
O

-H
) 

 213 



214 

 

 


