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ɿʘʭʚʘʣʥʠʮʘ 

ʇʦʚʝʨʝˁʝ ʿʝ ʯʠʩʪʦ ʝʤʦʪʠʚʥʠ ʝʣʝʤʝʥʪ ʢʦʿʠ ʩʝ ʥʝ ʤʦʞʝ ʥʘ ʩʠʣʫ ʩʪʚʦʨʠʪʠ ʠʣʠ ʥʘʨʝʜʠʪʠ, ʠʣʠ 

ʛʘ ʠʤʘ ʠʣʠ ʛʘ ʥʝʤʘ; ʦʥʦ ʜʦʣʘʟʠ ʩ ʚʨʝʤʝʥʦʤ ʠ ʪʦ ʢʨʦʟ ʧʦʥʘʰʘˁʝ ʠ ʢʦʤʫʥʠʢʘʮʠʿʫ. ʉʪʦʛʘ  ʧʨʚʦ 

ʤʝʩʪʦ ʟʘʭʚʘʣʥʦʩʪʠ ʜʫʛʫʿʝʤ ʤʦʤ ʤʝʥʪʦʨʫ ʜʨ ɼʫʰʘʥʫ ɼʠʤʠ˂ʫ, ʜʦʮʝʥʪʫ ʥʘ ʌʘʢʫʣʪʝʪʫ ʟʘ 

ʬʠʟʠʯʢʫ ʭʝʤʠʿʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʥʘ ʫʢʘʟʘʥʦʤ ʧʦʚʝʨʝˁʫ ʥʘ ʧʦʯʝʪʢʫ ʤʦʛ ʥʘʫʯʥʦ- 

ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ, ʥʝʩʝʙʠʯʥʦʿ ʧʦʤʦ˂ʠ ʪʦʢʦm ʠʟʨʘʜʝ ʪʝʟʝ, ʩʫʛʝʩʪʠʿʘʤʘ, ʠʜʝʿʘʤʘ, ʩʘʚʝʪʠʤʘ, 

ʢʦʤʝʥʪʘʨʠʤʘ, ʢʘʦ ʠ ʥʝʩʝʙʠʯʥʦʤ ʧʨʠʿʘʪʝˀʩʪʚʫ.  

ʅʘʿʜʫʙˀʝ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʜʨ ɼʝʿʘʥʫ ʄʠʣʝʥʢʦʚʠ˂ʫ, ʥʘʫʯʥʦʤ ʩʚʝʪʥʠʢʫ ʀʥʩʪʠʪʫʪʘ ʠʥʬʦʨʤʘʮʠʦʥʝ 

ʪʝʭʥʦʣʦʛʠʿʝ ʫ ʂʨʘʛʫʿʝʚʮʫ, ʥʘ ʧʦʤʦ˂ʠ, ʢʘʦ ʠ ʪʦʢʦʤ ʠʟʨʘʜʝ ʥʘʫʯʥʠʭ ʨʘʜʦʚʘ, ʩʘʚʝʪʠʤʘ, ʠ 

ʢʦʤʝʥʪʘʨʠʤʘ ʢʘʦ ʯʣʘʥʘ ʂʦʤʠʩʠʿʝ ʟʘ ʦʮʝʥʫ ʪʦʢʦʤ ʤʦʛ ʮʝʣʦʢʫʧʥʦʛ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʦʛ ʨʘʜʘ 

ʢʦʿʠ ʩʫ ʧʦʙʦˀʰʘʣʠ ʢʚʘʣʠʪʝʪ ʜʠʩʝʨʪʘʮʠʿʝ.  

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʜʨ ɱʘʩʤʠʥʠ ɼʠʤʠʪʨʠ˂-ʄʘʨʢʦʚʠ˂, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʥʘ ʌʘʢʫʣʪʝʪʫ ʟʘ 

ʬʠʟʠʯʢʫ ʭʝʤʠʿʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ, ʥʘ ʩʘʚʝʪʠʤʘ ʠ ʢʦʤʝʥʪʘʨʠʤʘ ʢʘʦ ʯʣʘʥʘ ʂʦʤʠʩʠʿʝ ʟʘ 

ʦʮʝʥʫ ʦʚʦʛ ʨʘʜʘ, ʢʘʦ ʠ ʥʘ ʫʢʘʟʘʥʦʤ ʧʦʚʝʨʝˁʫ ʢʦʿʝ ʪʨʘʿʝ ʿʦʰ ʦʜ ʜʠʧʣʤʩʢʦʛ ʨʘʜʘ.   

ɼʨ ɹʠˀʘʥʠ ʐˀʫʢʠ˂-ʇʘʫʥʢʦʚʠ˂,, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ ʥʘ ʌʘʢʫʣʪʝʪʫ ʟʘ ʬʠʟʠʯʢʫ ʭʝʤʠʿʫ 

ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ɹʝʦʛʨʘʜʫ ʢʘʦ ʯʣʘʥʫ ʂʦʤʠʩʠʿʝ ʟʘ ʦʮʝʥʫ ʦʚʦʛ ʨʘʜʘ, ʟʘʭʚʘˀʫʿʝʤ ʩʝ ʥʘ ʩʘʚʝʪʠʤʘ 

ʠ ʢʦʤʝʥʪʘʨʠʤʘ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ.  

ʄʦʿʦʿ ʧʨʠʿʘʪʝˀʠʮʠ ʠ ʢʦʣʝʛʠʥʠʮʠ ɱʘʥʠ ɸʥʪʦʥʠʿʝʚʠ˂ ʭʚʘʣʘ ʿʝʨ ʤʝ ʿʝ ʧʦʜʨʞʘʚʘʣʘ, ʠ ʨʘʜʦʚʘʣʘ ʩʝ 

ʩʚʘʢʦʤ ʤʦʤ ʫʩʧʝʭʫ.  

ɱʝʣʝʥʠ ʂʦʥʜʠ˂ ʭʚʘʣʘ ʥʘ ʦʛʨʦʤʥʦʿ ʧʦʜʨʰʮʠ ʪʦʢʦʤ ʥʘʿʪʝʞʠʭ ʪʨʝʥʫʪʘʢʘ. 

ʀʩʢʨʝʥʦ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ʤʦʿʠʤ ʧʨʠʿʘʪʝˀʠʤʘ ʢʦʿʠ ʩʫ ʤʝ ʙʦʜʨʠʣʠ, ʠ ʨʘʟʫʤʝʣʠ.  

ɿʥʘʤ ʜʘ ʩʫ ʪʝ ʞʨʪʚʝ ʧʦʥʝʢʘʜ ʙʠʣʝ ʚʨʣʦ ʪʝʰʢʝ. ʀʤʘʪʠ ʜʝʮʫ ʟʥʘʯʠ ʩʪʘʚʠʪʠ ʠʭ ʠʩʧʨʝʜ ʩʝʙʝ; 

ʟʥʘʯʠ ʩʪʘʚʠʪʠ ʧʦʪʨʝʙʝ ʜʝʪʝʪʘ ʠʩʧʨʝʜ ʚʣʘʩʪʠʪʠʭ ʠ ʫʚʝʢ ʜʦʥʦʩʠʪʠ ʦʜʣʫʢʝ ʥʘ ʪʝʤʝˀʫ ʦʥʦʛʘ 

ʰʪʦ ʿʝ ʥʘʿʙʦˀʝ ʟʘ ʜʝʪʝ. ʄʦʣʠʤ ʚʘʩ, ʥʝʤʦʿʪʝ ʥʠʢʘʜʘ ʩʫʤˁʘʪʠ ʫ ʪʦ ʜʘ ʥʝ ʮʝʥʠʤ ʯʝʛʘ ʩʪʝ ʩʝ ʩʚʝ 

ʦʜʨʝʢʣʠ ʢʘʢʦ ʙʠʭ ʿʘ ʩʘʜʘ ʙʠʣʘ ʦʚʜʝ ʛʜʝ ʿʝʩʘʤ. ʈʦʜʠʪʝˀʠʤʘ ʠ ʙʨʘʪʫ ʜʫʛʫʿʝʤ ʤʥʦʛʦ ʚʠʰʝ ʦʜ 

ʦʙʠʯʥʝ ˀʫʜʩʢʝ ʟʘʭʚʘʣʥʦʩʪʠ. 

ʄʦʿʦʿ ˂ʝʨʢʠ ʜʫʛʫʿʝʤ ʦʛʨʦʤʥʫ ʟʘʭʚʘʣʥʦʩʪ ʿʝʨ ʿʝ ʨʘʟʫʤʝʣʘ ʚʨʝʤʝ ʢʦʿʝ ʥʠʩʘʤ ʧʨʦʚʦʜʠʣʘ ʩ ˁʦʤ 

ʪʦʢʦʤ ʠʟʨʘʜʝ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ.  

ʄʦʞʜʘ ʥʝʤʘ ʩʚʝ ʦʜʛʦʚʦʨʝ, ʿʝʨ ʠʭ ʥʠʢʦ ʥʝʤʘ. ʅʠʿʝ ʙʝʩʢʨʘʿʥʦ ʩʪʨʧˀʠʚ ʢʘʜʘ ʩʘʤ ʥʝʨʘʟʫʤʥʘ. ʅʝ 

ʚʦʣʠ ʩʚʝ ʰʪʦ ʨʘʜʠʤ ʿʝʨ ʩʚʝ ʰʪʦ ʨʘʜʠʤ ʠ ʥʠʿʝ ʪʘʢʦ ʩʠʤʧʘʪʠʯʥʦ! ɸʣʠ, ʥʘ ʢʨʘʿʫ, ʥʘʿʚʝ˂ʫ 

ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʤʦʤ ʩʫʧʨʫʛʫ, ʥʘ ʩʚʘʢʦʜʥʝʚʥʦʿ ʧʦʤʦ˂ʠ, ˀʫʙʘʚʠ, ʧʦʜʨʰʮʠ , ʠ ʥʝ ʧʦʩʪʦʿʠ ʥʠʢʦ 
ʫ ʦʚʦʤ ʧʦʥʝʢʘʜ ʣʫʜʦʤ, ʥʝʢʘʜ ʣʝˁʦʤ ʠ ʥʝʢʘʜ ʨʫʞʥʦʤ ʩʚʝʪʫ ʢʦ ʙʠ ʤʝ ʚʠʰʝ ʨʘʟʫʤʝʦ.  

 

 

 

 

 

ʄʦʿʦʿ ˂ʝʨʢʠ ʍʨʠʩʪʠʥʠ  
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ʉʘʞʝʪʘʢ 

 

ʌʦʨʝʥʟʠʯʢʘ ʠʩʪʨʘʛʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʿʝ ʦʜ ʥʘʿʚʝ˂ʝ ʚʘʞʥʦʩʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʧʨʘʚʥʠʤ ʠ ʠʩʪʨʘʞʥʠʤ ʢʦʥʪʝʢʩʪʠʤʘ. ʆʚʦ ʠʩʧʠʪʠʚʘˁʝ ʿʝ ʦʜ ʚʠʪʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ, 

ʘʥʘʣʠʟʫ ʠ ʨʘʟʫʤʝʚʘˁʝ ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʠ ʝʬʝʢʘʪʘ ʦʚʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʢʨʠʚʠʯʥʠʤ ʧʨʝʜʤʝʪʠʤʘ 

ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʢʨʠʚʠʯʥʘ ʜʝʣʘ ʫ ʚʝʟʠ ʩʘ ʜʨʦʛʦʤ. ɸʥʘʣʠʟʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ ʧʦʤʘʞʝ 

ʦʨʛʘʥʠʤʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʟʘʢʦʥʘ ʫ ʫʪʚʨʹʠʚʘˁʫ ʧʨʠʨʦʜʝ ʠ ʪʝʞʠʥʝ ʢʨʠʚʠʯʥʠʭ ʜʝʣʘ ʫ ʚʝʟʠ ʩʘ 

ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ, ʧʦʤʘʞʝ ʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʦʩʫʤˁʠʯʝʥʠʭ ʠ ʧʨʫʞʘ ʜʦʢʘʟʝ ʟʘ 

ʩʫʜʩʢʠ ʧʦʩʪʫʧʘʢ. ʐʪʘʚʠʰʝ, ʜʝʪʘˀʥʘ ʘʥʘʣʠʟʘ ʧʦʤʘʞʝ ʫ ʨʘʟʣʠʢʦʚʘˁʫ ʨʘʟʣʠʯʠʪʠʭ ʩʫʧʩʪʘʥʮʠ, 

ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʪʘʯʥʦʩʪ ʫ ʧʨʘʚʥʠʤ ʠʤʧʣʠʢʘʮʠʿʘʤʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʢʘʟʥʫ. ʇʦʨʝʜ ʪʦʛʘ, ʧʨʦʫʯʘʚʘˁʝ 

ʦʚʠʭ ʩʫʧʩʪʘʥʮʠ ʬʦʨʝʥʟʠʯʢʠ ʧʦʤʘʞʝ ʫ ʧʨʘ˂ʝˁʫ ʪʨʝʥʜʦʚʘ ʫ ʪʨʛʦʚʠʥʠ ʜʨʦʛʦʤ, ʧʨʦʠʟʚʦʜˁʠ ʠ 

ʧʦʪʨʦʰˁʠ, ʦʣʘʢʰʘʚʘʿʫ˂ʠ ʨʘʟʚʦʿ ʮʠˀʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʟʘʢʦʥʘ ʠ ʧʨʝʚʝʥʪʠʚʥʠʭ 

ʤʝʨʘ. 

ʅʦʚʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ (ʅʇKʉ) ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʫʧʫ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʝ ʙʨʟʦ ʰʠʨʠ, 

ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʭʝʤʠʿʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤʘ ʠ ʝʬʝʢʪʠʤʘ ʥʘ ʮʝʥʪʨʘʣʥʠ ʥʝʨʚʥʠ ʩʠʩʪʝʤ. ɳʠʭʦʚʘ 

ʩʪʨʫʢʪʫʨʥʘ ʨʘʟʥʦʣʠʢʦʩʪ ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʝ ʠʟʘʟʦʚʝ ʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ, ʿʝʨ ʦʚʝ ʩʫʧʩʪʘʥʮʝ 

ʯʝʩʪʦ ʧʦʩʪʦʿʝ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʚʘʨʠʿʘʮʠʿʘ, ʯʝʩʪʦ ʤʝˁʘʥʠʤ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʝ ʟʘʢʦʥʩʢʝ 

ʨʝʛʫʣʘʪʠʚʝ ʠ ʤʝʪʦʜʝ ʜʝʪʝʢʮʠʿʝ. ɺʘʞʥʦʩʪ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʅʇKʉ ʢʘʦ ʠ ʇʂʉ ʣʝʞʠ ʫ ʥʝʢʦʣʠʢʦ 

ʢʨʠʪʠʯʥʠʭ ʘʩʧʝʢʘʪʘ. ʇʨʚʦ, ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʚʠʭ ʿʝʜʠˁʝˁʘ ʿʝ ʢˀʫʯʥʦ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ʠ 

ʙʝʟʙʝʜʥʦʩʪ, ʿʝʨ ˁʠʭʦʚʘ ʥʝʨʝʛʫʣʠʩʘʥʘ ʫʧʦʪʨʝʙʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʥʝʧʦʟʥʘʪʠʭ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʪʝʰʢʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʦʩʣʝʜʠʮʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʦʤʘʞʝ ʫ ʨʘʟʫʤʝʚʘˁʫ ˁʠʭʦʚʠʭ 

ʬʘʨʤʘʢʦʣʦʰʢʠʭ ʩʚʦʿʩʪʘʚʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʨʘʟʚʦʿ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʦʜʛʦʚʦʨʘ ʠ 

ʧʨʦʪʦʢʦʣʘ ʣʝʯʝˁʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʝʜʦʟʠʨʘˁʘ ʠʣʠ ʥʝʞʝˀʝʥʠʭ ʨʝʘʢʮʠʿʘ. ʐʪʘʚʠʰʝ, ʘʥʘʣʠʟʘ 

ʦʚʠʭ ʩʫʧʩʪʘʥʮʠ ʿʝ ʢˀʫʯʥʘ ʟʘ ʨʝʛʫʣʘʪʦʨʥʘ ʪʝʣʘ ʠ ʘʛʝʥʮʠʿʝ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʟʘʢʦʥʘ ʜʘ ʜʦʥʝʩʫ 

ʧʨʘʚʦʚʨʝʤʝʥʝ ʠ ʝʬʠʢʘʩʥʝ ʟʘʢʦʥʩʢʝ ʤʝʨʝ, ʜʨʞʝ˂ʠ ʢʦʨʘʢ ʩʘ ʥʦʚʠʤ ʪʨʝʥʜʦʚʠʤʘ ʫ ʨʘʟʚʦʿʫ ʜʨʦʛʘ ʠ 

ʩʧʨʝʯʘʚʘʿʫ˂ʠ ˁʠʭʦʚʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʟʣʦʫʧʦʪʨʝʙʫ.  

ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʦʧʠʩʘʥʘ ʿʝ ʧʨʠʤʝʥʘ ʪʝʦʨʠʿʩʢʠʭ ʤʝʪʦʜʘ ʫ 

ʧʨʝʜʚʠʹʘˁʫ IR, NMR, ʋV-VIS ʠ ʄS ʩʧʝʢʪʨʘ LSD-ʘ ʥʘ ʦʩʥʦʚʫ ʦʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ. IR 

ʩʧʝʢʪʨʠ LSD-a ʠ LSD ʪʘʨʪʨʘʪʘ ʩʫ ʜʝʪʘˀʥʦ ʦʧʠʩʘʥʠ, ʧʨʠ ʯʝʤʫ ʩʫ ʧʦʣʦʞʘʿʠ ʥʘʿʠʥʪʝʥʟʠʚʥʠʿʠʭ 

ʪʨʘʢʘ ʜʦʙʨʦ ʨʝʧʨʦʜʫʢʦʚʘʥʠ. ɼʝʪʘˀʥʘ 13C NMR ʘʥʘʣʠʟʘ ʩʧʝʢʪʨʘ LSD-ʘ ʧʦʢʘʟʘʣʘ ʿʝ ʚʠʩʦʢ 

ʬʘʢʪʦʨ ʢʦʨʝʣʘʮʠʿʝ ʠ ʥʠʩʢʫ ʩʨʝʜˁʫ ʘʧʩʦʣʫʪʥʫ ʛʨʝʰʢʫ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʪʝʦʨʠʿʩʢʠʭ 

ʭʝʤʠʿʩʢʠʭ ʧʦʤʝʨʘʿʘ. ʆʧʪʠʤʠʟʘʮʠʿʘ ʦʩʥʦʚʥʦʛ ʠ ʧʦʙʫʹʝʥʦʛ ʩʪʘˁʘ ʦʤʦʛʫ˂ʠʣʘ ʿʝ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʨʘʟʣʠʢʝ ʝʥʝʨʛʠʿʘ ʢʦʿʘ ʿʝ ʜʦʙʨʦ ʨʝʧʨʦʜʫʢʦʚʘʣʘ ʧʦʩʤʘʪʨʘʥʝ ʧʦʣʦʞʘʿʝ ʪʨʘʢʝ ʫ UV-VIS ʩʧʝʢʪʨʫ 

LSD-ʘ. ʆʧʪʠʤʠʟʦʚʘʥʠ ʩʫ ʠ ʥʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʬʨʘʛʤʝʥʪʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʤʘʩʝʥʦʤ ʩʧʝʢʪʨʫ, 

ʘ ˁʠʭʦʚʘ ʩʪʘʙʠʣʥʦʩʪ ʿʝ ʨʘʟʤʘʪʨʘʥʘ ʩʘ ʩʪʨʫʢʪʫʨʥʝ ʪʘʯʢʝ ʛʣʝʜʠʰʪʘ ʛʜʝ ʿʝ ʧʦʪʚʨʹʝʥʦ ʧʦʢʣʘʧʘˁʝ 

ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ.  

ɼʨʫʛʠ ʜʝʦ ʨʘʜʘ ʦʧʠʩʫʿʝ ʠʥʪʝʨʘʢʮʠʿʝ ʜʚʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ (ʣʦʨʘʟʝʧʘʤ (ʃʆʈ) ʠ 

ʘʣʧʨʘʟʦʣʘʤ (ɸʃʇ)) ʩʘ ʧʘʨʘʮʝʪʘʤʦʣʦʤ, ʢʦʬʝʠʥʦʤ, ʛʣʫʢʦʟʦʤ ʠ ʣʘʢʪʦʟʦʤ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʘʜʫʣʪʝʨʘʥʪʝ/ʜʠʣʫʝʥʪʝ, IR ʠ ʢʚʘʥʪʥʦ-ʭʝʤʠʿʩʢʠʤ ʤʝʪʦʜʘʤʘ. ʆʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ ʪʝʦʨʠʿʝ ʦʜʨʝʹʝʥ 

ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠʭ ʩʪʨʫʢʪʫʨʘ ʃʆʈ-ʘ ʠ ɸʃʇ-ʘ. ɼʦʢʘʟʘʥʘ ʿʝ ʧʨʠʤʝʥˀʠʚʦʩʪ 

ʪʝʦʨʠʿʩʢʠʭ ʤʦʜʝʣʘ ʫ ʠʟʨʘʯʫʥʘʚʘˁʫ ʃʆʈ-ʦʚʠʭ ʚʠʙʨʘʮʠʦʥʠʭ ʠ 13C NMR ʩʧʝʢʪaʨʘ. ʈʘʟʣʠʢʝ 

ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠ ʪʝʦʨʠʿʩʢʦʛ IR ʩʧʝʢʪʨʘ ʃʆʈ-ʘ ʦʙʿʘʰˁʝʥʝ ʩʫ ʠʥʪʨʘʤʦʣʝʢʫʣʩʢʠʤ 

ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʠʟʤʝʹʫ ʜʚʘ ʃʆʈ ʤʦʥʦʤʝʨʘ, ʠʩʧʠʪʘʥʠʭ ʢʨʦʟ ʠʥʪʝʨʘʢʮʠʿʝ ʫ ʢʨʠʩʪʘʣʥʦʿ ʩʪʨʫʢʪʫʨʠ 

ʠ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʢʨʦʟ ʧʨʠʤʝʥʫ ʊʝʦʨʠʿʝ ʬʫʥʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ (DFT) ʠ ʂʚʘʥʪʥʝ ʪʝʦʨʠʿʝ ʘʪʦʤʘ 

ʫ ʤʦʣʝʢʫʣʠʤʘ (QTAIM). ʉʠʤʫʣʘʮʠʿʝ ʤʦʣʝʢʫʣʩʢʝ ʜʠʥʘʤʠʢʝ ʫʢˀʫʯʠʚʘʣʝ ʩʫ ʝʚʦʣʫʮʠʿʫ ʩʠʩʪʝʤʘ 

ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʿʝʜʥʦʛ ʤʦʣʝʢʫʣʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʦʢʨʫʞʝʥʦʛ ʩʘ ʩʪʦʪʠʥʫ ʤʦʣʝʢʫʣʘ 

ʘʜʫʣʪʝʨʘʥʘʪʘ/ʜʠʣʫʝʥʘʪʘ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʨʝʟʫʣʪʘʪʘ, ʧʨʝʜʚʠʹʝʥʝ ʩʫ ʩʪʨʫʢʪʫʨʝ ʧʘʨʦʚʘ 

ʙʝʥʟʦʜʠʘʟʝʧʠʥ-ʘʜʫʣʪʝʨʘʥʪ/ʜʠʣʫʝʥʪ. ʅʘʿʩʪʘʙʠʣʥʠʿʝ ʩʪʨʫʢʪʫʨʝ ʦʚʠʭ ʧʘʨʦʚʘ ʩʫ ʜʘˀʝ 

ʘʥʘʣʠʟʠʨʘʥʝ ʢʦʨʠʰ˂ʝˁʝʤ QTAIM ʧʨʠʩʪʫʧʦʤ. ʅʘʚʝʜʝʥʝ ʩʫ ʥʘʿʩʥʘʞʥʠʿʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠ 

ʜʠʩʢʫʪʦʚʘʥʦ je o ˁʠʭʦʚʦʤ ʫʪʠʮʘʿʫ ʥʘ IR ʩʧʝʢʪʨʝ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʩʧʝʢʪʨʠ ʃʆʈ-
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ʧʘʨʘʮʝʪʘʤʦʣ/ʢʦʬʝʠʥ/ʣʘʢʪʦʟʘ ʫʧʦʨʝʹʝʥʠ ʩʫ ʩʘ ʠʟʨʘʯʫʥʘʪʠʤ ʠ ʦʧʠʩʘʥʝ ʩʫ ʧʨʦʤʝʥʝ ʫ ʩʧʝʢʪʨʠʤʘ 

ʫʩʣʝʜ ʠʥʪʝʨʘʢʮʠʿʘ.  

ʋ ʪʨʝ˂ʝʤ ʜʝʣʫ ʨʘʜʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʠ ʨʝʟʫʣʪʘʪʠ ʠʩʧʪʠʚʘˁʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʝʨʦʪʦʥʠʥʘ, 

ʙʫʬʦʪʝʥʠʥʘ ʠ ʧʩʠʣʦʮʠʥʘ ʩʘ ʯʝʩʪʠʤ ʧʫʥʠʦʮʠʤʘ. ʅʘ ʦʩʥʦʚʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʪʨʫʢʪʫʨʝ ʩʝʨʦʪʦʥʠʥʘ 

ʠ ʠʟʨʘʯʫʥʘʚʘˁʘ ʚʠʙʨʘʮʠʦʥʠʭ ʩʧʝʢʪʘʨʘ ʦʜʨʝʹʝʥʠ ʩʫ ʢʦʝʬʠʮʠʿʝʥʪʠ ʟʘ ʢʦʨʝʢʮʠʿʫ ʪʝʦʨʠʿʩʢʠʭ 

ʚʨʝʜʥʦʩʪʠ. ʀʩʪʠ ʢʦʝʬʠʮʠʿʝʥʪʠ ʩʫ ʫʧʦʪʨʝʙˀʝʥʠ ʟʘ ʢʦʨʝʢʮʠʿʫ ʩʧʝʢʪʨʘ ʙʫʬʦʪʝʥʠʥʘ, ʯʠʤʝ ʿʝ 

ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʩʪʨʫʢʪʫʨʝ ʠ ʩʧʝʢʪʨʠ ʜʦʩʪʫʧʥʠʭ ʩʫʧʩʪʘʥʮʠ ʢʘʢʦ ʙʠ ʩʝ ʥʘ 

ʧʨʘʚʠʣʘʥ ʥʘʯʠʥ ʦʧʠʩʘʣʠ ʩʧʝʢʪʨʠ ˁʠʭʦʚʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʘʥʘʣʦʛʘ ʢʦʿʠ ʩʫ ʤʘˁʝ ʠʩʧʠʪʘʥʠ ʫ 

ʣʠʪʝʨʘʪʫʨʠ. ʇʦʢʘʟʘʥ ʿʝ ʫʪʠʮʘʿ ʧʦʣʦʞʘʿʘ ʭʠʜʨʦʢʩʠʣʥʝ ʛʨʫʧʝ ʫ ʩʪʨʫʢʪʫʨʘʤʘ ʦʚʘ ʪʨʠ ʿʝʜʠˁʝˁʘ 

ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʬʦʨʤʠʨʘˁʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʧʫʥʠʦʮʠʤʘ ʠ ʧʦʤʝʨʘˁʘ ʫ ʩʧʝʢʪʨʫ.  
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Abstract 

 

Forensic investigation of psychoactive substances (PCS) is of utmost importance in various 

legal and investigative contexts. This examination is vital to identifying, analyzing, and understanding 

the chemical composition and effects of these substances in criminal cases involving drug offenses. 

Analysis of psychoactive compounds assists law enforcement in determining the nature and severity 

of controlled substance offenses, assists in identifying suspects, and provides evidence for court 

proceedings. Furthermore, detailed analysis helps distinguish between different substances, ensuring 

accuracy in legal implications and appropriate judgment. In addition, the study of these substances 

helps in drug trafficking, production, and consumption, facilitating the development of targeted law 

enforcement strategies and preventive measures. 

New psychoactive substances (NPCS) represent a rapidly expanding group of compounds 

with different chemical structures and effects on the central nervous system. Their structural diversity 

presents significant challenges in identification, as these substances often exist in many variations, 

usually altered to avoid legal regulations and detection methods. The importance of identifying NPCS 

and PCS lies in several critical aspects. First, recognizing these compounds is crucial to public health 

and safety, as their unregulated use can lead to unknown and potentially severe health consequences. 

Identification helps in understanding their pharmacological properties, allowing the development of 

appropriate medical responses and treatment protocols in cases of overdose or adverse reactions. 

Moreover, the analysis of these substances is crucial for regulatory bodies and law enforcement 

agencies to take timely and effective legal measures, keeping up with new trends in drug development 

and preventing their distribution and abuse. 

This doctoral dissertation describes applying theoretical methods in predicting IR, NMR, UV-

VIS, and MS spectra of LSD based on the optimized structure. The IR spectra of LSD and LSD 

tartrate are described in detail, with prominent bands well reproduced. A detailed analysis of the 13C 

NMR spectra showed a high correlation factor and a low mean absolute error between experimental 

and theoretical chemical shifts. Optimization of the ground and excited states enabled the calculation 

of an energy difference that reproduced the observed band positions well in the UV-VIS spectrum of 

LSD. The most abundant fragments in the experimental mass spectrum were also optimized, and their 

stability was discussed from the structural point of view, where the agreement with the experimental 

data was confirmed.  

The second part of the dissertation describes the interactions of two benzodiazepines 

(lorazepam (LOR) and alprazolam (ALP)) with paracetamol, caffeine, glucose, and lactose, which 

represent adulterants/diluents, by IR and quantum-chemical methods. The appropriate level of theory 

was determined by optimizing the crystallographic structures of LOR and ALP. The applicability of 

the selected level of theory was verified through calculated LOR vibrational and 13C NMR spectra. 

The differences between the experimental and theoretical IR spectra of LOR are explained by 

intramolecular interactions between two LOR monomers, examined through interactions in the 

crystal structure, Density Functional Theory (DFT) optimization, and subsequent analysis by 

Quantum Theory of Atoms in Molecules (QTAIM). Molecular dynamics simulations involved the 

evolution of a system consisting of one benzodiazepine molecule surrounded by hundreds of 

adulterant/diluent molecules. Based on these results, the structures of the benzodiazepine-

adulterant/diluent pairs were predicted. The most stable structures of these pairs were further analyzed 

using the QTAIM approach. The strongest interactions are listed, and their influence on the IR spectra 

is discussed. The experimental spectra of LOR-paracetamol/caffeine/lactose are compared with the 

calculated ones, and the changes in the spectra due to the interactions are described.  

The third part of the dissertation presents the results of the investigation on interactions 

between serotonin, bufotenin, and psilocin and common adulterants/diluents. The correction 

coefficients for theoretical values were determined based on the optimized structure of serotonin and 

calculated vibrational spectra. The same coefficients were used to correct bufotenin spectra, proving 
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that spectra and structures of available compounds can be used for the structural and spectral 

descriptions of analogs that were not examined in detail in the literature. The effect of the hydroxyl 

group position of these three compounds on interactions with adulterants/diluents and spectral band 

shifts was proven.   

 

Keywords: hallucinogens, benzodiazepines, adulterants, diluents, interaction, Infrared spectroscopy, 

Density functional theory 
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1. ʋʚʦʜ 
 

ɼʘʥʘʩ, ʫ ʦʚʦʤ ʧʦʩʪʤʦʜʝʨʥʦʤ ʩʚʝʪʫ, ʙʨʦʿʥʠ ʩʫ ʧʨʦʙʣʝʤʠ ʠ ʧʨʝʧʨʝʢʝ, ʢʦʿʠ ʩʪʦʿʝ ʥʘ ʧʫʪʫ 

ʦʜʨʞʠʚʦʛ ʨʘʟʚʦʿʘ ʠ ʥʝ ʥʘʧʫʰʪʘʿʫ˂ʠ ʫʤʝʨʝʥʠ, ʦʧʪʠʤʠʩʪʠʯʥʠ ʧʨʠʟʚʫʢ, ʧʦʪʨʝʙʥʠ ʩʫ ʧʨʘʢʪʠʯʥʠ 

ʧʨʠʤʝʨʠ, ʢʦʿʠ ʚʦʜʝ ʪʨʘʿʥʠʤ, ʦʜʨʞʠʚʠʤ ʨʝʰʝˁʠʤʘ ʠʟʣʘʩʢʘ ʠʟ ʢʨʠʟʝ, ʫ ʢʦʿʫ ʩʤʦ ʝʢʦʣʦʰʢʠ-

ʙʝʟʙʝʜʥʦʩʥʦ ʜʫʙʦʢʦ ʟʘʧʘʣʠ. ʋ ʩʚʝʪʫ ʿʝ, ʧʨʝʤʘ ʧʦʜʘʮʠʤʘ ʋʿʝʜʠˁʝʥʠʭ ʥʘʮʠʿʘ (ʋʅ), ʙʨʦʿ ˀʫʜʠ 

ʢʦʿʠ ʧʘʪʝ ʦʜ ʧʦʨʝʤʝ˂ʘʿʘ ʠʟʘʟʚʘʥʠʭ ʫʧʦʪʨʝʙʦʤ ʥʘʨʢʦʪʠʢʘ ʫ 2021. ʛʦʜʠʥʠ 13,2 ʤʠʣʠʠʦʥʘ - 18 

ʧʨʦʮʝʥʘʪʘ ʚʠʰʝ ʥʝʛʦ ʰʪʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʧʨʦʮʝˁʝʥʦ. ʅʘ ʩʚʝʪʩʢʦʤ ʥʠʚʦʫ, ʚʠʰʝ ʦʜ 296 ʤʠʣʠʦʥʘ 

ˀʫʜʠ ʿʝ ʢʦʨʠʩʪʠʣʦ ʜʨʦʛʝ ʫ 2021. ʰʪʦ ʿʝ ʧʦʨʘʩʪ ʦʜ 23 ʧʨʦʮʝʥʪʘ ʪʦʢʦʤ ʧʨʝʪʭʦʜʥʝ ʜʝʮʝʥʠʿʝ. ʋ 

ʤʝʹʫʚʨʝʤʝʥʫ, ʙʨʦʿ ˀʫʜʠ ʢʦʿʠ ʧʘʪʝ ʦʜ ʧʦʨʝʤʝ˂ʘʿʘ ʠʟʘʟʚʘʥʠʭ ʫʧʦʪʨʝʙʦʤ ʥʘʨʢʦʪʠʢʘ ʿʝ ʧʦʚʝ˂ʘʥ ʟʘ 

39,5 ʤʠʣʠʦʥʘ, ʰʪʦ ʿʝ ʧʦʨʘʩʪ ʦʜ 45 ʧʨʦʮʝʥʘʪʘ ʪʦʢʦʤ 10 ʛʦʜʠʥʘ. ρ. 

ʂʘʥʮʝʣʘʨʠʿʘ ʋʿʝʜʠˁʝʥʠʭ ʥʘʮʠʿʘ ʟʘ ʜʨʦʛʝ ʠ ʢʨʠʤʠʥʘʣ (United Nations Office ond Drug and 

Crime, UNODC) ʜʝʬʠʥʠʰʝ ʪʝʨʤʠʥʦʣʦʛʠʿʫ ʦ ʜʨʦʛʘʤʘ ʠ ʫʚʦʜʠ ʦʩʥʦʚʥʝ ʢʦʥʮʝʧʪʝ ʫʢˀʫʯʫʿʫ˂ʠ ʠ 

ʣʠʩʪʝ ʩʫʧʩʪʘʥʮʠ ʧʦʜ ʤʝʹʫʥʘʨʦʜʥʦʤ ʢʦʥʪʨʦʣʦʤ, ʢʦʿʝ ʩʝ ʥʘʿʯʝʰ˂ʝ ʧʨʦʠʟʚʦʜʝ, ʧʨʝʨʘʹʫʿʫ ʠ/ʠʣʠ 

ʟʣʦʫʧʦʪʨʝʙˀʘʚʘʿʫ. ʉ ʪʠʤ ʫ ʚʝʟʠ, UNODC ʥʘʩʪʦʿʠ ʜʘ ʫʧʦʨʝʜʠ ʦʩʥʦʚʥʝ ʢʦʥʮʝʧʪʝ ʠ ʠʥʬʦʨʤʘʮʠʿʝ 

ʦ ʜʨʦʛʘʤʘ ʢʦʿʝ ʠʟʘʟʠʚʘʿʫ ʟʣʦʫʧʦʪʨʝʙʫ, ˁʠʭʦʚʠʤ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʦʙʨʘʩʮʠʤʘ ʟʣʦʫʧʦʪʨʝʙʝ, 

ʬʘʨʤʘʢʦʣʦʰʢʠʤ ʝʬʝʢʪʠʤʘ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦʿ ʤʝʜʠʮʠʥʩʢʦʿ ʫʧʦʪʨʝʙʠ.  

ʆʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʦʨʛʘʥʠ  ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ ʩʘʨʘʹʫʿʫ ʩʘ ʋʅ-ʦʚʦʤ ʢʘʥʮʝʣʘʨʠʿʦʤ ʟʘ ʙʦʨʙʫ 

ʧʨʦʪʠʚ ʜʨʦʛʝ ʠ ʢʨʠʤʠʥʘʣʘ, ʦʥʠ ʧʨʠʭʚʘʪʘʿʫ ʿʝʜʥʦʩʪʚʝʥʫ ʜʝʬʠʥʠʮʿʫ ʦ ʜʨʦʛʘʤʘ. ʇʨʝʤʘ ʦʚʦʿ 

ʜʝʬʠʥʠʮʠʿʠ, ʢʦʥʪʨʦʣʠʩʘʥʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ (ʇʂʉ) ʩʫ ʩʫʧʩʪʘʥʮʝ ʯʠʿʘ ʿʝ ʧʨʦʠʟʚʦʜˁʘ, 

ʧʨʦʤʝʪ, ʠʟʚʦʟ, ʫʚʦʟ, ʪʨʘʟʠʪ ʠ/ʠʣʠ ʙʠʣʦ ʢʦʿʠ ʜʨʫʛʠ ʚʠʜ ʘʢʪʠʚʥʦʩʪʠ ʢʦʿʠ ʫʢˀʫʯʫʿʝ ʦʚʝ ʩʫʧʩʪʘʥʮʝ 

ʟʘʙʨʘˁʝʥ, ʘ ʜʘ ʥʠʿʝ ʟʘ ʩʚʨʭʫ ʧʨʦʧʠʩʘʥʦʛ ʣʝʯʝˁʘ ʠʣʠ ʥʘʫʯʥʫ ʩʚʨʭʫ, ʫ ʩʢʣʘʜʫ ʩʘ ʟʘʢʦʥʦʤ ʠ 

ʧʨʦʧʠʩʠʤʘ ʜʦʥʝʪʠʤ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʦʚʦʛ ʟʘʢʦʥʘ. 

ʋ ʜʨʝʚʥʠʤ ʮʠʚʠʣʠʟʘʮʠʿʘʤʘ ˀʫʜʠ ʩʫ ʢʦʨʠʩʪʠʣʠ ʧʨʠʨʦʜʥʝ ʦʧʦʿʥʝ ʜʨʦʛʝ1 ʠʟ ʩʚʦʿʝ ʦʢʦʣʠʥʝ 

ʥʘʿʯʝʰ˂ʝ ʫ ʥʝʢʠʤ ʘhʤʘʥʩʢʠʤ ʠ/ʠʣʠ ʨʝʣʠʛʠʦʟʥʠʤ ʦʙʨʝʜʠʤʘ. ʂʦʨʠʰ˂ʝˁʝ ʜʨʦʛʘ ʠʟʚʘʥ ʪʦʛ 

ʢʦʥʪʝʢʩʪʘ ʙʠʦ ʿʝ ʚʝʦʤʘ ʨʝʪʢʘ ʧʦʿʘʚʘ. ʇʨʚʘ ʧʦʟʥʘʪʘ ʧʨʦʠʟʚʦʜˁʘ ʦʧʠʿʫʤʘ ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʫ 

ʄʝʩʦʧʦʪʘʤʠʿʠ 3400 ʧ.ʥ.ʝ. ʉʫʤʝʨʠ, ɸʩʠʨʮʠ, ɺʘʚʠʣʦʥʮʠ, ɽʛʠʧ˂ʘʥʠ, ɻʨʮʠ, ʀʥʜʠʿʮʠ, ɸʨʘʧʠ ʠ 

ʂʠʥʝʟʠ ʩʫ ʛʘ ʢʦʨʠʩʪʠʣʠ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ: ʟʘ ʙʨʟʫ ʠ ʙʝʟʙʦʣʥʫ ʩʤʨʪ, ʢʘʦ ʥʘʨʢʦʪʠʢ, ʟʘ ʞʝʥʩʢʝ 

ʙʦʣʝʩʪʠ, ʤʝʣʘʥʭʦʣʠʿʫ, ʤʠʛʨʝʥʫ ʠ ʜʨʫʛʝ ʙʦʣʝʩʪʠ. ɺʝ˂ 2250. ʧ.ʥ.ʝ. ʥʘʿʩʪʘʨʠʿʘ ʩʫʤʝʨʩʢʘ 

ʬʘʨʤʘʢʦʧʝʿʘ ʧʨʝʧʦʟʥʘʿʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʦʩʦʙʠʥʝ ʦʧʠʿʫʤʘ, ʘ ʫ ʉʪʘʨʦʿ ɻʨʯʢʦʿ 500 ʧ.ʥ.ʝ. 

ʩʚʝʰʪʝʥʠʮʠ ʢʦʥʪʨʦʣʠʰʫ ʫʧʦʪʨʝʙʫ ʦʧʠʿʫʤʘ ʠ ʧʨʠʧʠʩʫʿʫ ʤʫ ʥʘʪʧʨʠʨʦʜʥʝ ʤʦ˂ʠ. ʍʠʧʦʢʨʘʪ ʿʝ 

400. ʧ.ʥ.ʝ. ʫʢʘʟʘʦ ʜʘ ʦʧʠʿʫʤ ʠʤʘ ʥʘʨʢʦʪʠʯʥʘ ʠ ʭʠʧʥʦʪʠʯʢʘ ʩʚʦʿʩʪʚʘ, ʘ ʥʝ ʥʘʪʧʨʠʨʦʜʥʫ ʤʦ˂. 

ɿʘʙʝʣʝʞʝʥʦ ʿʝ ʜʘ ʩʝ ʤʘʨʠʭʫʘʥʘ ʢʦʨʠʩʪʠʣʘ ʫ ʠʥʜʠʿʘʥʩʢʠʤ ʍʠʥʜʫ ʨʝʣʠʛʠʦʟʥʠʤ ʨʠʪʫʘʣʠʤʘ ʠ 

ʤʝʜʠʪʘʮʠʿʘʤʘ 1000. ʧ.ʥ.ʝ., ʘ ʫ ʪʨʝ˂ʝʤ ʚʝʢʫ ʧ.ʥ.ʝ. ʥʘʿʩʪʘʨʠʿʘ ʬʘʨʤʘʢʦʧʝʿʘ ʧʦʤʠˁʝ ʢʘʥʘʙʠʩ ʠ 

ʧʨʝʧʦʨʫʯʫʿʝ ʛʘ ʟʘ ʫʧʦʪʨʝʙʫ ʢʘʦ ʘʥʘʣʛʝʪʠʢ, ʘʥʪʠʜʝʧʨʝʩʠʚ ʠ ʩʝʜʘʪʠʚ. Oko  400. ʛʦʜʠʥʝ ʛʘʿʝˁʝ 

ʢʦʥʦʧˀʝ ʧʦʯʠˁʝ ʠ ʫ ɽʥʛʣʝʩʢʦʿ, ʘ ʧʦʪʦʤ ʧʦʩʪʘʿʝ ʨʘʩʧʨʦʩʪʨʘˁʝʥʦ ʠ ʫ ʜʨʫʛʠʤ ʜʝʣʦʚʠʤʘ ʩʚʝʪʘ. 

ɻʦʜʠʥʝ 1935. ʌʝʜʝʨʘʣʥʠ ʙʠʨʦ ʥʘʨʢʦʪʠʢʘ ʧʦʯʠˁʝ ʢʘʤʧʘˁʫ ʫ ʢʦʿʦʿ ʿʝ ʤʘʨʠʭʫʘʥʘ ʧʨʝʜʩʪʘʚˀʝʥʘ 

ʢʘʦ ʜʨʦʛʘ ʢʦʿʘ ʠʟʘʟʠʚʘ ʟʘʚʠʩʥʦʩʪ, ʥʝʩʘʥʠʮʫ ʠ ʧʦʜʩʪʠʯʝ ʥʘ ʥʘʩʠˀʝ, ʘ ʜʘʥʘʩ ʩʝ ʧʦʩʝʜʦʚʘˁʝ 

ʤʘʨʠʭʫʘʥʝ ʯʘʢ ʠ ʫ ʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ, ʫ ʚʝ˂ʠʥʠ ʟʝʤʘˀʘ, ʩʤʘʪʨʘ ʧʨʝʢʨʰʘʿʝʤ. ʂʦʨʠʰ˂ʝˁʝ ʣʠʩʪʘ 

ʢʦʢʝ ʿʝ ʟʘʙʝʣʝʞʝʥʦ ʦʜ ʪʨʝ˂ʝʛ ʚʝʢʘ ʧ.ʥ.ʝ ς  

ʐʚʘʿʮʘʨʩʢʠ ʭʝʤʠʯʘʨ ɸʣʙʝʨʪ ʍʦʝʤʘʥʥ 1938. ʛʦʜʠʥʝ ʩʠʥʪʝʪʠʩʘʦ ʿʝ ʜʠʝʪʠʣʘʤʠʜ ʣʠʟʝʨʛʥʝ 

ʢʠʩʝʣʠʥʝ (lysergic acid diethylamide, LSD) ʢʘʦ ʿʝʜʥʫ ʦʜ ʧʨʚʠʭ ʇʂʉ ʜʦʙʠʿʝʥʫ ʤʦʜʠʬʠʢʘʮʠʿʦʤ 

ʧʨʠʨʦʜʥʝ ʩʫʧʩʪʘʥʮʝ, ʣʠʟʝʨʛʠʥʩʢʝ ʢʠʩʝʣʠʥʝ. ʆ ʜʝʿʩʪʚʫ LSD-ʘ ʩʣʠʢʦʚʠʪʦ ʛʦʚʦʨʠ ʠʟʿʘʚʘ ʩʘʤʦʛ 

ʠʟʫʤʠʪʝˀʘ: Ăʇʨʦʰʣʦʛ ʧʝʪʢʘ, 16. ʘʧʨʠʣʘ 1943, ʙʠʦ ʩʘʤ ʧʨʠʥʫʹʝʥ ʜʘ ʧʨʝʢʠʥʝʤ ʩʚʦʿ ʧʦʩʘʦ ʫ 

ʣʘʙʦʨʘʪʦʨʠʿʠ ʩʨʝʜʠʥʦʤ ʧʦʧʦʜʥʝʚʘ ʠ ʧʨʦʜʫʞʠʤ ʢʫ˂ʠ, ʧʦʛʦʹʝʥ ʦʩʦʙʝʥʠʤ ʥʝʤʠʨʦʤ, 

ʢʦʤʙʠʥʦʚʘʥʠʤ ʩʘ ʩʣʘʙʦʤ ʚʨʪʦʛʣʘʚʠʮʦʤ. ʂʦʜ ʢʫ˂ʝ ʩʘʤ ʧʨʠʣʝʛʘʦ ʠ ʫʪʦʥʫʦ ʫ ʥʝ-ʥʝʧʨʠʿʘʪʥʦ, 

                                                           
1 ʇʂʉ (ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʩʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ)/ʦʧʦʿʥʝ ʜʨʦʛʝ ʩʫ ʦʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʤʝˁʘʿʫ ʩʪʘˁʝ ʩʚʝʩʪʠ, 

ʨʘʩʧʦʣʦʞʝˁʝ ʠ ʧʦʥʘʰʘˁʝ. 

 



2 
 
 

ʥʘʣʠʢ ʥʘ ʠʥʪʦʢʩʠʢʦʚʘʥʦ ʩʪʘˁʝ ʢʦʿʝ ʿʝ ʢʘʨʘʢʪʝʨʠʩʘʣʘ ʝʢʩʪʨʝʤʥʘ ʩʪʠʤʫʣʘʮʠʿʘ ʤʘʰʪʝ. ʋ 

ʩʪʘʜʠʿʫʤʫ ʧʦʧʫʪ ʩʥʘ, ʦʧʘʟʠʦ ʩʘʤ ʥʝʧʨʝʢʠʜʘʥ ʧʦʪʦʢ ʬʘʥʪʘʩʪʠʯʥʠʭ ʩʣʠʢʘ, ʠʟʚʘʥʨʝʜʥʠʭ ʦʙʣʠʢʘ 

ʩʘ ʠʥʪʝʥʟʠʚʥʦʤ ʢʘʣʝʠʜʦʩʢʦʧʩʢʦʤ ʠʛʨʦʤ ʙʦʿʘ. ʅʘʢʦʥ ʥʝʢʠʭ ʜʚʘ ʩʘʪʘ, ʦʚʦ ʩʪʘˁʝ ʿʝ ʠʟʙʣʝʜʝʣʦ.ò 

σ  

ʋ ʜʨʫʛʦʿ ʧʦʣʦʚʠʥʠ ʜʚʘʜʝʩʝʪʦʛ ʚʝʢʘ ʜʦʰʣʦ ʿʝ ʜʦ ʧʦʚʝ˂ʘʥʝ ʟʣʦʫʧʦʪʨʝʙʝ ʜʨʦʛʘ, ʢʘʦ ʠ ʜʦ 

ʜʨʘʤʘʪʠʯʥʦʛ ʧʦʨʘʩʪʘ ʙʨʦʿʘ ˀʫʜʠ ʢʦʠʿ ʩʫ ʟʘʚʠʩʥʠʮʠ2 ʦʜ ʨʘʟʣʠʯʠʪʠʭ ʜʨʦʛʘ, ʙʠʣʦ ʜʘ ʩʫ ʦʥʝ 

ʧʨʠʨʦʜʥʦʛ ʠʣʠ ʩʠʥʪʝʪʩʢʦʛ ʧʦʨʝʢʣʘ. ʆʚʘ ʧʦʿʘʚʘ ʿʝ ʨʘʰʠʨʝʥʘ ʥʘʨʦʯʠʪʦ ʤʝʹʫ ʤʣʘʜʠʤʘ. 

ʂʘʨʘʢʪʝʨʠʩʪʠʯʥʦ ʿʝ ʠ ʪʦ ʜʘ ʩʫ ʫ ʩʚʠʤ ʢʨʘʿʝʚʠʤʘ ʩʚʝʪʘ ʜʦʩʪʫʧʥʝ ʩʚʝ ʜʨʦʛʝ, ʙʝʟ ʦʙʟʠʨʘ ʛʜʝ ʩʝ ʦʥʝ 

ʧʨʦʠʟʚʦʜʝ ʠ ʥʘ ʢʦʿʠ ʥʘʯʠʥ, ʄʝʹʫ ʦʚʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʿʝ ʩʚʝ ʚʠʰʝ ʩʠʥʪʝʪʠʯʢʠʭ ʦʧʦʿʥʠʭ ʜʨʦʛʘ.3  

ɼʨʞʘʚʝ ɿʘʧʘʜʥʦʛ ɹʘʣʢʘʥʘ ʩʫ ʥʘ ʨʘʩʢʨʩʥʠʮʠ ʧʫʪʝʚʘ ʢʦʿʠ ʩʧʘʘʿʫʿ ʟʝʤˀʝ ɹʣʠʩʢʦʛ ʠʩʪʦʢʘ ʩʘ 

ʟʝʤˀʘʤʘ ɿʘʧʘʜʥʝ ɽʚʨʦʧʝ, ʧʘ ʿʦʿ ʪʘʿ ʧʦʣʦʞʘʿ ʜʘʿʝ ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʩʘʦʙʨʘ˂ʘʿʫ ˀʫʜʠ ʠ ʨʦʙʘ, ʢʘʢʦ 

ʣʝʛʘʣʥʦʤ, ʪʘʢʦ ʠ ʠʣʝʛʘʣʥʦʤ. ʇʦʿʝʜʠʥʮʠ ʠ ʛʨʫʧʝ ʢʦʿʠ ʚʨʰʝ ʥʝʦʚʣʘʰ˂ʝʥʠ ʧʨʦʤʝʪ ʦʧʦʿʥʠʤ 

ʜʨʦʛʘʤʘ ʛʦʜʠʥʘʤʘ ʮʝʣʦʢʫʧʘʥ ʧʨʦʩʪʦʨ ɹʘʣʢʘʥʘ ʢʦʨʠʩʪʝ ʟʘ ʧʨʝʙʘʮʠʚʘˁʝ ʦʧʦʿʥʠʭ ʜʨʦʛʘ ʩʘ ʠʩʪʦʢʘ 

ʥʘ ʟʘʧʘʜ. ʅʘʿʯʝʰ˂ʝ ʩʫ ʪʦ ʭʝʨʦʠʥ τ , ʧʨʦʜʫʢʪʠ ʢʘʙʘʥʠʩʘ ʦʜʥʦʩʥʦ, ʩʘ ʟʘʧʘʜʘ ʥʘ ʠʩʪʦʢ ï ʢʦʢʘʠʥ 

ʠ ʘʤʬʝʪʘʤʠʥʠ, ʢʘʢʦ ʿʝ ʠ ʥʘʚʝʜʝʥʦ ʫ ʠʟʚʝʰʪʘʿʫ ɽʚʨʦʧʩʢʦʛ ʮʝʥʪʨʘ ʟʘ ʤʦʥʠʪʦʨʠʥʛ ʫʧʦʪʨʝʙʝ ʜʨʦʛʘ 

ʠ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʨʦʛʘ (European Monitoring Centre for Drugs and Drug Addiction, EMCDDA)4. 

ɼʝʦ ʪʠʭ ʜʨʦʛʘ ʦʩʪʘʿʝ ʠ ʥʘ ʧʦʜʨʫʯʿʫ ʥʝʢʠʭ ʜʨʞʘʚʘ ɹʘʣʢʘʥʘ, ʛʜʝ ʩʝ ʧʨʦʜʘʿʝ ʧʦʿʝʜʠʥʮʠʤʘ ʠʣʠ 

ʛʨʫʧʘʤʘ.  

ʋ ʚʝʟʠ ʩʘ ʪʠʤ ʧʦʩʪʦʿʠ ɿʘʢʦʥ ʦ ʧʩʠʭʦʘʢʪʠʚʥʠʤ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʢʦʿʠ ʛʣʘʩʠ: 

,,ʏʣʘʥ 1: ʆʚʠʤ ʟʘʢʦʥʦʤ ʫʨʝʹʫʿʫ ʩʝ ʫʩʣʦʚʠ ʟʘ ʧʨʦʠʟʚʦʜˁʫ ʠ ʧʨʦʤʝʪ ʧʩʠʭʦʘʢʪʠʚʥʠʭ 

ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʫʩʣʦʚʠ ʠ ʧʦʩʪʫʧʘʢ ʟʘ ʠʟʜʘʚʘˁʝ ʜʦʟʚʦʣʝ ʟʘ ʧʨʦʠʟʚʦʜˁʫ, ʧʨʦʤʝʪ, 

ʠʟʚʦʟ, ʫʚʦʟ ʠ ʪʨʘʥʟʠʪ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʫʩʣʦʚʠ ʟʘ ʛʘʿʝˁʝ, ʧʨʝʨʘʜʫ ʠ 

ʧʨʦʤʝʪ ʙʠˀʘʢʘ ʦʜ ʢʦʿʠʭ ʩʝ ʤʦʛʫ ʜʦʙʠʪʠ ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ, ʧʨʠʤʝʥʘ 

ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʥʘʜʟʦʨ ʥʘʜ ʩʧʨʦʚʦʹʝˁʝʤ ʦʚʦʛ ʟʘʢʦʥʘ, ʢʘʦ ʠ ʜʨʫʛʘ 

ʧʠʪʘˁʘ ʠʟ ʦʚʝ ʦʙʣʘʩʪʠ ʟʥʘʯʘʿʥʘ ʟʘ ʟʘʰʪʠʪʫ ʞʠʚʦʪʘ ʠ ʟʜʨʘʚˀʘ ˀʫʜʠñ ("Sl. glasnik RS", br.99/2010 

i 57/2018) υ.  

ʋ ʮʠˀʫ ʩʫʟʙʠʿʘˁʘ ʢʨʠʤʠʥʘʣʘ, ʥʘʫʢʘ ʩʝ ʙʘʟʠʨʘ ʥʘ ʠʩʧʠʪʠʚʘˁʠʤʘ, ʪʿ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ 

ʦʚʘʢʚʠʭ ʇʂʉ. ʌʠʟʠʯʢʦʭʝʤʠʿʩʢʝ ʘʥʘʣʠʟʝ ʩʫ ʦʜ ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ ʢʘʦ ʢˀʫʯʥʠ ʜʦʢʘʟ ʧʨʠʩʪʥʦʩʪʠ 

ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ. ʇʨʦʥʘʣʘʟʠ ʩʝ ʚʝʣʠʢʠ ʟʥʘʯʘʿ ʬʠʟʠʯʢʝ ʭʝʤʠʿʝ ʫ 

ʤʦʜʝʨʥʦʿ ʥʘʫʮʠ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʦʚʘʢʚʠʭ ʚʨʩʪʘ ʩʫʧʩʪʘʥʮʠ, ʧʦʛʦʪʦʚʦ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʥʦʚʠʤ 

ʧʩʠʭʘʢʪʠʚʥʠʭ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ (ʅʇʂʉ5), ʢʘʢʦ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʪʘʢʦ ʠ ʫ 

ʪʝʦʨʠʿʩʢʦʤ ʩʤʠʩʣʫ. ʄʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʩʪʨʫʢʪʫʨʥʘ ʘʥʘʣʠʟʘ ʧʩʠʭʦʜʝʣʠʢʘ ʠ ʜʨʫʛʠʭ 

ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠʤʘ ʚʝʣʠʢʫ ʚʘʞʥʦʩʪ ʢʘʢʦ ʩʘ ʩʪʘʥʦʚʠʰʪʘ ʬʫʥʜʘʤʝʥʪʘʣʥʠʭ, ʪʘʢʦ ʠ 

ʧʨʠˁʝʥʠʭ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʮʠˀʫ ʙʦˀʝ ʢʦʥʪʨʦʣʝ ʠ ʠʩʧʠʪʠʚʘˁʘ ʥʦʚʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ 

ʩʫʧʩʪʘʥʮʠȢ  
 

1.1. ʇʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ (ʇʂʉ) 

 

ʇʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ ʫ ʩʤʠʩʣʫ ʟʘʢʦʥʘ ʩʫ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ 

ʉʧʠʩʢʫ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ. ʋ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ (ʈʉ) ʿʝ ʪʘ ʨʝʛʫʣʘʪʠʚʘ 

                                                           
2 ɿʘʚʠʩʥʦʩʪ ʦʜ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ ʧʦʜʨʘʟʫʤʝʚʘ ʥʝ ʩʘʤʦ ʟʣʦʫʧʦʪʨʝʙʫ ʜʨʦʛʝ ʫ ʫʞʝʤ ʩʤʠʩʣʫ, 

ʚʝ˂ ʠ ʩʚʠʭ ʦʥʠʭ ʩʨʝʜʩʪʘʚʘ (ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ) ʢʦʿʘ ʪʦʢʩʠʯʥʦ ʜʝʣʫʿʫ ʥʘ ʦʨʛʘʥʠʟʘʤ, ʘ ʥʘʩʪʘʚˀʘˁʝʤ 

ʫʧʦʪʨʝʙʝ ʩʝ ʩʪʚʘʨʘ ʧʦʪʨʝʙʘ ʟʘ ʩʪʘʣʥʠʤ ʫʥʦʰʝˁʝʤ. 
3  ʥʘʚʦʜʠ ʩʝ ʫ ʉʚʝʪʩʢʦʤ ʠʟʚʝʰʪʘʿʫ ʦ ʜʨʦʛʘʤʘ ʂʘʥʮʝʣʘʨʠʿʝ ʋʅ-a ʟʘ ʧʠʪʘˁʘ ʜʨʦʛʝ ʠ ʢʨʠʤʠʥʘʣʘ (UNODC). 
4 EMCDDA (European Monitoring Centre for Drugs and Drug Addiction)  je ʜʝʣʝʛʘʮʠʿʘ ɽʚʨʦʧʩʢʝ ʘʛʝʥʮʠʿʝ ʟʘ 

ʤʦʥʠʪʦʨʠʥʛ ʜʨʦʛʘ ʠ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʨʦʛʘ, ʟʘʜʫʞʝʥʘ ʟʘ ʢʦʦʨʜʠʥʘʮʠʿʫ ʠʤʧʣʝʤʝʥʪʘʮʠʿʝ ʧʨʦʿʝʢʘʪʘ ʫ ʜʨʞʘʚʘʤʘ 

ɿʘʧʘʜʥʦʛ ɹʘʣʢʘʥʘ. 
5 ʅʦʚʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ (ʅʇʂʉ) ʩʫ ʩʫʧʩʪʘʥʮʝ ʫ ʯʠʩʪʦʿ ʬʦʨʤʠ ʠʣʠ ʧʨʝʧʘʨʘʪʫ ʢʦʿʠ ʥʠʩʫ 

ʩʪʘʚˀʝʥʠ ʧʦʜ ʢʦʥʪʨʦʣʫ ʂʦʥʚʝʥʮʠʿʦʤ ʋʅ ʦ ʥʘʨʢʦʪʠʮʠʤʘ ʠʟ 1961.ʛ ʠ ʂʦʥʚʝʥʮʠʿʦʤ ʦ ʧʩʠʭʦʪʨʦʧʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ 

ʠʟ 1971.ʛ, ʘʣʠ ʤʦʛʫ ʙʠʪʠ ʦʧʘʩʥʠ ʟʘ ʟʜʨʘʚˀʝ ʩʣʠʯʥʦ ʩʫʧʩʪʘʥʮʘʤʘ ʢʦʿʝ ʩʫ ʥʘ ʥʘʚʝʜʝʥʠʤ ʣʠʩʪʘʤʘ.  
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ʚʝʟʘʥʘ ʟʘ ʇʂʉ ʜʘʪʘ ɿʘʢʦʥʠʢʦʤ ʦ ʢʨʠʚʠʯʥʦʤ ʧʦʩʪʫʧʢʫ (ɿʂʇ)6 ʠ ɿʘʢʦʥʦʤ ʦ ʇʂʉ ʫ ʯʠʿʠ ʩʘʩʪʘʚ 

ʫʣʘʟʠ ʠ ʉʧʠʩʘʢ ʟʘʙʨʘˁʝʥʠʭ ʇʉ. φȟχȟψ. ʊʝʨʤʠʥ ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ (ʇʂʉ) 

ʦʙʿʝʜʠˁʫʿʝ ʦʧʦʿʥʝ ʜʨʦʛʝ ʠ ʧʩʠʭʦʪʨʦʧʥʝ ʩʫʧʩʪʘʥʮʝ. ʆʧʦʿʥʝ ʜʨʦʛʝ ʩʫ ʩʫʧʩʪʘʥʮʝ ʙʠʦʣʦʰʢʦʛ, 

ʦʜʥʦʩʥʦ ʩʠʥʪʝʪʠʯʢʦʛ ʧʦʨʝʢʣʘ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ ʉʧʠʩʢʫ, ʫ ʩʢʣʘʜʫ ʩʘ ɱʝʜʠʥʩʪʚʝʥʦʤ ʢʦʥʚʝʥʮʠʿʦʤ 

ʦ ʦʧʦʿʥʠʤ ʜʨʦʛʘʤʘ, ʠ ʢʦʝʿ ʜʝʣʫʿʫ ʧʨʠʤʘʨʥʦ ʥʘ ʮʝʥʪʨʘʣʥʠ ʥʝʨʚʥʠ ʩʠʩʪʝʤ ʩʤʘˁʫʿʫ˂ʠ ʦʩʝ˂ʘʿ ʙʦʣʘ, 

ʠʟʘʟʠʚʘʿʫ˂ʠ ʧʦʩʧʘʥʦʩʪ ʠʣʠ ʙʫʜʥʦʩʪ, ʭʘʣʫʮʠʥʘʮʠʿʝ, ʩʤʝʪˁʝ ʫ ʤʦʪʦʨʥʠʤ ʬʫʥʢʮʠʿʘʤʘ, ʢʘʦ ʠ 

ʜʨʫʛʝ ʧʘʪʦʣʦʰʢʝ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʥʝ ʧʨʦʤʝʥʝ ʮʝʥʪʨʘʣʥʦʛ ʥʝʨʚʥʦʛ ʩʠʩʪʝʤʘ. ʇʩʠʭʦʪʨʦʧʥʘ 

ʩʫʧʩʪʘʥʮʘ ʿʝ ʩʚʘʢʘ ʩʫʧʩʪʘʥʮʘ ʙʠʦʣʦʰʢʦʛ, ʦʜʥʦʩʥʦ ʩʠʥʪʝʪʠʯʢʦʛ ʧʦʨʝʢʣʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ 

ʉʧʠʩʢʫ, ʫ ʩʢʣʘʜʫ ʩʘ ʂʦʥʚʝʥʮʠʿʦʤ ʦ ʧʩʠʭʦʪʨʦʧʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ, ʢʦʿʘ ʜʝʣʫʿʝ ʧʨʠʤʘʨʥʦ ʥʘ 

ʮʝʥʪʨʘʣʥʠ ʥʝʨʚʥʠ ʩʠʩʪʝʤ ʠ ʤʝˁʘ ʤʦʞʜʘʥʝ ʬʫʥʢʮʠʿʝ, ʟʙʦʛ ʯʝʛʘ ʩʝ ʤʝˁʘ ʧʝʨʮʝʧʮʠʿʘ, 

ʨʘʩʧʦʣʦʞʝˁʝ, ʩʚʝʩʪ ʠ ʧʦʥʘʰʘˁʝ. 

ʇʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ ʯʠʥʝ ʃʠʩʪʫ ʟʘʙʨʘˁʝʥʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ 

ʩʫʧʩʪʘʥʮʠ, ʢʦʿʘ ʿʝ ʫʢˀʫʯʝʥʘ ʫ ʪʨʠ ʢʦʥʚʝʥʮʠʿʝ ʋʅ: ʂʦʥʚʝʥʮʠʿʘ ʋʅ ʦ ʦʧʦʿʥʠʤ ʜʨʦʛʘʤʘ (ʋʅ61), 

ʂʦʥʚʝʥʮʠʿʘ ʋʅ ʦ ʧʩʠʭʦʪʨʦʧʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ (ʋʅ71) ʠ ʂʦʥʚʝʥʮʠʿʘ ʋʅ ʦ ʩʫʟʙʠʿʘˁʫ ʠʣʝʛʘʣʥʝ 

ʪʨʛʦʚʠʥʝ ʠ ʪʨʘʥʩʧʦʨʪʘ ʦʧʦʿʥʠʭ ʜʨʦʛʘ, ʧʩʠʭʦʪʨʦʧʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ʧʨʝʢʫʨʩʦʨʘ (ʋʅ88) ωȟρπȟρρ: 
1) ʃʠʩʪʘ 1 ʦʙʫʭʚʘʪʘ ʦʧʦʿʥʝ ʜʨʦʛʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʪʝʨʘʧʠʿʩʢʝ ʠ ʥʘʫʯʥʦ-ʠʩʪʨʘʞʠʚʘʯʢʝ 

ʩʚʨʭʝ, ʫ ʩʢʣʘʜʫ ʩ ʃʠʩʪʦʤ 1 ʠ ʃʠʩʪʦʤ 2 ɱʝʜʠʥʩʪʚʝʥʝ ʢʦʥʚʝʥʮʠʿʝ ʦ ʦʧʦʿʥʠʤ ʜʨʦʛʘʤʘ; 

2) ʃʠʩʪʘ 2 ʦʙʫʭʚʘʪʘ ʦʧʦʿʥʝ ʜʨʦʛʝ ʢʦʿʝ ʤʦʛʫ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʦʰʪʝ˂ʝˁʝ ʟʜʨʘʚˀʘ ˀʫʜʠ, ʫ 

ʩʢʣʘʜʫ ʩ ʃʠʩʪʦʤ 4 ɱʝʜʠʥʩʪʚʝʥʝ ʢʦʥʚʝʥʮʠʿʝ ʦ ʦʧʦʿʥʠʤ ʜʨʦʛʘʤʘ; 

3) ʃʠʩʪʘ 3 ʦʙʫʭʚʘʪʘ ʧʨʝʧʘʨʘʪʝ ʢʦʿʠ ʩʘʜʨʞʝ ʦʧʦʿʥʝ ʜʨʦʛʝ, ʘ ʢʦʨʠʩʪʝ ʩʝ ʫ ʪʝʨʘʧʠʿʩʢʝ ʩʚʨʭʝ, 
ʫ ʩʢʣʘʜʫ ʩ ʃʠʩʪʦʤ 3 ɱʝʜʠʥʩʪʚʝʥʝ ʢʦʥʚʝʥʮʠʿʝ ʦ ʦʧʦʿʥʠʤ ʜʨʦʛʘʤʘ; 

4) ʃʠʩʪʘ 4 ʦʙʫʭʚʘʪʘ ʧʩʠʭʦʪʨʦʧʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʤʦʛʫ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʪʝʰʢʦ ʦʰʪʝ˂ʝˁʝ 
ʟʜʨʘʚˀʘ ˀʫʜʠ, ʫ ʩʢʣʘʜʫ ʩ ʃʠʩʪʦʤ 1 ʂʦʥʚʝʥʮʠʿʝ ʦ ʧʩʠʭʦʪʨʦʧʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ; 

5) ʃʠʩʪʘ 5 ʦʙʫʭʚʘʪʘ ʧʩʠʭʦʪʨʦʧʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʦʛʨʘʥʠʯʝʥʝ ʪʝʨʘʧʠʿʩʢʝ ʠ 
ʥʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʝ ʩʚʨʭʝ, ʫ ʩʢʣʘʜʫ ʩ ʃʠʩʪʦʤ 2 ʂʦʥʚʝʥʮʠʿʝ ʦ ʧʩʠʭʦʪʨʦʧʥʠʤ 

ʩʫʧʩʪʘʥʮʘʤʘ; 

6) ʃʠʩʪʘ 6 ʦʙʫʭʚʘʪʘ ʧʩʠʭʦʪʨʦʧʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʪʝʨʘʧʠʿʩʢʝ ʠ 

ʥʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʝ ʩʚʨʭʝ, ʫ ʩʢʣʘʜʫ ʩ ʃʠʩʪʦʤ 3 ʂʦʥʚʝʥʮʠʿʝ ʦ ʧʩʠʭʦʪʨʦʧʥʠʤ 

ʩʫʧʩʪʘʥʮʘʤʘ; 

7) ʃʠʩʪʘ 7 ʦʙʫʭʚʘʪʘ ʧʩʠʭʦʪʨʦʧʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʪʝʨʘʧʠʿʩʢʝ ʠ 

ʥʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʝ ʩʚʨʭʝ, ʫ ʩʢʣʘʜʫ ʩ ʃʠʩʪʦʤ 4 ʂʦʥʚʝʥʮʠʿʝ ʦ ʧʩʠʭʦʪʨʦʧʥʠʤ 

ʩʫʧʩʪʘʥʮʘʤʘ. 

ʇʨʦʠʟʚʦʜˁʘ ʠ ʧʨʦʤʝʪ ʦʚʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʧʦʜʣʝʞʫ ɿʘʢʦʥʫ ʠ ʜʝʬʠʥʠʮʠʿʘʤʘ 

ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʧʨʦʠʟʚʦʜˁʫ, ʧʨʠʧʨʝʤʫ, ʠʟʦʣʦʚʘˁʝ, ʩʠʥʪʝʟʘ, ʧʨʝʯʠʰ˂ʘʚʘˁʝ, ʤʦʜʠʬʠʢʘʮʠʿʘ, 

ʧʨʝʨʘʜʫ, ʤʝʰʘˁʝ, ʧʘʢʦʚʘˁʝ ʠ ʩʚʘʢʠ ʜʨʫʛʠ ʧʦʩʪʫʧʘʢ ʢʦʿʠʤ ʩʝ ʜʦʙʠʿʘ ʠʣʠ ʩʝ ʜʦʧʨʠʥʦʩʠ 

ʜʦʙʠʿʘˁʫ ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʨʠʰ˂ʝˁʝʤ ʭʝʤʠʿʩʢʠʭ, ʬʠʟʠʯʢʠʭ ʠ 

ʙʠʦʣʦʰʢʠʭ ʧʨʦʮʝʩʘ. ʇʨʦʤʝʪ ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ ʿʝʩʪʝ ʧʨʦʤʝʪ ʥʘ ʚʝʣʠʢʦ 

ʢʦʿʠ ʦʙʫʭʚʘʪʘ: ʠʟʚʦʟ, ʫʚʦʟ, ʪʨʘʥʟʠʪ, ʧʨʝʚʦʟ, ʩʢʣʘʜʠʰʪʝˁʝ, ʜʠʩʪʨʠʙʫʮʠʿʫ, ʧʨʦʜʘʿʫ, ʢʫʧʦʚʠʥʫ, 

ʧʦʩʨʝʜʦʚʘˁʝ ʧʨʠ ʢʫʧʦʚʠʥʠ ʠʣʠ ʧʨʦʜʘʿʠ ʠ ʩʣʠʯʥʦ.  

ʌʦʨʝʥʟʠʯʢʘ ʠʩʪʨʘʛʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʿʝ ʦʜ ʥʘʿʚʝ˂ʝ ʚʘʞʥʦʩʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ 

ʧʨʘʚʥʠʤ ʠ ʠʩʪʨʘʞʥʠʤ ʢʦʥʪʝʢʩʪʠʤʘ.  

ʆʚʘʢʚʝ ʚʨʩʪʝ ʠʩʪʨʘʛʘ ʩʫ ʦʜ ʚʠʪʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ, ʘʥʘʣʠʟʫ ʠ ʨʘʟʫʤʝʚʘˁʝ 

ʭʝʤʠʿʩʢʦʛ ʩʘʩʪʘʚʘ ʠ ʝʬʝʢʘʪʘ ʦʚʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʢʨʠʚʠʯʥʠʤ ʧʨʝʜʤʝʪʠʤʘ ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʢʨʠʚʠʯʥʘ 

ʜʝʣʘ ʫ ʚʝʟʠ ʩʘ ʜʨʦʛʦʤ. ɸʥʘʣʠʟʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ ʧʦʤʘʞʝ ʦʨʛʘʥʠʤʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ 

ʟʘʢʦʥʘ ʫ ʫʪʚʨʹʠʚʘˁʫ ʧʨʠʨʦʜʝ ʠ ʪʝʞʠʥʝ ʢʨʠʚʠʯʥʠʭ ʜʝʣʘ ʫ ʚʝʟʠ ʩʘ ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ, 

ʧʦʤʘʞʝ ʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʦʩʫʤˁʠʯʝʥʠʭ ʠ ʧʨʫʞʘ ʜʦʢʘʟʝ ʟʘ ʩʫʜʩʢʠ ʧʦʩʪʫʧʘʢ. ʐʪʘʚʠʰʝ, 

ʜʝʪʘˀʥʘ ʘʥʘʣʠʟʘ ʧʦʤʘʞʝ ʫ ʨʘʟʣʠʢʦʚʘˁʫ ʨʘʟʣʠʯʠʪʠʭ ʩʫʧʩʪʘʥʮʠ, ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʪʘʯʥʦʩʪ ʫ 

ʧʨʘʚʥʠʤ ʠʤʧʣʠʢʘʮʠʿʘʤʘ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʫ ʢʘʟʥʫ. ʇʦʨʝʜ ʪʦʛʘ, ʧʨʦʫʯʘʚʘˁʝ ʦʚʠʭ ʩʫʧʩʪʘʥʮʠ 

ʬʦʨʝʥʟʠʯʢʠ ʧʦʤʘʞʝ ʫ ʧʨʘ˂ʝˁʫ ʪʨʝʥʜʦʚʘ ʫ ʪʨʛʦʚʠʥʠ ʜʨʦʛʦʤ, ʧʨʦʠʟʚʦʜˁʠ ʠ ʧʦʪʨʦʰˁʠ, 

                                                           
6 ɿʂʇ- ʆʚʠʤ ʟʘʢʦʥʦʤ ʫʪʚʨʹʫʿʫ ʩʝ ʧʨʘʚʠʣʘ ʢʨʠʚʠʯʥʦʛ ʧʦʩʪʫʧʢʘ ʧʦ ʢʦʿʠʤʘ ʩʫ ʜʫʞʥʠ ʜʘ ʧʦʩʪʫʧʘʿʫ ʩʫʜʦʚʠ, ʿʘʚʥʠ 
ʪʫʞʠʣʘʮ (ʫ ʜʘˀʝʤ ʪʝʢʩʪʫ: ʪʫʞʠʣʘʮ) ʠ ʜʨʫʛʠ ʫʯʝʩʥʠʮʠ ʫ ʢʨʠʚʠʯʥʦʤ ʧʦʩʪʫʧʢʫ ʧʨʝʜʚʠʹʝʥʠ ʦʚʠʤ ʟʘʢʦʥʦʤ, ʢʘʜʘ 

ʧʦʩʪʫʧʘʿʫ ʫ ʢʨʠʚʠʯʥʠʤ ʩʪʚʘʨʠʤʘ. 



4 
 
 

ʦʣʘʢʰʘʚʘʿʫ˂ʠ ʨʘʟʚʦʿ ʮʠˀʘʥʠʭ ʩʪʨʘʪʝʛʠʿʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʟʘʢʦʥʘ ʠ ʧʨʝʚʝʥʪʠʚʥʠʭ ʤʝʨʘ. 

ʌʦʨʝʥʟʠʯʢʘ ʠʩʪʨʘʛʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʿʝ ʢˀʫʯʥʘ ʫ ʦʜʨʞʘʚʘˁʫ ʧʨʘʚʥʦʛ ʠʥʪʝʛʨʠʪʝʪʘ, 

ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʪʘʯʥʝ ʧʨʦʮʝʥʝ ʠ ʩʫʟʙʠʿʘˁʝ ʘʢʪʠʚʥʦʩʪʠ ʥʝʟʘʢʦʥʠʪʠʭ ʜʨʦʛʘ. ʅʝʢʝ ʦʜ ʥʘʿʯʝʰ˂ʝ 

ʧʨʦʥʘʹʝʥʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʫʢˀʫʯʫʿʫ ʘʤʬʝʪʘʤʠʥ, ʢʦʢʘʠʥ, 3,4-

ʤʝʪʠʣʝʥʠʜʠʦʢʩʠʤʝʪʘʤʬʝʪʘʤʠʥ (ʄɼʄɸ), ʘʣʠ ʠ ʣʝʢʦʚʝ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʣʝʛʘʣʥʠʤ ʪʦʢʦʚʠʤʘ 

(ʙʝʥʟʦʜʠʘʟʝʧʠʥʠ) ʢʘʢʦ ʿʝ ʧʦ ʠʩʪʨʘʞʠʚʘˁʫ EMCDDA ʦʜ 2021 ʛʦʜʠʥʝ ρς.  

 

1.2. ʅʦʚʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ (ʅʇKʉ) 

 

ʅʦʚʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ (ʅʇʂʉ) ʩʫ ʩʫʧʩʪʘʥʮʝ ʫ ʯʠʩʪʦʿ ʬʦʨʤʠ ʠʣʠ 

ʧʨʝʧʘʨʘʪʫ ʢʦʿʝ ʥʠʩʫ ʩʪʘʚˀʝʥʝ ʧʦʜ ʢʦʥʪʨʦʣʫ ʂʦʥʚʝʥʮʠʿʦʤ ʋʅ ʦ ʥʘʨʢʦʪʠʮʠʤʘ ʠʟ 1961. ʛʦʜʠʥʝ 

ʠ ʂʦʥʚʝʥʮʠʿʦʤ ʦ ʧʩʠʭʦʪʨʦʧʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʠʟ 1971. ʛʦʜʠʥʝ, ʘʣʠ ʤʦʛʫ ʙʠʪʠ ʦʧʘʩʥʝ ʟʘ ʟʜʨʘʚˀʝ 

ʥʘ ʩʣʠʯʘʥ ʥʘʯʠʥ ʢʘʦ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʫ ʥʘ ʥʘʚʝʜʝʥʠʤ ʣʠʩʪʘʤʘ.  

ʅʇKʉ ʧʨʝʜʩʪʘʚˀʘʿʫ ʛʨʫʧʫ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʝ ʙʨʟʦ ʰʠʨʠ, ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʭʝʤʠʿʩʢʠʤ 

ʩʪʨʫʢʪʫʨʘʤʘ ʠ ʝʬʝʢʪʠʤʘ ʥʘ ʮʝʥʪʨʘʣʥʠ ʥʝʨʚʥʠ ʩʠʩʪʝʤ. ɳʠʭʦʚʘ ʩʪʨʫʢʪʫʨʥʘ ʨʘʟʥʦʣʠʢʦʩʪ 

ʧʨʝʜʩʪʘʚˀʘ ʟʥʘʯʘʿʥʝ ʠʟʘʟʦʚʝ ʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ, ʿʝʨ ʦʚʝ ʩʫʧʩʪʘʥʮʝ ʯʝʩʪʦ ʧʦʩʪʦʿʝ ʫ ʚʝʣʠʢʦʤ 

ʙʨʦʿʫ ʚʘʨʠʿʘʮʠʿʘ, ʯʝʩʪʦ ʤʝˁʘʥʠʤ ʢʘʢʦ ʙʠ ʩʝ ʠʟʙʝʛʣʝ ʟʘʢʦʥʩʢʝ ʨʝʛʫʣʘʪʠʚʝ ʠ ʤʝʪʦʜʝ ʜʝʪʝʢʮʠʿʝ. 

ɺʘʞʥʦʩʪ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʅʇʉ ʣʝʞʠ ʫ ʥʝʢʦʣʠʢʦ ʢʨʠʪʠʯʥʠʭ ʘʩʧʝʢʘʪʘ. ʇʨʚʦ, ʧʨʝʧʦʟʥʘʚʘˁʝ ʦʚʠʭ 

ʿʝʜʠˁʝˁʘ ʿʝ ʢˀʫʯʥʦ ʟʘ ʿʘʚʥʦ ʟʜʨʘʚˀʝ ʠ ʙʝʟʙʝʜʥʦʩʪ, ʿʝʨ ˁʠʭʦʚʘ ʥʝʨʝʛʫʣʠʩʘʥʘ ʫʧʦʪʨʝʙʘ ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʜʦ ʥʝʧʦʟʥʘʪʠʭ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʪʝʰʢʠʭ ʟʜʨʘʚʩʪʚʝʥʠʭ ʧʦʩʣʝʜʠʮʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ 

ʧʦʤʘʞʝ ʫ ʨʘʟʫʤʝʚʘˁʫ ˁʠʭʦʚʠʭ ʬʘʨʤʘʢʦʣʦʰʢʠʭ ʩʚʦʿʩʪʘʚʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʨʘʟʚʦʿ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʤʝʜʠʮʠʥʩʢʠʭ ʦʜʛʦʚʦʨʘ ʠ ʧʨʦʪʦʢʦʣʘ ʣʝʯʝˁʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʝʜʦʟʠʨʘˁʘ ʠʣʠ ʥʝʞʝˀʝʥʠʭ 

ʨʝʘʢʮʠʿʘ. ʐʪʘʚʠʰʝ, ʘʥʘʣʠʟʘ ʦʚʠʭ ʩʫʧʩʪʘʥʮʠ ʿʝ ʢˀʫʯʥʘ ʟʘ ʨʝʛʫʣʘʪʦʨʥʘ ʪʝʣʘ ʠ ʘʛʝʥʮʠʿʝ ʟʘ 

ʩʧʨʦʚʦʹʝˁʝ ʟʘʢʦʥʘ ʜʘ ʜʦʥʝʩʫ ʧʨʘʚʦʚʨʝʤʝʥʝ ʠ ʝʬʠʢʘʩʥʝ ʟʘʢʦʥʩʢʝ ʤʝʨʝ, ʜʨʞʝ˂ʠ ʢʦʨʘʢ ʩʘ ʥʦʚʠʤ 

ʪʨʝʥʜʦʚʠʤʘ ʫ ʨʘʟʚʦʿʫ ʜʨʦʛʘ ʠ ʩʧʨʝʯʘʚʘʿʫ˂ʠ ˁʠʭʦʚʫ ʜʠʩʪʨʠʙʫʮʠʿʫ ʠ ʟʣʦʫʧʦʪʨʝʙʫ. ʅʘ ʦʩʥʦʚʫ 

ʩʚʝʛʘ ʥʘʚʝʜʝʥʦʛ, ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʥʦʚʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʿʝ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ 

ʦʯʫʚʘˁʝ ʿʘʚʥʦʛ ʟʜʨʘʚˀʘ, ʦʤʦʛʫ˂ʘʚʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʨʝʛʫʣʘʪʦʨʥʠʭ ʦʜʛʦʚʦʨʘ ʠ ʨʘʟʫʤʝʚʘˁʝ 

ʩʪʘʣʥʦ ʝʚʦʣʫʠʨʘʿʫ˂ʝʛ ʧʝʿʟʘʞʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ.  

ʅʘʠʤʝ, ʢʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ, ʫ ʜʘʥʘʰˁʝ ʚʨʝʤʝ, ʜʦʩʪʘ ʿʝ ʪʝʞʝ ʜʝʬʠʥʠʩʘʪʠ 

ʥʦʚʝ ʢʣʘʩʝ ʿʝʜʠˁʝˁʘ ʟʙʦʛ ʩʚʝʧʨʠʩʫʪʥʝ ʧʨʦʤʝʥʝ ʩʪʨʫʢʪʫʨʝ ʢʘʢʦ ʙʠ ʩʝ ʟʘʦʙʠʰʣʘ ʟʘʢʦʥʩʢʘ 

ʨʝʛʫʣʘʪʠʚʘ. ɼʘʥʘʩ ʿʝ ʜʦʩʪʘ ʤʦʜʠʬʠʢʘʮʠʿʘ ʧʩʠʭʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʿʝʨ ʢʘʢʦ ʩʝ ʥʘʫʢʘ ʨʘʟʚʠʿʘ, 

ʠ ʢʘʢʦ ʩʝ ʨʘʟʚʠʿʘʿʫ ʠ ʤʝʪʦʜʝ, ʧʦʩʪʦʿʠ ʠ ʜʨʫʛʘ ʩʪʨʘʥʘ ʟʘʢʦʥʘ, ʢʦʿʘ ʪʘʢʦʹʝ ʨʘʟʚʠʿʘ ʤʝʪʦʜʝ 

ʤʦʜʠʬʠʢʘʮʠʿʘ ʧʩʠʭʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʠ ʪʠʤʝ, ʦʥʝʤʦʛʫ˂ʘʚʘʿʫ ʠʥʜʝʪʠʬʠʢʘʮʠʿʫ ʩʫʧʩʪʘʥʮʝ ʠ 

ʦʜʨʝʹʠʚʘˁʝ ˁʝʥʝ ʩʪʨʫʢʪʫʨʝ. ʂʘʜʘ ʩʝ ʛʦʚʦʨʠ ʦ ʧʩʠʭʦʘʢʪʠʚʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ, ʥʝ ʤʠʩʣʠ ʩʝ ʫʚʝʢ 

ʥʘ ʯʠʩʪʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʘʤʦ ʩʘʜʨʞʝ ʘʢʪʠʚʥʫ ʩʫʧʩʪʘʥʮʫ ʦʜ ʠʥʪʝʨʝʩʘ, ʿʝʨ, ʩʚʘʢʘ ʩʫʧʩʪʘʥʮʘ, ʠʣʠ 

ʫʟʦʨʘʢ ʩʘ ʩʦʙʦʤ ʥʦʩʠ ʦʜʨʝʹʝʥʝ ʥʝʯʠʩʪʦ˂ʝ ʠ ʨʘʟʙʣʘʞʠʚʘʯʝ (ʪʟʚ. ʧʫʥʠʦʮʝ), ʠ ʩʘʤʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʤʦʞʝ ʙʠʪʠ ʦʪʝʞʘʥʘ. ʇʦʛʦʪʦʚʦ ʘʢʦ ʩʝ ʨʘʜʠ ʦ ʠʜʝʥʪʠʬʠʢʘʮʠʿʠ ʅʇʂʉ ʢʦʿʝ ʩʝʤ 

ʰʪʦ ʠʟʠʩʢʫʿʫ ʚʨʝʤʝ ʟʘ ʩʘʤʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʩʪʨʫʢʪʫʨʝ, ʪʨʘʞʝ ʚʨʝʤʝ ʠ ʟʘ ʦʜʚʘʿʘˁʝ ʪʘʢʚʝ 

ʩʫʧʩʪʘʥʮʝ ʦʜ ʥʝʯʠʩʪʦ˂ʘ ʠ ʧʫʥʠʣʘʮʘ. ɸ ʠ ʩʘʤʘ ʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʦʜ ʠʥʪʝʨʝʩʘ ʤʦʞʝ ʙʠʪʠ ʫ ʿʘʢʦ 

ʤʘʣʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʫ ʫʟʦʨʮʠʤʘ, ʰʪʦ ʜʦʜʘʪʥʦ ʦʪʝʞʘʚʘ ˁʝʥʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ, ʧʦʩʝʙʥʦ 

ʠʤʘʿʫ˂ʠ ʫ ʚʠʜʫ ʜʘ ʠʥʪʝʨʥʠ ʩʪʘʥʜʘʨʜ ʟʘ ʘʥʘʣʠʟʝ ʥʠʿʝ ʫʚʝʢ ʜʦʩʪʫʧʘʥ.  

ʉʘʤʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʧʫʥʠʦʮʠʤʘ ʤʦʛʫ ʜʘ ʜʦʜʘʪʥʦ ʫʢʘʞʫ ʥʘ ʧʨʦʤʝʥʝ ʠ ʜʘ ʜʘʿʫ ʙʠʪʥʝ 

ʨʝʟʫʣʪʘʪʝ ʧʦʛʦʪʦʚʦ ʢʘʜʘ ʩʝ ʨʘʜʠ ʦ ʅʇʂʉ. ʅʘ ʦʩʥʦʚʫ ʪʝʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ, ʙʠ˂ʝ ʦʤʦʛʫ˂ʝʥʦ 

ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ˁʠʭʦʚʝ ʘʢʪʠʚʥʦʩʪʠ, ʘʣʠ ʠ ʫʙʨʟʘʥ ʨʘʟʚʦʿ ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʜʨʝʹʠʚʘˁʝ, ʯʘʢ 

ʠ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʠʥʪʝʨʥʠ ʩʪʘʥʜʘʨʜʠ ʥʠʩʫ ʜʦʩʪʫʧʥʠ.   
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2. ʂʣʘʩʠʬʠʢʘʮʠʿʘ ʦʜʘʙʨʘʥʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ 

ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ  
 

ʇʂʉ ʦʜ ʟʥʘʯʘʿʘ ʟʘ ʦʚʫ ʜʦʢʪʦʨʩʢʫ ʜʠʩʝʨʪʘʮʠʿʫ ʩʫ ʧʩʠʭʦʜʝʣʠʮʠ7 (LSD, ʧʩʠʣʦʮʠʥ ʠ 

ʙʫʬʦʪʝʥʠʥ) ʠ ʙʝʥʟʦʜʠʘʟʝʧʠʥʠ (ʣʦʨʘʟʝʧʘʤ ʠ ʘʣʧʨʘʟʦʣʘʤ). ʆʜʘʙʨʘʥʝ ʇʂʉ ʟʘ ʜʦʢʪʦʨʩʢʫ 

ʜʠʩʝʨʪʘʮʠʿʫ ʧʨʠʧʘʜʘʿʫ ʃʠʩʪʠ 4 ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʧʩʠʭʦʪʨʦʧʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʤʦʛʫ ʧʨʦʫʟʨʦʢʦʚʘʪʠ 

ʪʝʰʢʦ ʦʰʪʝ˂ʝˁʝ ʟʜʨʘʚˀʘ ˀʫʜʠ (ʭʘʣʫʮʠʥʦʛʝʥʠ) ʠ ʃʠʩʪʠ 7 ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʧʩʠʭʦʪʨʦʧʥʝ 

ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʪʝʨʘʧʠʿʩʢʝ ʠ ʥʘʫʯʥʦʠʩʪʨʘʞʠʚʘʯʢʝ ʩʚʨʭʝ (ʙʝʥʟʦʜʠʘʟʝʧʠʥʠ), ʧʨʝʤʘ 

ʧʦʜʝʣʠ ʠʟ ʧʦʛʣʘʚˀʘ 1.1.  

 

2.1. ʍʘʣʫʮʠʥʦʛʝʥʠ 

 

ʍʘʣʫʮʠʥʦʛʝʥʝ ʜʨʦʛʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʭʝʤʠʿʩʢʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʘ ʫʟʨʦʢʫʿʫ ʜʫʙʦʢʝ ʧʦʨʝʤʝ˂ʘʿʝ 

ʫ ʧʝʨʮʝʧʮʠʿʠ ʩʪʚʘʨʥʦʩʪʠ. ʆʜʥʦʩʥʦ, ʤʝˁʘʿʫ ʩʚʝʩʪ ʦ ʦʢʨʫʞʝˁʫ, ʧʘ ʠ ʩʦʧʩʪʚʝʥʝ ʤʠʩʣʠ ʠ ʦʩʝ˂ʘˁʘ 

ʪʘʢʦ ʜʘ ʦʩʦʙʘ ʤʦʞʝ ʚʠʜʝʪʠ ʩʣʠʢʝ, ʯʫʪʠ ʟʚʫʢʝ (ʬʝʥʦʤʝʥ ʩʠʥʝʩʪʝʟʠʿʝ) ʠʣʠ ʦʩʝ˂ʘʪʠ ʥʝʰʪʦ ʰʪʦ ʫ 

ʩʪʚʘʨʥʦʩʪʠ ʥʝ ʧʦʩʪʦʿʠ. ɿʙʦʛ ʝʬʝʢʪʘ ʭʘʣʫʮʠʥʘʮʠʿʝ ʦʚʝ ʩʫʧʩʪʘʥʮʝ ʩʫ ʠ ʜʦʙʠʣʝ ʥʘʟʠʚ 

ʭʘʣʫʮʠʥʦʛʝʥʠ. ʄʘʜʘ ʩʫ ʧʦʟʥʘʪʝ ʠ ʢʘʦ ʧʩʠʭʦʜʝʣʠʮʠ ʠʣʠ ʧʩʠʭʦʜʝʣʠʯʥʠ ʣʝʢʦʚʠ ρσ.  
ʀʘʢʦ ʧʨʝʤʘ ʤʠʰˀʝˁʠʤʘ ʤʥʦʛʠʭ ʩʧʘʜʘʿʫ ʫ ʙʦʣʝʩʪʠ ʟʘʚʠʩʥʦʩʪʠ ʤʦʜʝʨʥʦʛ ʜʦʙʘ, ʟʘʧʨʘʚʦ 

ʿʝ ˁʠʭʦʚʘ ʫʧʦʪʨʝʙʘ ʧʦʟʥʘʪʘ ʦʜ ʜʘʚʥʠʥʘ. ʀʩʪʦʨʠʿʩʢʠ ʛʣʝʜʘʥʦ ʭʘʣʫʮʠʥʦʛʝʥʝ ʩʤʝʩʝ ʠʟ ʧʦʿʝʜʠʥʠʭ 

ʙʠˀʘʢʘ ʠ ʧʝʯʫʨʘʢʘ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʚʝʢʦʚʠʤʘ ʫ ʨʝʣʠʛʠʿʩʢʠʤ ʨʠʪʫʘʣʠʤʘ. 

ʇʦʨʝʜ ʧʨʠʨʦʜʥʠʭ, ʪʿ. ʦʥʠʭ ʢʦʿʠ ʩʝ ʝʢʩʪʨʘʭʫʿʫ ʠʟ ʙʠˀʘʢʘ ʠʣʠ ʧʝʯʫʨʘʢʘ, ʧʦʩʪʦʿʝ ʠ 

ʩʠʥʪʝʪʠʯʢʝ ʭʘʣʫʮʠʥʦʛʝʥʝ ʜʨʦʛʝ. ʋʧʨʘʚʦ ʿʝ ˁʠʭʦʚʦ ʦʪʢʨʠ˂ʝ ʥʝʧʦʩʨʝʜʥʦ ʧʨʝ ɼʨʫʛʦʛ ʩʚʝʪʩʢʦʛ 

ʨʘʪʘ ʜʦʥʝʣʦ ʯʠʪʘʚʫ ʨʝʚʦʣʫʮʠʿʫ ʫʧʦʪʨʝʙʝ. ʇʨʚʦʙʠʪʥʦ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʟʘ ʣʝʯʝˁʝ ʧʩʠʭʦʟʘ ʠ 

ʠhʟʦʬʨʝʥʠʿʝ, ʘʣʠ ʿʝ ʥʘʨʝʜʥʠʭ ʜʝʮʝʥʠʿʘ ʧʦʢʘʟʘʥʦ ˁʠʭʦʚʦ ʰʪʝʪʥʦ ʜʝʿʩʪʚʦ. ʅʘʞʘʣʦʩʪ, ʦʚʘ 

ʦʪʢʨʠ˂ʘ ʥʠʩʫ ʟʘʫʩʪʘʚʠʣʘ ʫʧʦʪʨʝʙʫ ʪʘʢʦ ʜʘ, ʜʘʥʘʩ, ʭʘʣʫʮʠʥʦʛʝʥʝ ʜʨʦʛʝ ʩʧʘʜʘʿʫ ʫ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘˁʝʥʝ ʠʣʝʛʘʣʥʝ ʩʫʧʩʪʘʥʮʝ.  

ʄʥʦʛʠ ʭʘʣʫʮʠʥʦʛʝʥʠ ʠʤʘʿʫ ʭʝʤʠʿʩʢʫ ʩʪʨʫʢʪʫʨʫ ʩʣʠʯʥʫ ʧʨʠʨʦʜʥʠʤ 

ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨʠʤʘ, ʦ ʯʝʤʫ ˂ʝ ʙʠʪʠ ʨʝʯʠ ʫ ʥʘʨʝʜʥʠʤ ʧʦʛʣʘʚˀʠʤʘ, ʪʝ ʜʠʨʝʢʪʥʦ ʠʤʠʪʠʨʘʿʫ 

ˁʠʭʦʚʦ ʜʝʣʦʚʘˁʝ, ʠ ʫʪʠʯʫ ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʨʘʮʠʦʥʘʣʥʦʛ ʨʘʟʤʠʰˀʘˁʘ ʢʦʿʝ ʿʝ ʦʛʨʘʥʠʯʝʥʦ ʫ ʪʦʢʫ 

ʧʝʨʠʦʜʘ ʫ ʢʦʤ ʿʝ ʦʩʦʙʘ ʧʦʜ ʫʪʠʮʘʿʝʤ ʦʚʠʭ ʧʨʝʧʘʨʘʪʘ.  

ɱʝʜʥʠ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʠ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʭʘʣʫʮʠʥʦʛʝʥʘ ʩʫ: ʜʝʨʠʚʘʪʠ ʣʠʩʝʨʛʠʥʩʢʝ ʢʠʩʝʣʠʥʝ 

(ʥʘ ʧʨʠʤʝʨ LSD-ʪʘʨʪʨʘʪ8), ʧʦʿʝʜʠʥʠ ɓ-ʬʝʥʠʪʠʣʘʤʠʥʠ (ʤʝʩʢʘʣʠʥ)9, ʢʘʦ ʠ ʜʝʨʠʚʘʪʠ ʪʨʠʧʨʘʤʠʥʘ 

ʢʘʦ ʰʪʦ ʩʫ ʧʩʠʣʦʮʠʥ, ʙʫʬʦʪʝʥʠʥ, ʠʙʦʛʘʠʥ10, ʠ ʜʨʫʛʠ (ʩʣʠʢʘ 1).  

ʅʝʢʠ ʭʘʣʫʮʠʥʦʛʝʥʠ ʩʧʘʜʘʿʫ ʫ ʛʨʫʧʫ ʪʨʠʧʪʘʤʠʥʘ ʠ ʩʪʨʫʢʪʫʨʥʦ ʩʫ ʩʣʠʯʥʠ ʦʚʦʤ 

ʘʣʢʘʣʦʠʜʫ. ʅʝʢʠ ʪʨʠʧʪʘʤʠʥʠ ʩʫ ʧʨʠʨʦʜʥʠ ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨʠ, ʜʦʢ ʩʫ ʚʝ˂ʠʥʘ ʧʩʠʭʦʘʢʪʠʚʥʠ 

ʭʘʣʫʮʠʥʦʛʝʥʠ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʙʠˀʢʘʤʘ, ʛˀʠʚʘʤʘ ʠ ʞʠʚʦʪʠˁʘʤʘ. ʇʨʠʨʦʜʥʠ ʪʨʠʧʪʘʤʠʥʠ ʢʦʿʠ 

ʥʠʩʫ ʧʩʠʭʦʘʢʪʠʚʥʠ ʭʘʣʫʮʥʦʛʝʥʠ  ʫʢˀʫʯʫʿʫ ʩʝʨʦʪʦʥʠʥ ʠ ʤʝʣʘʪʦʥʠʥ (ʩʣʠʢʘ 2), ʘ ʿʝʜʥʠ ʦʜ 

ʥʘʿʯʝʰ˂ʠʭ ʠ ʥʘʿʧʦʟʥʘʪʠʿʠʭ ʭʘʣʫʮʠʥʦʛʝʥʘ ʪʨʠʧʪʘʤʠʥʘ ʫʢˀʫʯʫʿʫ ʩʝʤ ʥʘʚʝʜʝʥʠʭ (ʧʩʠʣʦʮʠʥ, 

ʙʫʬʦʪʝʥʠʥ) ʠ 5-ʄʝʆ-DMT (5-ʤʝʪʦʢʩʠ-N-ʜʠʤʝʪʠʣʪʨʠʧʪʘʤʠʥ)  ʠ DMT (ʜʠʤʝʪʠʣʪʨʠʧʪʘʤʠʥ) 

(ʩʣʠʢʘ 3). ʆʩʪʘʣʠ ʪʨʠʧʪʘʤʠʥʠ ʩʫ ʩʠʥʪʝʪʠʩʘʥʠ ʫ ʬʘʨʤʘʮʝʫʪʩʢʝ ʩʚʨʭʝ (ʥʧʨ. ʩʫʤʘʪʨʠʧʪʘʥ ʠ 

ʟʦʣʤʠʪʨʠʧʪʘʥ ʟʘ ʣʝʯʝˁʝ ʤʠʛʨʝʥʝ), ʘʣʠ ʩʫ ʪʘʢʦʹʝ ʢʦʨʠʰ˂ʝʥʠ ʢʘʦ ʅʇKʉ.ρτ 

                                                           
7ʇʩʠʭʦʜʝʣʠʮʠ ʩʫ ʜʝʦ ʰʠʨʝ ʢʣʘʩʝ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʣʝʢʦʚʘ ʧʦʟʥʘʪʠʭ ʢʘʦ ʭʘʣʫʮʠʥʦʛʝʥʠ.  
8 LSD-ʪʘʨʪʨʘʪ ʧʨʝʜʩʪʘʚˀʘ ʥʦʚʫ ʧʩʠʭʦʘʢʪʠʚʥʫ ʢʦʥʪʨʦʣʠʩʘʥʫ ʩʫʧʩʪʘʥʮʫ, ʪʿ LSD ʫ ʦʙʣʠʢʫ ʪʘʨʪʨʘʪʥʝ ʩʦʣʠ. 
9 ʄʝʩʢʘʣʠʥ (3,4,5-ʪʨʠʤʝʪʦʢʩʠʬʝʥʠʣʝʪʠʣʘʤʠʥ) ʿʝ ʭʘʣʫʮʠʥʦʛʝʥʠ ʘʣʢʘʣʦʠʜ ʠʟ ʛʨʫʧʝ ʬʝʥʠʣʝʪʠʣʘʤʠʥʘ. ʇʨʠʨʦʜʥʦ 

ʩʝ ʥʘʣʘʟʠ ʫ ʥʝʢʠʤ ʢʘʢʪʫʩʠʤʘ.  
10 ʀʙʦʛʘʠʥ ʿʝ ʧʨʠʨʦʜʥʘ ʧʩʠʭʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʥʘʹʝʥʘ ʫ ʚʠʰʝ ʚʨʪʘ ʙʠˀʢʠ.  
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b) ʚ) 

 

 

 

 

ʛ) ʜ) 

 

ʉʣʠʢʘ 1. ʍʘʣʫʮʠʥʦʛʝʥʠ: ʘ) LSD ʪʘʨʪʨʘʪ ʙ)ʤʝʩʢʘʣʠʥ, ʚ) ʧʩʠʣʦʮʠʥ, ʛ) ʙʫʬʦʪʝʥʠʥ, ʜ) ʠʙʦʛʘʠʥ 

 

 

 

 
ʘ) ʙ) 

 

ʉʣʠʢʘ 2. ʇʨʠʨʦʜʥʠ ʪʨʠʧʪʘʤʠʥʠ ʢʦʿʠ ʥʠʩʫ ʭʘʣʫʮʠʥʦʛʝʥʠ: ʘ) ʩʝʨʦʪʦʥʠʥ ʠ ʙ) ʤʝʣʘʪʦʥʠʥ 
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a) ʙ) 

 

ʉʣʠʢʘ 3. ʍʘʣʫʮʠʥʦʛʝʥʠ ʪʨʠʧʪʘʤʠʥʠ: ʘ) 5-ʄʝʆ-DMT (5-methoxy-N,N-dimethyltryptamine)  ʠ ʙ) 

DMT (dimethyl-tryptamine) 

 

2.1.1. ʆʩʥʦʚʥʝ ʦʜʨʝʜʙʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʭʘʣʫʮʠʥʦʛʝʥʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʧʨʝʧʦʨʫʯʝʥʝ ʦʜ 

ʩʪʨʘʥʝ UONDC-ʘ 

 

ʋ ʦʚʦʤ ʧʦʛʣʘʚˀʫ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʦʩʥʦʚʥʝ ʦʜʨʝʜʙʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʭʘʣʫʮʠʥʦʛʝʥʘ 

ʧʨʝʧʦʨʫʯʝʥʝ ʦʜ ʩʪʨʘʥʝ UONDC (UNITED NATIONS INTERNATIONAL DRUG CONTROL 

PROGRAME). ʆʥʦ ʰʪʦ ʿʝ ʟʥʘʯʘʿʥʦ ʥʘ ʩʘʤʦʤ ʧʦʯʝʪʢʫ, ʫ ʩʤʠʩʣʫ ʫʟʠʤʘˁʘ ʫʟʦʨʘʢʘ ʫ ʨʘʜ ʿʝ 

ʧʨʝʧʦʟʥʘʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʧʨʠʩʫʪʥʝ ʢʣʘʩʝ ʇʉ. ɻʝʥʝʨʘʣʥʦ, ʭʘʣʫʮʠʥʦʛʝʥʠ ʩʝ ʪʝʞʝ 

ʠʜʝʥʪʠʬʠʢʫʿʫ ʦʜ ʦʩʪʘʣʠʭ ʚʨʩʪʘ ʜʨʦʛʘ, ʟʙʦʛ ʤʘʣʝ ʢʦʥʮʝʪʨʘʮʠʿʝ ʫ ʫʟʦʨʮʠʤʘ. LSD  ʩʝ ʦʙʠʯʥʦ 

ʥʘʣʘʟʠ ʫ ʦʙʣʠʢʫ ʨʘʩʪʚʦʨʘ ʥʘ ʧʝʨʬʦʨʠʨʘʥʦʤ ʢʘʨʪʦʥʫ, ʫ ʢʦʤʝ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʿʘʢʦ ʤʘʣʘ, ʧʘ ʿʝ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʦʪʝʞʘʥʘ, ʘ ʤʦʛʫ˂ʥʦʩʪ ʢʚʘʪʠʬʠʢʘʮʠʿʝ ʢʦʤʧʣʠʢʦʚʘʥʘ. ʄʘʛʠʯʥʝ ʧʝʯʫʨʢʝ 

(ʧʩʠʣʦʮʠʥ ʠ ʧʩʠʣʦʮʠʙʠʥ) ʧʨʠʣʠʢʦʤ ʘʥʘʣʠʟʝ ʧʨʦʣʘʟʝ ʦʜʨʝʹʝʥʫ ʚʨʩʪʫ ʘʥʘʣʠʪʯʢʦ-ʭʝʤʠʿʩʢʝ 

ʤʘʥʠʧʫʣʘʮʠʿʝ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʣʘ ʰʪʦ ʯʠʩʪʠʿʘ ʩʫʧʩʪʘʥʮʘ. ʅʘʠʤʝ, ʧʨʚʦ ʩʝ ʨʘʜʠ 

ʩʢʨʠʥʠʥʛ ʪʝʩʪ ʠ ʪʝʩʪ ʥʘ UV (ʫʣʪʨʘ-ˀʫʙʠʯʘʩʪʫ) ʦʩʝʪˀʠʚʦʩʪ ʢʘʦ ʨʝʮʠʤʦ ʢʦʜ LSD, ʿʝʨ LSD 

ʧʦʢʘʟʫʿʝ ʧʣʘʚʫ ʬʣʫʦʨʝʩʮʝʥʮʠʿʫ ʥʘʢʦʥ ʧʦʙʫʹʠʚʘˁʘ UV ʩʚʝʪʣʦʰ˂ʫ. ɸʢʦ ʿʝ ʧʦʟʠʪʠʚʘʥ, ʧʨʝʣʘʟʠ 

ʩʝ ʥʘ ʩʝʢʫʥʜʘʨʥʝ ʚʨʩʪʝ ʪʝʭʥʠʢʘ ʠ ʤʝʪʦʜʘ ʢʦʿʝ ʜʘˀʝ ʦʣʘʢʰʘʚʘʿʫ ʜʝʪʝʢʮʠʿʫ. ʉʚʝ ʦʚʝ ʚʨʩʪʝ 

ʪʝʭʥʠʢʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʧʨʝ ʩʚʝʛʘ ʤʦʨʘʿʫ ʙʠʪʠ ʦʩʝʪˀʠʚʝ, ʙʨʟʝ ʠ ʧʦʫʟʜʘʥʝ. ʅʘʿʯʝʰ˂ʝ ʩʝ 

ʫʢˀʫʯʫʿʫ ʪʝʭʥʠʢʝ ʛʘʩʥʝ ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ ʩʘ ʤʘʩʝʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠʿʦʤ ʠ ʪʝʯʥʝ ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ 

ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ, ʟʙʦʛ ˁʠʭʦʚʝ ʦʩʝʪˀʠʚʦʩʪʠ. ɱʘʢʦ ʨʝʪʢʦ ʿʝ ʤʦʛʫ˂ʝ ʢʦʨʠʩʪʠʪʠ ʠʥʬʨʘʮʨʚʝʥʫ 

ʩʧʝʢʪʨʦʩʢʦʧʠʿʫ, ʟʙʦʛ ʛʨʘʥʠʮʝ ʜʝʪʝʢʮʠʿʝ, ʧʘ ʩʝ ʧʨʠʙʝʛʘʚʘ ʦʩʝʪˀʠʚʠʿʠʤ ʤʝʪʦʜʘʤʘ, ʢʦʿʝ ʩʫ 

ʥʘʚʝʜʝʥʝ. ɼʘ ʙʠ ʩʝ ʢʦʨʠʩʪʠʣʝ ʤʝʪʦʜʝ, ʛʝʥʝʨʘʣʥʦ ʿʝ ʧʨʠʧʨʝʤʘ ʫʟʦʨʢʘ ʿʘʢʦ ʚʘʞʥʘ, ʟʙʦʛ ʜʦʙʠʿʘˁʘ 

ʰʪʦ ʙʦˀʠʭ ʨʝʟʫʣʪʘʪʘ. ʋ ʪʝ ʤʝʪʦʜʝ ʩʧʘʜʘʿʫ ʨʘʟʥʝ ʚʨʩʪʝ ʝʢʩʪʨʘʢʮʠʿʘ ʧʦʤʦ˂ʫ ʥʘʿʯʝʰ˂ʠʭ 

ʨʘʩʪʚʘʨʘʯʘ ʢʘʦ ʰʪʦ ʩʫ ʤʝʪʘʥʦʣ ʠ ʭʣʦʨʦʬʦʨʤ ρυ.  

 

2.1.2. ɼʝʨʠʚʘʪ ʣʠʟʝʨʛʠʥʩʢʝ ʢʠʩʝʣʠʥʝ  
 

ɼʠʝʪʠʣʘʤʠʜ ʣʠʟʝʨʛʠʥʩʢʝ ʢʠʩʝʣʠʥʝ (ʩʣʠʢʘ 4) ʿʝ ʧʩʠʭʦʘʢʪʠʚʥʘ ʩʫʧʩʪʘʥʮʘ ʩʘ 

ʭʘʣʫʮʠʥʦʛʝʥʠʤ ʩʚʦʿʩʪʚʠʤʘ. ʐʠʨʝ ʠʥʪʝʨʝʩʦʚʘˁʝ ʦʚʦ ʠ ʩʣʠʯʥʘ ʿʝʜʠˁʝˁʘ ʧʦʿʘʚʠʣʦ ʩʝ ʢʘʜʘ ʿʝ 

ʍʦʬʤʘʥ (Albert Hofmann) ʠʟʦʣʦʚʘʦ LSD-25 ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʠ ʦʪʢʨʠʦ ʜʘ ʦʚʘ 

ʩʫʧʩʪʘʥʮʘ ʙʨʟʦ ʤʝˁʘ ʧʩʠʭʦʣʦʰʢʫ ʩʪʨʫʢʪʫʨʫ ʦʩʦʙʝ. ʆʩʦʙʘ ʧʦʜ ʫʪʠʮʘʿʝʤ LSD-ʘ ʧʘʪʠ ʦʜ ʪʝʰʢʠʭ 

ʧʩʠʭʠʯʢʠʭ ʧʨʦʤʝʥʘ, ʢʦʿʝ ʩʫ ʧʦʚʝʟʘʥʝ ʩʘ ʠʟʤʝˁʝʥʦʤ ʧʝʨʮʝʧʮʠʿʦʤ ʩʝʙʝ ʠ ʧʦʨʝʤʝ˂ʘʿʠʤʘ ʫ 

ʧʝʨʮʝʧʮʠʿʠ ʚʨʝʤʝʥʘ ʠ ʧʨʦʩʪʦʨʘ. ʊʘʢʚʝ ʦʩʦʙʝ ʩʫ ʧʩʠʭʠʯʢʠ ʠʟʤʝˁʝʥʝ ʜʦ ʚʠʩʦʢʦʛ ʩʪʝʧʝʥʘ ʪʘʢʦ 

https://en.wikipedia.org/wiki/Albert_Hofmann
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ʜʘ ʥʠʩʫ ʫʚʝʢ ʫ ʩʪʘˁʫ ʜʘ ʫʧʨʘʚˀʘʿʫ ʩʚʦʿʠʤ ʧʦʥʘʰʘˁʝʤ [16] ʜʦʙʨʦʚʦˀʥʦ. ʇʩʠʭʦʬʘʨʤʘʢʦʣʦʰʢʠ 

ʝʬʝʢʘʪ LSD-ʘ ʪʨʘʿʝ ʥʝʢʦʣʠʢʦ ʩʘʪʠ ʠʣʠ, ʫ ʥʝʢʠʤ ʩʣʫʯʘʿʝʚʠʤʘ, ʥʝʢʦʣʠʢʦ ʜʘʥʘ. ʏʘʢ ʠ ʧʨʠ ʚʝʦʤʘ 

ʥʠʩʢʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ, LSD ʤʦʞʝ ʜʘ ʧʨʦʹʝ ʢʨʚʥʦ-ʤʦʞʜʘʥʫ ʙʘʨʠʿʝʨʫ, ʠʟʘʟʠʚʘʿʫ˂ʠ ʙʨʦʿʥʝ 

ʥʝʫʨʦʣʦʰʢʝ ʧʨʦʤʝʥʝ, ʣʘʥʯʘʥʝ ʨʝʘʢʮʠʿʝ ʠ ʤʝʪʘʙʦʣʠʯʢʝ ʧʨʦʮʝʩʝ, ʢʦʿʠ ʩʝ ʩʧʦʥʪʘʥʦ ʿʘʚˀʘʿʫ 

ʩʘʪʠʤʘ [17]. 

 

 

 

ʉʣʠʢʘ 4. ɼʠʝʪʠʣʘʤʠʥ ʣʠʟʝʨʛʠʥʩʢʝ ʢʠʩʝʣʠʥʝ (LSD- Lysergic acid diethylamide) 

ʂʦʤʧʣʠʢʘʮʠʿʝ ʠʟʘʟʚʘʥʝ LSD-ʦʤ ʩʫ ʙʨʦʿʥʝ ʠ ʚʝʦʤʘ ʦʧʘʩʥʝ, ʧʦʯʝʚʰʠ ʦʜ ʧʨʦʜʫʞʝʥʠʭ 

ʧʩʠʭʦʪʠʯʥʠʭ ʨʝʘʢʮʠʿʘ (ʘʢʫʪʥʘ ʠʣʠ ʧʨʦʜʫʞʝʥʘ ʧʩʠʭʦʪʠʯʥʘ ʠ ʧʘʥʠʯʥʘ ʩʪʘˁʘ) ʠʣʠ Ăflash backñ 

ʧʦʿʘʚʝ (ʦʙʣʠʢ ʭʘʣʫʮʠʥʘʮʠʿʘ ʩʘ ʧʨʠʩʫʩʪʚʦʤ ʩʫʤʘʥʫʪʠʭ ʠʜʝʿʘ ʦ ʧʨʦʛʦʥʫ, ʢʘʜʘ ʦʩʦʙʘ ʤʦʞʝ 

ʠʟʚʨʰʠʪʠ ʩʘʤʦʫʙʠʩʪʚʦ ʠʣʠ ʠʩʧʦˀʠʪʠ ʥʘʩʠʣʥʦ ʧʦʥʘʰʘˁʝ) ʜʦ ʠʥʬʝʢʮʠʿʘ ʢʦʿʘ ʩʝ ʧʨʝʥʦʩʝ 

ʟʘʨʘʞʝʥʠʤ ʠʛʣʘʤʘ. ʊʦʢʩʠʯʥʠ ʝʬʝʢʪʠ LSD-ʘ ʟʥʘʯʘʿʥʦ ʦʰʪʝ˂ʫʿʫ ʿʝʪʨʫ ʠ ʙʫʙʨʝʛʝ, ʧʨʝʢʦ ʢʦʿʠʭ ʩʝ 

ʤʝʪʘʙʦʣʠʰʝ ʠ ʝʣʠʤʠʥʠʰʝ ʠʟ ʪʝʣʘ ʠ ʤʦʟʛʘ. Mʦʞʝ ʜʘ ʟʘʭʚʘʪʠ ʩʨʮʝ, ʧʣʫ˂ʘ ʠ ʢʨʚʥʝ ʩʫʜʦʚʝ [18]. 

ɿʙʦʛ ʚʝʦʤʘ ʰʪʝʪʥʦʛ ʜʝʿʩʪʚʘ LSD-ʘ ʠ ʥʠʩʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ, ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʥʟʫʤʠʨʘʿʫ 

ʥʘ ʫʧʠʿʘʿʫ˂ʝʤ ʢʘʨʪʦʥʫ11 (ʩʣʠʢʘ 5), ʫ ʙʠʦʣʦʰʢʠʤ ʫʟʦʨʮʠʤʘ(ʩʝʨʫʤ ʠ ʫʨʠʥ) ρω, ʨʘʟʚʠʿʝʥʝ ʩʫ 

ʚʠʩʦʢʦ ʦʩʝʪˀʠʚʝ ʤʝʪʦʜʝ ʟʘ ˁʠʭʦʚʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ.  

 

  
 

ʉʣʠʢʘ 5. ʋʧʠʿʘʿʫ˂ʠ ʧʘʧʠʨ LSD 

ʀʥʬʨʘʮʨʚʝʥʘ ʠ ʥʫʢʣʝʘʨʥʘ ʤʘʛʥʝʪʥʘ ʨʝʟʦʥʘʪʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ (NMR) ʩʫ ʦʙʠʯʥʦ 

ʧʦʛʦʜʥʠʿʝ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ. ʀʟʘʙʨʘʥʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ ʤʦʨʘʿʫ ʧʨʝʚʘʟʠ˂ʠ ʦʛʨʘʥʠʯʝˁʘ 

                                                           
11 ʏʘʢ ʠ ʤʘʣʘ ʜʦʟʘ ʦʚʦʛ ʥʘʨʢʦʪʠʢʘ, ʢʦʿʠ ʩʧʘʜʘ ʫ ʛʨ.ʫʧʫ ʧʩʠʭʦʜʝʣʠʢʘ, ʚʝʦʤʘ ʿʝ ʧʦʪʝʥʪʥʘ ʠ 

ʘʜʠʢʪʠʚʥʘ.(https://medtim.rs/blog/slicice-droga, ʧʨʠʩʪʫʧʘʥʦ 18.10.2024.) 

https://medtim.rs/blog/slicice-droga
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LSD-ʘ ʠ ˁʝʛʦʚʠʭ ʜʝʨʠʚʘʪʘ ʢʘʦ ʘʥʘʣʠʪʘ, ʦʜʥʦʩʥʦ ʚʝʦʤʘ ʥʠʩʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ (pgïng/mL) ʫ 

ʙʠʦʣʦʰʢʠʤ ʪʝʯʥʦʩʪʠʤʘ, ʪʝʨʤʦʣʘʙʠʣʥʦʩʪ, ʬʦʪʦʩʝʥʟʠʪʠʚʥʦʩʪ, ʣʘʢʦ˂ʘ ʠʟʦʤʝʨʠʟʘʮʠʿʝ, 

ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʢʠʩʝʣʝ ʩʨʝʜʠʥʝ, ʠ ʤʦʛʫ˂ʠ ʛʫʙʠʮʠ ʫʩʣʝʜ ʘʜʩʦʨʧʮʠʿʝ. ʆʜ ʦʪʢʨʠʚʘˁʘ ʫʧʦʪʨʝʙʝ 

LSD-ʘ ʛʘʩʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ ʩʧʨʝʛʥʫʪʘ ʩʘ ʤʘʩʝʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠʿʦʤ (GCïMS) ʠʤʘ ʥʝʢʘ 

ʦʛʨʘʥʠʯʝˁʘ ʢʘʦ ʰʪʦ ʩʫ ʥʝʧʦʚʨʘʪʥʘ ʘʜʩʦʨʧʮʠʿʘ, ʢʘʦ ʠ ˁʝʛʦʚʘ ʥʝʠʩʧʘʨˀʠʚʦʩʪ ʠ ʩʤʘˁʝʥʘ 

ʩʪʘʙʠʣʥʦʩʪ ʧʨʠ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ. ʇʦʨʝʜ ʪʦʛʘ, ʿʝʜʘʥ ʦʜ ʘʥʘʣʠʪʠʯʢʠʭ ʧʨʠʩʪʫʧʘ ʿʝ 

ʚʠʰʝʩʪʨʫʢʘ ʤʘʩʝʥʘ ʩʧʝʢʪʨʦʤʝʪʨʠʿʘ (MS/MS), ʚʝʦʤʘ ʩʧʝʮʠʬʠʯʥʘ ʠ ʦʩʝʪˀʠʚʘ ʤʝʪʦʜʘ, ʢʦʿʘ ʩʝ 

ʯʝʰ˂ʝ ʢʦʨʠʩʪʠ ʘʢʦ ʿʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʛʘʩʥʦʤ ʭʨʦʤʘʪʦʛʨʘʬʠʿʦʤ  (GC-MS/MS) ʠʣʠ ʪʝʯʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ ʩʧʨʝʛʥʫʪʘ ʩʘ ʚʠʰʝʩʪʨʫʢʦʤ ʤʘʩʝʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠʿʦʤ (LC-ʄS/ʄS) ςπ ςς. 
Patton L.A. ʠ ʩʘʨʘʜʥʠʮʠ ςσ, ʧʦʢʘʟʘʣʠ ʩʫ ʜʘ ʿʝ ʤʝʪʦʜʘ ʪʘʥʜʝʤ ʤʘʩʝʥʝ ʩʧʝʢʪʨʦʤʝʪʨʠʿʝ ʠ 

ʪʝʯʥʝ ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ (LCïʄS/ʄS) ʫ ʘʥʘʣʠʟʠʨʘʥʠʤ ʫʟʦʨʮʠʤʘ ʧʦʛʦʜʥʘ ʟʘ ʘʥʘʣʠʟʫ LSD ʠ 

ʘʥʘʣʦʛʘ LSD-a, ʢʦʿʠ ʥʠʩʫ ʿʝʜʥʦʩʪʘʚʥʠ ʟʘ ʜʝʪʝʢʮʠʿʫ, ʫ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʢʦʿʝ ʞʝʣʝ ʜʘ ʧʨʦʰʠʨʝ 

ʩʚʦʿ ʦʙʠʤ ʪʝʩʪʠʨʘˁʘ. ʈʝʟʫʣʪʘʪʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʜʝʪʝʢʮʠʿʘ ʤʦʞʝ ʧʦʙʦˀʰʘʪʠ ʢʘʢʦ ʩʝ ʨʘʟʚʠʿʘʿʫ 

ʥʦʚʠ ʨʝʬʝʨʝʥʪʥʠ ʩʪʘʥʜʘʨʜʠ ʢʘʢʦ ʙʠ ʩʝ ʣʘʙʦʨʘʪʦʨʠʿʘʤʘ ʦʤʦʛʫ˂ʠʣʦ ʜʘ ʩʝ ʬʦʢʫʩʠʨʘʿʫ ʥʘ 

ʤʝʪʘʙʦʣʠʯʢʝ ʧʨʦʠʟʚʦʜʝ ʦʚʠʭ ʘʥʘʣʦʛʘ ςσ.   
Bradley R.J. ʠ ʩʘʨʘʜʥʠʮʠ ʩʫ ʧʨʦʫʯʘʚʘʣʠ ʚʝʣʠʢʠ ʙʨʦʿ ʭʦʤʦʣʦʛʘ ʠ ʘʥʘʣʦʛʘ LSD-ʘ ςτ. 

ʆʚʠ ʜʝʨʠʚʘʪʠ ʩʝ ʩʘʩʪʦʿʝ ʦʜ ʚʘʨʠʿʘʮʠʿe ʩʫʧʩʪʠʪʫʝʥʘʪʘ ʥʘ ʘʤʠʜʥʦʿ ʛʨʫʧʠ, ʧʦʥʝʢʘʜ ʧʨʘ˂ʝʥʠʭ 

ʩʫʧʩʪʠʪʫʝʥʪʠʤʘ ʥʘ ʠʥʜʦʣʥʦʤ ʠʣʠ ʧʠʨʦʣʥʦʤ ʧʨʩʪʝʥʫ. ʆʩʠʤ ʜʝʨʠʚʘʪʘ ʩʫʧʩʪʠʪʫʠʩʘʥʠʭ ʥʘ N-6 

ʢʦʿʠ ʩʫ ʧʨʠʢʘʟʘʣʠ Hoffman A.J. ʠ Nichols D.E. [13], ʥʠʿʝʜʘʥ ʜʨʫʛʠ ʜʝʨʠʚʘʪ ʥʠʿʝ ʧʦʢʘʟʘʦ 

ʧʦʪʝʥʪʥʦʩʪ ʫʧʦʨʝʜʠʚʫ ʩʘ LSD-ʝʤ, ʰʪʦ ʿʝ ʠ ʧʦʢʘʟʘʦ Nichols D.E. [13]. ɿʙʦʛ ʚʝʦʤʘ ʪʝʰʢʦʛ 

ʠʟʜʚʘʿʘˁʘ LSD ʢʘʦ ʩʣʦʙʦʜʥʝ ʦʩʥʦʚʝ ʟʘ ʭʝʤʠʿʩʢʫ ʠʥʜʝʪʠʬʠʢʘʮʠʿʫ (ʠ ʫ ʩʣʫʯʘʿʫ ʯʠʩʪʦʛ LSD-ʘ 

ʠʣʠ ʢʘʦ ˁʝʛʦʚʝ ʪʘʨʪʨʘʪʥʝ ʩʦʣʠ) ʢʦʨʠʩʪʝ ʩʝ ʫʛʣʘʚʥʦʤ ʨʘʩʪʚʘʨʘʯʠ ʚʠʩʦʢʝ ʯʠʩʪʦ˂ʝ, ʠ ʦʩʝʪˀʠʚʝ 

ʤʝʪʦʜʝ ʢʘʦ ʩʪʦ ʩʫ ʠʥʬʨʘʮʨʚʝʥʘ ʠ NMR ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʢʦʿʝ ʩʫ ʠ ʦʙʠʯʥʦ ʥʘʿʧʦʛʦʜʥʠʿʝ ʟʘ 

ʠʥʜʝʥʪʠʬʠʢʘʮʠʿʫ.  

Mesley R.J. ʠ ʩʘʨʘʜʥʠʢ [25] ʩʫ ʧʦʢʘʟʘʣʠ ʚʘʨʠʿʘʙʠʣʥʦʩʪ LSD ʩʧʝʢʪʘʨʘ ʠ LSD ʪʘʨʪʨʘʪʘ 

ʢʘʦ ˁʝʛʦʚʦʛ ʜʝʨʠʚʘʪʘ. ʇʦʢʘʟʘʣʠ ʩʫ ʜʘ ʿʝ ʠʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʥʘʿʯʝʰ˂ʝ ʧʨʠʤʝˁʠʚʘʥʘ 

ʪʝʭʥʠʢʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ ʭʘʣʫʮʠʥʦʛʝʥʘ. ʄʝʹʫʪʠʤ, ʪʨʝʙʘ ʥʘʛʣʘʩʠʪʠ ʜʘ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʠ ʩʫʧʩʪʨʘʪʠ 

ʠ ʨʘʩʪʚʘʨʘʯʠ ʢʦʿʠ ʩʝ ʛʝʥʝʨʘʣʥʦ ʢʦʨʠʩʪʝ ʟʘ ʜʦʙʠʿʘˁʝ LSD-ʘ ʫ ʫʟʦʨʮʠʤʘ, ʩʘʜʨʞʝ ʥʝʯʠʩʪʦ˂ʝ ʰʪʦ 

ʤʦʞʝ ʜʦʙʨʦ ,,ʟʘʤʘʛʣʠʪʠñ ʩʧʝʢʪʘʨ ʫʟʦʨʢʘ ʢʘʜʘ ʩʝ ʨʘʜʠ ʥʘ ʥʠʚʦʫ ʦʜ 50 pg ʠʣʠ ʥʠʞʝ. ɿʙʦʛ ʪʦʛʘ ʿʝ 

ʥʝʦʧʭʦʜʥʦ ʢʦʨʠʩʪʠʪʠ ʨʘʩʪʚʘʨʘʯʝ ʥʘʿʚʝ˂ʝ ʯʠʩʪʦ˂ʝ (ʧʦʞʝˀʥʦ ʨʝʜʝʩʪʠʣʦʚʘʥe), ʢʘʢʦ ʙʠ ʩʝ 

ʝʢʩʪʨʘʭʦʚʘʦ ʩʫʧʩʪʨʘʪ ʨʘʩʪʚʘʨʘʯʝʤ.  

Rie T. ʠ ʩʘʨʘʜʥʠʮʠ [26] ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ NMR ʩʧʝʢʪʨʦʩʢʧʦʧʠʿʘ ʿʝʜʥʘ ʦʜ ʧʦʛʦʜʥʠʿʠʭ 

ʤʝʪʦʜʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʨʘʟʥʠʭ ʜʝʨʠʚʘʪʘ LSD-ʘ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʤʦʛʫ ʥʘ˂ʠ ʥʘʥʘʝʩʝʥʠ ʥʘ 

ʪʟʚ. ,,ʧʝʨʬʦʨʠʨʘʥʦʤ ʢʘʨʪʦʥʫñ, ʠʟ ʢʦʿʝʛ ʿʝ ʪʝʰʢʦ ʠʟʜʚʘʿʘˁʝ LSD-a ʢʘʦ ʦʩʥʦʚʝ. ɱʝʜʠˁʝˁʝ ʢʦʿʝ ʩʫ 

ʜʦʙʠʣʠ ʿʝ ʠʟʦʣʦʚʘʥʦ ʠʟ ʧʝʨʬʦʨʠʨʘʥʦʛ ʢʘʨʪʦʥʘ ʠ ʠʜʝʥʪʠʬʠʢʦʚʘʥʦ ʢʘʦ 1ʊ-LSD ʢʦʨʠʰ˂ʝˁʤ 1ʅ, 
13ʉ NMR ʠ ʨʘʟʣʠʯʠʪʠʭ ʜʚʦʜʠʤʝʥʟʠʦʥʘʣʥʠʭ NMR ʪʝʭʥʠʢʘ.  ʂʦʣʠʯʠʥʘ LSD (ʩʣʦʙʦʜʥʝ ʙʘʟʝ) ʠʟ 

ʿʝʜʥʦʛ ʧʝʨʬʦʨʠʨʘʥʦʛ ʢʘʨʪʦʥʘ ʿʝ ʦʜʨʝʹʝʥʘ ʥʘ 87ï100 ɛg ʧʦ ʿʝʜʠʥʠʮʠ ʫʟ ʢʦʨʠʰ˂ʝˁʝ 

ʢʚʘʥʪʠʪʘʪʠʚʥʝ NMR ʤʝʪʦʜʫ.  

ɼʘ ʙʠ ʩʝ ʜʦʙʠʣʘ ʨʝʘʣʥʘ ʩʣʠʢʘ ʦ ʠʩʧʠʪʠʚʘʥʦʤ ʩʠʩʪʝʤʫ, ʭʘʣʫʮʠʥʦʛʝʥʠ ʤʦʛʫ ʪʘʢʦʹʝ ʤʦʛʫ 

ʙʠʪʠ ʘʥʘʣʠʟʠʨʘʥʠ ʤʝʪʦʜʘʤʘ ʨʘʯʫʥʘʨʩʢʝ ʭʝʤʠʿʝ, ʢʦʨʠʩʪʝ˂ʠ ʪʝʦʨʠʿʫ ʬʫʥʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ 

(Density functional theory, DFT) ʫ ʩʧʨʝʟʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʙʘʟʠʩʥʠʤ ʩʢʫʧʦʚʠʤʘ. ʊʝʦʨʠʿʩʢʠ 

ʧʨʦʨʘʯʫʥʠ ʤʦʛʫ ʧʨʫʞʠʪʠ ʧʨʝʮʠʟʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʢʨʠʪʠʯʥʠʤ ʬʠʟʠʯʢʦʭʝʤʠʿʩʢʠʤ ʦʩʦʙʠʥʘʤʘ 

ʢʘʦ ʰʪʦ ʩʫ ʤʦʣʝʢʫʣʩʢʘ ʩʪʨʫʢʪʫʨʘ, ʩʧʝʢʪʨʦʩʢʦʧʩʢʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʘ ʩʚʦʿʩʪʚʘ ʠ ʨʝʘʢʪʠʚʥʦʩʪ 

ςχ σπ. ʊʝʦʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ ʪʘʢʦʹʝ ʧʨʫʞʘʿʫ ʫʚʠʜ ʫ ʤʝʭʘʥʠʟʤʝ ʜʝʣʦʚʘˁʘ ʭʘʣʫʮʠʥʦʛʝʥʠʭ 

ʜʨʦʛʘ, ˁʠʭʦʚʠʭ ʘʥʘʣʦʛʘ ʠ ʤʝʪʘʙʦʣʠʪʘ.  

ʇʦʨʝʹʝˁʝʤ ʪʝʦʨʠʿʩʢʠʭ, ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠʭ ʠ ʩʧʝʢʪʨʘʣʥʠʭ ʩʚʦʿʩʪʘʚʘ ʤʦʛʫ ʩʝ ʧʦʪʚʨʜʠʪʠ 

ʧʨʠʤʝʥˀʠʚʦʩʪʠ ʠʟʘʙʨʘʥʠʭ ʤʦʜʝʣʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ςψ. ɼʦʙʠʿʝʥʝ ʩʪʨʫʢʪʫʨʝ ʩʝ ʜʘˀʝ ʤʦʛʫ 

ʢʦʨʠʩʪʠʪʠ ʟʘ ʧʨʦʨʘʯʫʥʝ ʤʦʣʝʢʫʣʩʢʝ ʜʠʥʘʤʠʢʝ, ʢʦʿʠʤʘ ʩʝ ʤʦʛʫ ʧʨʝʜʚʠʜʝʪʠ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ 

ʠʩʧʠʪʠʚʘʥʠʭ ʫʟʦʨʘʢʘ ʠ ʧʨʦʪʝʠʥʘ ςω. ɼʦʩʘʜʘʰˁʘ ʪʝʦʨʠʿʩʢʘ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʦʛ ʤʦʣʝʢʫʣʘ ʩʫ 

ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʩʧʝʢʪʘʨʘ ʤʦʨʘ ʥʘ˂ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ ʪʝʦʨʠʿʝ. ʆʧʪʠʤʠʟʘʮʠʿʘ 

ʩʪʨʫʢʪʫʨʝ ʩʝ ʚʨʰʠ ʢʦʨʠʰ˂ʝˁʝʤ ʢʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʜʝʧʦʥʦʚʘʥʝ ʫ ʂʝʤʙʨʠ˅ʢʦʿ 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʦʿ ʙʘʟʠ ʧʦʜʘʪʘʢʘ (Cambrige Crystallographic Data Centre) (CCDC) ςω. 
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ʉʪʘʥʜʘʨʜʥʠ ʬʫʥʢʮʠʦʥʘʣʠ, ʢʘʦ ʰʪʦ ʩʫ B3LYP, CAM-B3LYP, B3PW91, ʄ06-2X ʠ ʄ05-X, 

ʦʙʘʚˀʘʿʫ ʧʨʠʣʠʯʥʦ ʜʦʙʨʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʟʘ ʚʝ˂ʠʥʫ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ.  

Zhang S. ʠ ʩʘʨʘʜʥʠʮʠ σρʩʫ ʢʦʨʠʩʪʠʣʠ  DFT/B3LYP/6-311G+(d,p) ʥʠʚʦ ʪʝʦʨʠʿʝ 

ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʝʬʝʢʘʪ ʨʘʩʪʚʘʨʘʯʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʩʢʫʧʘ  ʜʝʩʢʨʠʧʪʦʨʘ ʟʘ 55 ʬʝʥʠʣʘʣʢʠʣʘʤʠʥʘ12 

ʠ 20 ʪʨʠʧʪʘʤʠʥʩʢʠʭ ʿʝʜʠˁʝˁʘ ʩʘ ʭʘʣʫʮʠʥʦʛʝʥʦʤ ʘʢʪʠʚʥʦʰ˂ʫ. Oʙʿʘʩʥʠʣʠ ʩʫ ʜʘ ʩʫ ʨʘʟʣʠʯʠʪʠ 

ʤʝʭʘʥʠʟʤʠ ʜʝʣʦʚʘˁʘ ʬʝʥʠʣʘʣʢʠʣʘʤʠʥʘ ʠ ʪʨʠʧʪʘʤʠʥʘ ʩʘ ˁʠʭʦʚʠʤ ʮʠˀʥʠʤ ʨʝʮʝʧʪʦʨʠʤʘ 

ʧʦʩʣʝʜʠʮʘ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʧʘʨʘʤʝʪʘʨʘ ʨʝʘʢʪʠʚʥʦʩʪʠ. ɿʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ 

ʬʝʥʠʣʘʣʢʠʣʘʤʠʥʠ ʤʦʛʫ ʢʦʤʙʠʥʦʚʘʪʠ ʩʘ ʝʣʝʢʪʨʦʥʩʢʠʤ ʝʬʝʢʪʦʤ ʨʝʮʝʧʪʦʨʘ, ʘʣʠ ʩ ʪʠʤ ʜʘ ʩʪʝʨʥʠ 

ʬʘʢʪʦʨ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʪʘʿ ʝʬʝʢʘʪ, ʜʦʢ ʪʨʠʧʪʘʤʠʥʠ ʤʦʛʫ ʜʝʣʦʚʘʪʠ ʩʘʤʦ ʧʫʪʝʤ ʝʣʝʢʪʨʦʥʩʢʦʛ 

ʝʬʝʢʪʘ σρ.  

 

2.1.2. ʇʩʠʣʦʮʠʙʠʥ ʠ ʧʩʠʣʦʮʠʥ 

 

ʄʘʛʠʯʥʝ (ʭʘʣʫʮʠʥʦʛʝʥʝ) ʛˀʠʚʝ ʩʘʜʨʞʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʧʩʠʣʦʮʠʙʠʥ ʠ 

ʧʩʠʣʦʮʠʥ (ʧʩʠʣʦʮʠʙʠʥʢʝ) ʠ ʠʙʦʪʝʥʩʢʫ ʢʠʩʝʣʠʥʫ (ʤʫʩʢʘʨʠʥʩʢʫ). ʇʩʠʣʦʮʠʥ ʠ ʧʩʠʣʦʮʠʙʠʥ ʩʝ 

ʥʘʣʘʟʝ ʥʘ ʃʠʩʪʠ 4 ʢʦʿʘ ʦʙʫʭʚʘʪʘ ʧʩʠʭʦʪʨʦʧʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʤʦʛʫ ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʪʝʰʢʦ 

ʦʰʪʝ˂ʝˁʝ ʟʜʨʘʚˀʘ ˀʫʜʠ, ʫ ʩʢʣʘʜʫ ʩ ʃʠʩʪʦʤ 1 ʂʦʥʚʝʥʮʠʿʝ ʦ ʧʩʠʭʦʪʨʦʧʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ. 

ʇʦʩʪʦʿʠ 144 ʭʘʣʫʮʠʥʦʛʝʥʠʭ ʚʨʩʪʘ ʛˀʠʚʘ ʠʟ ʨʦʜʘ Psilocybe ʢʦʿʝ ʩʝ ʧʨʦʩʪʠʨʫ ʥʘ ʩʚʠʤ 

ʢʦʥʪʠʥʝʥʪʠʤʘ (22 ʉʝʚʝʨʥʘ ɸʤʝʨʠʢʘ, 53 ʉʨʝʜˁʘ ʠ ɱʫʞʥʘ ɸʤʝʨʠʢʘ, 16 ɽʚʨʦʧʘ, 15 ɸʟʠʿʘ, 4 

ɸʬʨʠʢʘ ʠ 16 ɸʫʩʪʨʘʣʠʿʘ). ʅʘʿʩʥʘʞʥʠʿʘ ʭʘʣʫʮʠʥʦʛʝʥʘ ʛˀʠʚʘ ʥʘ ʩʚʝʪʫ ʿʝ Psilocybe Mexicana, 

ʥʘʿʨʘʩʧʨʦʩʪʨʘˁʝʥʠʿʘ ʿʝ ʫ ʃʘʪʠʥʩʢʦʿ ɸʤʝʨʠʮʠ, ʫ ʄʝʢʩʠʢʫ σς.   
 

 

 

  
ʘ) ʙ) 

 

ʉʣʠʢʘ 6. ʉʪʨʫʢʪʫʨʘ ʘ)ʠʥʜʦʣʘ ʠ ʙ)ʪʨʠʧʪʘʤʠʥʘ 

ʇʩʠʣʦʮʠʥ ʫ ʩʪʨʫʢʪʫʨʠ ʩʘʜʨʞʠ ʠʥʜʦʣ, ʟʘʿʝʜʥʦ ʩʘ ʘʣʠʬʘʪʠʯʥʠʤ ʥʠʟʦʤ ʩʘ ʧʨʠʤʘʨʥʦʤ 

ʘʤʠʥʦ ʛʨʫʧʦʤ. ʅʘʿʧʦʟʥʘʪʠʿʠ ʜʝʨʠʚʘʪ ʠʥʜʦʣʘ ʿʝ ʘʤʠʥʦʢʠʩʝʣʠʥʘ ʪʨʠʧʪʦʬʘʥ ʠʟ ʢʦʿʝ ʩʝ ʜʦʙʠʿʘ 

ʪʨʠʧʪʘʤʠʥ. ʊʨʠʧʪʘʤʠʥʩʢʠ ʘʣʢʘʣʦʠʜʠ ʩʫ ʧʩʠʭʦʘʢʪʠʚʥʠ ʭʘʣʫʮʠʥʦʛʝʥʠ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʧʨʠʨʦʜʠ 

ʫ ʙʠˀʢʘʤʘ, ʛˀʠʚʘʤʘ (ʧʝʯʫʨʢʘʤʘ) ʠ ʞʠʚʦʪʠˁʘʤʘ. ɺʝ˂ʠʥʘ ʩʝ ʪʘʢʦʹʝ ʤʦʞʝ ʩʠʥʪʝʪʠʯʢʠ 

ʧʨʦʠʟʚʝʩʪʠ ʩʫʧʩʪʠʪʫʮʠʿʦʤ ʥʘ ʨʘʟʣʠʯʠʪʠʤ ʧʦʟʠʮʠʿʘʤʘ ʥʘ ʪʨʠʧʪʘʤʠʥʫ.  

ɸʥʘʣʦʟʠ ʪʨʠʧʪʘʤʠʥʘ, ʧʨʠʨʦʜʥʠ ʠ ʩʠʥʪʝʪʠʯʢʠ, ʧʨʦʠʟʚʦʜʝ ʧʩʠʭʦʜʝʣʠʯʥʝ ʝʬʝʢʪʝ, 

ʫʢˀʫʯʫʿʫ˂ʠ ʩʝʥʟʦʨʥʫ ʜʝʧʨʠʚʘʮʠʿʫ, ʠʣʫʟʠʿʝ, ʧʨʦʤʝʥʝ ʫ ʧʝʨʮʝʧʮʠʿʠ, ʠʟʤʝˁʝʥʘ ʩʪʘˁʘ ʩʚʝʩʪʠ ʠ 

ʧʝʨʠʦʜʠʯʥʝ ʝʧʠʟʦʜʝ ʰʠʟʦʬʨʝʥʠʿʝ. ʅʝʢʠ ʢʦʨʠʩʥʠʮʠ ʛʫʙʝ ʜʦʜʠʨ ʩʘ ʩʪʚʘʨʥʦʰ˂ʫ ʿʝʨ ʯʫʣʘ 

ʧʨʝʩʪʘʿʫ ʜʘ ʬʫʥʢʮʠʦʥʠʰʫ ʥʦʨʤʘʣʥʦ. ʇʦʩʪʦʿʠ ʠʟʦʙʣʠʯʝˁʝ ʚʨʝʤʝʥʘ ʠ ʧʨʦʩʪʦʨʘ ʜʦʢ ʩʝ ʦʙʿʝʢʪʠ 

ʧʨʝʪʚʘʨʘʿʫ ʫ ʜʨʫʛʝ ʦʙʿʝʢʪʝ ʩʘ ʚʝʣʠʢʦʤ ʿʘʩʥʦ˂ʦʤ ʠ ʠʥʪʝʥʟʠʚʥʠʤ ʙʦʿʘʤʘ. ʇʦʩʪʦʿʠ ʦʩʝ˂ʘʿ 

ʥʝʦʙʿʘʰˁʠʚʝ ʧʦʚʝʟʘʥʦʩʪʠ ʩʘ ʧʨʦʩʪʦʨʦʤ ʠ ʦʙʿʝʢʪʠʤʘ. ʋ ʦʚʦʤ ʩʪʘˁʫ, ʢʦʨʠʩʥʠʢʫ ʿʝ ʥʝʤʦʛʫ˂ʝ ʜʘ 

ʨʘʟʣʠʢʫʿʝ ʩʚʝʩʥʫ ʤʠʩʘʦ ʦʜ ʭʘʣʫʮʠʥʘʮʠʿʝ. ɿʘ ʚʝ˂ʠʥʫ, ʝʤʦʮʠʦʥʘʣʥʠ ʠ ʤʝʥʪʘʣʥʠ ʫʪʠʮʘʿ ˁʠʭʦʚʦʛ 

ʠʩʢʫʩʪʚʘ ʿʝ ʧʨʠʣʠʯʥʦ ʧʦʟʠʪʠʚʘʥ ʠ ʪʨʘʿʘʥ σσ. 

                                                           
12 ʌʝʥʠʣʘʣʢʠʣʘʤʠʥʠ ʧʨʝʜʩʪʘʚˀʘʿʫ ʤʝʪʘʙʦʣʠʯʢʝ ʥʝʫʪʨʘʣʥʝ ʥʝʬʨʦʧʨʦʪʝʢʪʠʚʥʝ ʣʝʢʦʚʝ ʪʿ ʙʣʦʢʘʪʦʨʝ ʢʘʣʮʠʿʫʤʩʢʠʭ 

ʢʘʥʘʣʘ (ʢʘʣʮʠʿʫʤʩʢʠ ʘʥʪʘʛʦʥʠʩʪʠ).  
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ʉʣʠʢʘ 7. ʉʪʨʫʢʪʫʨʘ ʪʨʠʧʪʘʤʠʥʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʧʦʟʠʮʠʿʘʤʘ ʥʘ ʢʦʿʠʤʘ ʩʝ ʤʦʞʝ ʚʨʰʠʪʠ 

ʩʫʧʩʪʠʪʫʮʠʿʘ 

ɹʨʦʿʥʠ ʪʨʠʧʪʘʤʠʥʠ ʩʫ ʢʣʘʩʠʬʠʢʦʚʘʥʠ ʢʘʦ ʭʘʣʫʮʠʥʦʛʝʥʠ ʠ ʚʝ˂ʠʥʘ ʩʝ ʿʘʚˀʘ ʫ ʧʨʠʨʦʜʠ, 

ʘʣʠ ʤʥʦʛʠ, ʘʢʦ ʥʝ ʠ ʩʚʠ, ʤʦʛʫ ʩʝ ʩʠʥʪʝʪʠʯʢʠ ʧʨʦʠʟʚʝʩʪʠ. ʇʩʠʣʦʮʠʙʠʥ (4-ʬʦʩʬʦʨʠʣʦʢʩʠ-N,N-

ʜʠʤʝʪʠʣʪʨʠʧʪʘʤʠʥ) ʠ ʧʩʠʣʦʮʠʥ (4-ʭʠʜʨʦʢʩʠ-N,N-ʜʠʤʝʪʠʣʪʨʠʧʪʘʤʠʥ) ʩʝ ʥʘʣʘʟʝ ʫ ʦʜʨʝʹʝʥʠʤ 

ʛˀʠʚʘʤʘ ʢʦʿʝ ʩʫ ʘʫʪʦʭʪʦʥʝ ʫ ʪʨʦʧʩʢʠʤ ʠ ʩʫʧʪʨʦʧʩʢʠʤ ʨʝʛʠʦʥʠʤʘ ʇʩʠʣʦʮʠʥ ʿʝ ʩʪʨʫʢʪʫʨʥʦ 

ʩʣʠʯʘʥ ʩʝʨʦʪʦʥʠʥʫ (ʩʣʠʢʘ 8 ʠ 9), ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨʫ ʢʦʿʠ ʨʝʛʫʣʠʰʝ ˀʫʜʩʢʦ ʨʘʩʧʦʣʦʞʝˁʝ, ʙʝʩ 

ʠ ʘʛʨʝʩʠʿʫ.  

 

 

ʉʣʠʢʘ 8. ʉʪʨʫʢʪʫʨʘ ʧʩʠʣʦʮʠʥʘ  

 

 

ʉʣʠʢʘ 9. ʉʪʨʫʢʪʫʨʘ ʩʝʨʦʪʦʥʠʥʘ  

ʅʘʿʩʪʘʨʠʿʠ ʜʦʢʘʟ ʨʠʪʫʘʣʥʝ ʢʦʥʟʫʤʘʮʠʿʝ ʚʨʩʪʘ pʩʠʣʦʮʠʙʝ ʥʘʣʘʟʠ ʩʝ ʫ ʄʝʟʦʘʤʝʨʠʮʠ ʠ 

ʟʘʙʝʣʝʞʝʥ ʿʝ ʫ ʂʦʜʝʢʩʫ ĂYuta Tnohoñ ʠʣʠ ĂVindobonensis Mexicanus Iñ στ. ʆʚʘʿ ʢʦʜʝʢʩ, ʢʦʿʠ 
ʧʨʠʧʘʜʘ ʢʫʣʪʫʨʠ ʄʠʢʩʪʝʢʘ, ʥʘʩʣʠʢʘʥ ʿʝ ʧʦʯʝʪʢʦʤ XVI ʚʝʢʘ στ ʠ ʧʨʠʢʘʟʫʿʝ ʩʚʝʪʫ ʮʝʨʝʤʦʥʠʿʫ 
ʛʜʝ ʨʘʟʣʠʯʠʪʘ ʄʠʢʩʪʝʯʢʘ ʙʦʞʘʥʩʪʚʘ ʢʦʥʟʫʤʠʨʘʿʫ ʩʚʝʪʝ ʧʝʯʫʨʢʝ ʧʨʝ ʧʨʚʝ ʟʦʨʝ. ɼʦʢ ʩʝ 

ʩʧʝʢʫʣʠʩʘʣʦ ʦ ʜʨʝʚʥʦʿ ʫʧʦʪʨʝʙʠ ʚʘʥ ʄʝʩʦʘʤʝʨʠʢʝ συ ʠ ʧʨʝʜʤʝʪʠ ʢʘʦ ʰʪʦ ʩʫ Ăʢʘʤʝˁʝ 
ʧʝʯʫʨʘʢʘñ ʫ ɻʚʘʪʝʤʘʣʠ ʪʘʢʦʹʝ ʤʦʛʫ ʜʘ ʩʫʛʝʨʠʰʫ ʜʘ ʜʫʛʘ ʠʩʪʦʨʠʿʘ σφ ʫʧʦʪʨʝʙʝ ʦʚʠʭ ʩʣʠʢʘ 
ʧʨʝʜʩʪʘʚˀʘ ʥʝʜʚʦʩʤʠʩʣʝʥ ʜʦʢʘʟ ʚʘʞʥʦʩʪʠ ʝʥʪʝʦʛʝʥʠʭ ʛˀʠʚʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʚʨʩʪʝ ʧʩʠʣʦʮʠʙʝ ʫ 

ʤʝʟʦʘʤʝʨʠʯʢʦʤ ʧʦʛʣʝʜʫ ʥʘ ʩʚʝʪ. ʋʧʨʢʦʩ ʟʘʙʨʘʥʠ ʢʦʥʟʫʤʘʮʠʿʝ ʭʘʣʫʮʠʥʦʛʝʥʠʭ ʧʝʯʫʨʘʢʘ ʦʜ 

ʩʪʨʘʥʝ ʰʧʘʥʩʢʝ ʠʥʢʚʠʟʠʮʠʿʝ, ʫʧʦʪʨʝʙʘ ʚʨʩʪʘ ʧʩʠʣʦʮʠʙʝ ʩʝ ʥʘʩʪʘʚˀʘ ʜʦ ʜʘʥʘʩ ʫ ʤʝʢʩʠʯʢʠʤ 

ʝʪʥʠʯʢʠʤ ʛʨʫʧʘʤʘ ʢʘʦ ʰʪʦ ʩʫ ʏʘʪʠʥʠ, ʂʠʥʝʥʪʝʮʠ, ʄʘʪʣʘʟʠʥʮʠ, ʄʘʟʘʪʝʮʠ, ʄʠʢʩʝ, ʅʘʭʫʘʪʣʠ, 

ʊʦʪʦʥʘʮʠ ʠ ɿʘʧʦʪʝʮʠ. ʇʨʝʤʘ ʩʘʚʨʝʤʝʥʠʤ ʢʦʥʮʝʧʪʠʤʘ ʚʨʩʪʘ ʧʩʠʣʦʮʠʙʠʥ ʠ ʧʩʠʣʦʮʠʥ ʩʫ ʜʚʝ 

ʚʨʣʦ ʩʣʠʯʥʝ ʩʫʧʩʪʘʥʮʝ σχ.  
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ʉʣʠʢʘ 10. ɺʠʟʫʝʣʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʤʘʛʠʯʥʠʭ ʧʝʯʫʨʘʢʘ [37]. 

ʆʥʠ ʫʚʝʢ ʢʦʝʛʟʠʩʪʠʨʘʿʫ ʫ ʤʘʛʠʯʥʠʤ ʧʝʯʫʨʢʘʤʘ, ʧʨʠ ʯʝʤʫ ʿʝ ʧʩʠʣʦʮʠʙʠʥ ʧʨʝʦʚʣʘʹʫʿʫ˂ʠ 

(ʧʨʠʩʫʪʘʥ ʫ ʚʝ˂ʦʿ ʤʝʨʠ) ʠ ʭʝʤʠʿʩʢʠ ʩʪʘʙʠʣʥʠʿʠ. ʆʥʠ ʩʫ ʠ ʭʝʤʠʿʩʢʠ ʩʣʠʯʥʠ ï ʦʙʘ ʿʝʜʠˁʝˁʘ ʩʫ 

ʪʨʠʧʪʘʤʠʥʠ ʠ ʧʦ ʭʝʤʠʿʩʢʦʤ ʩʘʩʪʘʚʫ ʚʝʦʤʘ ʩʣʠʯʥʘ ʩʝʨʦʪʦʥʠʥʫ ʪʿ ʠʤʠʪʠʨʘ ʝʬʝʢʪʝ ʩʝʨʦʪʦʥʠʥʘ 

ʥʘ ʨʝʮʝʧʪʦʨʩʢʠʤ ʤʝʩʪʠʤʘ ʫ ʤʦʟʛʫ. ʀʟʥʝʥʘʹʫʿʫ˂ʝ, ʧʩʠʣʦʮʠʥ ʦʙʠʯʥʦ ʥʝ ʫʪʠʯʝ ʥʘ ʜʦʧʘʤʠʥʩʢʝ 

ʨʝʮʝʧʪʦʨʝ ʠ ʜʝʣʫʿʝ ʩʘʤʦ ʥʘ ʩʝʨʦʪʦʥʠʥʩʢʝ ʨʝʮʝʧʪʦʨʝ ʫ ʚʠʩʦʢʠʤ ʜʦʟʘʤʘ (10ï50 mg). ʇʩʠʣʦʮʠʙʠʥ 

ʧʨʦʠʟʚʦʜʠ ʝʬʝʢʪʝ ʩʣʠʯʥʝ ʧʩʠʣʦʮʠʥʫ ʿʝʨ ʩʝ ʙʨʟʦ ʜʝʬʦʩʬʦʨʠʣʠʰʝ (ʫʢʣʘˁʘˁʝ ʬʦʩʬʦʨʠʣʥʝ 

ʛʨʫʧʝ) ʫ ʧʩʠʣʦʮʠʥ ʫ ʪʝʣʫ. ʇʩʠʣʦʮʠʥ ʩʝ ʛʝʥʝʨʘʣʥʦ ʩʤʘʪʨʘ ʩʥʘʞʥʠʿʠʤ ʦʜ ʧʩʠʣʦʮʠʙʠʥʘ, ʘʣʠ 

ʝʬʝʢʪʠ ʧʨʦʠʟʚʝʜʝʥʠ ʢʦʥʟʫʤʠʨʘˁʝʤ ʧʨʝʧʘʨʘʪʘ ʩʫʰʝʥʝ ʠʣʠ ʢʫʚʘʥʝ ʧʝʯʫʨʢʝ ʩʫ ʥʝʧʨʝʜʚʠʜʠʚʝ ʠ 

ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʝ ʦʜ ʚʨʩʪʝ ʧʝʯʫʨʢʝ, ˁʝʥʝ ʩʪʘʨʦʩʪʠ ʠ ʦʯʫʚʘˁʘ ʝʢʩʪʨʘʢʪʘ. ʇʦʩʪʦʿʠ ʤʥʦʛʦ 

ʚʨʩʪʘ Ăʤʘʛʠʯʥʠʭñ ʧʝʯʫʨʘʢʘ ʢʦʿʝ ʩʘʜʨʞʝ ʨʘʟʣʠʯʠʪʝ ʢʦʣʠʯʠʥʝ ʦʚʠʭ ʪʨʠʧʪʘʤʠʥʘ, ʢʘʦ ʥʧʨ. ʢʘʦ ʠ 

ʥʝʠʟʚʝʩʥʝ ʢʦʣʠʯʠʥʝ ʜʨʫʛʠʭ ʙʠʦʣʦʰʢʠ ʘʢʪʠʚʥʠʭ ʘʛʝʥʘʩʘ. ʉʭʦʜʥʦ ʪʦʤʝ, ʭʘʣʫʮʠʥʦʛʝʥʝ 

ʘʢʪʠʚʥʦʩʪʠ, ʢʘʦ ʠ ʦʙʠʤ ʧʨʦʠʟʚʝʜʝʥʝ ʪʦʢʩʠʯʥʦʩʪʠ, ʯʝʩʪʦ ʩʫ ʦʧʘʩʥʦ ʥʝʧʨʝʜʚʠʜʠʚʠ σχ. 
Ramanathan V. ʠ ʩʘʨʘʜʥʠʮʠ σψ ʩʫ ʩʧʨʦʚʝʣʠ ʢʦʥʬʦʨʤʘʮʠʦʥʫ ʘʥʘʣʠʟʫ ʧʩʠʣʦʮʠʥʘ 

ʧʨʠʤʝʥʦʤ ʤʝʪʦʜʝ ʪʝʦʨʠʿʝ ʬʫʥʢʮʠʦʥʘ ʛʫʩʪʠʥʝ (DFT ʤʝʪʦʜʘ) ʠ ʪʦ ʧʦʤʦ˂ʫ B3LYP/cc-pVTZ ʥʠʚʦʘ 

ʪʝʦʨʠʿʝ. ʀʜʝʥʪʠʬʠʢʦʚʘʥ ʿʝ ʛʣʦʙʘʣʥʠ ʤʠʥʠʤʫʤ ʩʘ ʥʘʿʚʝ˂ʦʤ ʧʦʧʫʣʘʮʠʿʦʤ ʤʝʹʫ ʩʚʠʤ ʣʦʢʘʣʥʠʤ 

ʢʦʥʬʦʨʤʝʨʠʤʘ. ɻʣʦʙʘʣʥʠ ʤʠʥʠʤʫʤ ʿʝ ʩʪʘʙʠʣʘʥ ʟʙʦʛ ʬʦʨʤʠʨʘˁʘ ʠʥʪʨʘʤʦʣʝʢʫʣʩʢʝ ʚʦʜʦʥʠʯʥʝ 

ʚʝʟʝ ʠʟʤʝʹʫ ʝʪʠʣʘʤʠʥʩʢʦʛ ʘʟʦʪʘ ʠ  ʭʠʜʨʦʢʩʠʣʥʝ ʛʨʫʧʝ ʥʘ ʠʥʜʦʣʥʦʤ ʧʨʩʪʝʥʫ, ʦʪʢʨʠʚʝʥʝ ʧʦʤʦ˂ʫ 

ʧʨʠʤʝʥʝ ʂʚʘʥʪʥʝ ʪʝʦʨʠʿʝ ʘʪʦʤʘ ʫ ʤʦʣʝʢʫʣʫ AIM ʘʥʘʣʠʟʝ(Quantum Theory of Atoms in 

Molecules, QTAIM). ʆʚʦ ʿʝ ʫ ʩʫʧʨʦʪʥʦʩʪʠ ʩʘ ʨʘʥʠʿʠʤ ʨʝʥʜʛʝʥʩʢʠʤ ʢʨʠʩʪʘʣʥʠʤ ʩʪʫʜʠʿʘʤʘ ʦʚʦʛ 

ʤʦʣʝʢʫʣʘ ʦʙʿʘʚˀʝʥʠʤ ʫ ʣʠʪʝʨʘʪʫʨʠ. ɼʠʤʝʨʠ ʦʙʘ ʩʪʘʙʠʣʥʘ ʢʦʥʬʦʨʤʝʨʘ ʩʫ ʧʨʦʫʯʘʚʘʥʠ ʥʘ ʠʩʪʦʤ 

ʥʠʚʦʫ ʠ ʫʦʯʝʥʦ ʿʝ ʜʘ ʝʥʝʨʛʠʿʘ ʠʥʪʨʘʤʦʣʝʢʫʣʩʢʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʜʦʤʠʥʠʨʘ ʥʘʜ 

ʠʥʪʝʨʤʦʣʝʢʫʣʩʢʦʤ ʚʦʜʦʥʠʯʥʦʤ ʚʝʟʦʤ ʫ ʜʠʤʝʨʠʤʘ. ɼʨʫʛʠ ʧʨʦʨʘʯʫʥʠ, ʥʘʠʤʝ ʘʥʘʣʠʟʘ ʊʝʦʨʠʿʦʤ 

ʧʨʠʨʦʜʥʠʭ ʦʨʙʠʪʘʣʘ ʚʝʟʝ (Natural Bond Orbital Theory, NBO), ʘʥʘʣʠʟʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ, 

ʤʘʧʠʨʘˁʝ ESP (ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʦʛ ʧʦʪʝʥʮʠʿʘʣʘ) ʩʫ ʥʘ ʟʥʘʯʘʿʘʥ ʥʘʯʠʥ ʧʦʪʚʨʜʠʣʠ ʨʝʟʫʣʪʘʪʝ 

QTAIM-ʘ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʩʝ ʩʧʝʢʪʨʦʩʢʦʧʩʢʘ ʩʪʫʜʠʿʘ ʢʦʿʘ ʫʢˀʫʯʫʿʝ UV ʩʧʝʢʪʨʦʩʢʦʧʠʿʫ, 1H-

NMR ʠ ʧʨʦʨʘʯʫʥ ʚʠʙʨʘʮʠʦʥʠʭ ʤʦʜʦʚʘ ʜʦʙʨʦ ʩʣʘʞʝ ʩʘ ʧʦʜʘʮʠʤʘ ʥʘʚʝʜʝʥʠʤ ʫ ʣʠʪʝʨʘʪʫʨʠ σψ. 
Gomathi S. ʠ ʩʘʨʘʜʥʠʮʠ σωʩʫ ʪʘʢʦʹʝ ʧʦʢʘʟʘʣʠ ʜʘ ʤʝʪʦʜʝ ʨʘʯʫʥʘʨʩʢʝ ʭʝʤʠʿʝ ʢʘʦ ʰʪʦ ʩʫ 

DFT ʧʨʦʨʘʯʫʥʠ ʥʘ ʥʠʚʦʫ BP86/Def2-T3BP ʤʦʛʫ ʫʩʧʝʰʥʦ ʩʧʨʦʚʦʜʠʪʠ ʢʘʢʦ ʙʠ ʩʝ ʜʦʙʠʦ ʙʦˀʠ 

ʫʚʠʜ ʫ ʩʪʨʫʢʪʫʨʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʤʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʭʘʣʫʮʠʥʦʛʝʥʘ ʧʦʧʫʪ ʧʩʠʣʦʮʠʙʠʥʘ ʠ 

ʜʝʨʠʚʘʪʘ ʤʝʩʢʘʣʠʥʘ ʥʘ ʤʦʣʝʢʫʣʘʨʥʦʤ ʥʠʚʦʫ. ʉʪʨʫʢʪʫʨʘ, ʨʝʘʢʪʠʚʥʦʩʪ, ʩʧʝʢʪʨʦʩʢʦʧʩʢʘ ʩʚʦʿʩʪʚʘ 

ʠ ʤʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʦʚʠʭ ʚʨʩʪʘ ʧʦʪʚʨʹʫʿʫ ʜʘ ʿʝ ʛʝʦʤʝʪʨʠʿʘ ʤʦʣʝʢʫʣʘ ʢˀʫʯʥʘ ʫ ˁʠʭʦʚʦʤ 

ʤʝʜʠʮʠʥʩʢʦʤ ʜʝʣʦʚʘˁʫ ʥʘ ˀʫʜʩʢʠ ʦʨʛʘʥʠʟʘʤ σωȢ 
ɺʠʟʫʝʣʥʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʧʝʯʫʨʘʢʘ ʿʝ ʢʦʤʧʣʠʢʦʚʘʥʘ ʯʠˁʝʥʠʮʦʤ ʜʘ 

ʤʥʦʛʝ ʜʦʣʘʟʝ ʫ ʨʘʟʣʠʯʠʪʠʤ ʚʝʣʠʯʠʥʘʤʘ ʠ ʦʙʣʠʮʠʤʘ (ʩʣʠʢʘ 10). ɹʦʿʘ ʠ ʤʠʨʠʩ ʩʫ ʦʙʠʯʥʦ ʿʝʜʠʥʝ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʢʦʿʝ ʨʘʟʣʠʢʫʿʫ ʧʩʠʭʦʘʢʪʠʚʥʝ ʧʝʯʫʨʢʝ ʦʜ ʦʩʪʘʣʠʭ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʝʯʫʨʘʢʘ ʿʝ 
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ʜʘʪʘ ʦʜ ʩʪʨʘʥʝ UNODC τπ. ʅʘʚʦʜʠ ʩʝ ʜʘ ʿʝ ʦʩʥʦʚʘ ʠ ʧʦʯʝʪʘʢ ʘʥʘʣʠʟʝ ʩʘʤʘ ʧʨʠʧʨʝʤʘ ʫʟʦʨʢʘ. 
ʋʢʦʣʠʢʦ ʫʟʦʨʘʢ ʥʠʿʝ ʜʦʙʨʦ ʧʨʠʧʨʝʤˀʝʥ, ʜʝʪʝʢʮʠʿʘ ʧʝʯʫʨʘʢʘ ʥʝ˂ʝ ʙʠʪʠ ʤʦʛʫ˂ʘ ʠʟ ʚʠʰʝ 

ʨʘʟʣʦʛʘ. ʂʘʦ ʧʨʚʠ, ʠ ʦʩʥʦʚʥʠ, ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʿʘ ʿʘʢʦ ʤʘʣʘ, ʠ ʧʦʪʨʝʙʥʘ ʿʝ 

ʚʝʣʠʢʘ ʢʦʣʠʯʠʥʘ ʫʟʦʨʘʢʘ ʜʘ ʙʠ ʝʢʩʪʨʘʢʮʠʿʘ ʙʠʣʘ ʤʦʛʫ˂ʘ. ʅʝʢʝ ʧʝʯʫʨʢʝ ʩʫ ʫ ʩʫʚʦʤ ʩʪʘˁʫ, ʥʝʢʝ 

ʫ ʚʣʘʞʥʦʤ ʰʪʦ ʪʘʢʦʹʝ ʫʪʠʯʝ ʥʘ ʤʝʪʦʜ ʝʢʩʪʨʘʢʮʠʿʝ ʠ ʧʨʠʧʨʝʤʝ ʫʟʦʨʢʘ. ɼʘʪʠ ʩʫ ʧʨʝʜʣʦʟʠ ʠʣʠ 

ʟʘ GC-MS ʤʝʪʦʜʫ ʠʣʠ ʟʘ TLC ʤʝʪʦʜʫ.  

ʂʦcak A. ʠ ʩʘʨʘʜʥʠʮʠ τρ ʩʫ ʧʦʢʘʟʘʣʠ ʧʨʠʤʝʥʫ ʠʥʬʨʘʮʨʚʝʥʝ (IR) ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ ʟʘ 

ʜʦʢʘʟʠʚʘˁʝ ʧʨʠʩʫʩʪʚʘ ʧʩʠʣʦʮʠʥʘ ʠ ʧʩʠʣʦʮʠʙʠʥʘ ʫ ʫʟʦʨʢʫ. ʆʚʘʿ ʨʘʜ ʫʧʦʨʝʹʫʿʝ ʫʧʦʪʨʝʙʫ  ATR 

ʠ ʪʨʘʥʩʬʣʝʢʮʠʦʥʝ ʩʧʝʢʪʨʦʩʢʦʧʩʢʝ ʪʝʭʥʠʢʝ ʟʘ ʢʚʘʣʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʧʩʠʣʦʮʠʥʘ ʝʢʩʪʨʘʭʦʚʘʥʦʛ 

ʠʟ ʭʘʣʫʮʠʥʦʛʝʥʠʭ ʧʝʯʫʨʘʢʘ ʠ ʢʦʥʪʨʦʣʥʠʭ ʧʝʯʫʨʘʢʘ ʩʘ ʰʠˀʮʠʤʘ. ʀ ʿʝʜʥʘ ʠ ʜʨʫʛʘ ʪʝʭʥʠʢʘ ʩʫ 

ʜʘʣʝ ʫʧʦʨʝʜʠʚʝ ʨʝʟʫʣʪʘʪʝ ʠ ʩʣʦʞʠʣʝ ʩʝ ʩʘ ʧʨʝʪʭʦʜʥʦʤ GC-MS ʘʥʘʣʠʟʦʤ ʩʪʚʘʨʥʠʭ ʫʟʦʨʘʢʘ ʩʘ 

ʠʣʝʛʘʣʥʦʛ ʪʨʞʠʰʪʘτρ.  
 

2.1.4. ɹʫʬʦʪʝʥʠʥ  

 

ɹʫʬʦʪʝʥʠʥ (5-ʭʠʜʨʦʢʩʠ-N,N-ʜʠʤʝʪʠʣʪʨʠʧʪʘʤʠʥ ʠʣʠ 5-ʆH-DMT) ʿʝ ʧʩʠʭʦʜʝʣʠʯʥʠ 

ʭʘʣʫʮʠʥʦʛʝʥ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʫ ʧʝʯʫʨʢʘʤʘ (Amanita ʚʨʩʪʝ), ʙʠˀʢʝ ʚʠʰʝʛ ʨʝʜʘ (ʧʦʨʦʜʠʮʘ 

Leguminosae) ʠ ʫ ʦʪʨʦʚʫ ʠ ʿʘʿʠʤʘ ʥʝʢʦʣʠʢʦ ʚʨʩʪʘ ʞʘʙʘ ʠʟ ʨʦʜʘ Bufo. ɹʫʬʦʪʝʥʠʥ ʩʝ ʥʝ ʥʘʣʘʟʠ ʥʘ 

ʣʠʩʪʠ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʘʣʠ ʿʝ ʫʢˀʫʯʝʥ ʫ  ʂʦʥʚʝʥʮʠʿʫ ʠʟ 1961. ʛʦʜʠʥʝ 

ʟʙʦʛ ʰʪʝʪʥʠʭ ʜʝʿʩʪʘʚʘ ʧʦ ʟʜʨʘʚˀʝ ʠ ʭʘʣʫʮʠʥʦʛʝʥʠʤ ʝʬʝʢʪʠʤʘ.  

 

 

ʉʣʠʢʘ 11. ʉʪʨʫʢʪʫʨʘ ʙʫʬʦʪʝʥʠʥʘ  

ɹʫʬʦʪʝʥʠʥ ʿʝ ʧʨʚʠ ʧʫʪ ʠʟʦʣʦʚʘʥ ʦʜ Bufo alvariusa 1968. ʛʦʜʠʥʝ, ʘ Ăʧʩʠʭʝʜʝʣʠʯʥʘ ʞʘʙʘñ 

ʿʝ ʦʜʤʘʭ ʩʪʝʢʣʘ ʩʚʝʪʩʢʫ ʩʣʘʚʫ τς. ʆʚʘʿ ʭʘʣʫʮʠʥʦʛʝʥ ʠʤʘ ʝʬʝʢʪʝ ʩʣʠʯʥʝ DMT ʠ DET (N,N- 

ʜʠʝʪʠʣʪʨʠʧʪʘʤʠʥ). 

 

 

 
ʘ) ʙ) 

 

ʉʣʠʢʘ 12. ɸʥʘʣʦʟʠ ʙʫʬʦʪʝʥʠʥʘ ʘ) DMT ʠ ʙ) DET. 

ʀʤʝ ʙʫʬʦʪʝʥʠʥ ʿʝ ʠʟʚʝʜʝʥʦ ʦʜ ʙʫʬʦʪʦʢʩʠʥʘ, ʦʧʰʪʝʛ ʪʝʨʤʠʥʘ ʢʦʿʠ ʩʝ ʦʜʥʦʩʠ ʥʘ ʙʨʦʿʥʝ 

ʭʝʤʠʿʩʢʝ ʦʪʨʦʚʝ ʠʟʣʫʯʝʥʝ ʠʟ ʢʦʞʥʝ ʞʣʝʟʜʝ (ʧʘʨʦʪʦʠʜʥʝ ʞʣʝʟʜʝ) ɹʫʬʦ ʞʘʙʘ. ʆʚʝ ʚʠʰʝ˂ʝʣʠʿʩʢʝ 
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ʞʣʝʟʜʝ ʧʨʦʠʟʚʦʜʝ ʨʘʟʣʠʯʠʪʝ ʙʠʦʣʦʰʢʠ ʘʢʪʠʚʥʝ ʪʦʢʩʠʥʝ ʢʦʿʠ ʚʘʨʠʨʘʿʫ ʦʜ ʚʨʩʪʝ ʜʦ ʚʨʩʪʝ. ʀʟʨʘʟ 

Ăʣʠʟʘˁʝ ʢʨʘʩʪʘʯʝ (toad licking)ñ ʧʦʪʠʯʝ ʠʟ ʉʿʝʜʠˁʝʥʠʭ ɼʨʞʘʚʘ ʠ ʧʨʝʜʩʪʘʚˀʘ ʿʝʜʘʥ ʦʜ ʥʘʯʠʥʘ 

ʫʥʦʰʝˁʘ ʦʚʝ ʩʫʧʩʪʘʥʮʝ ʫ ʦʨʛʘʥʠʟʘʤ. ɹʫʬʦʪʝʥʠʥ ʩʝ ʙʨʟʦ ʤʝʪʘʙʦʣʠʰʝ ʫ ʪʝʣʫ ʠ ʛʫʙʠ ʟʥʘʯʘʿʘʥ 

ʩʪʝʧʝʥ ʘʢʪʠʚʥʦʩʪʠ ʢʘʜʘ ʩʝ ʫʟʠʤʘ ʦʨʘʣʥʦ. ʄʝʹʫʪʠʤ, ˁʝʛʦʚʠ ʝʬʝʢʪʠ ʩʝ ʤʦʛʫ ʦʩʝʪʠʪʠ ʘʢʦ ʩʝ 

ʫʟʠʤʘʿʫ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʜʨʫʛʠʤ ʣʝʢʦʚʠʤʘ ʢʦʿʠ ʫʩʧʦʨʘʚʘʿʫ ʠʣʠ ʠʥʭʠʙʠʨʘʿʫ ˁʝʛʦʚ 

ʤʝʪʘʙʦʣʠʟʘʤ. ɻʝʥʝʨʘʣʥʦ, ʫʥʦʩʠ ʩʝ ʫʜʠʩʘˁʝʤ, ʧʫʰʝˁʝʤ ʠʣʠ ʫʙʨʠʟʛʘʚʘˁʝʤ. ɽʬʠʢʘʩʥʘ 

ʭʘʣʫʮʠʥʦʛʝʥʘ ʜʦʟʘ ʢʦʜ ˀʫʜʠ ʿʝ 50ï100 mg, ʘ ʝʬʝʢʪʠ ʪʨʘʿʫ ʩʘʤʦ 45ï60 ʤʠʥ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʪʦʛʘ, 

ʭʘʣʫʮʠʥʘʮʠʿʝ ʠʟʘʟʚʘʥʝ ʙʫʬʦʪʝʥʠʥʦʤ ʩʝ ʯʝʩʪʦ ʥʘʟʠʚʘʿʫ Ăʧʦʩʣʦʚʥʠʤ ʧʫʪʦʚʘˁʝʤ (businessmanôs 

trip)ñ. ʇʦʩʪʦʿʠ ʚʠʰʝ ʦʜ 200 ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ɹʫʬʦ ʞʘʙʘ (ʩʣʠʢʘ 13). ʅʘʿʯʝʰ˂ʠ ʿʝ Bufo alvarius, 

ʢʦʿʠ ʩʝ ʫʛʣʘʚʥʦʤ ʥʘʣʘʟʠ ʫ ʧʫʩʪʠˁʘ ʉʦʥʦʨʘ ʫ ʉʝʚʝʨʥʦʿ ɸʤʝʨʠʮʠ. Bufo marinus ʿʝ ʧʦʨʝʢʣʦʤ ʠʟ 

ʨʝʛʠʦʥʘ ɸʤʘʟʦʥʘ, ʜʦʢ ʿʝ ʝʚʨʦʧʩʢʘ ʚʨʩʪʘ Bufo vulgaris (Bufo bufo). ʀʩʪʦʨʠʿʩʢʠ ʛʣʝʜʘʥʦ, ɹʫʬʦ 

ʞʘʙʝ ʩʫ ʢʦʨʠʰ˂ʝʥʝ ʰʠʨʦʤ ʩʚʝʪʘ ʚʝʢʦʚʠʤʘ. ʂʦʞʘ ʠ ʦʪʨʦʚ ʩʫ ʩʝ ʢʦʨʠʩʪʠʣʠ ʫ ʣʝʢʦʚʠʤʘ ʠ 

ʭʘʣʫʮʠʥʦʛʝʥʠʤ ʧʣʝʤʝʥʩʢʠʤ ʨʠʪʫʘʣʠʤʘ ʢʦʿʠ ʜʘʪʠʨʘʿʫ ʠʟ 2000. ʛʦʜʠʥʝ ʧʨʝ ʥʦʚʝ ʝʨʝ. Taʢʦʹʝ ʩʫ 

ʩʝ ʢʦʨʠʩʪʠʣʠ ʫ ʮʝʨʝʤʦʥʠʿʘʤʘ ʩʘʭʨʘʥʘ ʠ ʧʨʦʥʘʹʝʥʠ ʩʫ ʫ ʚʝʣʠʢʦʤ ʙʨʦʿʫ ʥʘ ʛʨʦʙʥʠʮʘʤʘ ʫ 

ʄʝʢʩʠʢʫ. ʂʠʥʝʩʢʠ ʠʩʮʝʣʠʪʝˀʠ ʩʫ ʢʦʨʠʩʪʠʣʠ ʦʪʨʦʚ ɹʫʬʦ ʞʘʙʘ ʭʠˀʘʜʘʤʘ ʛʦʜʠʥʘ ʫ ʥʘʧʠʪʢʫ 

ʟʚʘʥ Chôan Su. ɹʫʬʦ ʞʘʙʝ ʪʘʢʦʹʝ ʠʤʘʿʫ ʫʣʦʛʫ ʫ ʠʩʪʦʨʠʿʠ ʤʝʜʠʮʠʥʝ ʅʝʧʘʣʘ, ʊʠʙʝʪʘ, ʀʥʜʠʿʝ, 

ʅʝʤʘʯʢʝ ʠ ɸʬʨʠʢʝ τσȟττ.  
 

 

a) 

 

 
ʙ) 

 

 
ʚ) 

 

ʉʣʠʢʘ 13. ɹʫʬʦ ʞʘʙʝ ʘ) Bufo alvarius, ʙ) Bufo marinus ʠ ʚ) Bufo vulgaris 

(https://www.shutterstock.com/search/ ʧʨʠʩʪʫʧ 22.10.2024) 

 ʋʧʦʪʨʝʙʘ ɱʦʧʦ ʩʝʤʝʥʘ (Yopo Seeds (Anadenanthera peregrina)), ʩʥʘʞʥʦʛ ʧʩʠʭʦʘʢʪʠʚʥʦʛ 

ʿʝʜʠˁʝˁʘ ʥʘʧʨʘʚˀʝʥʦʛ ʦʜ ʩʝʤʝʥʘ ɱʦʧʦ ʜʨʚʝʪʘ ʙʠʣʘ ʿʝ ʧʨʚʦ ʫʦʯʝʥa ʪʦʢʦʤ ʂʦʣʫʤʙʦʚʦʛ ʜʨʫʛʦʛ 

ʧʫʪʦʚʘˁʘ ʫ ʅʦʚʠ ʩʚʝʪ (ʩʣʠʢʘ 14). ɱʦʧʦ ʿʝ ʜʨʚʦ ʩʘ ʣʠʩʪʦʚʠʤʘ ʥʘʣʠʢ ʧʘʧʨʘʪʠ ʠ ʰʠʨʦʢʠʤ ʛʨʘʥʘʤʘ. 

DMT ʠ ʙʫʬʦʪʝʥʠʥ ʩʫ ʛʣʘʚʥʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʤʧʦʥʝʥʪʝ ʫ ʩʝʤʝʥʫ ʠ ʧʣʦʜʦʚʠʤʘ ʦʚʝ ʙʠˀʢʝ. 

ʉʪʘʙˀʠʢʘ, ʢʦʨʘ ʠ ʤʘʭʫʥʘ ʪʘʢʦʹʝ ʩʘʜʨʞʝ ʙʨʦʿʥʝ ʘʥʘʣʦʛʝ ʪʨʠʧʪʘʤʠʥʘ, ʦʜʥʦʩʥʦ 5-MEO-DMT, 5-

MEO-MTP (5-ʤʝʪʦʢʩʠ-N-ʤʝʪʠʣʪʨʠʧʪʘʤʠʥ), MTP (N-ʤʝʪʠʣʪʨʠʧʪʘʤʠʥ) ʠ ʙʫʬʦʪʝʥʠʥ ʦʢʩʠʜ 

τυ.  
ʊʘʢʦʹʝ ʧʦʩʪʦʿʝ ʨʘʟʥʠ ʙʠˀʥʠ ʦʙʣʠʮʠ ʙʫʬʦʪʝʥʠʥʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʧʝʯʫʨʢʝ, ʘ ʠ ʨʘʟʥʠ ʥʦʚʠ 

ʤʘʪʝʨʠʿʘʣʠ ʫ ʦʙʣʠʢʫ ʪʘʙʣʝʪʘ, ʧʨʘʭʘ.  

ʅʘʿʯʝʰ˂ʠ ʙʠˀʥʠ ʤʘʪʝʨʠʿʘʣ ʫ ʢʦʤʝ ʩʝ ʜʝʪʝʢʫʿʝ ʙʫʬʦʪʝʥʠʥ ʠʣʠ ʜʨʫʛʠ ʘʥʘʣʦʟʠ 

ʪʨʠʧʪʘʤʠʥʘ ʩʝ ʧʨʚʦ ʝʢʩʪʨʘʭʫʿʝ ʤʝʪʘʥʦʣʦʤ, ʘ ʟʘʪʠʤ ʘʥʘʣʠʟʠʨʘ ʢʦʨʠʰ˂ʝˁʝʤ GC-MS ʪʝʭʥʠʢʝ. ʀ 

ʦʚʜʝ ʿʝ ʙʠʪʥʘ ʧʨʠʧʨʝʤʘ ʫʟʦʨʢʘ, ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʨʘʜʠ ʦ ʤʘʣʠʤ ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ ʧʩʠʭʦʘʢʪʠʚʥʝ 

ʩʫʧʩʪʘʥʮʝ. ʉʠʥʪʝʪʠʯʢʠ ʘʥʘʣʦʟʠ ʪʨʠʧʪʘʤʠʥʘ ʩʝ ʦʙʠʯʥʦ ʰʘˀʫ ʫ ʬʦʨʝʥʟʠʯʢʝ ʣʘʙʦʨʘʪʦʨʠʿʝ ʢʘʦ 

ʚʠʩʦʢʦʢʦʥʮʝʥʪʨʦʚʘʥʠ ʨʘʩʪʚʦʨʠ. ɺʝ˂ʠʥʘ ʦʚʠʭ ʩʫʧʩʪʘʥʮʠ ʩʝ ʤʦʞʝ ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ 

ʢʦʨʠʰ˂ʝˁʝʤ ʝʢʩʪʨʘʢʮʠʿʝ ʝʪʨʦʤ ʧʨʘ˂ʝʥʝ GC-MS ʘʥʘʣʠʟʦʤ. ʏʚʨʩʪʠ ʦʙʣʠʮʠ ʘʥʘʣʦʛʘ (ʘʢʦ ʩʫ 

ʜʦʩʪʘʚˀʝʥʠ) ʩʝ ʦʙʠʯʥʦ ʝʢʩʪʨʘʭʫʿʫ ʤʝʪʘʥʦʣʦʤ ʧʨʝ GC-MS. Mishraki-Berkowitz T. ʠ ʩʘʨʘʜʥʠʮʠ 

ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ FTIR ʢʦʨʠʩʥʘ ʤʝʪʦʜʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʙʫʬʦʪʝʥʠʥʘ ʠ ˁʝʛʦʚʠʭ ʜʝʨʠʚʘʪʘ ʛʜʝ 

ʿʝ ʜʝʪʘˀʥʦ ʧʨʠʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʘ ʨʘʟʣʠʢʘ ʠʟʦʤʝʨʘ τφ.  

https://www.shutterstock.com/search/
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ʉʣʠʢʘ 14.  ɱʦʧʦ ʩʝʤʝ (Yopo Seeds (Anadenanthera peregrina)) τυ 

 

2.1.5. ʉʝʨʦʪʦʥʠʥ 

 

ʋ ʮʠˀʫ ʠʩʪʨʘʞʠʚʘˁʘ, ʢʘʜʘ ʥʠʩʫ ʜʦʧʩʪʫʧʥʝ ʩʫʧʩʪʘʥʮʝ ʟʘ ʭʝʤʠʿʩʢʝ ʘʥʘʣʠʟʝ ʠʣʠ 

ʩʪʘʥʜʘʨʜʠ ʢʦʿʠ ʙʠ ʩʝ ʢʦʨʠʩʪʠʣʠ ʫ ʩʚʨʭʫ ʠʩʪʨʘʞʠʚʘˁʘ, ʯʝʩʪʦ ʩʝ ʢʦʨʠʩʪʝ ˁʠʭʦʚʠ ʩʪʨʫʢʪʫʨʥʠ 

ʘʥʘʣʦʟʠ. ɱʝʜʘʥ ʦʜ ˁʠʭ ʿʝ ʩʝʨʦʪʦʥʠʥ ʢʦʿʠ ʩʝ ʫ ʚʝ˂ʠʥʠ ʩʣʫʯʘʿʝʚʘ ʢʦʨʠʩʪʠ ʢʘʦ ʘʥʘʣʦʛ ʥʝʢʠʭ ʦʜ 

ʧʦʤʝʥʪʫʠʭ ʧʩʠʭʦʜʝʣʠʢʘ. (ʉʣʠʢʘ 15).  

 

 

 

ʉʣʠʢʘ 15. ʉʪʨʫʢʪʫʨʘ ʩʝʨʦʪʦʥʠʥʘ 

ʉʝʨʦʪʦʥʠʥ ʧʨʝʜʩʪʘʚˀʘ ʭʦʨʤʦʥ ʩʨʝ˂ʝ. ʅʘʩʪʘʿʝ ʠʟ ʘʤʠʥʦʢʠʩʝʣʠʥʝ ʪʨʠʧʪʦʬʘʥ. ʅʘʿʧʨʝ 

ʜʦʣʘʟʠ ʜʦ ʭʠʜʨʦʢʩʠʣʘʮʠʿʝ ʪʨʠʧʪʦʬʘʥʘ ʫʟ ʧʦʤʦ˂ ʝʥʟʠʤʘ ʪʨʠʧʪʦʬʘʥ-ʭʠʜʨʦʢʩʠʣʘʟʘ. ɿʘ ʦʚʘʿ 

ʧʨʦʮʝʩ ʚʘʞʘʥ ʿʝ ʪʝʪʨʘʭʠʜʨʦʙʠʦʧʪʝʨʠʥ. ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʿʝ ʜʝʢʘʨʙʦʢʩʠʣʘʮʠʿʘ 5-ʭʠʜʨʦʢʩʠ-

ʪʨʠʧʪʦʬʘʥʘ ʜʦ ʩʝʨʦʪʦʥʠʥʘ (ʩʣʠʢʘ 16) τχ. 

 

 

 

ʉʣʠʢʘ 16. ʉʠʥʪʝʟʘ ʩʝʨʦʪʦʥʠʥʘ 
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ɿʘʩʪʫʧˀʝʥ ʿʝ ʩʚʫʜʘ ʫ ˀʫʜʩʢʦʤ ʪʝʣʫ τψ ʘʣʠ ʥʘʿʚʠʰʝ ʫ: ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʦʤ ʩʠʩʪʝʤʫ 
ʫ ʥʝʫʨʦʝʥʜʦʢʨʠʥʠʤ ˂ʝʣʠʿʘʤʘ-ʦʩʣʦʙʘʹʘˁʝʤ ʩʝʨʦʪʦʥʠʥʘ ʠʟ ʦʚʠʭ ˂ʝʣʠʿʘ ʥʘʩʪʘʿʝ ʦʩʝ˂ʘʿ ʤʫʯʥʠʥʝ 

ʠ ʧʦʚʨʘ˂ʘˁʘ-ʦʜʙʨʘʤʙʝʥʘ ʨʝʘʢʮʠʿʘ. ʮʝʥʪʨʘʣʥʦʤ ʥʝʨʚʥʦʤ ʩʠʩʪʝʤʫ (nucleus raphe magnus) ʛʜʝ 

ʠʤʘ ʫʣʦʛʝ ʫ ʨʝʛʫʣʠʩʘˁʫ ʩʥʘ, ʈɽʄ ʬʘʟʘ ʩʥʘ. ʋʯʝʩʪʚʫʿʝ ʫ ʨʝʛʫʣʠʩʘˁʫ ʦʩʝ˂ʘʿʘ ʩʠʪʦʩʪʠ ʠ ʛʣʘʜʠ ʠ 

ʤʦʜʫʣʠʩʘˁʫ ʙʦʣʘ, ʢʘʦ ʠ ʫ ʧʨʦʮʝʩʫ ʢʦʘʛʫʣʘʮʠʿʝ. ʉʝʨʦʪʦʥʠʥ ʜʝʣʫʿʝ ʚʘʟʦʢʦʥʩʪʨʠʢʦʪʦʨʥʦ. 

ɽʢʩʪʨʝʤʥʦ ʚʠʩʦʢ ʥʠʚʦ ʩʝʨʦʪʦʥʠʥʘ ʤʦʞʝ ʠʟʘʟʚʘʪʠ ʩʪʘˁʝ ʧʦʟʥʘʪʦ ʢʘʦ ʩʝʨʦʪʦʥʠʥʩʢʠ 

ʩʠʥʜʨʦʤ, ʩʘ ʪʦʢʩʠʯʥʠʤ ʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʬʘʪʘʣʥʠʤ ʝʬʝʢʪʠʤʘ. ʋ ʧʨʘʢʩʠ, ʪʘʢʚʝ ʪʦʢʩʠʯʥʝ ʥʠʚʦʝ ʿʝ 

ʫ ʩʫʰʪʠʥʠ ʥʝʤʦʛʫ˂ʝ ʜʦʩʪʠ˂ʠ ʧʨʝʢʦʤʝʨʥʦʤ ʜʦʟʦʤ ʿʝʜʥʦʛ ʘʥʪʠʜʝʧʨʝʩʠʚʘ, ʘʣʠ ʟʘʭʪʝʚʘ 

ʢʦʤʙʠʥʘʮʠʿʫ ʩʝʨʦʪʦʥʝʨʛʠʯʢʠʭ ʘʛʝʥʘʩʘ, ʢʘʦ ʰʪʦ ʩʫ ʠʥʭʠʙʠʪʦʨʠ ʤʦʥʦʘʤʠʥ ʦʢʩʠʜʘʟʝ (MAOI) ʠ 

ʩʝʣʝʢʪʠʚʥʠ ʠʥʭʠʙʠʪʦʨʠ ʧʨʝʫʟʠʤʘˁʘ ʩʝʨʦʪʦʥʠʥʘ (SSRI)13, ʰʪʦ ʩʝ ʤʦʞʝ ʿʘʚʠʪʠ ʫ ʪʝʨʘʧʠʿʩʢʠʤ 

ʜʦʟʘʤʘτωȢ ʀʥʪʝʥʟʠʪʝʪ ʩʠʤʧʪʦʤʘ ʩʝʨʦʪʦʥʠʥʩʢʦʛ ʩʠʥʜʨʦʤʘ ʚʘʨʠʨʘ ʫ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʫ, ʘ 
ʙʣʘʞʠ ʦʙʣʠʮʠ ʩʝ ʚʠʜʝ ʯʘʢ ʠ ʥʘ ʥʝʪʦʢʩʠʯʥʠʤ ʥʠʚʦʠʤʘ. ʇʨʦʮʝˁʫʿʝ ʩʝ ʜʘ 14% ʧʘʮʠʿʝʥʘʪʘ ʢʦʿʠ ʩʫ 

ʜʦʞʠʚʝʣʠ ʩʝʨʦʪʦʥʠʥʩʢʠ ʩʠʥʜʨʦʤ ʧʨʝʜʦʟʠʨʘʥʦ SSRI; ʫ ʤʝʹʫʚʨʝʤʝʥʫ ʩʪʦʧʘ ʩʤʨʪʥʦʩʪʠ ʿʝ ʠʟʤʝʹʫ 

2% ʠ 12%. ʅʝʢʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ ʥʧʨ. MDMA  ʠ LSD ʧʦʚʝ˂ʘʚʘʿʫ 

ʢʦʣʠʯʠʥʫ ʩʝʨʦʪʦʥʠʥʘ ʰʪʦ ʠʟʘʟʠʚʘ ʝʫʬʦʨʠʿʫυπ.  
Szeitz A. ʠ ʩʘʨʘʜʥʠʢ υρ ʩʫ ʜʘʣʠ ʧʨʝʛʣʝʜ ʢʦʿʠ ʩʝ ʬʦʢʫʩʠʨʘ ʥʘ ʭʝʤʠʿʩʢʫ ʘʥʘʣʠʟʫ 

ʩʝʨʦʪʦʥʠʥʘ ʫ ʙʠʦʣʦʰʢʠʤ ʪʝʯʥʦʩʪʠʤʘ ʠ ʙʠʦʤʘʪʨʠʮʘʤʘ ʠ ʧʨʘʪʠ ʨʘʟʚʦʿ ʠ ʧʨʠʤʝʥʫ ʨʘʥʠʭ ʤʝʪʦʜʘ 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ UV ʘʧʩʦʨʧʮʠʿʠ ʠʣʠ ʬʣʫʦʨʝʩʮʝʥʮʠʿʠ ʜʦ ʰʠʨʦʢʦ ʢʦʨʠʰ˂ʝʥʠʭ ʩʘʚʨʝʤʝʥʠʭ ʤʝʪʦʜʘ 

ʢʘʦ ʰʪʦ ʿʝ ʪʝʯʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʤʘʩʝʥʦʤ 

ʩʧʝʢʪʨʦʤʝʪʨʠʿʦʤ. ʇʦʢʘʟʘʣʠ ʩʫ ʜʘ ʩʫ ʤʝʪʦʜʝ ʟʘʩʥʦʚʘʥʝ ʥʘ LC-ʄS/ʄS ʥʘʿʦʩʝʪˀʠʚʠʿʝ ʠ ʰʠʨʦʢʦ 

ʢʦʨʠʰ˂ʝʥʝ ʿʝʨ ʥʫʜʝ ʟʥʘʯʘʿʥʝ ʧʨʝʜʥʦʩʪʠ ʫ ʦʜʥʦʩʫ ʥʘ ʨʘʥʠʿʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ. υρ .  
 

2.2. ɹʝʥʟʦʜʠʘʟʝʧʠʥʠ 
 

ɹʝʥʟʦʜʠʘʟʝʧʠʥʠ ʩʝ ʧʨʝʧʠʩʫʿʫ ʢʘʦ ʘʥʢʩʠʦʣʠʪʠʮʠ ʠ ʭʠʧʥʦʪʠʮʠ. ʆʚʦ ʿʝ ʫʧʨʢʦʩ ʩʚʝ ʚʝ˂ʦʿ 

ʟʘʙʨʠʥʫʪʦʩʪʠ ʟʙʦʛ ˁʠʭʦʚʠʭ ʥʝʞʝˀʝʥʠʭ ʝʬʝʢʘʪʘ, ʦʜʛʦʚʦʨʥʦʩʪʠ ʟʘ ʟʘʚʠʩʥʦʩʪ ʠ ʤʦʛʫ˂ʥʦʩʪʠ 

ʟʣʦʫʧʦʪʨʝʙʝ. ʆʚʘ ʟʘʙʨʠʥʫʪʦʩʪ ʿʝ ʠʟʨʘʞʝʥʘ ʚʠʰʝ ʦʜ 30 ʛʦʜʠʥʘ, ʢʘʢʦ ʟʘ ʭʠʧʥʦʪʠʯʢʝ ʪʘʢʦ ʠ ʟʘ 

ʘʥʢʩʠʦʣʠʪʠʯʢe ʫʧʦʪʨʝʙe. ɹʨʠʪʘʥʩʢʠ ʢʦʤʠʪʝʪ ʟʘ ʧʨʝʛʣʝʜ ʣʝʢʦʚʘ ʿʝ 1980. ʛʦʜʠʥʝ ʠʟʜʘʦ 

ʩʘʦʧʰʪʝˁʝ ʢʦʿʝ ʫʧʦʟʦʨʘʚʘ ʥʘ ʧʨʝʢʦʤʝʨʥʫ ʫʧʦʪʨʝʙʫ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ, ʧʦʩʝʙʥʦ ʫ ʧʦʛʣʝʜʫ 

ʪʨʘʿʘˁʘ ʣʝʯʝˁʘυς. ʋ ʩʢʦʨʠʿʝ ʚʨʝʤʝ, ʣʝʯʝˁe ʛʝʥʝʨʘʣʠʟʦʚʘʥʦʛ ʘʥʢʩʠʦʟʥʦʛ ʧʦʨʝʤʝ˂ʘʿʘ (ɻɸɼ)14 

ʥʘʚʦʜʠ ʜʘ ʠʘʢʦ ʩʫ ʙʝʥʟʦʜʠʘʟʝʧʠʥʠ ʙʠʣʠ ʝʬʠʢʘʩʥʠ ʫ ʣʝʯʝˁʫ ɻɸɼ-ʘ, ʿʝʨ ʩʫ ʥʫʜʠʣʠ ʙʨʟʦ 

ʦʣʘʢʰʘˁʝ ʩʠʤʧʪʦʤʘ, ʧʦʩʪʦʿʝ ʥʝʞʝˀʝʥʠ ʝʬʝʢʪʠ, ʫʢˀʫʯʫʿʫ˂ʠ ʩʝʜʘʮʠʿʫ ʠ ʧʩʠʭʦʤʦʪʦʨʥʦ 

ʦʰʪʝ˂ʝˁʝ υσ. ʐʪʝʪʥʠ ʝʬʝʢʪʠ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʩʫ  ʜʦʢʘʟʘʥʠ ʤʥʦʛʦ ʧʫʪʘ. ʇʨʦʙʣʝʤʠ ʧʦʚʣʘʯʝˁʘ 

ʠ ʟʘʚʠʩʥʦʩʪʠ ʩʫ ʪʘʢʦʹʝ ʜʦʙʨʦ ʜʦʢʫʤʝʥʪʦʚʘʥʠ υτ.  
ʂʘʦ ʟʘʩʝʙʥʦ, ʘʣʠ ʧʦʚʝʟʘʥʦ ʧʠʪʘˁʝ, ʪʝʞʝ ʿʝ ʫʪʚʨʜʠʪʠ ʨʝʣʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʟʣʦʫʧʦʪʨʝʙʝ 

ʩʝʜʘʪʠʚʘ ʠ ʭʠʧʥʦʪʠʯʢʠʭ ʣʝʢʦʚʘ υυ. ɽʬʠʢʘʩʥʦʩʪ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʩʝ ʩʚʝ ʚʠʰʝ ʜʦʚʦʜʠ ʫ 
ʧʠʪʘˁʝ.  ʉʪʦʛʘ ʿʝ ʢʦʥʪʠʥʫʠʨʘʥʦ ʧʨʦʧʠʩʠʚʘˁʝ ʙʝʥʟʦʜʠʘʟʝʧʠʥʩʢʠʭ ʘʥʢʩʠʦʣʠʪʠʢʘ ʠ ʭʠʧʥʦʪʠʢʘ 

ʩʪʚʘʨ ʦʧʰʪʝ ʙʨʠʛʝ ʟʜʨʘʚʩʪʚʝʥʠʭ ʨʘʜʥʠʢʘ, ʧʘʮʠʿʝʥʘʪʘ ʠ ʨʝʛʫʣʘʪʦʨʥʠʭ ʪʝʣʘ.  

ɹʝʥʟʦʜʠʘʟʝʧʠʥʩʢʠ ʣʝʢʦʚʠ ʩʫ ʩʫʧʩʪʠʪʫʠʩʘʥʠ 1,4-ʙʝʥʟʦʜʠʘʟʝʧʠʥʠ, ʠʘʢʦ ʩʝ ʭʝʤʠʿʩʢʠ 

ʪʝʨʤʠʥ ʤʦʞʝ ʦʜʥʦʩʠʪʠ ʥʘ ʤʥʦʛʘ ʜʨʫʛʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʥʝʤʘʿʫ ʢʦʨʠʩʥʘ ʬʘʨʤʘʢʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ. 

ʈʘʟʣʠʯʠʪʠ ʙʝʥʟʦʜʠʘʟʝʧʠʥʩʢʠ ʣʝʢʦʚʠ ʠʤʘʿʫ ʨʘʟʣʠʯʠʪʝ ʙʦʯʥʝ ʛʨʫʧʝ ʚʝʟʘʥʝ ʟʘ ʦʚʫ ʮʝʥʪʨʘʣʥʫ 

ʩʪʨʫʢʪʫʨʫ. ʈʘʟʣʠʯʠʪʝ ʙʦʯʥʝ ʛʨʫʧʝ ʫʪʠʯʫ ʥʘ ʚʝʟʠʚʘˁʝ ʤʦʣʝʢʫʣʘ ʟʘ ʨʝʮʝʧʪʦʨ ʨʝʮʝʧʪʦʨʠ ɔ-

ʘʤʠʥʦʙʫʪʠʨʥʝ ʢʠʩʝʣʠʥʝ ʪʠʧʘ ɸ (GABAA)15 ʠ ʪʘʢʦ ʤʦʜʫʣʠʨʘʿʫ ʬʘʨʤʘʢʦʣʦʰʢʘ ʩʚʦʿʩʪʚʘ.υφ.  

                                                           
13 SSRI ʜʝʣʫʿʫ ʪʘʢʦ ʰʪʦ ʙʣʦʢʠʨʘʿʫ ʩʘʤʦ ʧʦʥʦʚʥʦ ʧʨʝʫʟʠʤʘˁʝ ʩʝʨʦʪʦʥʠʥʘ, ʰʪʦ ʧʦʚʝ˂ʘʚʘ ʥʠʚʦʝ ʩʝʨʦʪʦʥʠʥʘ 

(ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨʘ) ʫ ʤʦʟʛʫ. ʄAOI ʧʦʚʝ˂ʘʚʘʿʫ ʥʠʚʦʝ ʚʠʰʝ ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨʘ ʫ ʤʦʟʛʫ. 
14 ɻɸɼ- ɻʝʥʝʨʘʣʠʟʦʚʘʥʠ ʘʥʢʩʠʦʟʥʠ ʧʦʨʝʤʝ˂ʘʿ ʿʝ ʧʩʠʭʦʣʦʰʢʠ ʧʦʨʝʤʝ˂ʘʿ ʠʟ ʩʧʝʢʪʨʘ ʘʥʢʩʠʦʟʥʠʭ ʧʦʨʝʤʝ˂ʘʿʘ. 

ɻʣʘʚʥʘ ʦʩʦʙʠʥʘ ʦʚʦʛ ʧʦʨʝʤʝ˂ʘʿʘ ʿʝ ʫʧʦʨʥʠ ʠʨʘʮʠʦʥʘʣʥʠ ʩʪʨʘʭ ʠʣʠ ʩʪʨʝʧˁʘ ʢʦʿʘ ʩʝ ʥʝ ʤʦʞʝ ʧʨʘʪʠʪʠ ʜʦ ʿʘʩʥʦ 

ʦʜʨʝʹʝʥʦʛ ʫʟʨʦʢʘ. 
15 GABAA ʿʝ ʪʠʧ ʨʝʮʝʧʪʦʨʘ ʟʘ ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨ ʛʘʤʘ-ʘʤʠʥʦʙʫʪʝʨʥʫ ʢʠʩʝʣʠʥʫ (GABA), ʢʦʿʘ ʿʝ ʛʣʘʚʥʠ 

ʠʥʭʠʙʠʪʦʨʥʠ ʥʝʫʨʦʪʨʘʥʩʤʠʪʝʨ ʫ ʮʝʥʪʨʘʣʥʦʤ ʥʝʨʚʥʦʤ ʩʠʩʪʝʤʫ ʩʠʩʘʨʘ 



17 
 
 

ʄʥʦʛʠ ʦʜ ʬʘʨʤʘʢʦʣʦʰʢʠ ʘʢʪʠʚʥʠʭ Ăʢʣʘʩʠʯʥʠʭñ ʙʝʥʟʦʜʠʘʟʝʧʠʥʩʢʠʭ ʣʝʢʦʚʘ ʩʘʜʨʞʝ 

ʧʦʜʩʪʨʫʢʪʫʨʫ 5-ʬʝʥʠʣ-1H-ʙʝʥʟʦ[e]-[1,4]ʜʠʘʟʝʧʠʥ-2(3H) (ʩʣʠʢʘ 17). 

 

 

 

ʉʣʠʢʘ 17. ʌʘʨʤʘʢʦʬʦʨʩʢʠ ʤʦʜʝʣ ʚʝʟʠʚʥʦʛ ʤʝʩʪʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʥʘ GABAA 

ʨʝʮʝʧʪʦʨʫ 

ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʠ ʩʪʨʫʢʪʫʨʥʦ ʦʧʦʥʘʰʘʿʫ ʦʙʨʥʫʪʝ ʧʨʝʦʢʨʝʪʝ ʧʨʦʪʝʠʥʘ, 

ʰʪʦ ʫ ʤʥʦʛʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʦʤʦʛʫ˂ʘʚʘ ˁʠʭʦʚʫ ʙʠʦʣʦʰʢʫ ʘʢʪʠʚʥʦʩʪ υχ.  
ʆʩʥʦʚʥʘ ʭʝʤʠʿʩʢʘ ʩʪʨʫʢʪʫʨʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʩʘʜʨʞʠ ʩʝʜʤʦʯʣʘʥʠ ʧʨʩʪʝʥ ʚʝʟʘʥ ʟʘ 

ʘʨʦʤʘʪʠʯʥʠ ʧʨʩʪʝʥ ʩʘ ʯʝʪʠʨʠ ʛʣʘʚʥʘ ʩʫʧʩʪʠʪʫʝʥʪʘ ʢʦʿʘ ʤʦʛʫ ʙʠʪʠ ʤʦʜʠʬʠʢʦʚʘʥʘ (ʩʣʠʢʘ 18).  

 

 

 

ʉʣʠʢʘ 18. ʆʩʥʦʚʥʘ ʭʝʤʠʿʩʢʘ ʩʪʨʫʢʪʫʨʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ 

ʉʪʨʫʢʪʫʨʝ ʩʝ ʨʘʟʣʠʢʫʿʫ ʧʦ ʪʠʧʦʚʠʤʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ, ʘ ʪʦ ʩʫ: 

¶ 2-ʢʝʪʦ ʿʝʜʠˁʝˁʘ:  

ʢʣʦʨʘʟʝʧʘʪ, ʜʠʘʟʝʧʘʤ, ʬʣʫʨʘʟʝʧʘʤ, ʭʘʣʘʟʝʧʘʤ, ʧʨʘʟʝʧʘʤ ʠ ʜʨʫʛʠ. 

¶ 3-ʭʠʜʨʦʢʩʠ ʿʝʜʠˁʝˁʘ: 

ʣʦʨʘʟʝʧʘʤ, ʣʦʨʤʝʪʘʟʝʧʘʤ, ʦʢʩʘʟʝʧʘʤ, ʪʝʤʘʟʝʧʘʤ 

¶ 7-ʥʠʪʨʦ ʿʝʜʠˁʝˁʘ: 

ʢʣʦʥʘʟʝʧʘʤ, ʬʣʫʥʠʪʨʘʟʝʧʘʤ, ʥʠʤʝʪʘʟʝʧʘʤ, ʥʠʪʨʘʟʝʧʘʤ 

¶ ʊʨʠʘʟʦʣʦ ʿʝʜʠˁʝˁʘ: 

ʘʜʠʥʘʟʦʣʘʤ, ʘʣʧʨʘʟʦʣʘʤ, ʝʩʪʘʟʦʣʘʤ, ʪʨʠʘʟʦʣʘʤ 

¶ ʀʤʠʜʘʟʦ ʿʝʜʠˁʝˁʘ: 

ʢʣʠʤʘʟʦʣʘʤ, ʣʦʧʨʘʟʦʣʘʤ, ʤʠʜʘʟʦʣʘʤ 

¶ 1,5-ʙʝʥʟʦʜʠʘʟʝʧʠʥʠ: 

ʢʣʦʙʘʟʘʤ 

ʆʩʥʦʚʘ ʠʩʪʨʘʞʠʚʘˁʘ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ ʙʘʟʠʨʘ ʩʝ ʥʘ ʦʥʦʿ ʛʨʫʧʠ 

1,4-ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʢʦʿʠ ʩʫ ʥʘ 7. ʃʠʩʪʠ ʟʘʙʨʘˁʝʥʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʫ ʩʢʣʘʜʫ ʩ 
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ʃʠʩʪʦʤ 4. ʂʦʥʚʝʥʮʠʿʝ ʦ ʧʩʠʭʦʪʨʦʧʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ. ʅʘʿʧʦʟʥʘʪʠʿʠ ʧʨʝʜʩʪʘʚʥʠʮʠ 1,4-

ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʩʫ ʜʠʘʟʝʧʘʤ (ʘʧʘʫʨʠʥ, ʙʝʥʩʝʜʠʥ), ʣʦʨʘʟʝʧʘʤ, ʙʨʦʤʘʟʝʧʘʤ (ʣʝʢʩʘʫʨʠʥ, 

ʣʝʢʩʠʣʠʿʫʤ), ʠ ʘʣʧʨʘʟʦʣʘʤ (ʢʩʘʥʘʢʩ,ʢʩʘʣʦʣ). ʂʦʨʠʩʥʠʮʠ ʜʨʦʛʘ ʟʣʦʫʧʦʪʨʝʙˀʘʚʘʿʫ ʦʚʝ 

ʩʫʧʩʪʘʥʮʝ ʫ ʥʝʤʝʜʠʮʠʥʩʢʝ ʩʚʨʭʝ ʢʘʢʦ ʙʠ ʧʨʦʠʟʚʝʣʠ ʩʪʘˁʝ ʩʣʠʯʥʦ ʘʣʢʦʭʦʣʥʦʿ ʠʥʪʦʢʩʠʢʘʮʠʿʠ.  

ʀʩʪʨʘʞʠʚʘˁʘ ʫ ʩʝʨʠʿʠ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʩʫ ʚʝʦʤʘ ʘʢʪʠʚʥʘ ʠ ʥʘʩʪʘʚˀʘʿʫ ʩʝ ʫ ʤʥʦʛʠʤ 

ʠʥʜʫʩʪʨʠʿʩʢʠʤ ʠ ʥʘʫʯʥʠʤ ʮʝʥʪʨʠʤʘ ʠ ʫʢˀʫʯʫʿʫ ʨʘʟʣʠʯʠʪʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʦʩʥʦʚʥʝ ʩʪʨʫʢʪʫʨʝ. 

ʋ ʦʚʦʤ ʪʨʝʥʫʪʢʫ, ʥʘʿʟʘʥʠʤˀʠʚʠʿʠʿʠ ʩʫ "ʪʨʠʘʟʦʣʦʙʝʥʟʦʜʠʘʟʝʧʠʥʠ", ʢʦʿʝ ʩʫ ʩʠʥʪʝʪʠʟʦʚʘʣʠ ʠ 

ʠʩʪʨʘʞʠʣʠ Meguro K. ʠ ʩʘʨʘʜʥʠʮʠ υψ. 
ʉʚʘʢʠ ʦʜ ʦʚʠʭ ʢʣʘʩʘ ʿʝʜʠˁʝˁʘ ʩʫ ʜʨʘʩʪʠʯʥʦ ʨʘʟʣʠʯʠʪʠ ʠʘʢʦ ʩʫ ʩʚʠ ʩʧʘʜʘʿʫ ʫ ʢʣʘʩʫ 

ʟʘʙʨʘˁʝʥʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʿʝʨ ʧʦʩʪʦʿʠ ʨʘʟʣʠʢʘ ʠʟʤʝʹʫ ʧʨʦʣʝʢʦʚʘ ʠ ʿʝʜʠˁʝˁʘ 

ʜʠʨʝʢʪʥʦʛ ʜʝʿʩʪʚʘ. ʈʘʟʣʠʢʘ ʫ ʪʦʤʝ ʿʝ ʰʪʦ ʣʝʢʦʚʠ ʢʦʿʠ ʩʫ ʜʠʨʝʢʪʥʦʛ ʜʝʿʩʪʚʘ ʠʤʘʿʫ ʘʟʦʪ ʠʟ 

ʠʤʠʜʘʟʦʣʥʦʛ ʧʨʩʪʝʥʘ ʩʘ ʠʟʨʘʞʝʥʠʤ ʙʘʟʥʠʤ ʦʩʦʙʠʥʘʤʘ, ʢʦʿʠ ʦʤʦʛʫ˂ʘʚʘ ʧʨʠʧʨʝʤʫ ʩʦʣʠ 

ʨʘʩʪʚʦʨˀʠʚʠʭ ʫ ʚʦʜʠ ʠ ʜʦʙʨʦ ʧʦʜʥʦʰˀʠʚʠʭ ʚʦʜʝʥʠʭ ʨʘʩʪʚʦʨʘ ʟʘ ʠˁʝʢʮʠʿʝ, ʪʘʢʦʹʝ ˁʠʭʦʚʘ 

ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʭʠʜʨʦʣʠʪʠʯʢʫ ʜʝʛʨʘʜʘʮʠʿʫ, ʙʨʟʘ ʤʝʪʘʙʦʣʠʯʢʘ ʠʥʘʢʪʠʚʘʮʠʿʘ, ʢʦʿʘ ʿʝ ʫʛʣʘʚʥʦʤ 

ʦʜʨʝʹʝʥʘ ʤʝʪʠʣ ʛʨʫʧʦʤ ʥʘ ʠʤʠʜʘʟʦʣʥʦʤ ʧʨʩʪʝʥʫ, ʠ ʢʦʿʘ ʿʝ ʤʥʦʛʦ ʙʨʞʘ ʦʜ ʦʥʝ ʢʦʿʘ ʩʝ ʧʨʦʥʘʣʘʟʠ 

ʢʦʜ ʢʣʘʩʠʯʥʠʭ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʠ ʿʝʜʘʥ ʦʜ ʪʘʢʚʠʭ ʿʝ ʤʠʜʘʟʦʣʘʤ (ʩʣʠʢʘ 19) υω.  
ʄʝʹʫʪʠʤ, ʧʦʩʪʦʿʠ ʢʣʘʩʘ ʿʝʜʠˁʝˁʘ ʢʘʦ ʰʪʦ ʩʫ ʣʦʨʘʟʝʧʘʤ ʠ ʘʣʧʨʘʟʦʣʘʤ, ʢʦʿʠ ʩʝ ʪʝʰʢʦ 

ʩʠʥʪʝʪʠʰʫ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʦʚʘʢʚʠʭ ʚʨʩʪʘ ʿʝʜʠˁʝˁʘ ʿʝ ʠʟʫʝʪʥʦ ʢʦʤʧʣʠʢʦʚʘʥʘ ʟʘ ʨʘʟʣʠʢʫ ʦʜ 

ʦʩʪʘʣʠʭ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ, ʟʙʦʛ ʥʠʩʢʝ ʢʦʥʮʝʪʨʘʮʠʿʝ ʦʩʥʦʚʥʝ ʩʫʧʩʪʘʥʮʝ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʠʭ 

ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ, ʦʜʚʘʿʘ ʠʭ ʥʠʩʢʘ ʢʦʥʮʥʝʪʨʘʮʠʿʘ, ʘ ʜʦʚʦˀʥʘ ʿʘʯʠʥʘ ʜʘ ʙʠ ʩʝ ʣʝʯʠʣʘ ʘʥʢʩʠʦʟʥʦʩʪ, 

ʘʣʠ ʠʩʪʦ ʪʘʢʦ ʜʦʚʦˀʥʘ ʢʦʣʠʯʠʥʘ ʜʘ ʙʠ ʩʪʚʦʨʠʣʘ ʠ ʟʘʚʠʩʥʦʩʪ. ɿʘʪʦ ʠʭ ʦʜʚʘʿʘ ʦʜ ʦʩʪʘʣʠʭ ʢʣʘʩʘ 

ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ, ʠ ʩʘʤʠʤ ʪʠʤ ʩʫ ʦʜ ʚʝʣʠʢʦʛ ʠʥʪʝʨʝʩʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʦʚʘʢʚʠʭ ʚʨʩʪʘ ʣʝʢʦʚʘ, 

ʢʘʜʘ ʥʠʩʫ ʜʦʩʪʫʧʥʝ ʩʚʝ ʘʥʘʣʠʪʠʯʢʝ ʤʝʪʦʜʝ. 

Sternbach L.H. ʿʝ ʧʦʢʘʟʘʦ ʫʪʠʮʘʿ ʩʪʨʫʢʪʫʨʝ ʫʪʠʮʘʿ ʨʘʩʪʚʘʨʘʯʘ ʠ ʩʪʨʫʢʪʫʨʝ 

ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʥʘ ʧʨʦʮʝʩ ʩʠʥʪʝʟʝ. ɻʣʘʚʥʠ ʮʠˀ ʠʩʪʨʘʞʠʚʘˁʘ ʿʝ ʙʠʦ ʪʘʢʦʟʚʘʥʠ Ăʄʝʭʘʥʠʟʘʤ 

ʧʦʚʝ˂ʘʚʘˁʘ ʧʨʩʪʝʥʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘñ, ʠ ʧʦʢʘʟʘʦ ʜʘ ʩʝ ʩʫʦʯʠʦ ʩʘ ʜʚʝ ʢʦʥʢʫʨʝʥʪʩʢʝ ʨʝʘʢʮʠʿʝ, 

ʥʦʨʤʘʣʥʝ ʟʘʤʝʥʝ ʠ ʧʦʚʝ˂ʘˁʝ ʧʨʩʪʝʥʘ ʫ ʩʤʠʩʣʫ ʧʦʚʝ˂ʘˁʘ ʙʨʦʿʘ C ʘʪʦʤʘ ʫ ʧʨʩʪʝʥʫ. ʅʘʧʫʰʪʘˁʝ 

ʛʨʫʧʘ, ʩʪʝʨʥʘ ʦʛʨʘʥʠʯʝˁʘ ʠ ʩʫʧʩʪʠʪʫʝʥʪʠ ʫ ʘʨʦʤʘʪʠʯʥʦʤ ʧʨʩʪʝʥʫ ʢʦʿʠ ʩʤʘˁʫʿʫ ʧʦʟʠʪʠʚʥʦ 

ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʜʦʚʝʣʠ ʩʫ ʜʦ ʬʦʨʤʠʨʘˁʘ ʨʘʟʣʠʯʠʪʠʭ ʩʫʧʩʪʠʪʫʮʠʦʥʠʭ ʧʨʦʠʟʚʦʜʘ. ʀʟʙʦʨ 

ʨʘʩʪʚʘʨʘʯʘ ʿʝ ʪʘʢʦʹʝ ʫʪʠʮʘʦ ʥʘ ʪʦʢ ʨʝʘʢʮʠʿʝ. ʇʨʦʠʟʚʦʜʠ ʥʘʩʪʘʣʠ ʩʫʧʩʪʠʪʫʮʠʿʦʤ ʩʫ ʜʦʤʠʥʘʥʪʥʠ 

ʫ ʧʦʣʘʨʥʠʤ ʨʘʩʪʚʘʨʘʯʠʤʘ, ʜʦʢ ʥʝʧʦʣʘʨʥʠ ʨʘʩʪʚʘʨʘʯʠ ʬʘʚʦʨʠʟʫʿʫ ʧʦʚʝ˂ʘˁʝ ʧʨʩʪʝʥʘ φπȟφρ. 
Gerecke M. ʿʝ ʧʦʢʘʟʘʦ ʥʘ ʧʨʠʤʝʨ ʜʘ ʿʝ ʤʠʜʘʟʦʣʘʤ ʿʝʜʠʥʩʪʚʝʥ ʙʝʥʟʦʜʠʘʟʝʧʠʥ ʦʜ ʩʚʠʭ ʦʩʪʘʣʠʭ in 

vitro, ʟʙʦʛ ʚʠʩʦʢʦʛ ʘʬʠʥʠʪʝʪʘ ʟʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʩʢʝ ʨʝʮʝʧʪʦʨʝ, ʪʿ ʧʦʢʘʟʘʦ ʿʝ ʜʘ ʿʝ ʪʦ Ăʿʝʜʠˁʝˁʝ 

ʜʠʨʝʢʪʥʦʛ ʜʝʿʩʪʚʘñ, ʜʘ ʿʝ ʚʝʦʤʘ ʩʪʘʙʠʣʥʦ ʿʝʜʠʝˁˁʝ, ʠ ʢʘʦ ʠˁʝʢʮʠʦʥʠ ʨʘʩʪʚʦʨ ʩʦʣʠ, ʜʦʙʨʦ 

ʨʘʩʪʚʨʦˀʠʚ ʫ ʚʦʜʠ[59]. 

ʂʚʘʥʪʥʘ ʭʝʤʠʿʘ ʜʘʿʝ ʚʝʣʠʢʠ ʜʦʧʨʠʥʦʩ ʫ ʠʩʪʨʘʞʠʚʘˁʫ ʠʥʪʝʨʘʢʮʠʿʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʠ 

ʥʝʢʠʭ ʧʫʥʠʣʘʮʘ, ʿʝʨ ʦʤʦʛʫ˂ʘʚʘ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ʩʠʩʪʝʤʘ, ʠ ʙʦˀʠ ʦʜʙʘʙʠʨ ʘʥʘʣʠʪʠʯʢʠʭ 

ʪʝʭʥʠʢʘ ʢʦʿʝ ʙʠ ʤʦʛʣʝ ʜʘ ʜʦʚʝʜʫ ʜʦ ʝʛʟʘʢʪʥʦʛ ʨʝʰʝˁʘ ʰʪʦ ʩʝ ʪʠʯʝ ʠʜʝʥʪʠʬʢʢʘʮʠʿʝ 

ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ. ʊʘʢʦʹʝ ʙʠ ʤʦʛʣʘ ʙʦˀʝ ʜʘ ʩʝ ʨʘʟʫʤʝ ʩʘʤʘ ʩʪʨʫʢʪʫʨʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ. ʋ 

ʣʠʪʝʨʘʪʫʨʠ ʿʝ ʧʦʢʘʟʘʥʦ ʩʦʣʚʘʪʨʦʭʨʦʤʥʦ ʧʦʥʘʰʘˁʝ ʢʣʦʥʘʟʝʧʘʤʘ ʠ ʢʣʦʙʘʟʘʤʘ ʧʦʤʦ˂ʫ DFT 

ʨʘʯʫʥʘʨʩʢʠʭ ʪʝʭʥʠʢʘ. ʈeʟʫʣʪʘʪʠ ʧʦʢʘʟʫʿʫ ʜʘ ʝʣʝʢʪʨʦʥʩʢʘ ʘʧʩʦʨʧʮʠʦʥʘ ʩʚʦʿʩʪʚʘ ʿʝʜʠˁʝˁʘ 

ʟʘʚʠʩʝ ʦʜ ʧʦʣʘʨʥʦʩʪʠ ʨʘʩʪʚʘʨʘʯʘ ʠ ʩʧʝʮʠʬʠʯʥʝ ʠ ʥʝʩʧʝʮʠʬʠʯʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ 

ʨʘʩʪʚʦʨʝʥʝ ʩʫʧʩʪʘʥʮʝ ʠ ʨʘʩʪʚʘʨʘʯʘ φς.  ʄʝʪʦʜʝ ʪʝʦʨʠʿʩʢʝ ʭʝʤʠʿʝ ʩʝ ʤʦʛʫ ʧʨʠʤʝʥʠʪʠ ʫ 

ʧʨʝʜʚʠʹʘˁʫ ʩʪʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʘʨʘ ʠ ʩʧʝʢʪʘʨʘ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʰʪʦ ˂ʝ ʙʠʪʠ 

ʧʦʪʚʨʹʝʥʦ ʥʘ ʦʩʥʦʚʫ ʧʦʨʝʹʝˁʘ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ.  ʅʘ ʦʩʥʦʚʫ ʠʟʣʦʞʝʥʦʛ, ʤʦʞʝ 

ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ˂ʝ ʢʚʘʥʪʥʘ ʭʝʤʠʿʘ ʜʘʪʠ ʟʥʘʯʘʿʘʥ ʥʘʫʯʥʠ ʜʦʧʨʠʥʦʩ ʠʩʧʠʪʠʚʘˁʫ ʩʪʨʫʢʪʫʨʝ 

ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʧʨʝʜʚʠʹʘˁʫ ʠ ʘʩʠʛʥʘʮʠʿʠ ʩʧʝʢʪʘʨʘ, ʢʘʦ ʠ ʘʥʘʣʠʟʠ ʠʥʪʝʨʘʢʮʠʿʘ 

ʥʘʿʯʝʰ˂ʠʤ ʧʫʥʠʦʮʠʤʘ/ʘʜʫʣʝʪʝʥʪʠʤʘ ʠʟ ʨʝʘʣʥʠʭ ʫʟʦʨʘʢʘ. 
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2.2.1. ʆʩʥʦʚʥʝ ʦʜʨʝʜʙʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ ʧʨʝʧʦʨʫʯʝʥʝ ʦʜ 

ʩʪʨʘʥʝ UONDC-ʘ 

 

ɿʣʦʫʧʦʪʨʝʙʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʿʝ ʤʝʹʫʥʘʨʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘˁʝʥʘ, ʰʪʦ ʟʥʘʯʠ ʜʘ ʩʝ ʩʚʘʢʘ 

ʬʦʨʝʥʟʠʯʢʘ ʣʘʙʦʨʘʪʦʨʠʿʘ ʤʦʞʝ ʩʫʩʨʝʩʪʠ ʩʘ ʥʠʟʦʤ ʦʚʠʭ ʿʝʜʠˁʝˁʘ. ʋʦʧʰʪʝʥʦ ʛʦʚʦʨʝ˂ʠ, 

ʙʝʥʟʦʜʠʘʟʝʧʠʥʠ ʢʦʿʠ ʩʝ ʩʫʩʨʝ˂ʫ ʥʘ ʠʣʝʛʘʣʥʦʤ ʪʨʞʠʰʪʫ ʩʝ ʨʘʟʣʠʢʫʿʫ ʦʜ ʣʝʛʘʣʥʠʭ ʠʟʚʦʨʘ. 

ɹʝʥʟʦʜʠʘʟʝʧʠʥʠ, ʧʦʩʝʙʥʦ ʘʧʨʘʟʦʣʘʤ ʠ ʣʦʨʘʟʝʧʘʤ, ʩʫ ʤʝʹʫ ʧʩʠʭʦʪʨʦʧʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʢʦʿʝ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʧʨʝʫʩʤʝʨʘʚʘʿʫ ʠ ʟʣʦʫʧʦʪʨʝʙˀʘʚʘʿʫ. ɸʥʘʣʠʪʠʯʘʨʠ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʫ ʫʧʦʟʥʘʪʠ ʩʘ 

ʦʜʨʝʹʝʥʠʤ ʙʝʥʟʦʜʠʘʟʝʧʠʥʠʤʘ ʢʦʿʠ ʩʫ ʦʙʠʯʥʦ ʜʦʩʪʫʧʥʠ ʢʘʦ ʠ ˁʠʭʦʚʠʤ ʩʪʨʫʢʪʫʨʥʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʠ ʤʝʪʦʜʦʣʦʛʠʿʦʤ ʟʘ ˁʠʭʦʚʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʘʥʘʣʠʟʫ. ʂʘʢʦ ʩʝ ʜʝʨʠʚʘʪʠ 

ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʥʘʣʘʟʝ ʥʘ ʠʣʝʛʘʣʥʦʤ ʪʨʞʠʰʪʫ ʦʜ ʩʢʨʝʪʘˁʘ ʩʘ ʣʝʛʘʣʥʠʭ ʠʟʚʦʨʘ, ʪʨʝʙʘ ʩʝ 

ʦʩʚʨʥʫʪʠ ʥʘ ʥʘʮʠʦʥʘʣʥʝ ʬʘʨʤʘʢʦʧʝʿʝ ʠ ʫʧʫʪʩʪʚʘ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʪʘʙʣʝʪʘ ʠ ʢʘʧʩʫʣʘ ʣʝʢʦʚʘ 

ʟʘ ʧʨʝʣʠʤʠʥʘʨʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʩʢʨʠʥʠʥʛʫ. ʊʘʢʦʹʝ ʩʝ ʤʦʞʝ ʫʧʫʪʠʪʠ ʥʘ ʚʠʰʝʿʝʟʠʯʥʠ ʨʝʯʥʠʢ 

ʦʧʦʿʥʠʭ ʜʨʦʛʘ ʠ ʧʩʠʭʦʪʨʦʧʥʠʭ ʩʫʧʩʪʘʥʮʠ ʧʦʜ ʤʝʹʫʥʘʨʦʜʥʦʤ ʢʦʥʪʨʦʣʦʤ ʢʦʿʠ ʧʨʫʞʘ 

ʠʥʬʦʨʤʘʮʠʿʝ ʦ ʥʦʤʝʥʢʣʘʪʫʨʠ ʩʫʧʩʪʘʥʮʠ ʧʦʜ ʤʝʹʫʥʘʨʦʜʥʦʤ ʢʦʥʪʨʦʣʦʤ, ʫʢˀʫʯʫʿʝ ʣʠʩʪʫ 

ʤʥʦʛʠʭ ʙʨʝʥʜʦʚʘ ʟʘ ʢʦʥʪʨʦʣʠʩʘʥʝ ʙʝʥʟʦʜʠʘʟʝʧʠʥʝ ʠ ʧʨʫʞʘ ʠʥʬʦʨʤʘʮʠʿʝ ʦ ˁʠʭʦʚʦʤ 

ʢʦʥʪʨʦʣʥʦʤ ʩʪʘʪʫʩʫ. ɻʝʥʝʨʘʣʥʦ, ʫ ʧʦʢʫʰʘʿʫ ʜʘ ʩʝ ʫʪʚʨʜʠ ʠʜʝʥʪʠʪʝʪ ʢʦʥʪʨʦʣʠʩʘʥʦʛ ʣʝʢʘ ʫ 

ʩʫʤˁʠʚʦʤ ʤʘʪʝʨʠʿʘʣʫ, ʘʥʘʣʠʪʠʯʢʠ ʧʨʠʩʪʫʧ ʤʦʨʘ ʜʘ ʧʦʜʨʘʟʫʤʝʚʘ ʦʜʨʝʹʠʚʘˁʝ ʥʘʿʤʘˁʝ ʜʚʘ 

ʥʝʢʦʨʝʣʠʨʘʥʘ ʧʘʨʘʤʝʪʨʘ. ʇʨʝʧʦʟʥʘʪʦ ʿʝ ʜʘ ʿʝ ʠʟʙʦʨ ʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ ʫ ʙʠʣʦ ʢʦʤ ʢʦʥʢʨʝʪʥʦʤ 

ʩʣʫʯʘʿʫ ʙʠ ʫʟʝʦ ʫ ʦʙʟʠʨ ʫʢˀʫʯʝʥʠ ʣʝʢ ʠ ʣʘʙʦʨʘʪʦʨʠʿʩʢʝ ʨʝʩʫʨʩʝ ʢʦʿʠ ʩʫ ʜʦʩʪʫʧʥʠ ʘʥʘʣʠʪʠʯʘʨʫ. 

ʊʘʢʦʹʝ ʿʝ ʧʨʠʭʚʘ˂ʝʥʦ ʜʘ ʿʝʜʠʥʩʪʚʝʥʠ ʟʘʭʪʝʚʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʧʨʘʚʥʠʤ ʨʝʛʫʣʘʪʠʚʘʤʘ ʤʦʛʫ 

ʜʠʢʪʠʨʘʪʠ ʩʪʚʘʨʥʫ ʧʨʘʢʩʫ ʢʦʿʫ ʩʣʝʜʠ ʦʜʨʝʹʝʥʘ ʣʘʙʦʨʘʪʦʨʠʿʘ. ʂʘʜʘ ʿʝ ʤʦʛʫ˂ʝ, ʪʨʝʙʘʣʦ ʙʠ ʜʘ ʩʝ 

ʢʦʨʠʩʪʝ ʪʨʠ ʧʦʪʧʫʥʦ ʨʘʟʣʠʯʠʪʝ ʘʥʘʣʠʪʠʯʢʝ ʪʝʭʥʠʢʝ, ʥʘ ʧʨʠʤʝʨ: ʪʝʩʪʦʚʠ ʙʦʿʝ, ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ 

(ʥʧʨ. TLC, GC ʠʣʠ HP-LC) ʠ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ (ʥʧʨ. IR ʠʣʠ UV). ʊʝʭʥʠʢʝ ʢʘʦ ʰʪʦ ʿʝ ʛʘʩʥʘ 

ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ ï ʤʘʩʝʥʘ ʩʧʝʢʪʨʦʤʝʪʨʠʿʘ (GC-MS), ʨʘʯʫʥʘʿʫ ʩʝ ʢʘʦ ʜʚʘ ʧʘʨʘʤʝʪʨʘ, ʧʦʜ ʫʩʣʦʚʦʤ 

ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʠʥʬʦʨʤʘʮʠʿʝ ʠʟ ʦʙʝ ʪʝʭʥʠʢʝ (ʪʿ. ʚʨʝʤʝ ʟʘʜʨʞʘʚʘˁʘ ʠ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʩʧʝʢʪʨʘʣʥʝ 

ʤʘʩʝ). ʂʣʘʩʝ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʤʦʛʫ ʩʝ ʩʘʩʪʦʿʘʪʠ ʫʛʣʘʚʥʦʤ ʦʜ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʫʧʩʪʘʥʮʠ 

ʬʦʨʤʫʣʠʩʘʥʠʭ ʢʘʦ ʪʘʙʣʝʪʝ, ʢʘʧʩʫʣʝ, ʦʨʘʣʥʝ ʪʝʯʥʦʩʪʠ ʠʣʠ ʠˁʝʢʮʠʿʝ ʠ ʪʨʝʙʘ ʫʟʦʨʢʦʚʘʪʠ ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʙʨʦʿʘ ʠ ʚʨʩʪʝ ʟʘʧʣʝˁʝʥʠʭ ʜʦʟʥʠʭ ʿʝʜʠʥʠʮʘ. ʉʤʝʨʥʠʮʝ ʦ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʤ 

ʫʟʦʨʢʦʚʘˁʫ ʣʝʢʦʚʘ ʜʘʿʫ ʦʧʰʪʝ ʘʩʧʝʢʪʝ ʢʚʘʣʠʪʘʪʠʚʥʦʛ ʫʟʦʨʢʦʚʘˁʘ ʚʠʰʝʿʝʜʠʥʠʯʥʠʭ ʫʟʦʨʘʢʘ. 

ʅʘʢʦʥ ʰʪʦ ʿʝ ʠʟʘʙʨʘʥ ʤʘʪʝʨʠʿʘʣ ʟʘ ʠʩʧʠʪʠʚʘˁʝ, ʘʥʘʣʠʪʠʯʘʨ ʤʦʨʘ ʜʘ ʠʜʝʥʪʠʬʠʢʫʿʝ ʦʜʨʝʹʝʥʠ 

ʣʝʢ ʢʦʿʠ ʿʝ ʧʨʠʩʫʪʘʥ ʠ ʢʚʘʥʪʠʬʠʢʫʿʝ ʢʦʣʠʯʠʥʫ ʧʨʠʩʫʪʘʥʦʛ ʣʝʢʘ, ʘʢʦ ʿʝ ʪʦ ʧʦʪʨʝʙʥʦ. ʇʦʪʧʫʥʠ 

ʬʠʟʠʯʢʠ ʦʧʠʩ ʠʩʧʠʪʠʚʘʥʦʛ ʫʟʦʨʢʘ ʪʨʝʙʘ ʠʟʚʨʰʠʪʠ ʠ, ʘʢʦ ʿʝ ʠʟ ʣʝʛʘʣʥʦʛ ʠʟʚʦʨʘ, 

ʠʜʝʥʪʠʬʠʢʦʚʘʪʠ ʛʘ ʧʦʟʠʚʘˁʝʤ ʥʘ ʦʜʛʦʚʘʨʘʿʫ˂ʝ ʙʘʟʝ ʧʦʜʘʪʘʢʘ. ɸʥʘʣʠʪʠʯʘʨ ʪʨʝʙʘ ʜʘ ʠʤʘ ʥʘ ʫʤʫ 

ʜʘ ʘʢʦ ʩʝ ʯʠʥʠ ʜʘ ʩʫ ʫʟʦʨʮʠ ʠʟ ʥʝʜʦʟʚʦˀʝʥʦʛ ʠʟʚʦʨʘ, ʪʿ. ʜʘ ʥʠʩʫ ʧʨʝʧʦʟʥʘʪˀʠʚʠ ʢʘʦ 

ʬʘʨʤʘʮʝʫʪʩʢʠ ʧʨʦʠʟʚʦʜ, ʦʥʜʘ ʧʦʪʧʫʥʘ ʭʝʤʠʿʩʢʘ ʘʥʘʣʠʟʘ ʤʘʪʝʨʠʿʘʣʘ ʫʢˀʫʯʫʿʝ ʝʢʩʪʨʘʢʮʠʿʫ 

ʣʝʢʘ, ʩʢʨʠʥʠʥʛ ʠ ʥʝʢʠ ʧʦʪʚʨʜʥʠ ʪʝʩʪ. ʋ ʥʝʢʠʤ ʟʝʤˀʘʤʘ ʿʝ ʧʦʪʨʝʙʥʘ ʠ ʧʦʪʚʨʜʘ ʧʨʠʩʫʩʪʚʘ 

ʢʦʨʠʰ˂ʝˁʝʤ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʭ ʪʝʭʥʠʢʘ. ʊʝʦʨʠʿʩʢʠ, ʩʚʘʢʘ ʩʫʧʩʪʘʥʮʘ ʠʤʘ ʿʝʜʠʥʩʪʚʝʥʠ 

ʠʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ ʠ ʦʚʘʿ ʤʝʪʦʜ ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʦʤʦʛʫ˂ʠ ʥʝʜʚʦʩʤʠʩʣʝʥʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ 

ʙʠʣʦ ʢʦʛ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ. ʄʝʹʫʪʠʤ, ʥʝʜʦʩʪʘʪʘʢ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ ʫ ʭʣʦʨʦʬʦʨʤʫ ʠʣʠ ʤʝʪʘʥʦʣʫ 

ʦʜʨʝʹʝʥʠʭ ʜʝʨʠʚʘʪʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʠ ʠʟʦʣʦʚʘˁʝ ʣʝʢʘ ʫ ʯʠʩʪʦʤ ʦʙʣʠʢʫ, ʙʝʟ ʬʘʨʤʘʮʝʫʪʩʢʠʭ 

ʝʢʩʮʠʧʠʿʝʥʘʪʘ, ʤʦʛʫ ʜʘ ʧʦʩʪʘʚʝ ʦʛʨʘʥʠʯʝˁʘ ʥʘ ʦʚʘʿ ʤʝʪʦʜ. ʄʦʛʫ ʩʝ ʢʦʨʠʩʪʠʪʠ ʠ ʜʨʫʛʝ ʤʝʪʦʜʝ 

ʢʦʿʝ ʢʦʨʠʩʪʝ ʢʦʣʦʥʩʢʫ ʠʣʠ ʧʨʝʧʘʨʘʪʠʚʥʫ ʪʘʥʢʦʩʣʦʿʥʫ ʭʨʦʤʘʪʦʛʨʘʬʠʿʫ. ɿʙʦʛ ʬʦʨʤʠʨʘˁʘ 

ʩʦʣʚʘʪʘ ʠ ʧʦʣʠʤʦʨʬʠʟʤʘ, ʧʨʝʧʦʨʫʯʫʿʝ ʩʝ ʜʘ ʘʫʪʝʥʪʠʯʥʫ ʬʘʨʤʘʮʝʫʪʩʢʫ ʬʦʨʤʫʣʘʮʠʿʫ ʪʨʝʙʘ 

ʧʨʦʚʝʩʪʠ ʢʨʦʟ ʠʩʪʠ ʧʦʩʪʫʧʘʢ ʝʢʩʪʨʘʢʮʠʿʝ φσ.  

 

2.2.2. ʃʦʨʘʟʝʧʘʤ ʠ ʘʣʧʨʘʟʦʣʘʤ 
 

ʃʦʨʘʟʝʧʘʤ (ʉʣʠʢʘ 19) ʿʝ ʣʝʢ, ʢʦʿʠ ʧʨʠʧʘʜʘ ʪʠʧʫ 3-ʭʠʜʨʦʢʩʠ ʿʝʜʠˁʝˁʘ.  
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ʏʠʩʪ ʣʦʨʘʟʝʧʘʤ ʿʝ ʩʢʦʨʦ ʙʝʣʠ ʧʨʘʭ ʢʦʿʠ ʿʝ ʩʢʦʨʦ ʥʝʨʘʩʪʚʦʨˀʠʚ ʫ ʚʦʜʠ ʠ ʫˀʫ. ʋ 

ʤʝʜʠʮʠʥʩʢʦʤ ʦʙʣʠʢʫ, ʫʛʣʘʚʥʦʤ ʿʝ ʜʦʩʪʫʧʘʥ ʫ ʦʙʣʠʢʫ ʪʘʙʣʝʪʘ ʠ ʨʘʩʪʚʦʨʘ ʟʘ ʠˁʝʢʮʠʿʝ, ʘʣʠ ʿʝ ʥʘ 

ʥʝʢʠʤ ʣʦʢʘʮʠʿʘʤʘ ʜʦʩʪʫʧʘʥ ʠ ʢʘʦ ʬʣʘʩʪʝʨ ʟʘ ʢʦʞʫ, ʦʨʘʣʥʠ ʨʘʩʪʚʦʨ ʠ ʩʫʙʣʠʥʛʚʘʣʥʘ ʪʘʙʣʝʪʘ. 

ʃʦʨʘʟʝʧʘʤ ʪʘʙʣʝʪʝ ʪʘʢʦʹʝ ʩʘʜʨʞʝ ʣʘʢʪʦʟʫ, ʤʠʢʨʦʢʨʠʩʪʘʣʥʫ ʮʝʣʫʣʦʟʫ, ʧʦʣʘʢʨʠʣʠʥ, ʤʘʛʥʝʟʠʿʫʤ 

ʩʪʝʘʨʘʪ ʠ ʩʨʝʜʩʪʚʘ ʟʘ ʙʦʿʝˁʝ (ʠʥʜʠʛʦ ʢʘʨʤʠʥ ʫ ʧʣʘʚʠʤ ʪʘʙʣʝʪʘʤʘ ʠ ʪʘʨʪʨʘʟʠʥ ʫ ʞʫʪʠʤ 

ʪʘʙʣʝʪʘʤʘ). ʂʦʣʠʯʠʥʝ ʧʨʦʧʨʘʪʥʠʭ ʿʝʜʠˁʝˁʘ ʫ ʣʝʢʫ ʣʦʨʘʟʝʧʘʤʘ ʟʥʘʿʘʯʘʿʥʦ ʦʪʝʞʘʚʘʿʫ ˁʝʛʦʚʦ 

ʠʟʜʚʘʿʘˁʝ ʢʘʦ ʩʘʤʦʩʪʘʣʥʝ ʦʩʥʦʚʝ ʠʟ ʫʟʦʨʘʢʘ. ʇʦʩʪʦʿʝ ʨʘʟʣʠʯʠʪʝ ʘʥʘʣʠʪʠʯʢʝ ʪʝʭʥʠʢʝ ʢʦʿʝ ʩʝ 

ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʟʘ ʠʜʝʥʪʠʬʢʘʮʠʿʫ, ʢʘʦ ʰʪʦ ʩʫ TLC ʫʟ ʜʦʩʪʫʧʥʦʩʪ ʩʪʘʥʜʘʨʜʘ, GC-MS, HPLC ʠ 

ʜʨʫʛʝ, ʘʣʠ ʿʝʜʥʘ ʦʜ ʪʝʭʥʠʢʘ ʢʘʦ ʰʪʦ ʿʝ ʠʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ ʩʝ ʥʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ 

ʜʠʨʝʢʪʥʦ ʟʘ ʫʟʦʨʘʢ ʫ ʩʚʨʭʫ ˁʝʛʦʚʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʟʙʦʛ ʨʘʟʥʠʭ ʧʫʥʠʣʘʮʘ, ʰʪʦ ʤʝʪʦʜʫ ʯʠʥʠ 

ʪʝʞʦʤ ʟʘ ʜʦʢʘʟʠʚʘˁʝ ʦʚʘʢʚʠʭ ʩʫʧʩʪʘʥʮʠ. ʋʟ ʧʦʛʦʜʘʥ ʨʘʩʪʚʘʨʘʯ ʠ ʜʦʚʦˀʥʫ ʢʦʣʠʯʠʥʫ ʫʟʦʨʘʢʘ, 

ʠʥʬʨʘʮʨʚʝʥʘ ʤʝʪʦʜʘ ʜʘʿʝ ʟʥʘʯʘʿʥʦ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ.  

 

 

 

ʉʣʠʢʘ 19. ʉʪʨʫʢʪʫʨʘ ʣʦʨʘʟʝʧʘʤʘ 

Strekowska B.M. ʠ ʩʘʨʘʜʥʠʮʠ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʭʨʦʤʘʪʦʛʨʘʬʩʢʝ ʪʝʭʥʠʢʝ (GC ʠ HPLC) 

ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʘʟʜʚʘʿʘˁʝ ʩʣʦʞʝʥʠʭ ʩʤʝʰʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ (ʢʘʦ ʰʪʦ ʿʝ ʣʦʨʘʟʝʧʘʤ) ʠ ʢʘʜʘ ʩʫ 

ʩʧʦʿʝʥʝ ʩʘ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʤ ʤʝʪʦʜʘʤʘ ʫ GC-ʄS ʩʠʩʪʝʤʫ, ʠʣʠ HPLC-ʄʉ ʩʠʩʪʝʤʫ, ʦʤʦʛʫ˂aʚʘʿʫ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʧʦʿʝʜʠʥʘʯʥʠʭ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʫ ʙʠʦʣʦʰʢʦʤ ʤʘʪʝʨʠʿʘʣʫ (ʫʨʠʥʫ, ʢʨʚʠ, 

ʧˀʫʚʘʯʢʠ, ʜʣʘʢʘʤʘ) ʥʝ ʩʘʤʦ ʠʟ ʪʘʙʣʝʪʘ ʚʝ˂ ʠ ʠʟ ʩʤʝʰʘ ʩʘ ʜʨʫʛʠʤ ʩʫʧʩʪʘʥʮʘʤʘ φτ. 
Singh N. ʠ ʩʘʨʘʜʥʠʢ φυʩʫ ʥʘ ʧʨʠʤʝʨʫ 14ʅ ʥʫʢʣʝʘʨʥʝ ʢʚʘʜʨʫʧʦʣʥʝ ʨʝʟʦʥʘʥʮʠʿʝ (NKR) 

ʧʦʢʘʟʘʣʠ ʜʘ ʩʚʘʢʦ ʿʝʜʠˁʝˁʝ ʠʤʘ ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʘʪʦʤʘ ʘʟʦʪʘ ʫ ʩʚʦʿʦʿ ʤʦʣʝʢʫʣʩʢʦʿ ʩʪʨʫʢʪʫʨʠ. 

ʆʙʘ ʘʪʦʤʘ ʘʟʦʪʘ ʜʠʘʟʝʧʘʤʘ ʠʤʘʿʫ ʩʣʠʯʥʝ ʧʘʨʘʤʝʪʨʝ ʘʩʠʤʝʪʨʠʿʝ. ʄʝʹʫʪʠʤ, ʠʤʠʥ ʘʟʦʪ ʜʠʘʟʝʧʘʤʘ 

ʠʤʘ ʥʝʰʪʦ ʚʠʰʫ ʢʦʥʩʪʘʥʪʫ ʢʚʘʜʨʫʧʦʣʥʦʛ ʩʧʘʿʘˁʘ (ɢ) ʦʜ ˁʝʛʦʚʦʛ ʪʝʨʮʠʿʘʨʥʦʛ ʘʤʠʜʥʦʛ ʘʟʦʪʘ. 
14ʅ NKR ʩʠʛʥʘʣʠ ʣʦʨʘʟʝʧʘʤʘ ʩʫʛʝʨʠʰʫ ʜʘ ʧʦʩʪʦʿʠ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʦʙʣʠʢʘ ʧʨʠʩʫʪʥʦʛ ʫ ʯʚʨʩʪʦʿ 

ʤʘʪʝʨʠʿʠ. ʀʤʠʥ ʘʟʦʪ ʧʦʢʘʟʫʿʝ ʩʣʠʯʥʝ ʬʨʝʢʚʝʥʮʠʿʝ ʠ NKR ʧʘʨʘʤʝʪʨʝ ʢʘʦ ʜʠʿʘʟʝʧʘʤ. ʄʝʹʫʪʠʤ, 

ʬʨʝʢʚʝʥʮʠʿʝ ʜʦʜʝˀʝʥʝ ʩʝʢʫʥʜʘʨʥʦʤ ʘʤʠʜʥʦʤ ʘʟʦʪʫ ʨʝʟʫʣʪʫʿʫ ʥʠʞʠʤ ɢ ʠ ʨʝʣʘʪʠʚʥʦ ʚʝ˂ʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʘʩʠʤʝʪʨʠʿʝ (ɖ) ʦʜ ʘʤʠʜʥʦʛ ʘʟʦʪʘ ʜʠʘʟʝʧʘʤʘ. ʆʚʦ ʩʝ ʧʨʠʧʠʩʫʿʝ ʚʦʜʦʥʠʯʥʦʿ ʚʝʟʠ 

ʘʤʠʜʥʦʛ ʧʨʦʪʦʥʘ ʫ ʣʦʨʘʟʝʧʘʤʫ. Ab initio ʠ DFT ʧʨʦʨʘʯʫʥʠ ʩʫ ʜʘʣʠ ʧʦʪʚʨʜʫ ʦʚʝ ʭʠʧʦʪʝʟʝ ʫ ʦʚʦʤ 

ʨʘʜʫ.φυ.  
ɸʣʧʨʘʟʦʣʘʤ ʿʝ ʣʝʢ ʢʦʿʠ ʧʨʠʧʘʜʘ ʢʣʘʩʠ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ. ʊʦ ʿʝ ʧʩʠʭʦʘʢʪʠʚʥʠ ʣʝʢ ʢʦʿʠ 

ʧʦʩʝʜʫʿʝ ʘʥʢʩʠʦʣʠʪʠʢ, ʩʝʜʘʪʠʚ-ʭʠʧʥʦʪʠʢ ʠ ʘʥʪʠʢʦʥʚʫʣʟʠʚʥʝ ʘʢʪʠʚʥʦʩʪʠ.  

ʄʦʣʝʢʫʣʩʢʘ ʩʪʨʫʢʪʫʨʘ ʘʣʧʨʘʟʦʣʘʤʘ ʩʘʜʨʞʠ ʪʨʠʘʟʦʣʥʠ ʧʨʩʪʝʥ ʩʧʦʿʝʥ ʩʘ ʬʦʨʤʠʨʘʥʠʤ 

ʭʣʦʨʦ-ʩʫʧʩʪʠʪʫʠʩʘʥʠʤ ʙʝʥʟʝʥʩʢʠʤ ʠ ʬʝʥʠʣ ʩʫʧʩʪʠʪʫʠʩʘʥʠʤ ʧʨʩʪʝʥʦʚʠʤʘ ʜʠʘʟʝʧʠʥʘ (ʩʣʠʢʘ 

20), ʦʙʫʭʚʘʪʘʿʫ˂ʠ ʫʢʫʧʥʦ 4 ʧʨʩʪʝʥʘʩʪʝ ʛʨʫʧʝ. ɿʙʦʛ ʩʚʦʛ ʬʘʨʤʘʢʦʣʦʰʢʦʛ ʟʥʘʯʘʿʘ, ʘʣʧʨʘʟʦʣʘʤ ʿʝ 

ʦʧʰʠʨʥʦ ʧʨʦʫʯʘʚʘʥ ʫ ʧʦʛʣʝʜʫ ˁʝʛʦʚʝ ʙʠʦʣʦʰʢʝ ʘʢʪʠʚʥʦʩʪʠ φφ, 
ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ/ʩʦʣʚʘʪʘʮʠʿʝ, ʪʝʨʤʠʯʢʝ ʩʪʘʙʠʣʥʦʩʪʠ ʠ ʧʦʣʠʤʦʨʬʠʟʘʤʘ φχ. ʇʦʨʝʜ ʪʦʛʘ, 
ʿʝʜʠˁʝˁʝ ʿʝ ʪʘʢʦʹʝ ʙʠʣʦ ʧʨʝʜʤʝʪ ʤʥʦʛʠʭ ʩʪʫʜʠʿʘ ʫʩʤʝʨʝʥʠʭ ʥʘ ˁʝʛʦʚʦ ʘʥʘʣʠʪʠʯʢʦ ʦʜʨʝʹʠʚʘˁʝ 

ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʪʝʭʥʠʢʘ.  
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ʋʪʠʮʘʿ ʨʘʩʪʚʘʨʘʯʘ ʟʘ ʠʟʜʚʘʿʘˁʝ ʦʚʘʢʚʠʭ ʣʝʢʦʚʘ ʩʝ ʩʠʛʫʨʥʦ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ ʨʘʟʣʠʢʦʤ ʫ 

ʩʪʨʫʢʪʫʨʠ ʠ ʛʫʙʪʢʦʤ ʚʦʜʝ ʠʟ ʣʦʨʘʟʝʧʘʤʘ ʢʦʿʠ ʦʤʦʛʫ˂ʫʿʝ ˁʝʛʦʚʦ ʣʘʢʰʝ ʠʟʜʚʘʿʘˁʝ, ʢʘʦ ʠ 

ʨʘʜʟʚʘʿʘˁʝ ʦʜ ʧʨʦʧʨʘʪʥʠʭ ʧʫʥʠʣʘʮʘ ʫʥʫʪʘʨ ʫʟʦʨʢʘ.  

Rogers W.O. ʠ ʩʘʨʘʜʥʠʮʠ φψʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʩʝ ʜʠʘʟʝʧʘʤ ʠ ʣʦʨʘʟʝʧʘʤ ʣʘʢʦ ʦʪʢʨʠʚʘʿʫ 
ʤʝʪʦʜʘʤʘ ʠʤʫʥʦʣʦʰʢʦʛ ʩʢʨʠʥʠʥʛʘ ʠ GC-MS ʤʝʪʦʜʦʤ ʠʟ ʢʨʚʠ. ɸʣʧʨʘʟʦʣʘʤ ʩʫ ʨʝʣʘʪʠʚʥʦ ʪʝʰʢʦ 

ʧʦʪʚʨʜʠʣʠ HPLC ʤʝʪʦʜʦʤ, ʿʝʨ ʘʣʧʨʘʟʦʣʘʤ ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʝʢʩʪʨʘʭʦʚʘʪʠ ʠʟ ʢʨʚʠ ʜʦʚʦˀʥʦ ʜʘ 

ʙʠ ʤʦʛʣʘ ʜʘ ʩʝ ʢʦʨʠʩʪʠ GC-MS ʤʝʪʦʜʘ φψ.  
Ogruc I. G. ʠ ʩʘʨʘʜʥʠʮʠ φω ʩʫ ʠʩʧʠʪʠʚʘʣʠ ʤʦʣʝʢʫʣʩʢʫ ʩʪʨʫʢʪʫʨʫ ʠ ʬʦʪʦʭʝʤʠʿʫ 

ʘʣʧʨʘʟʦʣʘʤʘ ʰʪʦ ʿʝ ʦʤʦʛʫ˂ʠʣʦ ʜʘ ʩʝ ʟʘʢˀʫʯʠ ʜʘ ʘʣʧʨʘʟʦʣʘʤ ʢʘʦ ʤʦʣʝʢʫʣ ʧʦʩʪʦʿʠ ʫ ʿʝʜʥʦʤ, 

ʧʨʠʣʠʯʥʦ ʢʨʫʪʦʤ ʢʦʥʬʦʨʤʝʨʫ. ʀʟʦʣʦʚʘʥʠ ʤʦʣʝʢʫʣ ʩʫ ʧʨʦʫʯʘʚʘʣʠ UV ʩʧʝʢʪʨʦʩʢʦʧʠʿʦʤ ʠ DFT 

ʧʨʦʨʘʯʫʥʠʤʘ. ʇʨʝʜʩʪʘʚʠʣʠ ʩʫ ʤʝʭʘʥʠʟʤʝ ʬʦʪʦʩʪʘʙʠʣʥʦʩʪʠ ʿʝʜʠˁʝˁʘ ʠʟʦʣʦʚʘʥʦʛ ʠʟ ʤʘʪʨʠʢʩʘ 

ʠ ʦʪʢʨʠʣʠ ʜʘ ʿʝ ʘʣʧʨʘʟʦʣʘʤ ʬʦʪʦʩʪʘʙʠʣʘʥ ʧʦʜ ʦʚʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʫʩʣʦʚʠʤʘ ʰʪʦ ʿʝ ʫ 

ʩʫʧʨʦʪʥʦʩʪʠ ʩʘ ʿʝʜʠˁʝˁʝʤ ʫ ʨʘʩʪʚʦʨʫ ʠʣʠ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ ʫ ʧʨʠʩʫʩʪʚʫ ʝʢʩʮʠʧʠʿʝʥʘʪʘ ʢʦʿʠ ʩʝ 

ʢʦʨʠʩʪʝ ʫ ʬʘʨʤʘʮʝʫʪʩʢʠʤ ʬʦʨʤʫʣʘʮʠʿʘʤʘ. ʇʨʦʥʘʰʣʠ ʩʫ ʛʣʘʚʥʝ ʢʘʥʘʣʝ ʬʨʘʛʤʝʥʪʘʮʠʿʝ 

ʘʣʧʨʘʟʦʣʘʤʘ ʥʘʢʦʥ ʙʦʤʙʘʨʜʦʚʘˁʘ ʝʣʝʢʪʨʦʥʠʤʘ. ʉʪʫʜʠʿʝ ʩʫ ʪʘʢʦʹʝ ʨʘʜʠʣʠ ʠ ʫ ʯʚʨʩʪʠʤ ʬʘʟʘʤʘ 

NMR, UV, IR ʠ ʨʘʤʘʥʩʢʦʤ ʩʧʝʢʪʨʦʩʢʦʧʠʿʦʤ.  

 

 

 

 

ʉʣʠʢʘ 20. ʉʪʨʫʢʪʫʨʘ ʘʣʧʨʘʟʦʣʘʤʘ 

Majedi S. ʠ ʩʘʨʘʜʥʠʮʠ χπ ʠʤʘʿʫ ʿʝʜʠʥʫ ʧʫʙʣʠʢʘʮʠʿʫ ʢʦʿʘ ʩʝ ʧʦʿʘʚˀʫʿʝ ʫ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʦʿ 
ʣʠʪʝʨʘʪʫʨʠ ʢʦʿʘ ʩʝ ʙʘʚʠ ʩʪʨʫʢʪʫʨʥʠʤ ʜʝʪʘˀʠʤʘ ʠʟʦʣʦʚʘʥʦʛ ʤʦʣʝʢʫʣʘ ʘʣʧʨʘʟʦʣʘʤʘ. ʋ ʩʚʦʿʦʿ 

ʩʪʫʜʠʿʠ ʦʚʠ ʘʫʪʦʨʠ ʩʫ ʢʦʨʠʩʪʠʣʠ ʢʚʘʥʪʥʦ-ʭʝʤʠʿʩʢʝ ʧʨʦʨʘʯʫʥʝ ʫʟ ʧʦʤʦ˂ DFT-a i Hartree Fock 

(HF) ʤʝʪʦʜʘ ʠ ʧʨʠʿʘʚʠʣʠ ʠʟʨʘʯʫʥʘʪʝ ʩʪʨʫʢʪʫʨʥʝ ʠ ʩʧʝʢʪʨʦʩʢʦʧʩʢʝ (IR, UV ʠ NMR ʩʧʝʢʪʨʝ) 

ʧʦʜʘʪʢʝ ʟʘ ʤʦʣʝʢʫʣ ʘʣʧʨʘʟʦʣʘʤʘ, ʢʦʿʝ ʩʫ ʫʧʦʨʝʜʠʣʠ ʩʘ ʜʦʩʪʫʧʥʠʤ ʩʪʨʫʢʪʫʨʥʠʤ ʠ 

ʩʧʝʢʪʨʦʩʢʦʧʩʢʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʠʥʬʦʨʤʘʮʠʿʝ ʟʘ ʢʨʠʩʪʘʣʥʦ ʿʝʜʠˁʝˁʝ ʠʣʠ ʟʘ ʿʝʜʠˁʝˁʝ ʫ 

ʨʘʩʪʚʦʨʫ. ʀʟʨʘʯʫʥʘʪʝ ʝʥʝʨʛʠʿʝ ʘʜʩʦʨʧʮʠʿʝ, ʧʨʦʤʝʥʝ ɻʠʙʩʦʚʝ ʩʣʦʙʦʜʥʝ ʝʥʝʨʛʠʿʝ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ ʢʦʥʩʪʘʥʪʝ ʩʫ ʧʦʢʘʟʘʣʝ ʜʘ ʿʝ ʘʜʩʦʨʧʮʠʿʘ ʘʣʧʨʘʟʦʣʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʤʦʛʫ˂ʘ, 

ʩʧʦʥʪʘʥʘ ʠ ʥʝʧʦʚʨʘʪʥʘ. ɸʫʪʦʨʠ ʩʫ ʪʘʢʦʹʝ ʠʟʚʨʰʠʣʠ ʘʥʘʣʠʟʫ ʜʦʙʠʿʝʥʠʭ ʪʘʣʘʩʥʠʭ ʬʫʥʢʮʠʿʘ ʟʘ 

ʤʠʥʠʤʘʣʥʫ ʝʥʝʨʛʝʪʩʢʫ ʢʦʥʬʦʨʤʘʮʠʿʫ ʤʦʣʝʢʫʣʘ ʢʦʨʠʰ˂ʝˁʝʤ NBO ʤʝʪʦʜʝ. ʇʦʢʘʟʘʣʠ ʩʫ ʜʘ  

ʉʪʨʫʢʪʫʨʥʝ ʩʪʫʜʠʿʝ ʦ ʢʨʠʩʪʘʣʥʠʤ ʬʘʟʘʤʘ ʘʣʧʨʘʟʦʣʘʤʘ ʠʤʘ ʜʦʩʪʘ ʠ ʩʚʝʦʙʫʭʚʘʪʥʦ ʩʫ ʠʭ 

ʠʩʪʨʘʞʠʚʘʣʠ Hector ʠ ʩʘʨʘʜʥʠʮʠ ʛʜʝ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʘʣʧʨʘʟʦʣʘʤ ʩʢʣʦʥ ʧʦʣʠʤʦʨʬʠʟʤʫ φχ. 
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3. ɸʜʫʣʪʝʨʘʥʪʠ ʠ ʜʠʣʫʝʥʪʠ ʫ ʩʤʝʰʘʤʘ ʦʜʘʙʨʘʥʠʭ 

ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ  
 

ʇʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ ʩʝ ʨʝʪʢʦ ʧʨʦʜʘʿʫ ʠʣʠ ʢʦʨʠʩʪʝ ʫ ʯʠʩʪʦʤ ʩʪʘˁʫ. 

ʏʝʩʪʦ ʩʝ ʤʝʰʘʿʫ ʩʘ ʜʨʫʛʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʜʘ ʙʠ ʩʝ ʦʙʝʟʙʝʜʠʣʘ ʿʝʜʠʥʠʮʘ ʜʦʟʠʨʘˁʘ ʢʦʿʘ ʩʝ ʤʦʞʝ 

ʣʘʢʰʝ ʢʦʨʠʩʪʠʪʠ. ʍʝʨʦʠʥ, ʘʤʬʝʪʘʤʠʥ ʠ ʢʦʢʘʠʥ ʩʝ ʯʝʩʪʦ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʤʝʰʘʿʫ ʩʘ 

ʘʜʫʣʪʝʨʘʥʪʠʤʘ ʠ ʜʠʣʫʝʥʪʠʤʘ. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠʭ ʩʫʧʩʪʘʥʮʠ ʢʦʿʝ 

ʢʦʥʪʘʤʠʥʠʨʘʿʫ ʥʝʜʦʟʚʦˀʝʥʝ ʜʨʦʛʝ ʿʝ ʚʘʞʥʘ ʿʝʨ ʪʝ ʩʫʧʩʪʘʥʮʝ ʤʦʛʫ ʙʠʪʠ ʪʦʢʩʠʯʥʠʿʝ ʦʜ ʩʘʤʝ 

ʜʨʦʛʝ. ʋʧʦʪʨʝʙʘ ʙʠʣʦ ʢʦʿʝ ʩʫʧʩʪʘʥʮʝ ʥʦʩʠ ʩʘ ʩʦʙʦʤ ʠʥʭʝʨʝʥʪʥʝ ʨʠʟʠʢʝ. ʄʝʹʫʪʠʤ, ʦʚʘʿ ʨʠʟʠʢ 

ʿʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʥ ʟʘ ʧʨʦʠʟʚʦʜʝ ʢʦʿʠ ʩʝ ʢʫʧʫʿʫ ʥʘ ʠʣʝʛʘʣʥʦʤ, ʥʝʨʝʛʫʣʠʩʘʥʦʤ ʪʨʞʠʰʪʫ ʿʝʨ ʥʝ 

ʧʦʩʪʦʿʠ ʢʦʥʪʨʦʣʘ ʢʚʘʣʠʪʝʪʘ. ʊʦ ʿʝ ʫʦʙʠʯʘʿʝʥʦ ʧʨʘʢʩʘ ʥʘ ʥʝʨʝʛʫʣʠʩʘʥʦʤ ʪʨʞʠʰʪʫ ʤʝʰʘˁʘ 

ʜʦʜʘʪʥʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʣʝʢʦʚʝ ʠ ʜʨʫʛʝ ʇʂʉ ʢʘʢʦ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʢʦʣʠʯʠʥʘ ʠʣʠ ʧʦʙʦˀʰʘʣʠ 

ʝʬʝʢʪʠ. ʊʘʢʦʹʝ ʿʝ ʤʦʛʫ˂ʝ ʥʝʥʘʤʝʨʥʦ ʫʢˀʫʯʠʪʠ ʟʘʛʘʹʠʚʘʯʝ ʢʘʦ ʥʫʩʧʨʦʠʟʚʦʜ ʧʨʦʠʟʚʦʜʥʦʛ 

ʧʨʦʮʝʩʘ. ʂʘʦ ʨʝʟʫʣʪʘʪ ʪʦʛʘ, ʣʝʢʦʚʠ ʨʝʮʠʤʦ ʤʦʛʫ ʜʘ ʩʘʜʨʞʝ ʥʝʦʯʝʢʠʚʘʥʝ ʩʫʧʩʪʘʥʮʝ ʥʝʧʦʟʥʘʪʠʭ 

ʢʦʣʠʯʠʥʘ ʠ ʜʘ ʠʤʘʿʫ ʥʝʧʦʟʥʘʪʫ ʩʥʘʛʫ ʠ ʪʦʢʩʠʯʥʦʩʪ. ʆʚʦ ʧʦʚʝ˂ʘʚʘ ʨʠʟʠʢ ʦʜ ʩʣʫʯʘʿʥʦʛ ʪʨʦʚʘˁʘ 

ʠ ʜʨʫʛʝ ʰʪʝʪʝ ʿʝʨ ˀʫʜʠ ʥʝ ʟʥʘʿʫ ʢʦʿʝ ʩʫʧʩʪʘʥʮʝ ʢʦʨʠʩʪʝ ʥʠ ʢʦʣʠʢʦ χρ. 
ɹʝʥʟʦʜʠʘʟʝʧʠʥʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʩʪʝ ʫ ˁʠʭʦʚʦʤ ñʩʪʚʘʨʥʦʤò ʩʪʘˁʫ, ʫ ʪʦʤ ʩʤʠʩʣʫ ʜʘ ʩʝ 

ʢʦʨʠʩʪʝ ʢʘʦ ʨʝʛʠʩʪʨʦʚʘʥʠ ʣʝʢʦʚʠ ʩʘ ʩʪʘʥʜʘʨʜʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ (ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʠ ʧʫʥʠʦʮʘ). 

ʅʘʨʘʚʥʦ, ʧʦʩʪʦʿʝ ʠ ʦʜʩʪʫʧʘˁʘ ʫ ʚʝʟʠ ʩʘ ʪʠʤ, ʧʘ ʩʝ ʦʚʘ ʚʨʩʪʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʪʘʥʮʠ ʥʝʢʘʜʘ 

ʢʦʨʠʩʪʠ ʢʘʦ ñʩʤʨʚˀʝʥʘò ʪʘʙʣʝʪʘ ʛʜʝ ʩʝ ʢʦʥʟʫʤʠʨʘʿʫ ʥʘ ʨʘʟʣʠʯʠʪʝ ʥʘʯʠʥʝ, ʥʘ ʧʨʠʤʝʨ 

ʠˁʝʢʮʠʦʥʦ, ʠʣʠ ʫʰʤʨʢʘʚʘˁʝʤ χς ʘʣʠ ʤʦʛʫ ʙʠʪʠ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʠ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʚʨʩʪʘʤʘ 

ʥʝʢʠʭ ʜʨʫʛʠʭ ʧʫʥʠʣʘʮʘ χσȢ ɸʜʫʣʪʝʨʘʥʪʠ ʩʝ ʦʙʠʯʥʦ ʜʦʜʘʿʫ ʇKʉ ʜʘ ʙʠ ʧʦʿʘʯʘʣʠ ˁʠʭʦʚʘ 

ʜʝʣʦʚʘˁʘ ʠ ʪʦ ʩʫ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʤʦʛʫ ʜʘ ʧʦʩʝʜʫʿʫ ʦʜʨʝʹʝʥʦ ʬʘʨʤʘʢʦʣʦʰʢʦ ʜʝʿʩʪʚʦ (ʢʦʬʝʠʥ), ʘ 

ʜʠʣʫʝʥʪʠ ʩʫ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʫʪʠʯʫ ʥʘ ʥʝʢʝ ʦʜ ʬʠʟʠʯʢʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʜʨʝʹʝʥʠʭ ʇʂʉ. ʊʘʢʦʹʝ 

ʠ ʘʜʫʣʪʝʨʘʥʪʠ ʠ ʜʠʣʫʝʥʪʠ ʧʦʚʝ˂ʘʚʘʿʫ ʢʦʣʠʯʠʥʫ ʫʟʦʨʘʢʘ ʟʙʦʛ ʧʨʦʜʘʿʝ, ʧʘ ʩʝ ʢʦʥʟʫʤʝʥʪʠ ʯʝʩʪʦ 

ʩʫʩʨʝ˂ʫ ʩʘ ʪʘʢʦʟʚʘʥʠʤ Ăʥʝʯʠʩʪʠʤ ʩʫʧʩʪʘʥʮʘʤʘñ. ɸʜʫʣʪʝʨʘʥʪʠ ʢʘʦ ʰʪʦ ʩʫ ʢʦʬʝʠʥ ʠ 

ʧʘʨʘʮʝʪʘʤʦʣ, ʢʦʿʠ, ʟʘʧʨʘʚʦ ʠ ʥʠʩʫ ʩʘʩʪʘʚʥʠ ʜʝʦ ʣʝʢʘ, ʢʦʨʠʩʪʝ ʩʝ ʫ ʥʝʣʝʛʘʣʥʦʿ ʧʨʦʠʟʚʦʜˁʠ ʠ 

ʧʨʦʤʝʪʫ ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʝ ˁʠʭʦʚʠʤ ʜʝʿʩʪʚʦʤ ʦʙʠʯʥʦ ʧʦʥʠʰʪʘʚʘ ʩʝʜʘʪʠʚʥʦ ʜʝʿʩʪʚʦ, ʘʣʠ ʩʝ 

ʜʦʙʠʿʘ ʥʘ ʢʦʣʠʯʠʥʠ ʪʿ ʤʘʩʠ ʟʘ ʧʨʦʜʘʿʫ ʠ ʟʣʦʫʧʦʪʨʝʙʫ. ʅʘʠʤʝ, ʧʦʩʪʦʿʠ ʢʣʘʩʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʥʝʤʘ 

ʬʘʨʤʘʢʦʣʦʰʢʦ ʜʝʿʩʪʚʦ ʥʘ ʫʟʦʨʘʢ ʢʘʦ ʥʘ ʧʨʠʤʝʨ ʛʣʫʪʘʤʠʥ, ʠ ʥʝʢʠ ʦʜ ʰʝ˂ʝʨʘ ʠ ʦʥʠ ʩʝ ʥʘʟʠʚʘʿʫ 

ʜʠʣʫʝʥʪʠʤʘ.  ɿʘʥʠʤˀʠʚʦ ʿʝ ʪʦ ʜʘ ʥʝʢʠ ʫʟʦʨʮʠ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʩʘ 

ʘʜʫʣʪʝʨʘʥʪʠʤʘ/ʜʠʣʫʝʥʪʠʤʘ ʫ ʩʚʦʿʦʿ ʩʤʝʰʠ, ʜʘʿʫ ʨʝʟʫʣʪʘʪʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ ʥʘ ʨʘʟʣʠʯʠʪʝ 

ʥʘʯʠʥʝ, ʪʿ ʨʘʟʣʠʯʠʪʠʤ ʘʥʘʣʠʪʠʯʢʠʤ ʪʝʭʥʠʢʘʤʘ, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ˁʠʭʦʚʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ,ʘ ʠ 

ʩʤʝʰʝ ʢʦʿʘ ʯʠʥʠ ʿʝʜʘʥ ʫʟʦʨʘʢ. ʅʝʢʠ ʦʜ ʘʜʫʣʪʝʨʘʥʘʪʘ/ʜʠʣʫʝʥʘʪʘ ʥʘ ʧʨʠʤʝʨ ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʜʘ 

ʩʝ ʿʘʯʝ ʚʝʟʫʿʫ ʫ ʩʤʝʰʠ ʟʘ ʦʩʥʦʚʥʫ ʩʫʧʩʪʘʥʮʫ ʫʟʦʨʢʘ (ʧʩʠʭʦʘʢʪʠʚʥʠʫ ʢʦʥʪʨʦʣʠʩʘʥʫ ʩʫʧʩʪʘʥʮʫ) 

ʠ ʪʠʤʝ ʧʨʝʢʨʠʿʫ ʠʥʬʨʘʮʨʚʝʥʠ ʩʧʝʢʪʘʨ ʦʩʥʦʚʥʝ ʩʫʧʩʪʘʥʮʝ, ʧʘ ʿʝ ʠʥʪʝʨʝʩʘʥʪʥʦ ʪʦ ʰʪʦ ʥʝ ʤʦʞʝ 

ʫʚʝʢ ʜʘ ʩʝ ʜʦʙʠʿʝ ʝʛʟʘʢʪʘʥ ʨʝʟʫʣʪʘʪ ʩʘʤʦ ʿʝʜʥʦʤ ʘʣʘʥʠʪʠʯʢʦʤ ʤʝʪʦʜʦʤ.  

ʅʘʠʤʝ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʿʝ ʤʦʛʫ˂ʝ ʦʜʨʝʜʠʪʠ ʘʜʫʣʪʝʨʘʥʪʝ/ʜʠʣʫʝʥʪʝ ʧʨʦʮʝʜʫʨʘʤʘ 

ʘʥʘʣʠʪʠʯʢʝ ʭʝʤʠʿʝ χτȟχυ. ʅʘʿʯʝʰʝ˂ ʩʝ ʫ ʪʠʤ ʩʣʫʯʘʿʝʚʠʤʘ ʢʦʨʠʩʪʝ ʤʝʪʦʜʝ ʠʥʬʨʘʮʨʚʝʥʝ 

ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʘʣʠ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʦʛʘ ʢʦʿʠ ʿʝ ʧʫʥʠʣʘʮ ʧʨʠʩʫʪʘʥ ʫ ʫʟʦʨʢʫ 

ʧʦʨʝʜ ʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ (ʇʂʉ), ʥʝʢʘʜ ʿʝ ʪʝʞʝ ʦʜʚʦʿʠʪʠ ʿʝʜʠˁʝˁʘ ʠʟ ʩʤʝʰʘ, ʧʘ ʩʝ ʧʨʠʙʝʛʘʚʘ 

ʦʩʝʪˀʠʚʠʿʠʤ ʤʝʪʦʜʘʤʘ ʢʦʿʝ ʤʦʛʫ ʜʘ ʨʘʟʜʚʦʿʝ ʩʤʝʰʝ ʢʘʦ ʰʪʦ ʩʫ ʛʘʩʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ (GC), 

ʛʘʩʥʝ ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ ʩʧʨʝʛʥʫʪʝ ʩʘ ʤʘʩʝʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠʿʦʤ (GC-MS, ʪʘʥʢʦʩʣʦʿʥʦʤ 

ʭʨʦʤʘʪʦʛʨʘʬʠʿʦʤ (TLC) χφ ʠ ʜʨ.  

Gine C.V. ʠ ʩʘʨʘʜʥʠʮʠ χχ ʩʫ ʫʪʚʜʠʣʠ ʜʘ ʩʫ ʫʟʦʨʮʠ ʢʦʿʠ ʩʘʜʨʞʝ Ăʯʠʩʪñ MDMA  ʚʝ˂ʠ ʢʦʜ 

ʢʨʠʩʪʘʣʥʦʛ ʦʙʣʠʢʘ ʥʝʛʦ ʫ ʪʘʙʣʝʪʘʤʘ, ʜʦʢ ʿʝ ʙʨʦʿ ʘʜʫʣʪʝʨʘʥʘʪʘ ʚʝ˂ʠ ʫ ʪʘʙʣʝʪʘʤʘ. ʅʘʿʯʝʰ˂ʠ 

ʘʜʫʣʪʝʨʘʥʪʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʧʨʦʠʟʚʦʜˁʠ MDMA ʩʫ: ʢʦʬʝʠʥ, ʢʝʪʘʤʠʥ, ʧʘʨʘʮʝʪʘʤʦʣ, 

ʜʠʤʝʪʠʣʩʫʣʬʦʥ, ʘʪʨʦʧʠʥ, ʣʠʜʦʢʘʠʥ, ʬʝʥʘʮʝʪʠʥ, ʧʠʧʝʨʘʟʠʥʠ ʠ ʧʦʥʝʢʘʜ ʜʨʫʛʝ ʚʨʩʪʝ 

ʘʤʬʝʪʘʤʠʥʘ ʘʣʠ ʠ ʜʠʣʫʝʥʪʠ ʢʘʦ ʰʪʦ ʿʝ ʨʘʟʥʘ ʚʨʩʪʘ ʰʝ˂ʝʨʘ χχ. 
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Subhash C. ʠ ʩʘʨʘʜʥʠʮʠ χψ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ je ʙʝʣʠ ʭʝʨʦʠʥ 16(ʜʠʘʮʝʪʠʣ ʤʦʨʬʠʥ) ʥʘʿʯʠʩʪʠʿʠ 

ʦʙʣʠʢ ʭʝʨʦʠʥʘ, ʘʣʠ ʩʝ ʦʙʠʯʥʦ ʢʦʤʙʠʥʫʿʝ ʩʘ ʜʨʫʛʠʤ ʩʫʧʩʪʘʥʮʘʤʘ, ʟʥʘʯʘʿʥʦ ʩʤʘˁʫʿʫ˂ʠ ˁʝʛʦʚʫ 

ʯʠʩʪʦ˂ʫ. ʀʩʧʠʪʠʚʘʣʠ ʩʫ ʭʝʤʠʿʩʢʠ ʩʘʩʪʘʚ ʫʟʦʨʘʢʘ ʢʦʨʠʰ˂ʝˁʝʤ ʨʘʟʣʠʯʠʪʠʭ ʘʥʘʣʠʪʠʯʢʠʭ 
ʪʝʭʥʠʢʘ, ʪʿ. ʢʦʣʦʨ ʪʝʩʪ, ʪʘʥʢʦʩʣʦʿʥʘ ʭʨʦʤʘʪʦʛʨʘʬʠʿʘ ʢʦʿʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʢʚʘʣʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ 

ʜʦʢ GC-MS ʢʦʨʠʩʪʠ ʟʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʠ ʧʦʪʚʨʜʫ ʢʦʿʠ ʩʫ ʩʚʝ ʩʘʩʪʦʿʮʠ ʧʨʠʩʫʪʥʠ ʫ ʫʟʦʨʩʢʫ ʩʘ 

ʠʣʝʛʘʣʥʦʛ ʪʨʞʠʰʪʘ. ɿʘ ʫʟʦʨʢʝ ʩʫ ʫʪʚʨʜʠʣʠ ʜʘ ʩʘʜʨʞʝ ʜʠʘʮʝʪʠʣʤʦʨʬʠʥ (DAM), 

ʤʦʥʦʘʮʝʪʠʣʤʦʨʬʠʥ (MAM) 17, ʘʮʝʪʠʣ ʢʦʜʝʠʥ ʠ ʘʜʫʣʪʝʨʘʥʪʝ ʢʘʦ ʰʪʦ ʩʫ ʢʦʬʝʠʥ, ʘʮʝʪʘʤʠʥʦʬʝʥ, 

ʬʝʥʦʙʘʨʙʠʪʘʣ, ʘʣʧʨʘʟʦʣʘʤ ʠ ʜʝʢʩʪʨʦʤʝʪʦʨʬʘʥ χψ.  
 

3.1. ʇʘʨʘʮʝʪʘʤʦʣ 
 

ʇʘʨʘʮʝʪʘʤʦʣ ʿʝ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰʯʠʭ ʘʜʫʣʪʝʨʘʥʘʪʘ. ʋʣʠʯʥʝ ʜʨʦʛʝ ʢʘʦ ʥʘ ʧʨʠʤʝʨ ʭʝʨʦʠʥ 

ʥʘʿʯʝʰ˂ʝ ʩʘʜʨʞʠ ʩʘʤʦ ʦʢʦ 7-10% ʥʘʿʚʠʰʝ ʜʦ 20% ʜʠʘʮʝʪʠʣʤʦʨʬʠʥʘ, ʜʦʢ ʩʫ ʦʩʪʘʪʘʢ ʜʨʫʛʝ 

ʩʫʧʩʪʘʥʮʝ: ʧʘʨʘʮʝʪʘʤʦʣ ʠ ʢʦʬʝʠʥ ʟʘʩʪʫʧˀʝʥʠ ʫ ʦʛʨʦʤʥʦʿ ʤʝʨʠ, ʧʨʝʢʦ 50%. ʇʨʦʜʘʚʮʠ, ʢʘʦ ʠ 

ʢʦʥʟʫʤʘʥʪʠ ʥʘʿʯʝʰ˂ʝ ʤʝʰʘʿʫ ʧʘʨʘʮʝʪʘʤʦʣ ʩʘ ʧʩʠʭʦʘʢʪʠʚʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʟʙʦʛ ˁʝʛʦʚʠʭ 

ʘʥʘʣʛʝʪʠʯʢʠʭ ʠ ʘʥʪʠʧʠʨʝʪʠʯʢʠʭ ʦʩʦʙʠʥʘ (ʫʙʣʘʞʘʚʘ ʙʦʣ ʠ ʩʥʠʞʘʚʘ ʪʝʤʧʝʨʘʪʫʨʫ, ʫʤʠʨʫʿʝ), ʣʘʢʦ 

ʿʝ ʜʦʩʪʫʧʘʥ, ʿʝʬʪʠʥ ʿʝ, ʚʝ˂ʠʥʘ ˀʫʜʠ ʛʘ ʦʜʣʠʯʥʦ ʧʦʜʥʦʩʠ ʠ ʥʝ ʧʦʢʘʟʫʿʝ ʥʝʞʝˀʝʥʝ ʝʬʝʢʪʝ. ɿʘʪʦ 

ʿʝ ʧʘʨʘʮʝʪʘʤʦʣ ʿʝʜʘʥ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʧʨʦʧʨʘʪʥʠʭ ʝʣʝʤʝʥʘʪʘ ʫʥʫʪʘʨ ʦʚʘʢʚʠʭ ʩʤʝʰʘ φω.  

 

 

 

ʉʣʠʢʘ 21. ʉʪʨʫʢʪʫʨʘ ʧʘʨʘʮʝʪʘʤʦʣʘ 

ʇʘʨʘʮʝʪʘʤʦʣ (ʩʣʠʢʘ 21) ʿʝ ʣʘʢ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ. ɼʦʢʘʟʫʿʝ ʩʝ ʩʘ ʤʥʦʛʦ ʘʥʘʣʠʪʠʯʢʠʭ 

ʤʝʪʦʜʘ. ʅʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʘ ʿʝ IR (ʠʥʬʨʘʮʨʚʝʥʘ ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ), ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʘ ʙʨʟʘ 

ʘʥʘʣʠʟʘ. ʆʙʟʠʨʦʤ ʜʘ ʿʝ ʫ ʚʠʩʦʢʦʤ ʫʜʝʣʫ ʫ ʫʟʦʨʮʠʤʘ, ʣʘʢʦ ʩʝ ʤʦʞʝ ʧʨʝʧʦʟʥʘʪʠ ʥʘ ʩʧʝʢʪʨʫ, ʠ 

ʦʜʚʦʿʠʪʠ ʦʜ ʦʩʥʦʚʥʝ ʩʫʧʩʪʘʥʮʝ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ χωȢ ɿʘʥʠʤˀʠʚʘ ʿʝ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ 

ʇʂʉ ʩʘ ʧʘʨʘʮʝʪʘʤʦʣʦʤ, ʢʘʦ ʠ ʩʪʨʫʢʪʫʨʥʘ ʘʥʘʣʠʟʘ, ʦʙʟʠʨʦʤ ʜʘ ʩʝ ʭʝʤʠʿʩʢʠ ʣʘʢʦ ʦʜʚʘʿʘʿʫ. 

Mallah M. ʠ ʩʘʨʘʜʥʠʮʠψπ ʩʫ ʧʨʠʢʘʟʘʣʠ ʨʘʟʚʦʿ ʦʩʝʪˀʠʚʝ ʠ ʙʨʟʝ ʤʝʪʦʜʝ ʟʘ ʪʘʯʥʫ 
ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʧʘʨʘʮʝʪʘʤʦʣʘ ʫ ʯʠʩʪʠʤ ʣʝʢʦʚʠʤʘ ʠ ʯʚʨʩʪʠʤ ʬʦʨʤʫʣʘʮʠʿʘʤʘ, ʦʜʥʦʩʥʦ 

ʪʘʙʣʝʪʘʤʘ ʠ ʢʘʧʩʫʣʘʤʘ ʢʦʨʠʰ˂ʝˁʝʤ ʪʨʘʥʩʤʠʩʠʦʥʝ FTIR ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ. ʆʚʘʿ ʤʝʪʦʜ ʩʝ ʯʝʩʪʦ 

ʤʦʞʝ ʩʧʨʦʚʦʜʠʪʠ ʿʝʨ ʩʝ ʧʦʩʪʫʧʘʢ ʘʥʘʣʠʟʝ ʫʯʠʥʠʦ ʿʝʜʥʦʩʪʘʚʥʠʤ ʝʣʠʤʠʥʠʩʘˁʝʤ ʩʣʦʞʝʥʝ 

ʝʢʩʪʨʘʢʮʠʿʝ. ʆʚʦ ʥʝ ʩʘʤʦ ʜʘ ʫʤʘˁʫʿʝ ʪʨʦʰʢʦʚʝ ʠ ʚʨʝʤʝ ʘʥʘʣʠʟʝ, ʚʝ˂ ʿʝ ʠ ʫʧʦʪʨʝʙʘ ʪʦʢʩʠʯʥʠʭ 

ʭʝʤʠʢʘʣʠʿʘ ʩʚʝʜʝʥʘ ʥʘ ʤʠʥʠʤʫʤ ψπ.  
Belal T. ʠ ʩʘʨʘʜʥʠʮʠ ψρʩʫ ʨʘʟʚʠʣʠ ʜʚʝ ʿʝʜʥʦʩʪʘʚʥʝ, ʙʨʟʝ ʠ ʩʝʣʝʢʪʠʚʥʝ ʘʥʘʣʠʪʠʯʢʝ 

ʧʨʦʮʝʜʫʨʝ ʟʘ ʠʩʪʦʚʨʝʤʝʥʦ ʦʜʨʝʹʠʚʘˁʝ ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ ʪʨʘʤʘʜʦʣ-ʭʠʜʨʦʭʣʦʨʠʜʘ ʫ ʙʠʥʘʨʥʦʿ 

ʩʤʝʰʠ ʢʦʨʠʰ˂ʝˁʝʤ ʪʝʯʥʝ ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ ʩʘ UV ʜʝʪʝʢʮʠʿʦʤ (HPLC-

UV) ʠ ʛʘʩʥʝ ʭʨʦʤʘʪʦʛʨʘʬʠʿʝ ʩʘ ʤʘʩʝʥʦʤ ʩʧʝʢʪʨʦʤʝʪʨʠʿʦʤ (GC-MS). ʇʨʝʜʣʦʞʝʥʝ ʤʝʪʦʜʝ ʩʫ 
ʫʩʧʝʰʥʦ ʧʨʠʤʝˁʝʥʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʜʚʘ ʿʝʜʠˁʝˁʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠ ʧʨʠʧʨʝʤˀʝʥʠʤ ʩʤʝʰʘʤʘ ʠ 

ʫ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʠʤ ʪʘʙʣʝʪʘʤʘ. ʅʠʩʫ ʧʨʠʤʝ˂ʝʥʠ ʧʠʢʦʚʠ ʠʥʪʝʨʬʝʨʝʥʮʠʿʝ ʢʦʜ 

ʫʦʙʠʯʘʿʝʥʠʭ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʩʨʝʜʩʪʘʚʘ ψρ 

                                                           
16 ʏʠʩʪ ʭʝʨʦʠʥ ʿʝ ʙʝʣʝ ʙʦʿʝ ʢʘʦ, ʘʣʠ ʪʘʢʘʚ ʥʝ ʠʜʝ ʥʘ ʪʨʞʠʰʪʝ. ɿʘʚʠʩʥʦ ʦʜ ʯʠʩʪʦ˂ʝ ʩʤʝʩʝ ʦʜʥʦʩʥʦ ʦʜ ʚʨʩʪʝ ʠ 

ʢʦʣʠʯʠʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʘ ʿʝ ʜʦʜʘʪʘ, ʙʦʿʘ ʭʝʨʦʠʥʘ ʚʘʨʠʨʘ ʦʜ ʩʚʝʪʣʦʩʤʝʹʝ ʜʦ ʩʤʝʹʝʮʨʚʝʥʢʘʩʪʝ ʥʠʿʘʥʩʝ. ɼʘ ʙʠ ʩʝ 

ʧʦʚʝ˂ʘʣʘ ʢʦʣʠʯʠʥʘ ʜʨʦʛʝ ʥʘ ʪʨʞʠʰʪʫ, ʘ ʪʠʤʝ ʠ ʟʘʨʘʜʘ, ʯʠʩʪʦʤ ʭʝʨʦʠʥʫ ʩʝ ʜʦʜʘʿʫ ʥʘʿʨʘʟʣʠʯʠʪʠʿʝ ʩʫʧʩʪʘʥʮʝ 

(ʰʝ˂ʝʨ ʫ ʧʨʘʭʫ, ʨʘʟʥʠ ʧʨʘʰʢʘʩʪʠ ʜʝʪʝʨ˅ʝʥʪʠ, ʛʠʧʩ ʠʪʜ.) (https://www.stetoskop.info/narkotici-droge/heroin-h-hors-

dzank-dop-zuto ʧʨʠʩʪʫʧʘʥʦ 18.10.2024.) 
17 DAM (diacetilmorfin)- ʭʝʨʦʠʥ, MAM (monoacetilmorfin) ïʝʩʪʘʨ ʜʠʘʮʝʪʠʣʤʦʨʬʠʥʘ.  

https://www.stetoskop.info/narkotici-droge/heroin-h-hors-dzank-dop-zuto
https://www.stetoskop.info/narkotici-droge/heroin-h-hors-dzank-dop-zuto
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ʋ ʣʠʪʝʨʘʪʫʨʠ ʿʝ ʧʨʦʥʘʹʝʥʦ ʠ ʜʘ ʩʝ ʩʚʝ ʚʠʰʝ ʢʦʨʠʩʪʝ ʪʘʙʣʝʪʝ ʢʦʿʝ ʣʠʯʝ ʥʘ Percocet Ê 

(ʦʢʩʠʢʦʜʦʥ ʠ ʧʘʨʘʮʝʪʘʤʦʣ) ʠ XanaxÊ (ʘʣʧʨʘʟʦʣʘʤ) ʫ ʢʦʿʠ ʩʝ ʜʦʜʘʿʝ ʧʘʨʘʮʝʪʘʤʦʣ. ψς 

 

3.2. ʂʦʬʝʠʥ 
 

ʂʦʬʝʠʥ (ʪʨʠʤʝʪʠʣʢʩʘʥʪʠʥ (C8H10N4O2)) ʿʝ ʧʨʠʨʦʜʥʠ ʘʣʢʘʣʦʠʜ, ʢʦʿʠ ʩʝ ʜʦʙʠʿʘ ʠʟ ʟʨʥʘ ʢʘʬʝ, 

ʠʟ ʣʠʩʪʦʚʘ ʯʘʿʘ ʠ ʠʟ ʢʘʢʘʦʚʠʭ ʟʨʥʘ. ʂʦʬʝʠʥ ʩʝ ʫ ʩʚʦʤ ʯʠʩʪʦʤ ʦʙʣʠʢʫ ʿʘʚˀʘ ʩʝ ʢʘʦ ʙʝʣʠ, 

ʢʨʠʩʪʘʣʥʠ ʧʨʘʭ, ʙʝʟ ʤʠʨʠʩʘ ʠ ʛʦʨʢʦʛ ʫʢʫʩʘ, ʢʦʿʠ ʩʝ ʜʦʙʨʦ ʨʘʩʪʚʘʨʘ ʫ ʚʦʜʠ. ʉʪʨʫʢʪʫʨʘ ʢʦʬʝʠʥʘ 

ʩʝ ʩʘʩʪʦʿʠ ʠʟ ʜʚʦʩʪʨʫʢʦʛ ʧʨʩʪʝʥʘ, ʥʘ ʢʦʿʝ ʩʝ ʩʘ ʩʧʦˀʘʰˁʝ ʩʪʨʘʥʝ ʥʘʣʘʟʠ ʚʠʰʝ ʩʫʧʩʪʠʪʫʝʥʘʪʘ 

(ʩʣʠʢʘ 22).  

 

 

 

ʉʣʠʢʘ 22. ʉʪʨʫʢʪʫʨʘ ʢʦʬʝʠʥʘ 

ʇʦʩʪʦʿʝ ʜʚʝ ʝʥʘʥʪʠʦʪʨʦʧʥʝ ʧʦʣʠʤʦʨʬʥʝ ʢʨʠʩʪʘʣʥʝ ʬʦʨʤʝ ʢʦʬʝʠʥʘ. ʅʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʪʘʙʠʣʥʘ ʿʝ ɓ-ʬʦʨʤʘ (ʬʦʨʤʘ ʥʘ ʥʠʩʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ), ʜʦʢ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 141ÁC ʧʨʝʣʘʟʠ 

ʫ Ŭ-ʬʦʨʤʫ (ʬʦʨʤʘ ʥʘ ʚʠʩʦʢʠʤ ʪʝʤʧʝʨʘʪʫʨʘʤʘ). ʆʚʘ ʬʦʨʤʘ ʩʝ ʪʦʧʠ ʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʦʜ 236°C 

ψσ. ʇʦʚʨʘʪʥʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʠʟ Ŭ- ʫ ɓ-ʬʦʨʤʫ ʿʝ ʢʠʥʝʪʠʯʢʠ ʦʥʝʤʦʛʫ˂ʝʥʘ, ʪʘʢʦ ʜʘ ʩʝ Ŭ-ʬʦʨʤʘ 

ʤʦʞʝ ʥʝʜʝˀʘʤʘ ʥʘʣʘʟʠʪʠ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʫ ʤʝʪʘʩʪʘʙʠʣʥʦʤ ʩʪʘˁʫ. ʂʦʬʝʠʥ ʢʘʦ ʿʝʜʠˁʝˁʝ 

ʚʨʣʦ ʣʘʢʦ ʩʫʙʣʠʤʠʨʘ (ʥʘ 178  ÁC). ʈʘʩʪʚʦʨˀʠʚʦʩʪ ʜʦʩʪʘ ʟʘʚʠʩʠ ʦʜ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʬʝʠʥ ʧʨʠ 

ʢʨʠʩʪʘʣʠʟʘʮʠʿʠ ʠʟ ʚʦʜʝ ʛʨʘʜʠ ʢʨʠʩʪʘʣʥʠ ʭʠʜʨʘʪ ʫ ʦʙʣʠʢʫ ʜʫʛʠʭ ʠʛʣʠʮʘ. ʉʪʝʭʠʦʤʝʪʨʠʿʩʢʠ 

ʭʠʜʨʘʪ ʫ ʢʨʠʩʪʘʣʥʦʿ ʨʝʰʝʪʢʠ ʩʘʜʨʞʠ 0,8 ʤʦʣʘ ʚʦʜʝ ʧʦ ʿʝʜʥʦʤ ʤʦʣʫ ʢʦʬʝʠʥʘψτ.  
ɼʝʨʠʚʘʪʠ ʢʩʘʥʪʠʥʘ ʢʘʦ ʰʪʦ ʩʫ ʢʦʬʝʠʥ ʩʝ ʦʟʥʘʯʘʚʘʿʫ ʩʣʘʙʠʤ ʙʘʟʘʤʘ, ʿʝʨ ʤʦʛʫ ʧʨʠʤʠʪʠ 

ʧʨʦʪʦʥʝ ʧʨʝʢʦ ʩʚʦʿʠʭ ʘʪʦʤʘ ʘʟʦʪʘ. ʀ ʧʦʨʝʜ ʪʦʛʘ, ʨʘʩʪʚʦʨʠ ʜʝʨʠʚʘʪʘ ʢʩʘʥʪʠʥʘ ʥʠʩʫ ʘʣʢʘʣʥʠ, ʘʣʠ 

ʩʝ ʦʥʠ ʫʙʨʘʿʘʿʫ ʫ ʘʣʢʘʣʦʠʜʝ. ʂʘʦ ʘʣʢʘʣʦʠʜʠ ʩʝ ʛʝʥʝʨʘʣʥʦ ʦʟʥʘʯʘʚʘʿʫ ʩʚʘ ʬʠʟʠʦʣʦʰʢʠ ʘʢʪʠʚʥʘ.   

ʀʘʢʦ ʢʦʬʝʠʥ ʠʤʘ ʨʝʣʘʪʠʚʥʦ ʰʠʨʦʢ ʩʧʝʢʪʘʨ ʜʝʣʦʚʘˁʘ, ʫ ʤʘˁʠʤ ʜʦʟʘʤʘ ʧʨʝʜʩʪʘʚˀʘ 

ʩʪʠʤʫʣʘʥʩ. ʇʦʜ ʪʠʤ ʩʝ, ʛʝʥʝʨʘʣʥʦ, ʧʦʜʨʘʟʫʤʝʚʘ ʩʫʧʩʪʘʥʮʘ ʢʦʿʘ ʠʤʘ ʥʘʫʨʦʣʦʰʢʦ ʜʝʣʦʚʘˁʝ ʥʘ 

ʧʩʠʭʫ ʯʦʚʝʢʘ, ʯʠʤʝ ʩʝ ˁʝʛʦʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ, ʚʦˀʘ ʠ ʝʥʝʨʛʠʿʘ ʧʦʚʝ˂ʘʚʘ, ʘ ʩʤʘˁʫʿʝ ʦʩʝ˂ʘʿ 

ʫʤʦʨʘ. ʇʦʪʨʝʙʥʦ ʿʝ ʨʘʟʣʠʢʦʚʘʪʠ ʧʦʙʫʹʫʿʫ˂ʠ ʦʜ ʫʟʙʫʹʫʿʫ˂ʝʛ ʜʝʣʦʚʘˁʘ ʢʦʬʝʠʥʘ, ʧʨʠ ʯʝʤʫ 

ʫʟʙʫʹʫʿʫ˂ʠ ʟʘʭʪʝʚʘ ʚʝ˂ʝ ʜʦʟe ψυ. ʇʦʚʝ˂ʘˁʝʤ ʜʦʟʝ ʢʦʬʝʠʥʘ ʜʦʣʘʟʠ ʠ ʜʦ ʧʦʜʨʘʞʘʿʘ ʮʝʥʪʨʘ ʟʘ 
ʜʠʩʘˁʝ ʠ ʢʨʚʦʪʦʢʘ.  

ʆʙʟʠʨʦʤ ʜʘ ʩʝ ʢʦʨʠʩʪʠ ʢʘʦ ʩʪʠʤʫʣʘʥʩ, ʿʘʩʥʦ ʿʝ ˁʝʛʦʚʦ ʜʝʣʦʚʘˁʝ ʩʘ ʩʤʝʰʘʤʘ ʢʦʿʝ ʫ ʩʝʙʠ 

ʩʘʜʨʞʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ. ʂʦʬʝʠʥ ʥʝ ʫʙʣʘʞʘʚʘ ʙʦʣ, ʘʣʠ ʧʦʿʘʯʘʚʘ ʜʝʿʩʪʚʦ 

ʘʥʘʛʣʝʪʠʢʘ. ʇʘ ʩʝ ʯʝʩʪʦ ʧʩʠʭʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʨʠʩʪʝ ʫ ʩʤʝʰʠ ʩʘ ʥʝʢʠʤ ʘʥʘʛʣʝʪʠʢʦʤ ʠ 

ʢʦʬʝʠʥʦʤ. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʩʝ ʧʫʥʠʦʮʠ ʜʦʜʘʿʫ ʩʤʝʰʘʤʘ ʧʩʠʭʘʢʪʦʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʢʘʢʦ ʙʠ 

ʩʝ ʧʦʚʝ˂ʘʣʘ ʠ ʢʦʣʠʯʠʥʘ ʪʿ ʤʘʩʘ ʪʘʢʚʠʭ ʫʟʦʨʘʢʘ, ʰʪʦ ʜʠʣʝʨʠʤʘ ʠʜʝ ʫ ʧʨʠʣʦʛ ʟʘ ʩʪʘʚˀʘˁʝ ʫ 

ʧʨʦʤʝʪ ʠ ʧʨʦʜʘʿʫ ʦʧʦʿʥʠʭ ʜʨʦʛʘ.  

Davies S. ʠ ʩʘʨʘʜʥʠʮʠ ψφ ʩʫ ʦʜʨʝʹʠʚʘʣʠ ʩʘʜʨʞʘʿ ʢʦʬʝʠʥʘ ʠ ʥʦʚʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ 
ʩʫʧʩʪʘʥʮʠ. ʀʩʪʨʘʞʠʚʘʣʠ ʩʫ ʰʝʩʪ ʥʦʚʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʟʘ ʢʦʿʝ ʥʠʿʝ ʜʝʢʣʘʨʠʩʘʥʦ ʜʘ 

ʩʘʜʨʞʝ ʢʦʬʝʠʥ. ɸʥʘʣʠʟʘ ʦʚʠʭ ʧʨʦʠʟʚʦʜʘ ʿʝ ʦʙʘʚˀʝʥʘ ʢʦʨʠʰ˂ʝˁʝʤ IR ʩʧʝʢʪʨʦʩʢʦʧʠʿʝ, GC-MS 

LCMS-MS ʜʘ ʙʠ ʩʝ ʠʜʝʥʪʠʬʠʢʦʚʘʦ ʘʢʪʠʚʥʠ ʩʘʩʪʦʿʘʢ(ʮʠ) ʠ ʠʟʤʝʨʠʦ ʩʘʜʨʞʘʿ ʢʦʬʝʠʥʘ ʫ 

ʧʨʦʠʟʚʦʜʫ. ʀʜʝʥʪʠʬʠʢʦʚʘʣʠ ʩʫ ʩʚʠʭ ʰʝʩʪ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ʩʚʘʢʠ ʦʜ ˁʠʭ ʿʝ ʩʘʜʨʞʘʦ 
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ʢʦʬʝʠʥ ʢʘʦ ʘʢʪʠʚʥʦ ʬʘʨʤʘʢʦʣʦʰʢʦ ʿʝʜʠˁʝˁʝ. ʊʘʢʦʹʝ ʩʫ ʧʦʢʘʟʘʣʠ ʜʘ ʿʝ ʚʠʩʦʢ ʩʘʜʨʞʘʿ ʢʦʬʝʠʥʘ 

ʟʘʿʝʜʥʦ ʩʘ ʧʩʠʭʦʘʢʪʠʚʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʪʦʢʩʠʯʘʥ ψφ. 
ʋ ʣʠʪʝʨʘʪʫʨʠ ʿʝ ʧʨʦʥʘʹʝʥʦ ʠ ʜʘ ʢʦʤʙʠʥʘʮʠʿʘ ʢʦʢʘʠʥʘ ʠ ʢʦʬʝʠʥʘ ʜʦʜʘʪʥʦ ʧʦʿʘʯʘʚʘ ʝʬʝʢʪʝ 

ʢʦʢʘʠʥʘ, ʥʝʛʦ ʢʘʜʘ ʿʝ ʫ ʯʠʩʪʦʤ ʩʪʘˁʫ ψχȢ 

 

3.3. ʐʝ˂ʝʨʠ 
 

ʇʫʥʠʦʮʠ ʩʫ ʫʛʣʘʚʥʦʤ ʠʥʝʨʪʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʩʝ ʜʦʜʘʿʫ ʜʘ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʤʘʩʘ, ʦʜʥʦʩʥʦ 

ʢʦʣʠʯʠʥʘ ʧʨʦʠʟʚʦʜʘ. ʂʘʦ ʰʪʦ ʿʝ ʨʝʯʝʥʦ, ʟʘ ʨʘʟʣʠʢʫ ʦʜ ʧʨʘʭʘ ʠʣʠ ʢʨʠʩʪʘʣʘ, ʢʦʿʠ ʤʦʛʫ ʙʠʪʠ 

ʧʦʪʧʫʥʦ ʯʠʩʪʠ, ʪʘʙʣʝʪʝ ʥʝ ʤʦʛʫ ʜʘ ʩʘʜʨʞʝ ʠʩʢˀʫʯʠʚʦ ʣʦʨʘʟʝʧʘʤ ʠʣʠ ʘʣʧʨʘʟʦʣʘʤ ʿʝʨ ʠʭ ʿʝ 

ʥʝʤʦʛʫ˂ʝ ʦʙʣʠʢʦʚʘʪʠ ʙʝʟ ʜʦʜʘʪʢʘ ʥʝʢʠʭ ʜʨʫʛʠʭ ʚʝʟʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ. ʆʩʠʤ ʪʦʛʘ, ʧʫʥʠʦʮʠ ʩʝ 

ʜʦʜʘʿʫ ʠ ʨʘʜʠ ʙʦˀʝʛ ʠʟʛʣʝʜʘ, ʙʦʿʝ ʠ ʫʢʫʩʘ ʩʘʤʝ ʇʂʉ. ʇʫʥʠʣʘʮ ʠ ʥʝʢʝ ʚʨʩʪʝ ʘʜʫʣʪʝʨʘʥʪʘ ʩʫ 

ʩʫʧʩʪʘʥʮʝ ʙʝʟ ʬʘʨʤʘʢʦʣʦʰʢʦʛ ʩʚʦʿʩʪʚʘ. ʅʘʿʟʘʩʪʫʧˀʝʥʠʿʠ ʧʫʥʠʦʮʠ ʩʫ ʰʝ˂ʝʨʠ, ʢʘʦ ʰʪʦ ʩʫ 

ʛʣʫʢʦʟʘ, ʣʘʢʪʦʟʘ, ʤʠʢʨʦʢʨʠʩʪʘʣʥʘ ʮʝʣʫʣʦʟʘ ʠ ʜʨ.χχ.  
ɱʝʜʥʠ ʦʜ ʥʘʿʯʝʰ˂ʠʭ ʰʝ˂ʝʨʘ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʥʘʣʘʟʝ ʫ ʦʨʠʛʠʥʘʣʥʠʤ, ʬʘʙʨʠʯʢʠʤ, ʟʘʢʦʥʦʤ 

ʟʘʙʨʘˁʝʥʠʭ ʪʘʙʣʝʪʘ ʿʝ ʣʘʢʪʦʟʘ ʠ ʛʣʫʢʦʟʘ (ʩʣʠʢʘ 23 ʠ ʩʣʠʢʘ 24).  

ʃʘʢʪʦʟʘ ʿʝ ʜʠʩʘʭʘʨʠʜ ʢʦʿʠ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʤʦʣʝʢʫʣʘ ɓ-D-ʛʘʣʘʢʪʦʟʝ ʠ ɓ-D-ʛʣʫʢʦʟʝ ʢʦʿʠ ʩʫ 

ʚʝʟʘʥʠ ʧʨʝʢʦ ɓ1-4 ʛʣʠʢʦʟʠʜʥʝ ʚʝʟʝ.  

 

 

 

 

ʉʣʠʢʘ 23. ʉʪʫʨʢʪʫʨʘ ʣʘʢʪʦʟʝ 

ɳʝʥ ʙʣʘʛʠ ʫʢʫʩ ʠ ʩʚʦʿʩʪʚʘ ʣʘʢʦʛ ʨʫʢʦʚʘˁʘ ʜʦʚʝʣʠ ʩʫ ʜʦ ˁʝʛʦʚʝ ʫʧʦʪʨʝʙʝ ʢʘʦ ʥʦʩʘʯʘ ʠ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʘʨʦʤʘ ʠ ʬʘʨʤʘʮʝʫʪʩʢʠʭ ʧʨʦʠʟʚʦʜʘ. ʃʘʢʪʦʟʘ ʩʝ ʥʝ ʜʦʜʘʿʝ ʜʠʨʝʢʪʥʦ ʫ ʤʥʦʛʝ 

ʥʘʤʠʨʥʠʮʝ, ʿʝʨ ʿʝ ˁʝʥʘ ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʤʘˁʘ ʥʝʛʦ ʢʦʜ ʜʨʫʛʠʭ ʰʝ˂ʝʨʘ ʢʦʿʠ ʩʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʝ ʫ 

ʭʨʘʥʠ.  

ʃʘʢʪʦʟʘ ʩʝ ʜʦʜʘʿʝ ʫ ʪʘʙʣʝʪʝ ʠ ʢʘʧʩʫʣʝ ʢʘʦ ʩʘʩʪʦʿʘʢ ʟʙʦʛ ʩʚʦʿʠʭ ʬʠʟʠʯʢʠʭ ʠ ʬʫʥʢʮʠʦʥʘʣʥʠʭ 

ʩʚʦʿʩʪʘʚʘψψ. ʋʪʚʨʹʝʥʦ ʿʝ ʜʘ ʿʝ ʢʦʢʘʠʥ ʫ ʩʤʝʰʠ ʩʘ ʣʠʜʦʢʘʠʥʦʤ, ʭʠʜʨʦʢʩʠʟʠʥʦʤ, 

ʘʥʪʠʭʠʩʪʘʤʠʥʠʢʦʤ, ʬʝʥʘʢʪʠʥʦʤ, ʣʝʚʘʤʠʩʦʣʦʤ, ʢʦʬʝʠʥʦʤ, ʧʨʦʢʘʠʥʦʤ, ʩʪʨʠʭʥʠʥʦʤ, ʘʣʠ ʜʘ ʩʝ 

ʩʫʧʩʪʘʥʮʝ ʙʝʟ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʚʦʿʩʪʘʚʘ, ʢʘʦ ʰʪʦ ʩʫ ʣʘʢʪʦʟʘ, ʜʨʫʛʠ ʰʝ˂ʝʨʠ ʠʣʠ ʪʘʣʢ, ʜʦʜʘʿʫ 

ʙʝʥʟʦʜʠʘʟʝʧʠʥʠʤʘ ʠʣʠ ʜʨʫʛʠʤ ʣʝʢʦʚʠʤʘ ʢʦʿʘ ʠʤʘʿʫ ʧʩʠʭʦʘʢʪʠʚʥʘ ʩʚʦʩʿʪʚʘ, ʧʨʚʝʥʩʪʚʝʥʦ ʜʘ ʙʠ 

ʩʝ ʧʦʚʝ˂ʘʣʘ ʟʘʧʨʝʤʠʥʘ ʠʣʠ ʪʝʞʠʥʘ ʥʝʜʦʟʚʦˀʝʥʝ ʩʫʧʩʪʘʥʮʝ, ʠʣʠ ʫ ʝʩʪʝʪʩʢʝ ʩʚʨʭʝ ʜʘ ʙʠ ʩʝ 

ʦʙʤʘʥʫʦ ʢʦʨʠʩʥʠʢ. ʅʘʿʯʝʰ˂ʝ ʥʝʜʦʟʚʦˀʝʥʝ ʜʨʦʛʝ ʢʦʿʝ ʫ ʩʤʝʰʠ ʤʦʛʫ ʜʘ ʩʘʜʨʞʝ, ʧʦʨʝʜ ʜʨʫʛʠʤ 

ʘʜʫʣʪʝʨʘʥʘʪʘ, ʩʫ ʭʝʨʦʠʥ, ʢʦʢʘʠʥ, ʤʝʪʘʤʬʝʪʘʤʠʥ, ʠ ʝʢʩʪʘʟʠ ψω.  
ɻʣʫʢʦʟʘ ʿʝ ʧʨʠʩʫʪʥʘ ʫ ʯʚʨʩʪʦʤ ʦʙʣʠʢʫ ʢʘʦ ʤʦʥʦʭʠʜʨʘʪ ʩʘ ʟʘʪʚʦʨʝʥʠʤ ʧʠʨʘʥʩʢʠʤ ʧʨʩʪʝʥʦʤ 

(Ŭ-ʛʣʫʢʦʧʠʨʘʥʦʟʘ ʤʦʥʦʭʠʜʨʘʪ, ʧʦʥʝʢʘʜ ʤʘˁʝ ʧʨʝʮʠʟʥʦ ʧʦʟʥʘʪ ʢʘʦ ʭʠʜʨʘʪ ʜʝʢʩʪʨʦʟʝ). ʋ 

ʚʦʜʝʥʦʤ ʨʘʩʪʚʦʨʫ, ʩ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʦʥ ʿʝ ʦʪʚʦʨʝʥ ʣʘʥʘʮ ʠ ʧʨʠʩʫʪʘʥ ʿʝ ʧʨʝʪʝʞʥʦ ʢʘʦ Ŭ- ʠʣʠ ɓ-

ʧʠʨʘʥʦʟʘ, ʢʦʿʠ ʩʝ ʤʝʹʫʩʦʙʥʦ ʧʨʝʪʚʘʨʘʿʫ. ʀʟ ʚʦʜʝʥʠʭ ʨʘʩʪʚʦʨʘ ʤʦʛʫ ʩʝ ʢʨʠʩʪʘʣʠʩʘʪʠ ʪʨʠ 

ʧʦʟʥʘʪʘ ʦʙʣʠʢʘ: Ŭ-ʛʣʫʢʦʧʠʨʘʥʦʟʘ, ɓ-ʛʣʫʢʦʧʠʨʘʥʦʟʘ ʠ Ŭ-ʛʣʫʢʦʧʠʨʘʥʦʟʘ ʤʦʥʦʭʠʜʨʘʪ.  
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ʉʣʠʢʘ 24. ʉʪʨʫʢʪʫʨʘ ʛʣʫʢʦʟʝ 

ɻʦʪʦʚʦ ʿʝ ʥʝʤʦʛʫ˂ʝ ʜʘ ʩʝ ʬʘʨʤʘʢʦʣʦʰʢʠ ʣʝʢʦʚʠ ʧʨʘʚʝ ʙʝʟ ʜʦʜʘʪʢʘ ʦʚʦʛ ʪʠʧʘ ʰʝ˂ʝʨʘ, ʟʙʦʛ 

ʚʝʟʠʚʥʦʩʪʠ ʫ ʩʤʝʰʠ. ɻʣʢʦʟʘ ʧʨʝʜʩʪʘʚˀʘ ʰʝ˂ʝʨ ʢʦʿʠ ʩʝ ʤʦʞʝ ʜʦʜʘʚʘʪʠ, ʢʘʦ ʠ ʣʘʢʪʦʟʘ, ʫʟʦʨʮʠʤʘ 

ʠ ʩʤʝʰʘʤʘ, ʙʝʟ ʟʥʘʯʘʿʥʦʛ ʬʘʨʤʘʢʦʣʦʰʢʦʛ ʜʝʿʩʪʚʘ ʥʘ ʦʨʛʘʥʠʟʘʤ. ɸʣʠ, ʫ ʥʝʢʠʤ ʜʨʫʛʠʤ ʚʨʩʪʘʤʘ 

ʥʘʨʢʦʪʠʢʘ ʠʤʘ ʟʥʘʯʘʿʥʠʿʫ ʫʣʦʛʫ. ʂʘʦ ʥʘ ʧʨʠʤʝʨ ʢʦʜ ʄɼʄɸ ʢʦʜ ʢʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʜʦʜʘʪʠ ʦʚʘʢʚʫ 

ʚʨʩʪʫ ʰʝ˂ʝʨʘ ʜʘ ʙʠ ʩʝ ʩʤʝʰʘ ʥʘʧʨʘʚʠʣʘ ʜʦʚʦˀʥʦ ʯʚʨʩʪʦʤ, ʫʢʦʣʠʢʦ ʩʝ ʨʘʜʠ ʦ ʪʘʙʣʝʪʘʤʘ. χχ. 
ɽʚʨʦʧʩʢʘ ʤʨʝʞʘ ʠʥʩʪʠʪʫʪʘ ʬʦʨʝʥʟʠʯʢʠʭ ʥʘʫʢʘ (European Network of Forensic Science 

Institutes, ENFSI18) ʿʝ ʦʙʿʘʚʠʣʘ ʩʤʝʨʥʠʮʝ ʟʘ ʤʝʪʦʜʝ ʢʦʿʠʤʘ ʩʝ ʠʜʝʥʪʠʬʠʢʫʿʫ ʧʩʠʭʦʘʢʪʠʚʥʝ 

ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ, ʙʠʣʦ ʜʘ ʩʫ ʯʠʩʪʝ ʠʣʠ ʫ ʤʘʪʨʠʢʩʫ ʩʘ ʜʨʫʛʠʤ ʩʫʧʩʪʘʥʮʘʤʘ. ʇʦʩʪʦʿʠ ʥʠʟ 

ʧʨʘʚʠʣʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ. ɻʣʘʚʥʘ ʧʦʯʝʪʥʘ ʤʝʪʦʜʘ ʿʝ ʝʢʩʪʨʘʢʮʠʿʘ. ʅʘ ʨʝʟʫʣʪʘʪ ʝʢʩʪʨʘʢʮʠʿʝ 

ʫʟʦʨʢʘ ʤʦʛʫ ʫʪʠʮʘʪʠ ʤʥʦʛʠ ʬʘʢʪʦʨʠ, ʥʘ ʧʨʠʤʝʨ ʨʘʟʣʠʢʝ ʫ ʤʘʪʨʠʮʠ ʤʘʪʝʨʠʿʘʣʘ ʢʦʿʠ ʟʘʭʪʝʚʘ 

ʝʢʩʪʨʘʢʮʠʿʫ, ʨʘʩʪʚʦʨˀʠʚʦʩʪ ʠ ʜʨʫʛʝ. ɿʘ ʢʚʘʣʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʧʨʠʥʦʩ ʝʢʩʪʨʘʢʮʠʿʝ ʫʟʦʨʢʘ ʤʦʨʘ 

ʙʠʪʠ ʜʦʚʦˀʘʥ ʜʘ ʛʝʥʝʨʠʰʝ ʩʠʛʥʘʣ ʫ ʘʥʘʣʠʟʠ, ʧʦʛʦʪʦʚʦ ʢʘʜʘ ʩʝ ʨʘʜʠ ʦ ʰʝ˂ʝʨʠʤʘ ʠ 

ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ. ɿʘ ʢʚʘʥʪʠʪʘʪʠʚʥʫ ʘʥʘʣʠʟʫ ʤʦʨʘ ʩʝ ʫʪʚʨʜʠʪʠ 

ʝʬʠʢʘʩʥʦʩʪ ʝʢʩʪʨʘʢʮʠʿʝ ʫʟʦʨʢʘ. ʇʨʠʧʠʩʫʿʫ ʩʝ ʧʘʨʘʤʝʪʨʠ ʚʘʣʠʜʘʮʠʿʝ ʤʝʪʦʜʘ ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ, ʪʝ, ʩ ʪʦʛʘ, ʚʘʣʠʜʠʨʘʥʝ ʤʝʪʦʜʝ ʩʫ ʿʝʜʥʝ ʦʜ ʢʦʤʧʝʪʝʪʥʠʿʠʭ ʢʘʜʘ ʛʦʚʦʨʠʤʦ ʦ 

ʜʝʪʝʢʮʠʿʠ ʤʘʪʨʠʢʩʘ, ʠʣʠ ʯʠʩʪʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʢʚʘʣʠʪʘʪʠʚʥʦʤ ʤʝʪʦʜʦʤ. ʋ ʪʘʢʚʝ 

ʤʝʪʦʜʝ ʩʝ ʫʙʨʘʿʘʿʫ ʧʨʝʪʝʞʥʦ IR ʠ GC-MS ωπ. ʐʝ˂ʝʨʠ ʩʫ ʩʣʦʞʝʥʘ ʩʪʚʘʨ ʰʪʦ ʩʝ ʪʠʯʝ ʜʝʪʝʢʮʠʿʝ 
GC-MS ʤʝʪʦʜʦʤ, ʿʝʨ ʩʝ ʫʩʣʝʜ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʧʘʜʘʿʫ, ʠ ʥʝ ʤʦʛʫ ʩʝ ʿʝʜʥʦʟʥʘʯʥʦ ʜʝʪʝʢʪʦʚʘʪʠ, 

ʟʘʪʦ ʿʝ ʿʝʜʠʥʘ ʪʝʭʥʠʢʘ ʢʦʿʘ ʠʤʘ ʝʛʟʘʢʪʥʫ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ IR ʤʝʪʦʜʘ.  

ɿʘʪʦ ʿʝ ʫ ʩʣʫʯʘʿʫ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʫʟʦʨʘʢʘ ʢʦʿʠ ʫʢˀʫʯʫʿʫ ʰʝ˂ʝʨ ʢʘʦ ʩʤʝʰʫ, ʪʝʦʨʠʿʩʢʠ ʧʨʠʢʘʟ 

ʠʥʪʝʨʘʢʮʠʿʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠ ʜʠʣʫʝʥʘʪʘ (ʘʜʫʣʪʝʨʘʥʘʪʘ) ʦʜ ʠʟʫʟʝʪʥʦʛ ʟʥʘʯʘʿʘ.  

  

                                                           
18 ENFSI (European Network of Forensic Science Institutes), ɽʚʨʦʧʩʢʘ ʤʨʝʞʘ ʠʥʩʪʠʪʫʪʘ ʬʦʨʝʥʟʠʯʢʠʭ ʥʘʫʢʘ ʦʩʥʦʚʘʥʘ 

ʿʝ 1995. ʛʦʜʠʥʝ ʩʘ ʮʠˀʝʤ ʫʥʘʧʨʝʹʝˁʘ ʤʝʹʫʩʦʙʥʝ ʨʘʟʤʝʥʝ ʠʥʬʦʨʤʘʮʠʿʘ ʫ ʦʙʣʘʩʪʠ ʬʦʨʝʥʟʠʯʢʠʭ ʥʘʫʢʘ. ʆʚʦ, ʢʘʦ ʠ 

ʧʦʙʦˀʰʘˁʝ ʢʚʘʣʠʪʝʪʘ ʧʨʫʞʘˁʘ ʬʦʨʝʥʟʠʯʢʝ ʥʘʫʢʝ ʫ ɽʚʨʦʧʠ, ʧʦʩʪʘʣʠ ʩʫ ʛʣʘʚʥʘ ʤʨʝʞʘ ʧʦ ʧʠʪʘˁʫ ʬʦʨʝʥʟʠʯʢʠʭ 

ʥʘʫʢʘ. ʇʦʨʝʜ ʦʧʰʪʠʭ ʧʦʩʣʦʚʘ ʫ ʦʙʣʘʩʪʠ ʫʧʨʘʚˀʘˁʘ ʢʚʘʣʠʪʝʪʦʤ ʠ ʢʦʤʧʝʪʝʥʮʠʿʘʤʘ, ʠʩʪʨʘʞʠʚʘˁʘ , ʨʘʟʚʦʿʘ, 

ʦʙʨʘʟʦʚʘˁʘ ʠ ʦʙʫʢʝ, ʨʘʟʣʠʯʠʪʠʤ ʬʦʨʝʥʟʠʯʢʠʤ ʚʝʰʪʘʯʝˁʠʤʘ ʙʘʚʠ ʩʝ 17 ʨʘʟʣʠʯʠʪʠʭ ʩʪʨʫʯʥʠʭ ʨʘʜʥʠʭ ʛʨʫʧʘ. 

ENFSI ʿʝ ʩʪʦʛʘ ʧʨʠʟʥʘʪ ʦʜ ʩʪʨʘʥʝ ɽʚʨʦʧʩʢʝ ʢʦʤʠʩʠʿʝ ʢʘʦ ʤʦʥʦʧʦʣ ʫ ʦʙʣʘʩʪʠ ʬʦʨʝʥʟʠʯʢʠʭ ʥʘʫʢʘ. 
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4. ʎʠˀʝʚʠ 
 

ʋ ʦʢʚʠʨʫ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʜʝʬʠʥʠʩʘʥʘ ʩʫ ʜʚʘ ʮʠˀʘ: 

ʇʨʚʠ ʮʠˀ ʿʝ ʧʦʪʧʫʥʦ ʩʧʝʢʪʨʦʩʢʦʧʩʢʦ ʠ ʪʝʦʨʠʿʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʩʪʨʫʢʪʫʨʝ ʧʩʠʭʦʘʢʪʠʚʥʠʭ 

ʩʫʧʩʪʘʥʮʠ ʦʜʘʙʨʘʥʠʭ ʟʘ ʜʘˀʘ ʠʩʪʨʘʞʠʚʘˁʘ, ʘ ʟʘ ʢʦʿʝ ʫ ʣʠʪʝʨʘʪʫʨʠ ʥʝ ʧʦʩʪʦʿʝ ʦʧʪʠʤʠʟʦʚʘʥʝ 

ʩʪʨʫʢʪʫʨʝ ʠ ʧʦʨʝʹʝˁʝ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʩʧʝʢʪʨʠʤʘ. ʆʚʝ ʩʫʧʩʪʘʥʮʝ ʫʢˀʫʯʫʿʫ LSD, 

ʦʜʘʙʨʘʥʝ ʙʝʥʟʦʜʠʘʟʝʧʠʥʝ (ʣʦʨʘʟʝʧʘʤ ʠ ʘʣʧʨʘʟʦʣʘʤ), ʢʘʦ ʠ ʧʩʠʣʦʮʠʥ, ʙʫʬʦʪʝʥʠʥ ʠ ʩʝʨʦʪʦʥʠʥ 

ʢʘʦ ʘʥʘʣʦʛ ʧʩʠʭʦʜʝʣʠʢʘ. ʅʘ ʦʩʥʦʚʫ ʦʧʪʠʤʠʟʘʮʠʿʝ ʦʜʘʙʨʘʥ ʿʝ ʦʧʪʠʤʘʣʥʠ ʥʠʚʦ ʪʝʦʨʠʿʝ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ ʩʧʝʢʪʘʨʘ. ʇʦʨʝʹʝˁʝʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʪʝʦʨʠʿʩʢʠʭ ʩʧʝʢʪʘʨʘ ʫʨʘʹʝʥʘ ʿʝ ʠ 

ʘʩʠʛʥʘʮʠʿʘ ʪʨʘʢʘ ʫ ʚʠʙʨʘʮʠʦʥʠʤ ʩʧʝʢʪʨʠʤʘ ʠ ʧʦʣʦʞʘʿʘ ʨʝʟʦʥʘʥʪʥʠʭ ʤʘʢʩʠʤʫʤʘ ʫ NMR 

ʩʧʝʢʪʨʠʤʘ, ʦʜʨʝʹʝʥʝ ʤʦʣʝʢʫʣʩʢʝ ʦʨʙʠʪʘʣʝ ʫʢˀʫʯʝʥʝ ʫ ʝʣʝʢʪʨʦʥʩʢʝ ʧʨʝʣʘʟʝ, ʢʘʦ ʠ ʦʙʿʘʰˁʝʥʘ 

ʰʝʤʘ ʮʝʧʘˁʘ ʫ ʤʘʩʝʥʠʤ ʩʧʝʢʪʨʠʤʘ. ʋʪʠʮʘʿ ʨʘʩʪʚʘʨʘʯʘ ʠ ʢʦʥʪʨʘʿʦʥʘ ʥʘ ʠʟʛʣʝʜ ʩʧʝʢʪʨʘ ʧʦʩʝʙʥʦ 

ʝʿ ʧʨʦʜʠʩʢʫʪʦʚʘʥ.  

ɼʨʫʛʠ ʮʠˀ ʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠ ʪʝʦʨʠʿʩʢʘ ʘʥʘʣʠʟʘ ʠʥʪʝʨʘʢʮʠʿʘ ʯʝʩʪʠʭ 

ʘʜʫʣʪʝʨʘʥʘʪʘ/ʜʠʣʫʝʥʘʪʘ (ʢʦʬʝʠʥ, ʧʘʨʘʮʝʪʘʤʦʣ ʠ ʰʝ˂ʝʨʠ) ʩʘ ʦʜʘʙʨʘʥʠʤ ʧʩʠʭʦʘʢʪʠʚʥʠʤ 

ʢʦʥʪʨʦʣʠʩʘʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ ʢʘʦ ʠ ʜʘ ʩʝ ʧʨʫʞʠ ʧʨʝʛʣʝʜ ʥʘʥʿʦʚʠʿʝ ʥʘʫʯʥʝ ʣʠʪʝʨʘʪʫʨʝ ʦ 

ʣʝʢʦʚʠʤʘ ʠ ʜʨʫʛʠʤ ʧʩʠʭʘʦʢʪʠʚʥʠʤ ʩʫʧʩʪʘʥʮʘʤʘ, ʢʦʿʝ ʩʝ ʢʦʨʠʩʪʝ ʟʘʿʝʜʥʦ ʩʘ ʥʝʢʠʤ ʧʫʥʠʦʮʠʤʘ 

ʪʿ ʦ ʧʦʚʝʟʘʥʠʤ ʰʪʝʪʥʠʤ ʝʬʝʢʪʠʤʘ ʥʘ ʟʜʨʘʚˀʝ, ʚʝʨʦʚʘʪʥʦ ʟʙʦʛ ʩʠʥʝʨʛʠʟʤʘ ʩʘ ʩʫʧʩʪʘʥʮʘʤʘ ʢʦʿʝ 

ʩʝ ʟʣʦʫʧʦʪʨʝʙˀʘʚʘʿʫ. ɺʠʙʨʘʮʠʦʥʠ ʠ ʝʣʝʢʪʨʦʥʩʢʠ ʩʧʝʢʪʨʠ ʩʤʝʰʘ ʩʥʠʤˀʝʥʠ ʩʫ ʥʘ 

ʠʥʩʪʨʫʤʝʥʪʠʤʘ ʜʦʩʪʫʧʥʠʤ ʥʘ ʌʘʢʫʣʪʝʪʫ ʟʘ ʬʠʟʠʯʢʫ ʭʝʤʠʿʫ. ʉʪʨʫʢʪʫʨʝ ʢʦʿʝ ʫʢˀʫʯʫʿʫ 

ʧʩʠʭʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʠ ʧʫʥʠʦʮʝ ʦʧʪʠʤʠʟʦʚʘʥʝ ʩʫ ʥʘ ʠʩʪʦʤ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʢʘʦ ʧʦʿʝʜʠʥʘʯʥʝ 

ʩʫʧʩʪʘʥʮʝ ʠ ʙʠ˂ʝ ʧʨʦʜʠʩʢʫʪʦʚʘʥʝ ʧʨʦʤʝʥʝ ʫ ʩʧʝʢʪʨʠʤʘ ʢʦʿʝ ʩʝ ʤʦʛʫ ʢʘʩʥʠʿʝ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʘʥʘʣʠʟʝ ʨʝʘʣʥʠʭ ʫʟʦʨʘʢʘ. ɱʘʯʠʥʘ ʠ ʪʠʧ ʠʥʪʝʨʘʢʮʠʿʘ ʜʦʜʘʪʥʦ ʿʝ ʘʥʘʣʠʟʠʨʘʥ ʤʝʪʦʜʘʤʘ ʪʝʦʨʠʿʩʢʝ 

ʭʝʤʠʿʝ.  

ʅʘʫʯʥʠ ʜʦʧʨʠʥʦʩʪ ʪʝʟʝ ʿʝ ʫ ʜʦʙʠʿʘˁʫ ʧʦʛʦʜʥʝ ʤʝʪʦʜʦʣʦʛʠʿʝ ʟʘ ʪʝʦʨʠʿʩʢʦ ʦʧʠʩʠʚʘˁʝ 

ʩʪʨʫʢʪʫʨʝ ʠ ʩʧʝʢʪʘʨʘ ʥʦʚʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʘ ʥʘ ʦʩʥʦʚʫ ʧʦʨʝʹʝˁʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʪʝʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʧʦʟʥʘʪʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ 

ʨʘʟʣʠʯʠʪʠʤ ʢʣʘʩʘʤʘ. ʊʘʢʦʹʝ, ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʧʫʥʠʦʮʠʤʘ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʥʘʣʘʟʝ ʫ ʟʘʧʣʝˁʝʥʠʤ 

ʫʟʦʨʮʠʤʘ, ʤʦʛʫ ʜʘ ʜʦʜʘʪʥʦ ʫʢʘʞʫ ʥʘ ʧʨʦʤʝʥʝ ʫ ʩʧʝʢʪʨʫ ʠʣʠ ʘʢʪʠʚʥʦʩʪʠ ʥʦʚʦʩʠʥʪʝʪʠʩʘʥʠʭ 

ʿʝʜʠˁʝˁʘ. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʧʦʜʘʪʘʢʘ, ʙʠ˂ʝ ʦʤʦʛʫ˂ʝʥʦ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ˁʠʭʦʚʝ ʘʢʪʠʚʥʦʩʪʠ, ʘʣʠ 

ʠ ʫʙʨʟʘʥ ʨʘʟʚʦʿ ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʜʨʝʹʠʚʘˁʝ, ʯʘʢ ʠ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʠʥʪʝʨʥʠ ʩʪʘʥʜʘʨʜʠ 

ʥʠʩʫ ʜʦʩʪʫʧʥʠ. 
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5. ʄʝʪʦʜʝ ʪʝʦʨʠʿʩʢʝ ʭʝʤʠʿʝ ʫ ʠʩʧʠʪʠʚʘˁʫ ʧʩʠʭʦʘʢʪʠʚʥʠʭ 

ʩʫʧʩʪʘʥʮʠ 
 

ʋ ʥʦʚʠʿʝ ʚʨʝʤʝ ʚʝʣʠʢʘ ʿʝ ʧʦʪʨʝʙʘ ʟʘ ʫʩʣʫʛʘʤʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʇʂʉ ʫ ʈʝʧʫʙʣʠʮʠ ʉʨʙʠʿʠ, 

ʘ ʧʨʚʝʥʩʪʚʝʥʦ ʿʝ ʚʘʞʥʦ ʟʘ ʧʦʧʫʣʘʮʠʿʫ ʢʦʥʟʫʤʘʥʘʪʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʩʧʪʘʥʮʠ. ʇʦʜʘʮʠ ʧʦʢʘʟʫʿʫ 

ʜʘ ʿʝ ʩʚʝ ʿʘʩʥʠʿʝ ʜʘ ʧʦʤʝʥʫʪʘ ʮʠˀʥʘ ʧʦʧʫʣʘʮʠʿʘ ʥʠʿʝ ʫʧʦʟʥʘʪʘ ʩʘ ʪʠʤʝ ʰʪʘ ʢʦʨʠʩʪʠ, ʢʘʦ ʥʠ ʩʘ 

óôʯʠʩʪʦ˂ʦʤôô ʩʘʤʠʭ ʠʟʘʙʨʘʥʠʭ ʩʫʩʧʪʘʥʮʠ, ʧʦʩʝʙʥʦ ʘʢʦ ʫʟʤʝʤʦ ʫ ʦʙʟʠʨ ʩʚʝ ʚʝ˂ʠ ʙʨʦʿ 

ʘʜʫʣʪʝʨʘʥʘʪʘ ʫ ʩʘʤʠʤ ʩʫʩʧʪʘʥʮʘʤʘ (https://www.kzbpd.gov.rs/wp-content/uploads/2021/02/ 

ʧʨʠʩʪʫʧʘʥʦ 18.10.2024.)19. ʀʜʝʥʪʠʬʠʢʘʮʠʿʘ ʧʦʤʘʞʝ ʫ ʨʘʟʫʤʝʚʘˁʫ ˁʠʭʦʚʠʭ ʬʘʨʤʘʢʦʣʦʰʢʠʭ ʠ 

ʭʝʤʠʿʩʢʠʭ ʩʚʦʿʩʪʘʚʘ, ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʨʘʟʚʦʿ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʤʝʜʠʮʠʥʩʢʠʭ ʦʜʛʦʚʦʨʘ ʠ ʧʨʦʪʦʢʦʣʘ 

ʣʝʯʝˁʘ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʧʨʝʜʦʟʠʨʘˁʘ ʠʣʠ ʥʝʞʝˀʝʥʠʭ ʨʝʘʢʮʠʿʘ, ʘ ʥʘʿʙʠʪʥʠʿʝ ʦʜ ʩʚʝʛʘ ʪʘʯʥʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʩʘʜʨʞʘʿʘ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʫʟʦʨʘʢʘ ʩʘ ʠʣʝʛʘʣʥʦʛ ʪʨʞʠʰʪʘ.  

ʋ ʚʝʟʠ ʩʘ ʪʠʤ, ʿʘʩʥʦ ʿʝ ʜʘ ʪʝʦʨʠʿʩʢʘ ʘʥʘʣʠʟʘ, ʟʘʿʝʜʥʦ ʩʘ ʝʢʩʧʨʠʤʝʥʪʘʣʥʠʤ ʪʝʭʥʠʢʘʤʘ  ʜʘʿʫ 

ʮʝʣʠʥʫ ʟʘ ʠʩʧʠʪʠʚʘˁʘ ʢʘʢʦ ʚʝ˂ ʧʦʩʪʦʿʝ˂ʠʭ ʇʂʉ ʪʘʢʦ ʠ ʅʇʂʉ ʟʘ ʢʦʿʝ ʩʫ ʧʦʪʨʝʙʘʥ ʜʦʜʘʪʥʘ 

ʠʩʪʨʘʞʠʚʘˁʘ, ʠ ʚʝ˂ʠ ʨʘʩʧʦʥ ʪʝʭʥʠʢʘ.  

ʆʚʠʤ ʩʝ ʫʪʚʨʹʫʿʝ ʟʥʘʯʘʿ ʢʚʘʥʪʥʝ ʭʝʤʠʿʝ, ʦʙʟʠʨʦʤ ʥʘ ʪʦ ʜʘ ʩʘʤʘ ʩʪʨʫʢʪʫʨʥʘ ʘʥʘʣʠʟʘ ʤʦʞʝ 

ʙʠʪʠ ʿʘʢʦ ʢʦʤʧʣʠʢʦʚʘʥʘ, ʧʦʛʦʪʦʚʦ ʘʢʦ ʿʝ ʩʫʧʩʪʘʥʮʘ ʥʦʚʘ, ʪʦʣʠʢʦ ʜʘ ʤʦʨʘ ʜʘ ʩʝ ʫʥʝʩʝ ʫ 

ʨʝʛʫʣʘʪʠʚʫ ʟʘ ʇʂʉ. ʇʦʪʨʝʙʥʦ ʿʝ ʥʘ˂ʠ ʧʦʛʦʜʥʫ ʤʝʪʦʜʦʣʦʛʠʿʫ ʟʘ ʪʝʦʨʠʿʩʢʦ ʦʧʠʩʠʚʘˁʝ ʩʪʨʫʢʪʫʨʝ 

ʠ ʩʧʝʢʪʘʨʘ ʥʦʚʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʘ ʥʘ ʦʩʥʦʚʫ ʧʦʨʝʹʝˁʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ 

ʪʝʦʨʠʿʩʢʠʭ ʧʦʜʘʪʘʢʘ ʟʘ ʧʦʟʥʘʪʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ ʨʘʟʣʠʯʠʪʠʤ ʢʣʘʩʘʤʘ. 

ʊʘʢʦʹʝ, ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʧʫʥʠʦʮʠʤʘ ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ ʥʘʣʘʟʝ ʫ ʟʘʧʣʝˁʝʥʠʤ ʫʟʦʨʮʠʤʘ, ʤʦʛʫ ʜʘ 

ʜʦʜʘʪʥʦ ʫʢʘʞʫ ʥʘ ʧʨʦʤʝʥʝ ʫ ʩʧʝʢʪʨʫ ʠʣʠ ʘʢʪʠʚʥʦʩʪʠ ʥʦʚʦʩʠʥʪʝʪʠʩʘʥʠʭ ʿʝʜʠˁʝˁʘ. ʅʘ ʦʩʥʦʚʫ 

ʦʚʠʭ ʧʦʜʘʪʘʢʘ, ʤʦʞʝ ʙʠʪʠ ʦʤʦʛʫ˂ʝʥʦ ʙʦˀʝ ʨʘʟʫʤʝʚʘˁʝ ˁʠʭʦʚʝ ʘʢʪʠʚʥʦʩʪʠ, ʘʣʠ ʠ ʫʙʨʟʘʥ ʨʘʟʚʦʿ 

ʤʝʪʦʜʘ ʟʘ ˁʠʭʦʚʦ ʦʜʨʝʹʠʚʘˁʝ, ʯʘʢ ʠ ʫ ʩʣʫʯʘʿʝʚʠʤʘ ʢʘʜʘ ʠʥʪʝʨʥʠ ʩʪʘʥʜʘʨʜʠ ʥʠʩʫ ʜʦʩʪʫʧʥʠ.  

ʆʥʦ ʰʪʦ ʿʝ ʥʘʿʙʠʪʥʠʿʝ ʥʘʧʦʤʝʥʫʪʠ ʿʝ ʢʘʢʦ ʠʟʛʣʝʜʘ ʿʝʜʥʘ ʦʧʰʪʘ ʰʝʤʘ ʪʘʢʚʠʭ ʘʥʘʣʠʟʘ. ʅʘ 

ʦʩʥʦʚʫ ʩʪʨʫʢʪʫʨʝ ʿʝʜʠˁʝˁʘ ʧʨʝʪʧʦʩʪʘʚʘˀ ʩʝ ʰʝʤʘ ʬʨʘʛʤʝʪʥʘʮʠʿʝ ʫ ʤʘʩʝʥʠʤ ʩʧʝʢʪʨʠʤʘ ʠ 

ʬʨʘʛʤʝʥʪʠ ʩʝ ʥʘʢʥʘʜʥʦ ʦʧʪʠʤʠʟʫʿʫ ʢʘʢʦ ʙʠ ʙʠʣʘ ʦʙʿʘʰˁʝʥʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʠʥʪʨʘʤʦʣʝʢʫʣʩʢʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ. ʀʥʪʝʨʘʢʮʠʿʝ ʩʘ ʧʫʥʠʦʮʠʤʘ ʩʝ ʘʥʘʣʠʟʠʨʘʿʫ ʥʘʢʦʥ ʦʧʪʠʤʠʟʘʮʠʿʝ ʚʝ˂ʝʛ ʙʨʦʿʘ 

ʧʦʣʘʟʥʠʭ ʩʪʨʫʢʪʫʨʘ ʢʦʿʝ ʫʢˀʫʯʫʿʫ ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ ʠ ʿʝʜʘʥ ʠʣʠ ʚʠʰʝ ʤʦʣʝʢʫʣʘ 

ʧʫʥʠʣʘʮʘ. ʂʚʘʥʪʠʪʘʪʠʚʥʠ ʧʘʨʘʤʝʪʨʠ ʦʚʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʜʦʙʠʿʘʿʫ ʩʫ ʧʨʦʨʘʯʫʥʠʤʘ ʊʝʦʨʠʿʦʤ 

ʧʨʠʨʦʜʥʠʭ ʦʨʙʠʪʘʣʘ (Natural Bond Orbital Theory - NBO) ʠ ʂʚʘʥʪʥʦʤ ʪʝʦʨʠʿʦʤ ʘʪʦʤʘ ʫ 

ʤʦʣʝʢʫʣʫ (Quantum Theory of Atoms in Molecules - QTAIM). ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʨʝʟʫʣʪʘʪʘ ʤʦʞʝ 

ʙʠʪʠ ʧʨʦʜʠʩʢʫʪʦʚʘʥ ʫʪʠʮʘʿ ʩʪʨʫʢʪʫʨʝ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʩʫʧʩʪʘʥʮʠ ʥʘ ʤʦʛʫ˂ʥʦʩʪ ʬʦʨʤʠʨʘˁʘ 

ʠʥʪʝʨʘʢʮʠʿʘ, ˁʠʭʦʚʫ ʿʘʯʠʥʫ ʠ ʪʠʧ, ʢʘʦ ʠ ʤʝʹʫʩʦʙʥʠ ʧʦʣʦʞʘʿ ʫ ʦʩʪʚʘʨʝʥʠʤ ʩʪʨʫʢʪʫʨʘʤʘ. 

ʊʘʢʦʹʝ, ʫʪʠʮʘʿ ʧʫʥʠʣʘʮʘ ʥʘ ʧʨʦʤʝʥʝ ʫ ʩʧʝʢʪʨʠʤʘ ʦʙʿʘʰˁʝʥ ʿʝ ʢʦʨʠʰ˂ʝˁʝʤ ʠʩʪʠʭ ʤʝʪʦʜʘ.  

 

5.1. ʆʩʥʦʚʝ ʪʝʦʨʠʿʩʢʠʭ ʤʝʪʦʜʘ ʟʘ ʠʩʪʨʘʞʠʚʘˁʘ ʇʂʉ ʠ ʅʇʂʉ  
 

ʌʦʨʝʥʟʠʯʢʘ ʥʘʫʢʘ ʩʝ ʢʦʥʪʠʥʫʠʨʘʥʦ ʨʘʟʚʠʿʘ ʫʟ ʧʦʤʦ˂ ʥʦʚʠʭ ʦʙʣʘʩʪʠ ʠ ʥʦʚʠʭ ʤʝʪʦʜʘ 

ʠʩʪʨʘʞʠʚʘˁʘ. ʆʚʦ ʧʦʛʣʘʚˀʝ ʦʧʠʩʫʿʝ ʧʨʠʤʝʥʫ ʢʚʘʥʪʥʝ ʭʝʤʠʿʝ ʫ ʬʦʨʝʥʟʠʯʢʦʿ ʥʘʫʮʠ. ɿʘʥʠʤˀʠʚʦ 

ʿʝ ʪʦ ʜʘ ʩʝ ʯʠʩʪʦ ʪʝʦʨʠʿʩʢʝ ʤʝʪʦʜʝ ʤʦʛʫ ʧʦʢʘʟʘʪʠ ʢʦʨʠʩʥʠʤ ʟʘ ʦʙʣʘʩʪ ʢʦʿʘ ʩʝ ʙʘʚʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʥʘʣʘʟʠʤʘ, ʢʘʦ ʰʪʦ ʩʫ ʦʥʘ ʢʦʿʘ ʩʝ ʜʝʰʘʚʘʿʫ ʧʨʠʣʠʢʦʤ ʟʘʧʣʝʥʝ ʠʣʝʛʘʣʥʠʭ 

ʫʟʦʨʘʢʘ. ʄʝʹʫʪʠʤ, ʤʦʨʘ ʩʝ ʫʟʝʪʠ ʫ ʦʙʟʠʨ ʜʘ ʩʝ ʠʜʝʥʪʠʬʠʢʘʮʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʬʦʨʝʥʟʠʯʢʠʭ 

ʪʨʘʛʦʚʘ ʢʘʦ ʰʪʦ ʩʫ ʤʨˀʝ ʦʜ ʢʨʚʠ, ʦʪʠʩʮʠ ʧʨʩʪʠʿʫ, ɼʅʂ ʠ ʜʨʫʛʠ ʟʘʩʥʠʚʘʿʫ ʥʘ ʭʝʤʠʿʩʢʠʤ 

ʨʝʘʢʮʠʿʘʤʘ ʢʦʿʝ ʫʢˀʫʯʫʿʫ ʨʘʟʣʠʯʠʪʝ ʭʝʤʠʿʩʢʝ ʨʝʘʛʝʥʩʝ. ɼʘ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʪʘʯʥʦʩʪ ʦʚʠʭ 

                                                           
19 άʉʤʝʨʥʠʮʝ ʟʘ ʫʥʘʧʨʝʹʝˁʝ ʉʠʩʪʝʤʘ ʨʘʥʦʛ ʫʧʦʟʦʨʘʚʘˁʘ ʫ ʩʣʫʯʘʿʫ ʧʦʿʘʚʝ ʥʦʚʠʭ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʠ 
ʫʩʧʦʩʪʘʚˀʘˁʝ ʉʠʩʪʝʤʘ ʟʘ ʩʧʨʦʚʦʹʝˁʝ ʧʨʦʛʨʘʤʘ ʪʝʩʪʠʨʘˁʘ ʜʨʦʛʘò- ʧʨʦʿʝʢʘʪ ʩʝ ʨʝʘʣʠʟʫʿʝ ʢʨʦʟ ʛʨʘʥʪ ʢʦʿʠ ʧʨʫʞʘ 

ɽʚʨʦʘʟʠʿʩʢʘ ʄʨʝʞʘ ʟʘ ʉʤʘˁʝˁʝ ʐʪʝʪʝ (EHRA) ʢʘʦ ʜʝʦ ʄʝʹʫʥʘʨʦʜʥʦʛ ʢʦʥʟʦʨʮʠʿʫʤʘ ʟʘ ʩʤʘˁʝˁʝ ʰʪʝʪʝ.  
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ʨʝʘʢʮʠʿʘ, ʤʦʨʘʿʫ ʩʝ ʧʨʦʥʘ˂ʠ ʩʚʝ ʙʦˀʠ ʠ ʙʦˀʠ ʨʝʘʛʝʥʩʠ ʠ ʿʝʜʘʥ ʦʜ ʥʘʯʠʥʘ ʜʘ ʩʝ ʧʦʩʪʫʧʠ ʫ ʪʦʤ 

ʧʦʛʣʝʜʫ ʿ ʝ ʧʨʦʫʯʘʚʘˁʝ ʝʥʝʨʛʝʪʠʢʝ ʜʘʪʠʭ ʨʝʘʢʮʠʿʘ. ʊʦ ʩʝ ʥʘʿʙʦˀʝ ʧʦʩʪʠʞʝ ʢʦʨʠʰ˂ʝˁʝʤ ʤʝʪʦʜʘ 

ʢʚʘʥʪʥʝ ʭʝʤʠʿʝ. ɱʦʰ ʿʝʜʥʘ ʦʙʣʘʩʪ ʫ ʢʦʿʦʿ ʿʝ ʜʦʢʘʟʘʥʘ ʧʨʠʤʝʥʘ ʢʚʘʥʪʥʝ ʭʝʤʠʿʝ ʿʝ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʫ ʧʨʝʪʧʦʩʪʘʚˀʝʥʠʭ ʠʥʪʝʨʤʝʜʠʿʘʨʘ ʠ ʥʫʩʧʨʦʠʟʚʦʜʘ ʨʝʘʢʮʠʿʘ 

ʦʜ ʠʥʪʝʨʝʩʘ ʟʘ ʬʦʨʝʥʟʠʯʢʫ ʥʘʫʢʫ, ʢʘʦ ʰʪʦ ʿʝ ʠʣʝʛʘʣʥʘ ʩʠʥʪʝʟʘ ʜʨʦʛʘ. Spartan, Titan ʠ Gaussian 

ʧʨʦʛʨʘʤʩʢʠ ʧʘʢʝʪʠ ʧʨʫʞʘʿʫ ʤʦʛʫ˂ʥʦʩʪʠ ʟʘ ʠʟʚʦʹʝˁʝ ʢʚʘʥʪʥʦ-ʭʝʤʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʥʘ ʘʪʦʤʠʤʘ 

ʠ ʤʦʣʝʢʫʣʠʤʘ, ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʧʨʦʨʘʯʫʥʩʢʠʤ ʥʠʚʦʠʤʘ, ʫ ʩʢʣʘʜʫ ʩʘ ʢʦʨʠʰ˂ʝʥʠʤ ʤʝʪʦʜʦʤ. 

ʇʦʯʝʚʰʠ ʦʜ ʤʘʣʠʭ ʤʦʣʝʢʫʣʘ ʢʘʦ ʰʪʦ ʿʝ ʤʦʣʝʢʫʣ ʚʦʜʦʥʠʢʘ ʧʘ ʩʚʝ ʜʦ  ʩʠʩʪʝʤʘ ʚʝʣʠʢʠʭ ʤʦʣʝʢʫʣʘ 

ʢʘʦ ʰʪʦ ʩʫ ʬʨʘʛʤʝʥʪʠ ɼʅʂ ʠ ʧʝʧʪʠʜʠ, ʧʨʦʨʘʯʫʥʠ ʚʦʜʝ ʜʦ ʦʧʠʩʘ ʩʠʩʪʝʤʘ, ʢʘʦ ʰʪʦ ʩʫ ˁʠʭʦʚʝ 

ʝʥʝʨʛʠʿʝ, ˁʠʭʦʚʝ ʦʧʪʠʤʘʣʥʝ ʛʝʦʤʝʪʨʠʿʝ (ʛʝʦʤʝʪʨʠʿʝ ʢʦʿʝ ʦʜʛʦʚʘʨʘʿʫ ʥʘʿʥʠʞʠʤ ʝʥʝʨʛʠʿʘʤʘ, 

ʜͦʥʦʩʥʦ ʥʘʿʩʪʘʙʠʣʥʠʿʠʤ ʩʠʩʪʝʤʠʤʘ), ʘʪʦʤʩʢʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʠ ʜʨʫʛʘ ʝʣʝʢʪʨʠʯʥʘ ʩʚʦʿʩʪʚʘ, 

ʬʨʝʢʚʝʥʮʠʿʝ ʚʠʙʨʘʮʠʿʘ, NMR ʩʧʝʢʪʨʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʢʘ ʩʚʦʿʩʪʚʘ.  

ʆʩʥʦʚʘ ʢʚʘʥʪʥʠʭ ʭʝʤʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʿʝ ʐʨʝʜʠʥʛʝʨʦʚʘ ʿʝʜʥʘʯʠʥʘ (ʿʝʜʥ.1), ʢʦʿʘ ʿʝ  

ʜʠʬʝʨʝʥʮʠʿʘʣʥʘ ʿʝʜʥʘʯʠʥʘ ʩʣʝʜʝ˂ʝʛ ʦʙʣʠʢʘ:          

Ὄɰ Ὁɰ (1)     

 

ʋ ʦʚʦʿ ʿʝʜʥʘʯʠʥʠ, ɰ ʿʝ ʪʘʣʘʩʥʘ ʬʫʥʢʮʠʿʘ ʢʦʿʘ ʢʘʨʘʢʪʝʨʠʰʝ ʩʠʩʪʝʤ. ʂʚʘʜʨʘʪ ʦʚʝ 

ʬʫʥʢʮʠʿʝ ʧʨʝʜʩʪʘʚˀʘ ʚʝʨʦʚʘʪʥʦ˂ʫ ʜʘ ʩʝ ʩʠʩʪʝʤ ʥʘʹʝ ʫ ʜʘʪʦʤ ʩʪʘˁʫ. H ʿʝ ʦʧʝʨʘʪʦʨ ʢʦʿʠ 

ʧʨʝʜʩʪʘʚˀʘ ʟʙʠʨ ʦʧʝʨʘʪʦʨʘ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ ʠ ʦʧʝʨʘʪʦʨʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʥʝʨʛʠʿʝ ʠ ʥʘʟʠʚʘ ʩʝ 

ʍʘʤʠʣʪʦʥʦʚ ʦʧʝʨʘʪʦʨ, ʘ ɽ ʿʝ ʫʢʫʧʥʘ ʝʥʝʨʛʠʿʘ ʩʠʩʪʝʤʘ. ʐʨʝʜʠʥʛʝʨʦʚʘ ʿʝʜʥʘʯʠʥʘ ʤʦʞʝ ʜʘ ʩʝ 

ʨʝʰʠ ʘʥʘʣʠʪʠʯʢʠ ʩʘʤʦ ʟʘ ʿʝʜʥʦʩʪʘʚʥʝ ʩʠʩʪʝʤʝ, ʢʘʦ ʰʪʦ ʩʫ ʩʣʦʙʦʜʥʘ ʯʝʩʪʠʮʘ ʠ ʘʪʦʤ ʚʦʜʦʥʠʢʘ. 

ʏʘʢ ʠ ʟʘ ʘʪʦʤ ʚʦʜʦʥʠʢʘ, ʧʨʦʨʘʯʫʥʠ ʩʫ ʚʝʦʤʘ ʢʦʤʧʣʠʢʦʚʘʥʠ, ʧʦʰʪʦ ʍʘʤʠʣʪʦʥʦʚ ʦʧʝʨʘʪʦʨ ʤʦʨʘ 

ʜʘ ʩʝ ʧʨʦʤʝʥʠ ʫ ʩʬʝʨʥʝ ʢʦʦʨʜʠʥʘʪʝ (ʨ, ɗ, ◖), ʠʟ ɼʝʢʘʨʪʦʚʠʭ ʢʦʦʨʜʠʥʘʪʘ (k, i, z). ʄʝʹʫʪʠʤ, ʟʘ 

ʩʠʩʪʝʤʝ ʢʦʿʠ ʩʘʜʨʞʝ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ ʝʣʝʢʪʨʦʥʘ, ʛʜʝ ʩʝ ʝʣʝʢʪʨʦʥ-ʝʣʝʢʪʨʦʥ ʦʜʙʠʿʘˁʝ ʤʦʨʘ ʫʚʝʩʪʠ 

ʫ ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʥʝʨʛʠʿʝ, ʘʥʘʣʠʪʠʯʢʦ ʨʝʰʝˁʝ ʤʦʞʝ ʙʠʪʠ ʥʝ ʪʘʢʦ ʿʝʜʥʦʩʪʘʚʥʦ. ɿʙʦʛ ʪʦʛʘ ʩʝ 

ʤʦʨʘʿʫ ʢʦʨʠʩʪʠʪʠ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʟʘ ʜʦʙʠʿʘˁʝ ɽ ʠ ɰ. ʆʚʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ ʩʫ ʟʘʩʥʦʚʘʥʝ ʥʘ 
ʚʘʨʠʿʘʮʠʦʥʦʿ ʪʝʦʨʠʿʠ ʢʦʿʘ ʢʘʞʝ ʜʘ ʢʘʜʘ ʩʝ ʢʦʨʠʩʪʠ ʨʝʟʫʣʪʫʿʫ˂ʘ ʝʥʝʨʛʠʿʘ, ʜʦʙʠʿʝʥʘ ʧʦ ʬʦʨʤʫʣʠ 

(ʿʝʜʥ. 2): 

Ὁ ‪ᶻὌʕὨὺȾ ‪ᶻ‪Ὠὺ 
  (2) 

 

 

ʦʥʘ ʿʝ ʫʚʝʢ ʚʝ˂ʘ ʦʜ ʝʥʝʨʛʠʿʝ ʜʦʙʠʿʝʥʝ ʨʝʰʘʚʘˁʝʤ ʐʨʝʜʠʥʛʝʨʦʚʝ ʿʝʜʥʘʯʠʥʝ. ʉʭʦʜʥʦ ʪʦʤʝ, ʜʘ 

ʙʠ ʩʝ ʜʦʙʠʣʘ ʝʥʝʨʛʠʿʘ ʥʘʿʙʣʠʞʘ ʩʪʚʘʨʥʦʿ ʝʥʝʨʛʠʿʠ ʩʠʩʪʝʤʘ, ʜʦʚʦˀʥʦ ʿʝ ʧʨʦʥʘ˂ʠ ʤʠʥʠʤʫʤ 

ʝʥʝʨʛʠʿʝ. ʄʠʥʠʤʫʤ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʝʥʝʨʛʠʿʝ ʧʨʠ ʯʝʤʫ ʿʝ ʿʝʜʘʥ ʦʜ ʧʘʨʘʤʝʪʘʨʘ 

ʿʝʜʥʘʢ ʥʫʣʠ. ʄʝʹʫʪʠʤ, ʧʦʰʪʦ ʧʦʩʪʘʚˀʘˁʝ ʧʨʚʦʛ ʠʟʚʦʜʘ ʬʫʥʢʮʠʿʝ ʩʘ ʚʘʨʠʿʘʙʣʦʤ ʥʫʣʝ 

ʧʨʝʜʩʪʘʚˀʘ ʠ ʤʠʥʠʤʫʤ ʠ ʤʘʢʩʠʤʫʤ, ʜʘ ʙʠ ʩʝ ʦʩʠʛʫʨʘʣʦ ʜʘ ʿʝ ʜʦʙʠʿʝʥʘ ʪʘʯʢʘ ʟʘʠʩʪʘ ʤʠʥʠʤʫʤ, 

ʤʘʪʨʠʮʘ ʜʨʫʛʠʭ ʠʟʚʦʜʘ ʤʦʨʘ ʜʘ ʩʘʜʨʞʠ ʩʘʤʦ ʧʦʟʠʪʠʚʥʝ ʚʨʝʜʥʦʩʪʠ. 

ʄʝʪʦʜʝ ʧʨʦʨʘʯʫʥʘ ʤʦʣʝʢʫʣʩʢʠʭ ʦʩʦʙʠʥʘ ʦʙʫʭʚʘʪʘʿʫ ʧʦʣʫʝʤʧʠʨʠʿʩʢʝ ʤʝʪʦʜʝ Ab initio 

ʤʝʪʦʜʝ. ʇʦʣʫʝʤʧʠʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ ʢʦʨʠʩʪʝ ʧʦʿʝʜʥʦʩʪʘʚˀʝʥʠ ʍʘʤʠʣʪʦʥʦʚ ʦʧʝʨʘʪʦʨ. ʅʘʟʠʚ 

ʧʦʣʫʝʤʧʠʨʠʿʩʢʠ ʧʦʪʠʯʝ ʦʜ ʯʠˁʝʥʠʮʝ ʜʘ ʩʝ ʢʦʨʠʩʪʝ ʧʨʦʨʘʯʫʥʠ ʢʦʿʠ ʩʫ  ʧʨʠʣʘʛʦʹʝʥʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʨʝʟʫʣʪʘʪʠʤʘ. ʇʦʩʪʦʿʠ ʚʝʣʠʢʠ ʙʨʦʿ ʦʚʘʢʚʠʭ ʤʝʪʦʜʘ, ʢʦʿʝ ʩʝ ʤʝʹʫʩʦʙʥʦ 

ʨʘʟʣʠʢʫʿʫ ʧʦ ʢʦʨʠʰ˂ʝʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʠ ʩʪʝʧʝʥʫ ʫ ʢʦʤʝ ʩʫ ʟʘʚʠʩʥʦ ʦʜ ʧʨʠʤʝˁʝʥʝ 

ʘʧʨʦʢʘʩʠʤʘʮʠʿʝ ʥʝʢʠ ʧʦʿʤʦʚʠ ʟʘʥʝʤʘʨʝʥʠ. ʄʝʹʫʪʠʤ, ʩʘ ʨʘʟʚʦʿʝʤ ʙʦˀʠʭ ʨʘʯʫʥʘʨʘ, ʦʚʝ ʤʝʪʦʜʝ 

ʩʫ ʜʦʥʝʢʣʝ ʟʘʩʪʘʨʝʣʝ ʠ ʟʘʤʝˁʝʥʝ ʩʫ Ab initio ʤʝʪʦʜʘʤʘ. ʆʚʝ ʤʝʪʦʜʝ ʢʦʨʠʩʪʝ ʠʩʧʨʘʚʘʥ 

ʍʘʤʠʣʪʦʥʠʿʘʥ ʩʘ ʩʚʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʠʟʨʘʯʫʥʘʪʠʤ ʪʝʦʨʠʿʩʢʠ. ʄʝʹʫ ˁʠʤʘ, ʿʝʜʥʘ ʦʜ ʤʝʪʦʜʘ ʢʦʿʘ 

ʩʝ ʪʨʝʥʫʪʥʦ ʢʦʨʠʩʪʠ ʟʘ ʧʨʦʨʘʯʫʥ ʩʚʠʭ ʤʦʣʝʢʫʣʘʨʥʠʭ ʩʚʦʿʩʪʘʚʘ ʿʝ ʍʘʨʪʨʠ ʌʦʢʦʚʘ ʤʝʪʦʜʘ.  

ɿʘʠʩʪʘ, ʨʘʟʣʦʛ ʟʙʦʛ ʢʦʿʝʛ ʩʝ ʐʨʝʜʠʥʛʝʨʦʚʘ ʿʝʜʥʘʯʠʥʘ ʟʘ ʩʠʩʪʝʤʝ ʩʘ ʚʠʰʝ ʦʜ ʿʝʜʥʦʛ 

ʝʣʝʢʪʨʦʥʘ ʥʝ ʤʦʞʝ ʘʥʘʣʠʪʠʯʢʠ, ʿʝʜʥʦʩʪʘʚʥʦ, ʨʝʰʠʪʠ ʿʝ ʪʘʿ ʰʪʦ ʠʥʪʝʨʘʢʮʠʿʘ ʝʣʝʢʪʨʦʥ-ʝʣʝʢʪʨʦʥ  

ʢʦʿʝ ʿʝ ʫʢˀʫʯʝʥʘ ʫ ʦʧʝʨʘʪʦʨ ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʥʝʨʛʠʿʝ ʫʢˀʫʯʫʿʝ ʠ ʤʝʹʫʝʣʝʢʪʨʦʥʩʢʦ ʨʘʩʪʦʿʘˁʝ, 

ʢʦʿʝ ʿʝ ʠʟʫʟʝʪʥʦ ʪʝʰʢʦ ʠʟʨʘʟʠʪʠ ʫ ʜʝʢʘʨʪʦʚʩʢʠʤ ʠʣʠ ʩʬʝʨʥʠʤ ʝʣʝʢʪʨʦʥʩʢʠʤ ʢʦʦʨʜʠʥʘʪʘʤʘ. 
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ʍʘʨʪʨʠ ʌʦʢʦʚʘ ʤʝʪʦʜʘ, ʥʘʟʚʘʥʘ ʤʝʪʦʜʘ ʩʘʤʦʫʩʘʛʣʘʰʝʥʦʛ ʧʦˀʘ (Self-Consistent field) ʤʝʪʦʜʘ ʠ 

ʫʢʫˀʯʫʿʝ ʠʥʪʝʨʘʢʮʠʿʫ ʩʚʘʢʦʛ ʝʣʝʢʪʨʦʥʘ ʩʘ ʝʣʝʢʪʨʦʥʩʢʠʤ ʦʙʣʘʢʦʤ ʦʩʪʘʣʠʭ ʝʣʝʢʪʨʦʥʘ. ʋʚʦʜʝ ʩʝ 

ʠ ʪʝʨʤʠʥʠ ʩʧʠʥʘ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʜʦʙʠʿʘˁʘ ʥʘʿʙʦˀʠʭ ʤʦʛʫ˂ʠʭ ʪʘʣʘʩʥʠʭ ʬʫʥʢʮʠʿʘ ʠ ʝʥʝʨʛʠʿʘ. 

ɼʨʫʛʠ ʤʝʪʦʜ ʧʨʠʤʝˁʝʥ ʫ ʧʦʩʣʝʜˁʠʭ ʥʝʢʦʣʠʢʦ ʜʝʮʝʥʠʿʘ, ʪʘʢʦʹʝ Ab initio, ʢʦʨʠʩʪʠ 

ʯʠˁʝʥʠʮʫ ʜʘ ʿʝ ʝʣʝʢʪʨʦʥʩʢʘ ʛʫʩʪʠʥʘ ʬʫʥʢʮʠʿʘ ʪʘʣʘʩʥʠʭ ʬʫʥʢʮʠʿʘ. ʆʚʘ ʤʝʪʦʜʘ ʩʝ ʥʘʟʠʚʘ 

ʊʝʦʨʠʿʘ ʬʫʥʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ (DFT). ωρ 
 

5.1.1. ʊʝʦʨʠʿʘ ʬʫʥʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ 
 

ʊʝʦʨʠʿʘ ʬʫʥʢʮʠʦʥʘʣa ʛʫʩʪʠʥʝ (DFT-Density functional theory) ʿʝ ʤʝʪʦʜʘ ʢʚʘʥʪʥʦ-ʤʝʭʘʥʠʯʢʝ 

ʘʪʦʤʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʩʚʦʿʩʪʘʚʘ ʛʦʪʦʚʦ ʙʠʣʦ ʢʦʿʝ ʚʨʩʪʝ 

ʘʪʦʤʩʢʦʛ ʩʠʩʪʝʤʘ: ʤʦʣʝʢʫʣʘ, ʢʨʠʩʪʘʣʘ, ʧʦʚʨʰʠʥʘ. DFT ʧʨʠʧʘʜʘ ʧʦʨʦʜʠʮʠ Ab initio ʤʝʪʦʜʘ, 

ʥʘʟʚʘʥʠʭ ʪʘʢʦ ʿʝʨ ʤʦʛʫ ʧʨʝʜʚʠʜʝʪʠ ʩʚʦʿʩʪʚʘ ʤʘʪʝʨʠʿʘʣʘ ʟʘ ʥʝʧʦʟʥʘʪʝ ʩʠʩʪʝʤʝ ʙʝʟ ʠʢʘʢʚʦʛ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʫʥʦʩʘ.  

ʈʝʚʦʣʫʮʠʦʥʘʨʥʠ ʨʘʟʚʦʿ ʢʚʘʥʪʥʝ ʤʝʭʘʥʠʢʝ ʧʦʯʝʪʢʦʤ 20. ʚʝʢʘ ʢʦʥʘʯʥʦ ʿʝ ʜʘʦ ʦʜʛʦʚʦʨ ʥʘ 

ʤʥʦʛʘ ʦʪʚʦʨʝʥʘ ʧʠʪʘˁʘ ʦ ʧʨʠʨʦʜʠ ʠ ʩʚʦʿʩʪʚʠʤʘ ʘʪʦʤʘ. ʇʨʠʤʝʥʘ ʦʚʠʭ ʧʨʠʥʮʠʧʘ ʥʘ 

ʢʦʤʧʣʠʢʦʚʘʥʠʿʝ ʩʠʩʪʝʤʝ ʢʘʦ ʰʪʦ ʩʫ ʤʦʣʝʢʫʣʠ ʠ ʤʘʪʝʨʠʿʘʣʠ ʫ ʯʚʨʩʪʦʤ ʩʪʘˁʫ, ʤʝʹʫʪʠʤ, 

ʧʦʢʘʟʘʣʘ ʩʝ ʪʝʞʠʤ; ʯʘʢ ʥʠ ʫ ʢʣʘʩʠʯʥʦʿ ʬʠʟʠʮʠ ʥʝ ʧʦʩʪʦʿʠ ʦʧʰʪʝ ʨʝʰʝˁʝ ʟʘ ʧʨʦʙʣʝʤ ʩʘ ʪʨʠ 

ʪʝʣʘ (ʢʘʦ ʰʪʦ ʿʝ ʢʦʤʙʠʥʦʚʘʥʦ ʦʨʙʠʪʘʣʥʦ ʢʨʝʪʘˁʝ ʉʫʥʮʘ, ʄʝʩʝʮʘ ʠ ɿʝʤˀʝ), ʘ ʜʘ ʙʠ ʤʦʣʝʢʫʣ 

ʚʦʜʝ ʙʠʦ ʦʧʠʩʘʥ, ʤʦʨʘʤʦ ʜʘ ʠʤʘʤʦ ʧʦʩʣʘ ʩʘ ʜʝʩʝʪ ʝʣʝʢʪʨʦʥʘ ʠ ʪʨʠ ʘʪʦʤʩʢʘ ʿʝʟʛʨʘ. ʋʩʧʝʭ ʠ 

ʧʨʠʤʝʥˀʠʚʦʩʪ DFT-ʘ ʣʝʞʠ ʫ ʥʝʢʠʤ ʨʘʜʦʚʠʤʘ ʥʘʫʯʥʠʢʘ ʩʨʝʜʠʥʦʤ 1960-ʠʭ ɺʦʣʪʝʨʘ ʂʦʥʘ, ʇʿʝʨʘ 

ʍʦʝʥʙʝʨʛʘ ʠ ʃʫ ɱʝʫ ʐʘʤʘ (Volter Khon, Pjer Hohenberg, Lu Jeu Sham). ʅʝ ʬʦʢʫʩʠʨʘʿʫ˂ʠ ʩʝ ʥʘ 

ʧʦʿʝʜʠʥʘʯʥʝ ʝʣʝʢʪʨʦʥʝ, ʚʝ˂ ʫʤʝʩʪʦ ʪʦʛʘ ʢʦʨʠʩʪʝ˂ʠ ʛʫʩʪʠʥʫ ʝʣʝʢʪʨʦʥʘ ʢʘʦ ʦʩʥʦʚʥʫ ʧʨʦʤʝʥˀʠʚʫ 

ʟʘ ʨʝʰʘʚʘˁʝ, ʠ ʜʘˀʝ ʧʨʝʬʦʨʤʫʣʠʰʫ˂ʠ ʧʨʦʙʣʝʤ ʤʥʦʛʠʭ ʪʝʣʘ ʢʘʦ ʝʢʚʠʚʘʣʝʥʪʥʠ ʧʨʦʙʣʝʤ ʿʝʜʥʝ 

ʯʝʩʪʠʮʝ, ʬʦʨʤʫʣʠʩʘʥʘ ʿʝ ʪʝʦʨʠʿʘ ʬʫʥʢʮʠʦʥʘʣʥʝ ʛʫʩʪʠʥʝ. ʊʦʢʦʤ ʥʘʨʝʜʥʠʭ ʜʝʮʝʥʠʿʘ, ʨʘʟʚʠʿʝʥ ʿʝ 

ʥʠʟ ʧʨʘʢʪʠʯʥʠʭ ʧʨʦʪʦʢʦʣʘ ʦʜ ʩʪʨʘʥʝ ʤʥʦʛʠʭ ʩʘʨʘʜʥʠʢʘ, ʘ ʢʦʨʠʰ˂ʝˁʝʤ ʤʦ˂ʥʠʭ ʥʫʤʝʨʠʯʢʠʭ 

ʨʘʯʫʥʘʨʘ, DFT ʿʝ ʧʦʩʪʘʦ ʥʝʟʘʤʝʥˀʠʚ ʘʣʘʪ ʟʘ ʥʘʫʢʫ ʦ ʤʘʪʝʨʠʿʘʣʠʤʘ, ʭʝʤʠʿʫ ʠ ʤʥʦʛʝ ʜʨʫʛʝ 

ʦʙʣʘʩʪʠ. ʈʝʣʘʪʠʚʥʦ ʜʠʨʝʢʪʥʠ ʜʦʜʘʮʠ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʩʧʠʥʘ ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʦʧʠʩ ʤʘʛʥʝʪʥʠʭ 

ʩʠʩʪʝʤʘ, ʘ ʧʦʚʨʭ ʪʦʛʘ ʤʦʛʫ ʩʝ ʪʨʝʪʠʨʘʪʠ ʨʝʣʘʪʠʚʠʩʪʠʯʢʠ ʝʬʝʢʪʠ, ʧʘ ʯʘʢ ʠ ʩʫʧʝʨʧʨʦʚʦʜˀʠʚʦʩʪ.  

ɸʪʦʤʩʢʦ ʤʦʜʝʣʦʚʘˁʝ ʫʦʧʰʪʝ, ʘ ʧʦʩʝʙʥʦ DFT ʧʨʦʨʘʯʫʥʠ, ʧʨʫʞʘʿʫ ʟʥʘʯʘʿʥʫ ʚʨʝʜʥʦʩʪ 

ʠʩʪʨʘʞʠʚʘʯʠʤʘ ʠ ʥʘʫʯʥʠʮʠʤʘ ʢʦʿʠ ʨʘʜʝ ʩʘ ʭʝʤʠʢʘʣʠʿʘʤʘ, ʝʣʝʢʪʨʦʥʩʢʠʤ ʤʘʪʝʨʠʿʘʣʠʤʘ, ʠʪʜ., ʥʘ 

ʜʚʘ ʨʘʟʣʠʯʠʪʘ ʥʘʯʠʥʘ: ʇʦʰʪʦ ʤʦʞʝ ʜʘ ʦʙʨʘʹʫʿʝ ʫ ʩʫʰʪʠʥʠ ʙʠʣʦ ʢʦʿʠ ʝʣʝʤʝʥʪ ʧʝʨʠʦʜʥʦʛ 

ʩʠʩʪʝʤʘ ʝʣʝʤʝʥʝʘʪʘ ʫ ʙʠʣʦ ʢʦʿʦʿ ʚʨʩʪʠ ʘʪʦʤʩʢʦʛ ʨʘʩʧʦʨʝʜʘ, ʙʝʟ ʧʦʪʨʝʙʝ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ 

ʫʣʘʟʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ, DFT ʠʤʘ ʩʥʘʞʥʫ ʧʨʝʜʠʢʪʠʚʥʫ ʤʦ˂, ʯʘʢ ʠ ʟʘ ʧʦʪʧʫʥʦ ʥʦʚʝ ʤʦʣʝʢʫʣʝ ʠʣʠ 

ʤʘʪʝʨʠʿʘʣʝ. ʅʘ ʦʚʘʿ ʥʘʯʠʥ, ʘʪʦʤʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʤʦʛʫ ʜʘ ʩʤʘˁʝ ʚʨʝʤʝ ʠ ʨʘʜ ʩʘ ʩʢʫʧʠʤ ʠ 

ʚʝʨʦʚʘʪʥʦ ʦʧʘʩʥʠʤ ʭʝʤʠʢʘʣʠʿʘʤʘ ʥʝʧʦʟʥʘʪʠʭ ʩʚʦʿʩʪʘʚʘ ʠ ʧʦʥʘʰʘˁʘ ʫ ʣʘʙʦʨʘʪʦʨʠʿʠ. 

ʂʦʨʠʩʪʝ˂ʠ ʢʣʘʩʪʝʨʝ ʨʘʯʫʥʘʨʘ ʚʠʩʦʢʠʭ ʧʝʨʬʦʨʤʘʥʩʠ, ʿʝʜʥʘ ʦʩʦʙʘ ʤʦʞʝ ʧʘʨʘʣʝʣʥʦ ʜʘ ʧʨʝʛʣʝʜʘ 

ʩʪʦʪʠʥʝ ʠʣʠ ʯʘʢ ʭʠˀʘʜʝ ʤʘʪʝʨʠʿʘʣʘ, ʰʪʦ ʿʝ ʟʥʘʪʥʦ ʚʠʰʝ ʦʜ ʙʨʦʿʘ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʢʦʿʝ ʯʦʚʝʢ 

ʤʦʞʝ ʜʘ ʠʟʚʝʜʝ ʫ ʠʩʪʦ ʚʨʝʤʝ. ɼʨʫʛʦ, DFT ʧʨʦʨʘʯʫʥʠ ʩʝ ʢʦʨʠʩʪʝ ʜʘ ʙʠ ʩʝ ʨʘʟʫʤʝʣʦ ʢʘʢʦ ʩʝ 

ʤʘʪʝʨʠʿʘʣʠ ʠ ʫʨʝʹʘʿʠ ʧʦʥʘʰʘʿʫ ʠ ʬʫʥʢʮʠʦʥʠʰʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʫʩʣʦʚʠʤʘ. ʆʙʫʯʝʥʠ ʢʦʨʠʩʥʠʢ 

DFT-ʘ ʤʦʞʝ ʧʦʚʝʟʘʪʠ ʧʦʜʘʪʢʝ ʤʝʨʝˁʘ ʩʘ ʨʝʟʫʣʪʘʪʠʤʘ ʩʠʤʫʣʘʮʠʿʝ ʢʘʢʦ ʙʠ ʠʟʚʝʦ ʟʘʢˀʫʯʢʝ ʦ 

ʬʠʟʠʯʢʦʤ ʧʦʨʝʢʣʫ ʦʜʨʝʹʝʥʠʭ ʝʬʝʢʘʪʘ ʫʦʯʝʥʠʭ ʫ ʤʘʪʝʨʠʿʘʣʫ ʠʣʠ ʫʨʝʹʘʿʫ, ʘʣʠ ʢʦʿʠ ʩʝ ʥʝ ʤʦʛʫ 

ʣʘʢʦ ʦʙʿʘʩʥʠʪʠ ʿʝʜʥʦʩʪʘʚʥʠʤ ʤʦʜʝʣʠʤʘ. ʊʘʢʘʚ ʫʚʠʜ ʿʝ ʢˀʫʯʘʥ ʜʘ ʙʠ ʩʝ ʫ ʧʦʪʧʫʥʦʩʪʠ 

ʠʩʢʦʨʠʩʪʠʣʠ ʝʬʝʢʪʠ ʠ ʤʘʪʝʨʠʿʘʣ, ʘ ʿʦʰ ʚʠʰʝ ʜʘ ʙʠ ʩʝ, ʥʘ ʧʨʠʤʝʨ, ʩʤʘˁʠʣʝ ʜʠʤʝʥʟʠʿʝ ʫʨʝʹʘʿʘ 

ʠʣʠ ʦʧʪʠʤʠʟʦʚʘʣʠ ʠʟʙʦʨʠ ʤʘʪʝʨʠʿʘʣʘ ʠʣʠ ʫʩʣʦʚʠ ʧʨʦʮʝʩʘ, ʰʪʦ ʿʝ ʿʘʢʦ ʟʥʘʯʘʿʥʦ ʫ ʬʨʝʥʟʠʯʢʠʤ 

ʠʩʧʠʪʠʚʘˁʠʤʘ.  

ʇʨʠʤʘʨʥʠ ʢʦʥʮʝʧʪ ʿʝ ʜʘ ʩʚʦʿʩʪʚʘ ʦʩʥʦʚʥʦʛ ʩʪʘˁʘ ʩʪʘʮʠʦʥʘʨʥʦʛ ʩʠʩʪʝʤʘ ʩʘ ʚʠʰʝ ʪʝʣʘ ʤʦʛʫ 

ʙʠʪʠ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʘʤʦ ʫ ʩʤʠʩʣʫ ʛʫʩʪʠʥʝ ʦʩʥʦʚʥʦʛ ʩʪʘˁʘ ως. ʇʦʰʪʦ ʿʝ ʛʫʩʪʠʥʘ ɟ(r) ʬʫʥʢʮʠʿʘ 

ʩʘʤʦ ʪʨʠ ʧʨʦʩʪʦʨʥʝ ʢʦʦʨʜʠʥʘʪʝ, DFT ʿʝ ʨʘʯʫʥʩʢʠ ʠʟʚʦʜˀʠʚ ʯʘʢ ʠ ʟʘ ʚʝʣʠʢʝ ʩʠʩʪʝʤʝ. ɺʝ˂ʠʥʘ 

ʧʨʘʢʪʠʯʥʠʭ ʧʨʠʤʝʥʘ ʪʝʦʨʠʿʝ ʬʫʥʩʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ ʢʦʨʠʩʪʠ ʝʬʝʢʪʠʚʥʝ ʿʝʜʥʦʯʝʩʪʠʯʥʝ ʂʦʥ-
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ʐʘʤʦʚʝ (KS) ʿʝʜʥʘʯʠʥʝ (3,4), ʫʚʝʜʝʥʝ ʟʘ ʧʦʤʦ˂ʥʠ ʩʠʩʪʝʤ ʟʘ N ʯʝʩʪʠʮʝ ʢʦʿʝ ʥʠʩʫ ʫ ʠʥʪʝʨʘʢʮʠʿʠ. 

ʇʨʝʤʘ ʍʦʝʥʙʝʨʛ-ʂʦʥʦʚʦʿ ʪʝʦʨʝʤʠ [93], ʧʦʩʪʦʿʠ ʿʝʜʠʥʩʪʚʝʥʠ ʝʥʝʨʛʝʪʩʢʠ ʬʫʥʢʮʠʦʥʘʣ (ʿʝʜʥ. 3): 

 

Ὁ ” Ὕ” Ὠὶὺὶ”ὶ 
(3) 

 

 

ʟʘ ʢʦʿʝ ʚʘʨʠʿʘʮʠʦʥʘ ʿʝʜʥʘʯʠʥʘ ʜʘʿʝ ʪʘʯʥʫ ʛʫʩʪʠʥʫ ʦʩʥʦʚʥʦʛ ʩʪʘˁʘ ”ʩ(”). Ts[”] ʿʝ 
ʫʥʠʚʝʨʟʘʣʥʘ ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʩʠʩʪʝʤʘ ʙʝʟ ʠʥʪʝʨʘʢʮʠʿʝ. KS ʰʝʤʘ ʩʝ ʟʘʩʥʠʚʘ ʥʘ ʩʣʝʜʝ˂ʦʿ 

ʪʚʨʜˁʠ: ʟʘ ʙʠʣʦ ʢʦʿʠ ʩʠʩʪʝʤ ʫ ʠʥʪʝʨʘʢʮʠʿʠ ʧʦʩʪʦʿʠ ʿʝʜʠʥʩʪʚʝʥʠ ʣʦʢʘʣʥʠ ʧʦʪʝʥʮʠʿʘʣ ʿʝʜʥʝ 

ʯʝʩʪʠʮʝ Vs(”), ʪʘʢʘʚ ʜʘ ʿʝ ʪʘʯʥʘ ʛʫʩʪʠʥʘ ʦʩʥʦʚʥʦʛ ʩʪʘˁʘ ʩʠʩʪʝʤʘ ʫ ʠʥʪʝʨʘʢʮʠʿʠ ʿʝʜʥʘʢʘ ʛʫʩʪʠʥʠ 
ʦʩʥʦʚʥʦʛ ʩʪʘˁʘ ʧʦʤʦ˂ʥʦʛ ʩʠʩʪʝʤʘ ʙʝʟ ʠʥʪʝʨʘʢʮʠʿʝ (ʿʝʜʥ.4): 

 

”ὶ ” ὶ ȿ‰ ὶȿ 

(4) 

 

ʠʟʨʘʞʝʥʦ ʫ ʪʝʨʤʠʥʠʤʘ N ʥʘʿʥʠʞʠʭ ʟʘʫʟʝʪʠʭ ʿʝʜʥʦʯʝʩʪʠʯʥʠʭ ʦʨʙʠʪʘʣʘ ð ʨʝʰʝˁʘ KS ʿ ʝʜʥʘʯʠʥʘ 

(ʿʝʜʥ.5): 

 

ᶯ

ςά
 ὺὶ ‰ ὶ ‐‰ ὶ 

(5) 

 

ɿʘ ʩʘʤʦʚʝʟʘʥʠ ʩʠʩʪʝʤ ʢʘʦ ʰʪʦ ʿʝ ʘʪʦʤʩʢʦ ʿʝʟʛʨʦ, ʬʫʥʢʮʠʦʥʘʣʥʘ ʝʥʝʨʛʠʿʘ ʩʝ ʤʦʞʝ 

ʨʘʟʣʦʞʠʪʠ ʫ ʪʨʠ ʦʜʚʦʿʝʥʘ ʧʦʿʤʘ (ʿʝʜʥ.6): 

 

Ὂ” Ὕ” Ὁ ” Ὁ ” (6) 

 

ʛʜʝ ʿʝ Ὕί ʢʠʥʝʪʠʯʢʘ ʝʥʝʨʛʠʿʘ ʩʠʩʪʝʤʘ ɸ-ʥʫʢʣʝʦʥʘ ʢʦʿʠ ʥʠʿʝ ʫ ʠʥʪʝʨʘʢʮʠʿʠ, ὉὬ ʿ ʝ ʍʘʨʪʨʠʿʝʚʘ 
ʝʥʝʨʛʠʿʘ, ʘ Ὁὼὧ ʦʟʥʘʯʘʚʘ ʝʥʝʨʛʠʿʫ ʨʘʟʤʝʥʝ ʠ ʢʦʨʝʣʘʮʠʿʝ ʢʦʿʘ, ʧʦ ʜʝʬʠʥʠʮʠʿʠ, ʩʘʜʨʞʠ ʩʚʝ ʦʩʪʘʣʦ 

ï ʩʚʝ ʝʬʝʢʪʝ. ʆʜʛʦʚʘʨʘʿʫ˂ʠ ʣʦʢʘʣʥʠ ʨʘʟʤʝʥʩʢʦ-ʢʦʨʝʣʘʮʠʿʩʢʠ ʧʦʪʝʥʮʠʿʘʣ ʿʝ ʜʝʬʠʥʠʩʘʥ (ʿʝʜʥ.7 

ʠ 8): 

 

ὺ ” ὶ
Ὁ‏ ”

ὶ”‏
 

(7) 

ʠ  

ὺ” ὶ ὺ ” ὶ ὺ ” ὶ (8) 

 

ʇʦʰʪʦ ʝʬʝʢʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʟʘʚʠʩʠ ʦʜ ʛʫʩʪʠʥʝ ʦʩʥʦʚʥʦʛ ʩʪʘˁʘ, ʩʠʩʪʝʤ ʿʝʜʥʘʯʠʥʘ (4), (5) 

ʠ (6) ʤʦʨʘʿʫ ʩʝ ʨʝʰʘʚʘʪʠ ʩʘʤʦʜʦʩʣʝʜʥʦ. ɱʘʩʥʦ ʿʝ, ʤʝʹʫʪʠʤ, ʜʘ ʢʦʨʠʩʥʦʩʪ ʂʦʥïʐʘʤʦʚʝ 

ʿʝʜʥʘʯʠʥʝ ʫ ʚʝʣʠʢʦʿ ʤʝʨʠ ʟʘʚʠʩʠ ʦʜ ʢʦʥʩʪʨʫʢʮʠʿʘ ʪʘʯʥʝ ʘʧʨʦʢʩʠʤʘʮʠʿʝ, ʪʘʯʥʝ ʝʥʝʨʛʠʿʝ ʨʘʟʤʝʥʝ 

ʠ ʢʦʨʝʣʘʮʠʿʝ. ɱʝʜʘʥ ʦʜ ʤʦʛʫ˂ʠʭ ʧʨʠʩʪʫʧʘ ʿʝ ʜʘ ʩʝ Ὁ ʨʘʟʚʠʿʝ ʠʟ ʧʨʚʠʭ ʧʨʠʥʮʠʧʘ ʫʢˀʫʯʠʚʘˁʝʤ 

ʧʦʟʥʘʪʠʭ ʪʘʯʥʠʭ ʦʛʨʘʥʠʯʝˁʘ. ɼʨʫʛʠ ʿʝ ʝʤʧʠʨʠʿʩʢʠ, ʧʘʨʘʤʝʪʘʨʩʢʠ ʜʘ ʩʝ ʦʧʪʠʤʠʟʫʿʝ 

ʧʨʠʣʘʛʦʹʘʚʘˁʝʤ ʩʢʫʧʫ ʧʦʜʘʪʘʢʘ. ʈʘʟʚʠʿʝʥ ʿʝ ʚʝʣʠʢʠ ʙʨʦʿ ʤʝʪʦʜʘ ʟʘʩʥʦʚʘʥ ʥʘ ʬʫʥʢʮʠʦʥʘʣʠʤʘ 

ʠʟʤʝʥʝ/ʢʦʨʝʣʘʮʠʿʝ, ʢʦʿʝ ʩʝ ʤʦʛʫ ʧʦʜʝʣʠʪʠ ʫ ʪʨʠ ʢʣʘʩʝ: ʬʫʥʢʮʠʦʥʘʣʠ ʟʘʩʥʦʚʘʥʠ ʥʘ 
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ʘʧʨʦʢʩʠʤʘʮʠʿʠ ʣʦʢʘʣʥʝ ʠ ʣʦʢʘʣʥʝ ʩʧʠʥʩʢʝ ʛʫʩʪʠʥʝ, ʬʫʥʢʮʠʦʥʘʣʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʘʧʨʦʢʩʠʤʘʮʠʿʠ 

ʛʨʘʜʠʿʝʥʪʘ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ ʠ ʭʠʙʨʠʜʥʠ ʬʫʥʢʮʠʦʥʘʣʠ.  

 

5.1.2. ʍʠʙʨʠʜʥʠ ʬʫʥʢʮʠʦʥʘʣʠ 
 

ɿʘ ʦʧʠʩʠʚʘˁʝ ʩʠʩʪʝʤʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʦʟʥʘʚʘˁʝ ʬʫʥʢʮʠʦʥʘʣʘ ʠʟʤʝʥʝ. ɹʝʢʝ (Bʝcke) ʿʝ 

ʬʦʨʤʫʣʠʩʘʦ ʬʫʥʢʮʠʦʥʘʣʝ ʢʦʜ ʢʦʿʠʭ ʩʝ ʜʦʧʨʠʥʦʩ ʦʜ ʢʦʨʝʣʘʮʠʿʝ ʟʘʩʥʠʚʘ ʥʘ ʪʝʦʨʠʿʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʜʝʦ ʪʘʯʥʝ ʠʟʤʝʥʝ ʠʟ ʍʘʨʪʨʠ-ʌʦʢʦʚʝ ʪʝʦʨʠʿʝ ʩʘ ʦʩʪʘʪʢʦʤ 

ʝʥʝʨʛʠʿʝ ʠʟʤʝʥʝ-ʢʦʨʝʣʘʮʠʿʝ. ʌʫʥʢʮʠʦʥʘʣ ʠʟʤʝʥʝ ʝʥʝʨʛʠʿʝ ʩʝ ʠʟʨʘʞʘʚʘ ʫ ʬʫʥʢʮʠʿʠ ʦʜ Kʦʥ-

ʐʘʤʦʚʠʭ ʦʨʙʠʪʘʣʘ, ʘ ʥʝ ʛʫʩʪʠʥʝ, ʧʘ ʩʝ ʥʘʟʠʚʘ ʠʤʧʣʠʮʠʪʥʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʛʫʩʪʠʥʝ. ɱʝʜʥʘ ʦʜ 

ʥʘʿʯʝʰ˂ʝ ʢʦʨʠʰ˂ʝʥʠʭ ʚʝʨʟʠʿʘ ʿʝ B3LYP, ʰʪʦ ʿʝ ʩʢʨʘ˂ʝʥʠʮʘ ʟʘ "Becke, 3-parameter, LeeïYangï

Parr".  

ʍʠʙʨʠʜʥʘ ʬʫʥʢʮʠʿʘ ʠʟʤʝʥʝ-ʢʦʨʝʣʘʮʠʿʝ ʩʝ ʦʙʠʯʥʦ ʢʦʥʩʪʨʫʠʰʝ ʢʘʦ ʣʠʥʝʘʨʥʘ ʢʦʤʙʠʥʘʮʠʿʘ 

ʍʘʨʪʨʠ-ʌʦʢʦʚʦʛ ʪʘʯʥʦʛ ʬʫʥʢʮʠʦʥʘʣʘ ʠʟʤʝʥʝ (ʿʝʜʥ. 9): 

 

Ὁ ὧ Ὁ ὧ Ὁ  (9) 

 

ʋ ʿʝʜʥʘʯʠʥʠ ʯʣʘʥʦʚʠ CHF ʠ CDFT ʧʨʝʜʩʪʘʚˀʘʿʫ ʢʦʥʩʪʘʥʪʝ ʚʨʝʜʥʦʩʪʠ. ʆʚʘʢʘʚ ʥʘʯʠʥ 

ʜʝʬʠʥʠʩʘˁʘ ʜʦʚʦʜʠ ʜʦ ʜʝʣʠʤʠʯʥʦ ʩʝʤʠ-ʝʤʧʠʨʠʿʩʢʦʛ ʢʘʨʘʢʪʝʨʘ ʬʫʥʢʮʠʦʥʘʣʘ.  

¶ B3LYP 

ʅʘ ʧʨʠʤʝʨ, ʧʦʧʫʣʘʨʥʠ B3LYP , ʠʟʤʝʥʩʢʠ-ʢʦʨʝʣʘʮʠʦʥʠ ʬʫʥʢʮʠʦʥʘʣ ʿʝ: 

 

Ὁ Ὁ ὥ Ὁ Ὁ ὥ Ὁ Ὁ ὥ Ὁ Ὁ  (10) 

 

ɻʜʝ ʩʝ ʬʫʥʢʮʠʦʥʘʣ B ʦʜʥʦʩʠ ʥʘ ɹʝʢʝʦʚ ʬʫʥʢʮʠʦʥʘʣ ʠʟʤʝʥʝ, 3 ʥʘ ʙʨʦʿ ʝʤʧʠʨʠʿʩʢʠʭ 

ʧʘʨʘʤʝʪʘʨʘ (ὥ,ὥ ʠ ὥ), ʘ LYP ʥʘ ʬʫʥʢʮʠʦʥʘʣ ʃʠʿʘ (Li), ɱʘʥʛʘ (Yang) ʠ ʇʘʨʘ (Parr).  ʊʨʠ 

ʧʘʨʘʤʝʪʨʘ ʢʦʿʘ ʜʝʬʠʥʠʰʫ B3LYP ʩʫ ʫʟʝʪʘ ʙʝʟ ʤʦʜʠʬʠʢʘʮʠʿʘ ʠʟ ɹʝʢʝʦʚʦʛ ʦʨʠʛʠʥʘʣʥʦʛ 

ʧʨʠʣʘʛʦʹʘʚʘˁʘ ʘʥʘʣʦʛʥʦʤ B3PB91 ʬʫʥʢʮʠʦʥʘʣʥʦʛ ʩʢʫʧʘ ʝʥʝʨʛʠʿʘ ʘʪʦʤʠʟʘʮʠʿʝ, ʿʦʥʠʟʘʮʠʦʥʠʭ 

ʧʦʪʝʥʮʠʿʘʣʘ, ʧʨʦʪʦʥʩʢʠʭ ʘʬʠʥʠʪʝʪʘ ʠ ʫʢʫʧʥʠʭ ʘʪʦʤʩʢʠʭ ʝʥʝʨʛʠʿʘ. ʆʚʘʢʦ ʩʫ ʜʦʙʠʿʝʥʝ ʩʣʝʜʝ˂ʝ 

ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ: ὥ=0,20, ὥ=0,72 ʠ  ὥ =0,81. 

B3LYP-D3BJ ʬʫʥʢʮʠʦʥʘʣ ʤʦʞʝ ʜʘ ʦʤʦʛʫ˂ʠ ʙʦˀʝ oʧʠʩʠʚʘˁʝ ʦʜʙʦʿʥʠʭ ʤʝʹʫʘʪʦʤʩʢʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ, ʰʪʦ ʧʦʙʦˀʰʘʚʘ ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʠʿʘ ʥʝʢʦʚʘʣʝʥʪʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʠ ʤʝʹʫʘʪʦʤʩʢʠʭ 

ʢʨʘʪʢʠʭ ʨʘʩʪʦʿʘˁʘ ωτ. ɹʝʢʝ-ɷʦʥʩ (Becke-Jons) ʫʚʦʜʝ ʠ ʧʘʨʘʤʝʪʨʝ ʢʦʿʠ ʩʝ ʧʦʜʝʰʘʚʘʿʫ 

ʧʨʠʣʠʢʦʤ ʦʧʠʩʠʚʘˁʘ ʜʠʩʧʝʨʟʠʦʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ. ɱʝʜʥʦ ʦʜ ʧʨʝʜʣʦʞʝʥʠʭ ʧʦʙʦˀʰʘˁʘ 

ʬʫʥʢʮʠʦʥʘʣʘ ʿʝ CAM-B3LYP ωψʬʫʥʢʮʠʦʥʘʣ. ʆʚʘʿ ʬʫʥʢʮʠʦʥʘʣ ʫʢˀʫʯʫʿʝ ʩʚʝ ʜʝʣʦʚʝ 

ʬʫʥʢʮʠʦʥʘʣʘ B3LYP ʫʟ ʜʦʜʘʪʘʢ ʢʦʨʝʢʮʠʿʘ ʟʘ ʠʥʪʝʨʘʢʮʠʿʝ ʜʫʛʦʛ ʜʦʤʝʪʘωυ.  

¶ ʄʝʪʘ ʭʠʙʨʠʜʥʠ GGA ʬʫʥʢʮʠʦʥʘʣʠ 

ʆʚʠ ʬʫʥʢʮʠʦʥʘʣʠ ʧʨʠʧʘʜʘʿʫ ʛʨʫʧʠ ʬʫʥʢʮʠʦʥʘʣʘ ʢʦʿʠ ʩʝ ʟʦʚʫ ʄʠʥʝʩʦʪʘ ʬʫʥʢʮʠʦʥʘʣʠ. ʊʦ 

ʿʝ ʛʨʫʧʘ ʚʠʩʦʢʦ ʧʘʨʘʤʝʪʨʠʟʦʚʘʥʠʭ ʬʫʥʢʮʠʦʥʘʣʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʘʧʨʦʢʩʠʤʘʮʠʿʠ 

ʠʟʤʝʥʝ/ʢʦʨʝʣʘʮʠʿʝ. ʊʨʫʣʘʨ ʠ ʏʘʦ ʨʘʟʚʠʣʠ ʩʫ ʥʝʢʝ ʚʨʣʦ ʟʥʘʯʘʿʥʝ ʭʠʙʨʠʜʥʝ ʤʝʪʘ ʬʫʥʢʮʠʦʥʘʣʝ, 

ʦʜ ʢʦʿʠʭ ˂ʝ ʩʝ ʦʚʜʝ ʩʧʦʤʝʥʫʪʠ ʧʘʨ ˁʠʭ: ʄ05-2ʍ, ʄ06, ʄ06-2ʍ ʠ ʄ06-L. ʉʚʠ ʦʚʠ ʬʫʥʢʮʠʦʥʘʣʠ 

ʧʦʛʦʜʥʠ ʩʫ ʟʘ ʪʝʨʤʦʭʝʤʠʿʩʢʘ ʠ ʢʠʥʝʪʠʯʢʘ ʠʟʨʘʯʫʥʘʚʘˁʘ ʥʘ ʤʦʣʝʢʫʣʠʤʘ ʢʦʿʠ ʩʘʜʨʞʝ ʩʚʝ 

ʝʣʝʤʝʥʪʝ, ʦʩʠʤ ʧʨʝʣʘʟʥʠʭ ʤʝʪʘʣʘ. 



33 
 
 

ʄ06 ʧʘʢʝʪ ʬʫʥʢʮʠʦʥʘʣʘ ωφ ʿʝ ʩʢʫʧ ʦʜ ʯʝʪʠʨʠ ʤʝʪʘ-ʭʠʙʨʠʜʥʘ-GGA (hybrid meta-

generalized gradient-approximations) ʠ ʤʝʪʘ-GGA (meta-generalized gradient-approximations) 

DFT ʬʫʥʢʮʠʦʥʘʣa20. ʆʚʠ ʝʣʝʤʝʥʪʠ ʬʫʥʢʮʠʦʥʘʣʘ ʩʫ ʢʦʥʩʪʨʫʠʩʘʥʠ ʝʤʧʠʨʠʿʩʢʠʤ 

ʧʨʠʣʘʛʦʹʘʚʘˁʝʤ ˁʠʭʦʚʠʭ ʧʘʨʘʤʝʪʘʨʘ, ʜʦʢ ʩʫ ʦʛʨʘʥʠʯʝʥʠ ʥʘ ʫʥʠʬʦʨʤʘʥ ʝʣʝʢʪʨʦʥʩʢʠ ʛʘʩ. ʆʚʘ 

ʧʦʨʦʜʠʮʘ ʫʢˀʫʯʫʿʝ ʬʫʥʢʮʠʦʥʘʣe ʄ06-L, ʄ06, ʄ06-2X ʠ ʄ06-HF, ʩʘ ʨʘʟʣʠʯʠʪʦʤ ʢʦʣʠʯʠʥʦʤ 

ʪʘʯʥʝ ʠʟʤʝʥʝ ʟʘ ʩʚʘʢʫ ʦʜ ˁʠʭ. ʄ06-L ʿ ʝ ʧʦʪʧʫʥʦ ʣʦʢʘʣʘʥ ʙʝʟ HF ʠʟʤʝʥʝ (ʧʘ ʩʝ ʥʝ ʤʦʞʝ ʩʤʘʪʨʘʪʠ 

ʭʠʙʨʠʜʥʠʤ), ʄ06 ʠʤʘ 27% HF ʠʟʤʝʥʝ, ʄ06-2X 54% ʠ ʄ06-HF 100%.  
ʇʨʝʜʥʦʩʪʠ ʩʚʘʢʦʛ ʦʜ ʦʚʠʭ ʬʫʥʢʮʠʦʥʘʣʘ ʩʫ: 

ʄ06-L: ɹʨʟ, ʜʦʙʘʨ ʟʘ ʧʨʝʣʘʟʥʝ ʤʝʪʘʣʝ, ʥʝʦʨʛʘʥʩʢʝ ʠ ʦʨʛʘʥʦʤʝʪʘʣʝ. 

ʄ06: ɿʘ ʛʣʘʚʥʫ ʛʨʫʧʫ, ʦʨʛʘʥʦʤʝʪʘʣʥʘ ʿʝʜʠˁʝˁʘ, ʢʠʥʝʪʠʢʫ ʠ ʥʝʢʦʚʘʣʝʥʪʥʝ ʚʝʟʝ. 

ʄ06-2X: ɻʣʘʚʥʘ ʛʨʫʧʘ, ʢʠʥʝʪʠʢʘ. 

ʄ06-HF: ʩʘ ʧʦʪʧʫʥʦʤ ʍʘʨʪʨʠïʌʦʢ-ʦʚʦʤ ʠʟʤʝʥʦʤ ʿʝ ʧʦʩʝʙʘʥ ʩʣʫʯʘʿ ʭʠʙʨʠʜʥʦʛ ʤʝʪʘ 

GGA21. 

ʌʫʥʢʮʠʦʥʘʣ ʄ05 ʿʝ ʿʝʜʘʥ ʦʜ ʙʦˀʠʭ ʟʘ ʦʧʠʩʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʫ ʿʝʜʠˁʝˁʠʤʘ ʧʨʝʣʘʟʥʠʭ 

ʤʝʪʘʣʘ ʠ ʥʝʢʦʚʘʣʝʥʪʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, ʪʝʨʤʦʭʝʤʠʿʩʢʠʭ ʠ ʢʠʥʝʪʠʯʢʠʭ ʧʘʨʘʤʝʪʘʨʘωχ.  
ʌʫʥʢʮʠʦʥʘʣ ʢʘʦ M05-2X ʫ ʧʦʙʦˀʰʘʥʦʿ ʚʝʨʟʠʿʠ ʿʝ ʧʦʢʘʟʘʦ ʧʨʠʣʠʯʥʦ ʜʦʙʨʝ ʨʝʟʫʣʪʘʪʝ ʫ 

ʪʝʨʤʦʭʝʤʠʿʩʢʠʤ ʠ ʢʠʥʝʪʠʯʢʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʢʘʦ ʠ ʫ ʦʧʠʩʠʚʘˁʫ ʥʝʢʦʚʘʣʝʥʪʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ 

ʥʝʤʝʪʘʣʘωψȢ  ʍʠʙʨʠʜʥʘ ʝʥʝʨʛʠʿʘ ʠʟʤʝʥʝ-ʢʦʨʝʣʘʮʠʿʝ ʟʘ ʦʚʘʿ ʬʫʥʢʮʠʦʥʘʣ ʜʘʿʝ ʩʝ ʿʝʜʥ. 11: 

 

Ὁ Ὁ ρ
ὢ

ρππ
Ὁ Ὁ Ὁ  

(11) 

 

ȱ  ʿʝ ʥʝ-ʣʦʢʘʣʥʘ ʍʘʨʪʨʠ-ʌʦʢʦʚʘ ʝʥʝʨʛʠʿʘ ʠʟʤʝʥʝ, X ʿʝ ʫʜʝʦ ʍʘʨʪʨʠ-ʌʦʢʦʚʝ ʠʟʤʝʥʝ ʫ 

ʭʠʜʨʙʠʜʥʦʤ ʬʫʥʢʮʠʦʥʘʣʫ.  ˒  ʿʝ ʣʦʢʘʣʥʘ DFT ʝʥʝʨʛʠʿʘ ʠʟʤʝʥʝ ʠ ˒  ʿʝ ʣʦʢʘʣʥʘ DFT 

ʝʥʝʨʛʠʿʘ ʢʦʨʝʣʘʮʠʿʝ. ɽʥʝʨʛʠʿʘ ʢʦʨʝʣʘʮʠʿʝ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʘ ʯʣʘʥʦʤ ρ ˒ ˒ .  

ʋ ʿʝʜʥʘʯʠʥʠ, ʍ ʿʝ ʜʦʙʠʿʝʥ ʥʘ ʦʩʥʦʚʫ ʙʘʟʝ ʧʦʜʘʪʘʢʘ ʢʦʿʝ ʫʢˀʫʯʫʿʫ ʝʥʝʨʛʠʿʝ ʘʪʦʤʠʟʘʮʠʿʝ, 

ʧʦʪʝʥʮʠʿʘʣ ʿʦʥʠʟʘʮʠʿʝ, ʘʬʠʥʠʪʝʪ ʧʨʝʤʘ ʝʣʝʢʪʨʦʥʫ, ʝʥʝʨʛʠʿʫ ʜʠʩʦʮʠʿʘʮʠʿʝ ʠ ʜʨʫʛʦ. ʋ 

ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥ ʚʝ˂ʠ ʙʨʦʿ ʨʘʟʣʠʯʠʪʠʭ ʬʫʥʢʮʠʦʥʘʣʘ, ʢʘʦ ʰʪʦ ʩʫ B3LYP, B3LYP-D3BJ, 

B3PW91, CAM ɹ3LYP, ʄ05-2X ʠ ʄ06-2X ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 6-311++ G(d,p).  

 

5.1.3. ʂʦʨʠʰ˂ʝʥʠ ʤʦʜʝʣʠ ʨʘʩʪʚʘʨʘʯʘ 
 

ʄʦʜʝʣ ʧʦʣʘʨʠʟʘʙʠʣʥʦʛ ʢʦʥʪʠʥʫʫʤʘ (PCM) ʿʝ ʫʦʙʠʯʘʿʝʥʘ ʤʝʪʦʜʘ ʫ ʨʘʯʫʥʘʨʩʢʦʿ ʭʝʤʠʿʠ ʟʘ 

ʤʦʜʝʣʠʨʘˁʝ ʝʬʝʢʘʪʘ ʩʦʣʚʘʪʘʮʠʿʝ. ɸʢʦ ʿʝ ʥʝʦʧʭʦʜʥʦ ʨʘʟʤʦʪʨʠʪʠ ʩʚʘʢʠ ʤʦʣʝʢʫʣ ʨʘʩʪʚʘʨʘʯʘ ʢʘʦ 

ʧʦʩʝʙʘʥ ʤʦʣʝʢʫʣ, ʨʘʯʫʥʩʢʦ ʤʦʜʝʣʦʚʘˁe ʭʝʤʠʿʩʢʠʭ ʨʝʘʢʮʠʿʘ ʧʦʩʨʝʜʦʚʘʥʠʭ ʨʘʩʪʚʘʨʘʯʝʤ ʙʠ 

ʙʠʣʦ ʢʦʤʦʣʠʢʦʚʘʥʠʿʝ ʟʘ ʨʝʘʣʠʟʘʮʠʿʫ. ʄʦʜʝʣʦʚʘˁʝ ʨʘʩʪʚʘʨʘʯʘ ʢʘʦ ʧʦʣʘʨʠʟʘʙʠʣʥʦʛ 

ʢʦʥʪʠʥʫʫʤʘ, ʘ ʥʝ ʧʦʿʝʜʠʥʘʯʥʠʭ ʤʦʣʝʢʫʣʘ, ʯʠʥʠ Ab initio ʧʨʦʨʘʯʫʥ ʠʟʚʦʜˀʠʚʠʿʠʤ. ɼʚʘ ʪʠʧʘ 

PCM-ʘ ʩʫ ʧʦʧʫʣʘʨʥʦ ʢʦʨʠʰ˂ʝʥʘ: ʜʠʝʣʝʢʪʨʠʯʥʠ PCM (D-PCM) ʫ ʢʦʿʝʤ ʿʝ ʢʦʥʪʠʥʫʫʤ 

ʧʦʣʘʨʠʟʘʙʠʣʘʥ ʠ PCM ʥʘʣʠʢ ʧʨʦʚʦʜʥʠʢʫ (C-PCM).  

ʄʦʜʝʣ ʧʦʣʘʨʠʟʘʙʠʣʥʦʛ ʢʦʥʪʠʥʫʫʤʘ ʩʣʠʯʘʥ ʧʨʦʚʦʜʥʠʢʫ (C-PCM) ʢʦʿʠ ʢʦʨʠʩʪʠ ʥʝʢʦʣʠʢʦ 

ʤʦʜʝʣʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʝʥʝʨʛʠʿʝ ʫ ʚʦʜʠ ʟʘ ʦʜʨʝʹʝʥʠ ʙʨʦʿ ʦʨʛʘʥʩʢʠʭ ʤʦʣʝʢʫʣʘ (30 ʥʝʫʪʨʘʣʥʠʭ 

ʤʦʣʝʢʫʣʘ, 21 ʘʥʦʿʥʘ ʠ 19 ʢʘʪʿʦʥʘ). ʆʚʘʿ ʤʦʜʝʣ ʨʘʩʪʚʘʨʘʯʘ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʩʪʨʫʢʪʫʨʝ 

ʫ ʚʦʜʠ ʟʘʿʝʜʥʦ ʩʘ ʢʦʨʠʰ˂ʝʥʠʤ ʨʘʯʫʥʩʢʠʤ ʤʝʪʦʜʘʤʘ B3LYP, CAM-B3LYP, B3PW91, M05-2X, 

                                                           
20 GGA ʟʘʚʠʩʠ ʦʜ ʛʫʩʪʠʥʝ ʣʦʢʘʣʥʝ ʩʧʠʥ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ. BLYP je GGA, ʘ ʄ06-L ʩʫ ʤʝʪʘ GGA. ʅʝʣʦʢʘʣʥʠ 

ʬʫʥʢʮʠʦʥʘʣʠ ʩʝ ʪʘʢʦʹʝ ʥʘʟʠʚʘʿʫ ʭʠʙʨʠʜʥʠʤ ʬʫʥʢʮʠʦʥʘʣʠʤʘ ʜʘ ʙʠ ʩʝ ʦʟʥʘʯʠʣʦ ʜʘ ʩʝ, ʙʘʨʝʤ ʟʘ ʪʨʝʥʫʪʥʦ 

ʜʦʩʪʫʧʥʝ ʬʫʥʢʮʠʦʥʘʣʝ, ʥʝʣʦʢʘʣʥʦʩʪ ʩʘʩʪʦʿʠ ʦʜ ʜʦʜʘʚʘˁʘ ʍʘʨʪʠ-ʌʦʢʦʚʦʛ ʬʫʥʢʮʠʦʥʘʣʘ ʠʟʤʝʥʝ. ɼʦʜʘʚʘˁʝ 

ʍʘʨʪʨʠïʌʦk-ʦʚʝ ʨʘʟʤʝʥʘ ʥʘ GGA ʠʣʠ ʤʝʪʘ GGA ʜʘʿʝ ʭʠʙʨʠʜʥʝ GGA ʠ ʤʝʪʘ ʭʠʙʨʠʜʥʝ GGA.  
21 ʇʦʟʥʘʪʦ ʿʝ ʜʘ ʩʫ ʬʫʥʢʮʠʦʥʘʣʠ ʩʘ ʧʦʪʧʫʥʦʤ ʍʘʨʪʨʠïʌʦʢʦʚʦʤ ʠʟʤʝʥʦʤ ʧʨʦʙʣʝʤʘʪʠʯʥʠ ʟʘ ʧʨʝʣʘʟʥʝ ʤʝʪʘʣʝ.  
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and M06-2X) ʠ ʙʘʟʠʩʥʠʤ ʩʢʫʧʦʤ 6-311++G(d,p) ʢʦʿʠ ʦʙʝʟʙʝʹʫʿʫ ʝʬʝʢʪʝ ʚʦʜʝʥʝ ʩʦʣʚʘʪʘʮʠʿʝ ʫ 

ʥʘʿʙʦˀʝʤ ʩʢʣʘʜʫ ʩʘ ʜʦʩʪʫʧʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʧʦʜʘʮʠʤʘ.  

 

 

5.1.4. ʊʝʦʨʠʿʘ ʧʨʠʨʦʜʥʠʭ ʚʝʟʠʚʥʠʭ ʦʨʙʠʪʘʣʘ (NBO) 
 

ʋ ʢʚʘʥʪʥʦʿ ʭʝʤʠʿʠ, ʧʨʠʨʦʜʥʘ ʚʝʟʠʚʥʘ ʦʨʙʠʪʘʣʘ ʠʣʠ NBO ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʦʨʙʠʪʘʣʘ ʚʝʟʠʚʘˁʘ 

ʩʘ ʤʘʢʩʠʤʘʣʥʦʤ ʛʫʩʪʠʥʦʤ ʝʣʝʢʪʨʦʥʘ. NBO ʿʝ ʿʝʜʥʘ ʦʜ ʥʠʟʘ ʧʨʠʨʦʜʥʠʭ ʣʦʢʘʣʠʟʦʚʘʥʠʭ 

ʦʨʙʠʪʘʣʥʠʭ ʩʢʫʧʦʚʘ ʢʦʿʠ ʫʢˀʫʯʫʿʫ Ăʧʨʠʨʦʜʥʝ ʘʪʦʤʩʢʝ ʦʨʙʠʪʘʣʝñ (Nɸʆ), Ăʧʨʠʨʦʜʥʝ ʭʠʙʨʠʜʥʝ 

ʦʨʙʠʪʘʣʝñ (NHʆ), Ăʧʨʠʨʦʜʥʝ ʚʝʟʠʚʥʝ ʦʨʙʠʪʘʣʝñ (NBO) ʠ Ăʧʨʠʨʦʜʥʝ (ʧʦʣʫ)ʣʦʢʘʣʠʟʦʚʘʥʝ 

ʤʦʣʝʢʫʣʩʢʝ ʦʨʙʠʪʘʣʝ ñ (ʅLʄʆ). ʆʚʠ ʧʨʠʨʦʜʥʠ ʣʦʢʘʣʠʟʦʚʘʥʠ ʩʢʫʧʦʚʠ ʩʫ ʩʨʝʜˁʠ ʠʟʤʝʹʫ 

ʦʩʥʦʚʥʠʭ ʘʪʦʤʩʢʠʭ ʦʨʙʠʪʘʣʘ (ɸʆ) ʠ ʤʦʣʝʢʫʣʘʨʥʠʭ ʦʨʙʠʪʘʣʘ (ʄʆ): 

 

ɸʪʦʤʩʢʘ ʦʨʙʠʪʘʣʘ Ÿ NAO Ÿ NHO Ÿ NBO Ÿ NLMO Ÿ ʄʦʣʝʢʫʣʩʢʘ ʦʨʠʙʪʘʣʘ  

 

ʇʨʠʨʦʜʥʝ (ʣʦʢʘʣʠʟʦʚʘʥʝ) ʦʨʙʠʪʘʣʝ ʩʝ ʢʦʨʠʩʪʝ ʫ ʨʘʯʫʥʘʨʩʢʦʿ ʭʝʤʠʿʠ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ 

ʨʘʩʧʦʜʝʣʝ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ ʫ ʘʪʦʤʠʤʘ ʠ ʫ ʚʝʟʘʤʘ ʠʟʤʝʹʫ ʘʪʦʤʘ. ʀʤʘʿʫ Ăʢʘʨʘʢʪʝʨ 

ʤʘʢʩʠʤʘʣʥʝ ʧʦʧʫˁʝʥʦʩʪʠñ ʫ ʣʦʢʘʣʠʟʦʚʘʥʠʤ 1-ʮʝʥʪʨʘʣʥʠʤ ʠ 2-ʮʝʥʪʨʘʣʥʠʤ ʨʝʛʠʦʥʠʤʘ 

ʤʦʣʝʢʫʣʘ. ʆʨʙʠʪʘʣʝ ʧʨʠʨʦʜʥʝ ʚʝʟʝ (NBO) ʫʢˀʫʯʫʿʫ ʥʘʿʚʝ˂ʠ ʤʦʛʫ˂ʠ ʧʨʦʮʝʥʘʪ ʝʣʝʢʪʨʦʥʩʢʝ 

ʛʫʩʪʠʥʝ, ʠʜʝʘʣʥʦ ʙʣʠʟʫ 2.000, ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʥʘʿʪʘʯʥʠʿʫ ʤʦʛʫ˂ʫ Ăʧʨʠʨʦʜʥʫ ʃʫʠʩʦʚʫ ʩʪʨʫʢʪʫʨʫñ 

ʦʜ ɣ. ɺʠʩʦʢ ʧʨʦʮʝʥʘʪ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ (ʦʟʥʘʯʝʥ %-ɟL), ʟʘ ʢʦʿʠ ʩʝ ʯʝʩʪʦ ʥʘʹʝ >99% ʟʘ 

ʫʦʙʠʯʘʿʝʥʝ ʦʨʛʘʥʩʢʝ ʤʦʣʝʢʫʣʝ, ʦʜʛʦʚʘʨʘ ʪʘʯʥʦʿ ʧʨʠʨʦʜʥʦʿ ʃʫʠʩʦʚʦʿ ʩʪʨʫʢʪʫʨʠ. 

ʂʦʥʮʝʧʪ ʧʨʠʨʦʜʥʠʭ ʦʨʙʠʪʘʣʘ ʿʝ ʧʨʚʠ ʫʚʝʦ ʇʝʨ-ʆʣʦʚ ʃʦʚʜʠʥ 1995. ʛʦʜʠʥʝ (Per-Olov 

Löwdin) ʛʦʜʠʥʝ, ʜʘ ʙʠ ʦʧʠʩʘʦ ʿʝʜʠʥʩʪʚʝʥʠ ʩʢʫʧ ʦʨʪʦʥʦʨʤʠʨʘʥʠʭ ʿʝʜʥʦ-ʝʣʝʢʪʨʦʥʩʢʠʭ ʬʫʥʢʮʠʿʘ 

ʢʦʿʝ ʩʫ ʩʚʦʿʩʪʚʝʥʝ N-ʝʣʝʢʪʨʦʥʩʢʦʿ ʪʘʣʘʩʥʦʿ ʬʫʥʢʮʠʿʠ.  

ʉʚʘʢʠ ʚʝʟʘʥʠ NBO ůAB (ʜʦʥʦʨ) ʤʦʞʝ ʩʝ ʥʘʧʠʩʘʪʠ ʫ ʪʝʨʤʠʥʠʤʘ ʜʚʘ ʫʩʤʝʨʝʥʘ ʚʘʣʝʥʪʥʘ 

ʭʠʙʨʠʜʘ (NHOs) hɸ, hB ʥʘ ʘʪʦʤʠʤʘ ɸ ʠ B, ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʢʦʝʬʠʮʠʿʝʥʪʠʤʘ ʧʦʣʘʨʠʟʘʮʠʿʝ cɸ, 

Cb (ʿ ʝʜʥ.12). 

 

„ὃὄὧὃὬὃ ὧὄὬὄ (12) 

 

ɺʝʟʝ ʚʘʨʠʨʘʿʫ ʦʜ ʢʦʚʘʣʝʥʪʥʝ (ὧὃ = ὧὄ) ʜʦ ʿʦʥʩʢʝ (ὧὃ >> ὧὄ) ʛʨʘʥʠʮʝ. 

ʉʚʘʢʘ ʚʘʣʝʥʪʥʘ ʚʝʟʘ NBO ů ʤʦʨʘ ʙʠʪʠ ʩʿʝʜʠˁʝʥʘ ʩʘ ʦʜʛʦʚʘʨʘʿʫ˂ʠʤ ʚʘʣʝʥʪʥʠʤ 

ʘʥʪʠʚʝʟʫʿʫ˂ʠʤ NBO ů* (ʘʢʮʝʧʪʦʨʦʤ) ʜʘ ʙʠ ʩʝ ʢʦʤʧʣʝʪʠʨʘʦ ʨʘʩʧʦʥ ʚʘʣʝʥʪʥʦʛ ʧʨʦʩʪʦʨʘ 

(ʿʝʜʥ.13): 

 

„ὃὄᶻ ὧὃὬὃ ὧὄὬὄ (13) 

 

NBO ʚʝʟʫʿʫ˂ʠ ʩʫ ʪʠʧʘ "ʃʫʠʩʦʚe ʦʨʙʠʪʘʣe"ʘ, ʘʥʪʠʚʝʟʫʿʫ˂ʠ NBO ʩʫ ʪʠʧʘ Ăʥʝ-ʃʫʠʩʦʚʝ 

ʦʨʙʠʪʘʣʝò. ʋ ʠʜʝʘʣʠʟʦʚʘʥʦʿ ʃʫʠʩʦʚʦʿ ʩʪʨʫʢʪʫʨʠ, ʧʫʥʝ ʃʫʠʩʦʚʝ ʦʨʙʠʪʘʣʝ (ʜʚʘ ʝʣʝʢʪʨʦʥʘ) ʩʫ 

ʜʦʧʫˁʝʥʝ ʬʦʨʤʘʣʥʦ ʧʨʘʟʥʠʤ ʥʝ-ʃʫʠʩʦʚʠʤ ʦʨʙʠʪʘʣʘʤʘ. ʉʣʘʙʘ ʧʦʧʫˁʝʥʦʩʪ ʚʘʣʝʥʪʥʠʭ ʘʥʪʠʚʝʟʘ 

ʩʠʛʥʘʣʠʟʠʨʘ ʥʝʩʤʘˁʠʚʦ ʦʜʩʪʫʧʘˁʝ ʦʜ ʠʜʝʘʣʠʟʦʚʘʥʝ ʣʦʢʘʣʠʟʦʚʘʥʝ ʃʫʠʩʦʚʝ ʩʪʨʫʢʪʫʨʝ, ʰʪʦ 

ʟʥʘʯʠ  Ăʝʬʝʢʪʝ ʜʝʣʦʢʘʣʠʟʘʮʠʿʝñ ωω.  

¶ ʃʫʠʩʦʚʝ ʩʪʨʫʢʪʫʨʝ 

ʂʦʤʧʿʫʪʝʨʩʢʠʤ ʧʨʦʛʨʘʤʦʤ ʢʦʿʠ ʤʦʞʝ ʠʟʨʘʯʫʥʘʪʠ NBO, ʤʦʛʫ ʩʝ ʧʨʦʥʘ˂ʠ ʦʧʪʠʤʘʣʥʝ 

ʃʫʠʩʦʚʝ ʩʪʨʫʢʪʫʨʝ. ʆʧʪʠʤʘʣʥʘ ʃʫʠʩʦʚʘ ʩʪʨʫʢʪʫʨʘ ʤʦʞʝ ʩʝ ʜʝʬʠʥʠʩʘʪʠ ʢʘʦ ʦʥʘ ʩʘ 

ʤʘʢʩʠʤʘʣʥʦʤ ʢʦʣʠʯʠʥʦʤ ʝʣʝʢʪʨʦʥʩʢʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫ ʃʫʠʩʦʚʠʤ ʦʨʙʠʪʘʣʘʤʘ (ʃʫʠʩʦʚʦ 

ʥʘʝʣʝʢʪʨʠʩʘˁʝ). ʄʘʣʘ ʢʦʣʠʯʠʥʘ ʝʣʝʢʪʨʦʥʩʢʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʫ ʃʫʠʩʦʚʠʤ ʦʨʙʠʪʘʣʘʤʘ ʫʢʘʟʫʿʝ 
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ʥʘ ʿʘʢʝ ʝʬʝʢʪʝ ʜʝʣʦʢʘʣʠʟʘʮʠʿʝ ʝʣʝʢʪʨʦʥʘ. ɿʘ ʘʤʠʜʝ, ʥʘ ʧʨʠʤʝʨ, NBO ʧʨʦʨʘʯʫʥʠ ʧʦʢʘʟʫʿʫ ʜʘ ʿʝ 

ʩʪʨʫʢʪʫʨʘ ʩʘ ʢʘʨʙʦʥʠʣ ʜʚʦʩʪʨʫʢʦʤ ʚʝʟʦʤ ʜʦʤʠʥʘʥʪʥʘ ʃʫʠʩʦʚʘ ʩʪʨʫʢʪʫʨʘ. ʄʝʹʫʪʠʤ, ʫ NBO 

ʧʨʦʨʘʯʫʥʠʤʘ, Ăʢʦʚʘʣʝʥʪʥʦ-ʿʦʥʩʢʘ ʨʝʟʦʥʘʥʮʘñ ʥʠʿʝ ʧʦʪʨʝʙʥʘ ʟʙʦʛ ʫʢˀʫʯʠʚʘˁʘ ʝʬʝʢʘʪʘ 

ʧʦʣʘʨʠʪʝʪʘ ʚʝʟʝ ʫ ʨʝʟʦʥʘʥʪʥʝ ʩʪʨʫʢʪʫʨʝ ρππȟρπρ. ʆʚʦ ʿʝ ʩʣʠʯʥʦ ʜʨʫʛʠʤ ʩʘʚʨʝʤʝʥʠʤ 
ʤʝʪʦʜʘʤʘ ʪʝʦʨʠʿʝ ʚʘʣʝʥʪʥʝ ʚʝʟʝ.  

 

 

 

ʉʣʠʢʘ 17. ʆʧʪʠʤʘʣʥʝ ʃʫʠʩʦʚʝ ʩʪʨʫʢʪʫʨʝ 

 

5.1.4.1. ɻʨʝʰʢʝ ʩʫʧʝʨʧʦʟʠʮʠʿʝ ʦʩʥʦʚʥʦʛ ʩʢʫʧʘ (BSSE) 
 

ʇʨʠʣʠʢʦʤ ʠʟʨʘʯʫʥʘʚʘˁʘ ʝʥʝʨʛʠʿʘ ʚʝʟʠʚʘˁʘ, ʝʥʝʨʛʠʿʝ ʬʨʘʛʤʝʥʘʪʘ ʩʫ ʦʙʠʯʥʦ ʚʝ˂ʝ ʥʝʛʦ ʰʪʦ 

ʙʠ ʪʨʝʙʘʣʦ ʜʘ ʙʫʜʫ ʟʙʦʛ ʤʘˁʝ ʝʬʝʢʪʠʚʥʦʛ ʙʘʟʥʦʛ ʩʢʫʧʘ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ ʧʦʿʝʜʠʥʘʯʥʝ ʚʨʩʪʝ. 

ʆʚʦ ʜʦʚʦʜʠ ʜʦ ʧʨʝʮʝˁʠʚʘˁʘ ʝʥʝʨʛʠʿʝ ʚʝʟʠʚʘˁʘ ʢʦʿʘ ʩʝ ʥʘʟʠʚʘ ʛʨʝʰʢʘ ʩʫʧʝʨʧʦʟʠʮʠʿʝ ʦʩʥʦʚʥʦʛ 

ʩʢʫʧʘ (BSSE). ɽʬʝʢʪʠ ʦʚʦʛʘ ʩʝ ʤʦʛʫ ʠʩʧʨʘʚʠʪʠ ʠʟʚʦʹʝˁʝʤ ʧʨʦʨʘʯʫʥʘ ʟʘ ʧʦʿʝʜʠʥʘʯʥʝ ʚʨʩʪʝ ʫ 

ʧʨʠʩʫʩʪʚʫ ʦʩʥʦʚʥʦʛ ʩʢʫʧʘ ʧʦʚʝʟʘʥʦʛ ʩʘ ʜʨʫʛʠʤ ʚʨʩʪʘʤʘ. ʆʚʦ ʟʘʭʪʝʚʘ ʜʘ ʩʝ ʦʩʥʦʚʥʝ ʬʫʥʢʮʠʿʝ 

ʧʦʩʪʘʚˀʘʿʫ ʥʘ ʧʨʦʠʟʚʦˀʥʝ ʪʘʯʢʝ ʫ ʧʨʦʩʪʦʨʫ, ʘ ʥʝ ʩʘʤʦ ʥʘ ʦʥʝ ʢʦʿʝ ʜʝʬʠʥʠʰʫ ʥʫʢʣʝʘʨʥʠ 

ʮʝʥʪʨʠ.  

 

5.1.5. ʂʚʘʥʪʥʘ ʪʝʦʨʠʿʘ ʘʪʦʤʘ ʫ ʤʦʣʝʢʫʣʫ (QTAIM- quantum theory of atoms in molecules) 
 

ʊʦʧʦʣʦʛʠʿʦʤ ʨʘʩʧʦʜʝʣʝ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʜʦʤʠʥʠʨʘ ʝʣʝʢʪʨʦʥ-ʥʫʢʣʝʘʨʥʘ ʩʠʣʘ, ʰʪʦ ʜʦʚʦʜʠ 

ʜʦ ʪʦʛʘ ʜʘ ʝʣʝʢʪʨʦʥʩʢʘ ʛʫʩʪʠʥʘ ɟ ʧʦʢʘʟʫʿʝ ʤʘʢʩʠʤʫʤʝ ʥʘ ʥʫʢʣʝʘʨʥʠʤ ʧʦʟʠʮʠʿʘʤʘ, ʥʘʤʝ˂ʫ˂ʠ 

ʪʘʢʦ ʘʪʦʤʩʢʠ ʦʙʣʠʢ ʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʠʿʝ. ʈʝʟʫʣʪʫʿʫ˂ʘ ʪʦʧʦʣʦʛʠʿʘ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ ʜʘʿʝ 

ʬʠʟʠʯʢʫ ʦʩʥʦʚʫ ʟʘ ʧʦʜʝʣʫ ʧʨʦʩʪʦʨʘ ʥʘ ʘʪʦʤʩʢʝ ʨʝʛʠʦʥʝ. ʇʦʚʝʟʠʚʘˁʝ ʘʪʦʤʩʢʠʭ ʨʝʛʠʦʥʘ 

ʜʝʬʠʥʠʩʘʥʠʭ ʣʠʥʠʿʘʤʘ ʤʘʢʩʠʤʘʣʥʝ ʛʫʩʪʠʥʝ ʢʦʿʝ ʧʦʚʝʟʫʿʫ ʩʫʩʝʜʥʝ ʘʪʦʤʝ - ʧʫʪʝʚʠ ʚʝʟʝ - ʜʘʿʝ ʩʚʝ 

ʩʪʨʫʢʪʫʨʥʝ ʢʦʥʮʝʧʪʝ ʭʝʤʠʿʝ: ʦʪʚʦʨʝʥʝ, ʮʠʢʣʠʯʥʝ ʠ ʢʘʚʝʟʥʝ ʩʪʨʫʢʪʫʨʝ. ʇʨʦʤʝʥʝ ʫ ʪʦʧʦʣʦʛʠʿʠ 

ɟ ʠʟʘʟʚʘʥʝ ʢʨʝʪʘˁʝʤ ʿʝʟʛʘʨʘ ʠʟʘʟʠʚʘʿʫ ʧʨʦʤʝʥʝ ʫ ʩʪʨʫʢʪʫʨʠ ʜʘʿʫ˂ʠ ʩʪʨʫʢʪʫʨʥʫ ʩʪʘʙʠʣʥʦʩʪ.  

ʇʨʠʤʘʨʥʘ ʩʚʨʭʘ ʧʦʩʪʫʣʠʨʘˁʘ ʧʦʩʪʦʿʘˁʘ ʘʪʦʤʘ ʫ ʤʦʣʝʢʫʣʠʤʘ ʠʣʠ ʢʨʠʩʪʘʣʠʤʘ ʿʝ ʧʦʩʣʝʜʠʮʘ 

ʟʘʧʘʞʘˁʘ ʜʘ ʘʪʦʤʠ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʥʝ ʛʨʫʧʝ ʘʪʦʤʘ ʧʦʢʘʟʫʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʩʢʫʧʦʚʝ 

ʩʪʘʪʠʯʢʠʭ, ʨʝʘʢʪʠʚʥʠʭ ʠ ʩʧʝʢʪʨʦʩʢʦʧʩʢʠʭ ʩʚʦʿʩʪʘʚʘ ʢʦʿʘ ʛʝʥʝʨʘʣʥʦ ʚʘʨʠʨʘʿʫ ʠʟʤʝʹʫ ʨʝʣʘʪʠʚʥʦ 

ʫʩʢʠʭ ʛʨʘʥʠʮʘ. ʊʘʢʦ ʿʝ ʟʥʘˁʝ ʠʟ ʭʝʤʠʿʝ ʫʨʝʹʝʥʦ, ʢʣʘʩʠʬʠʢʦʚʘʥʦ ʠ ʨʘʟʫʤˀʠʚʦ ʜʦʜʝˀʠʚʘˁʝʤ 

ʩʚʦʿʩʪʘʚʘ ʬʫʥʢʮʠʦʥʘʣʥʠʤ ʛʨʫʧʘʤʘ ʘʪʦʤʘ, ʦʩʦʙʠʥʘ ʢʦʿʘ ʩʝ ʟʘʪʠʤ ʢʦʨʠʩʪʝ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ 

ʧʨʠʩʫʩʪʚʘ ʜʘʪʝ ʛʨʫʧʝ ʠʣʠ ʟʘ ʨʘʟʫʤʝʚʘˁʝ ʧʦʥʘʰʘˁʘ ʥʝʢʦʛ ʫʢʫʧʥʦʛ ʩʠʩʪʝʤʘ. ʀʟ ʪʦʛʘ ʩʣʝʜʠ ʜʘ 

ʪʦʧʦʣʦʰʢʘ ʜʝʬʠʥʠʮʠʿʘ ʘʪʦʤʘ ʫ ʤʦʣʝʢʫʣʫ ʥʠʿʝ ʬʠʟʠʯʢʘ ʩʫʧʩʪʘʥʮʘ ʦʩʠʤ ʘʢʦ ʥʝ ʦʤʦʛʫ˂ʘʚʘ 

ʧʨʦʰʠʨʝˁʝ ʢʚʘʥʪʥʝ ʤʝʭʘʥʠʢʝ ʥʘ ʘʪʦʤ ʫ ʤʦʣʝʢʫʣʫ ʠ ʦʤʦʛʫ˂ʘʚʘ ʜʝʬʠʥʠʩʘˁʝ ˁʝʛʦʚʠʭ ʦʩʦʙʠʥʘ. 

ʅʝʦʧʭʦʜʘʥ ʛʨʘʥʠʯʥʠ ʫʩʣʦʚ ʟʘ ʧʨʦʰʠʨʝˁʝ ʢʚʘʥʪʥʝ ʤʝʭʘʥʠʢʝ ʥʘ ʦʪʚʦʨʝʥʠ ʩʠʩʪʝʤ - ʥʘ ʘʪʦʤ ʫ 

ʤʦʣʝʢʫʣʫ - ʿ ʝ ʧʨʠʨʦʜʥʘ ʧʦʩʣʝʜʠʮʘ ʪʦʧʦʣʦʰʢʝ ʜʝʬʠʥʠʮʠʿʝ ʘʪʦʤʘ ʢʘʢʦ ʿʝ ʦʜʨʝʹʝʥʘ ʜʦʤʠʥʘʮʠʿʦʤ 

ʥʫʢʣʝʘʨʥʦ-ʝʣʝʢʪʨʦʥʩʢʝ ʩʠʣʝ. ɸʪʦʤ ʿʝ ʦʙʣʘʩʪ ʧʨʦʩʪʦʨʘ ʦʛʨʘʥʠʯʝʥʘ ʧʦʚʨʰʠʥʦʤ ʢʦʿʫ ʥʝ ʧʨʝʩʝʮʘ 

ʥʠʿʝʜʘʥ ʛʨʘʜʠʿʝʥʪ ʚʝʢʪʦʨʘ ʛʫʩʪʠʥʝ - 'ʧʦʚʨʰʠʥʘ ʥʫʣʪʦʛ ʬʣʫʢʩʘ ʫ ʛʨʘʜʠʿʝʥʪʫ ɟ'. ɼʦʙʠʿʝʥʘ ʪʝʦʨʠʿʘ 

ʩʝ ʥʘʟʠʚʘ ʢʚʘʥʪʥʘ ʪʝʦʨʠʿʘ ʘʪʦʤʘ ʫ ʤʦʣʝʢʫʣʠʤʘ, QTIAM. ʂʘʦ ʰʪʦ ʿʝ ʜʦʙʨʦ ʜʦʢʫʤʝʥʪʦʚʘʥʦ, 

ʘʪʦʤʩʢʘ ʠ ʛʨʫʧʥʘ ʩʚʦʿʩʪʚʘ ʧʨʝʜʚʠʹʝʥʘ ʦʜ ʩʪʨʘʥʝ QTAIM-ʘ ʩʝ ʩʣʘʞʫ ʩʘ ʘʜʠʪʠʚʥʠʤ ʛʨʫʧʥʠʤ 

ʜʦʧʨʠʥʦʩʠʤʘ ʤʝʨʝʥʠʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ, a ʩʣʘʛʘˁʝ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʿʝ ʿʝʜʠʥʠ ʪʝʩʪ ʪʝʦʨʠʿʝ.   
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QTAIM, ʦʙʝʟʙʝʹʫʿʫ˂ʠ ʢʚʘʥʪʥʫ ʦʩʥʦʚʫ ʟʘ ʘʪʦʤ ʫ ʤʦʣʝʢʫʣʫ, ʦʙʥʘʚˀʘ ʠ ʩʚʝ ʧʦʚʝʟʘʥʝ 

ʢʦʥʮʝʧʪʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʭʝʤʠʿʝ. ʉʪʦʛʘ, ʧʦʨʝʜ ʜʝʬʠʥʠʮʠʿʝ ʘʪʦʤʘ ʠ ʤʦʣʝʢʫʣʩʢʝ ʩʪʨʫʢʪʫʨʝ, 

QTAIM ʧʨʫʞʘ ʬʠʟʠʯʢʫ ʦʩʥʦʚʫ ʟʘ ʃʫʠʩʦʚ ʤʦʜʝʣ ʠ ʧʦʚʝʟʘʥʝ ʭʝʤʠʿʩʢʝ ʢʦʥʮʝʧʪʝ. ʋʧʘʨʠʚʘˁʝ 

ʝʣʝʢʪʨʦʥʘ ʠ ʧʦʚʝʟʘʥʠ ʢʦʥʮʝʧʪʠ ʣʦʢʘʣʠʟʘʮʠʿʝ/ʜʝʣʦʢʘʣʠʟʘʮʠʿʝ ʝʣʝʢʪʨʦʥʘ, ʦʜʨʝʹʝʥʠ ʩʫ ʘʪʦʤʩʢʦʤ 

ʦʯʝʢʠʚʘʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʨʘʟʤʝʥʝ ʛʫʩʪʠʥʝ ʠ ʜʘʪʠʤ ʬʠʟʠʯʢʠʤ ʠʟʨʘʟʦʤ ʫ ʪʦʧʦʣʦʛʠʿʠ ʃʘʧʣʘʩʠʿʘʥʘ 

ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ, ʚʝʣʠʯʠʥʝ 2ɳɟ . ʊʘʢʦ ʤʝʨˀʠʚʘ ʝʣʝʢʪʨʦʥʩʢʘ ʛʫʩʪʠʥʘ ʦʙʝʟʙʝʹʫʿʝ ʚʝʟʫ 

ʠʟʤʝʹʫ ʧʨʠʤʘʨʥʠʭ ʢʦʥʮʝʧʘʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʭʝʤʠʿʝ ʠ ʢʚʘʥʪʥʝ ʤʝʭʘʥʠʢʝ, ʦʙʝʟʙʝʹʫʿʫ˂ʠ 

ʧʨʝʜʚʠʹʘˁʝ ʠ ʨʘʟʫʤʝʚʘˁʝ ʩʚʦʿʩʪʘʚʘ ʤʘʪʝʨʠʿʝ ʥʘ ʘʪʦʤʩʢʦʤ ʥʠʚʦʫ. ʇʦʜʨʘʟʫʤʝʚʘ ʩʝ ʜʘ ʩʝ ʥʘ ʩʚʘʢʦ 

ʧʠʪʘˁʝ ʢʦʿʝ ʩʝ ʤʦʞʝ ʠʟʨʘʟʠʪʠ ʫ ʪʝʨʤʠʥʠʤʘ ʢʚʘʥʪʥʠʭ ʦʧʩʝʨʚʘʙʣʠ ʝʥʝʨʛʠʿʘ, ʩʠʣʘ, ʧʨʠʪʠʩʢʘ, 

ʩʪʨʫʿʝ, ʠʪʜ. ʄʦʞʝ ʦʜʛʦʚʦʨʠʪʠ. QTAIM ʧʨʫʞʘ ʧʦʪʧʫʥʦ ʥʦʚ ʥʘʯʠʥ ʧʦʩʪʘʚˀʘˁʘ ʠ ʦʜʛʦʚʘʨʘˁʘ ʥʘ 

ʧʠʪʘˁʘ ʢʦʿʘ ʩʝ ʪʠʯʫ ʩʪʨʫʢʪʫʨʝ ʠ ˁʝʥʦʛ ʦʜʥʦʩʘ ʩʘ ʠʟʤʝʨʝʥʠʤ ʩʚʦʿʩʪʚʠʤʘ.   

ʋ ʧʨʠʢʘʟʠʤʘ ʫʢʫʧʥʝ ʛʫʩʪʠʥʝ ʥʠʿʝ ʙʠʣʦ ʤʦʛʫ˂ʝ ʧʨʦʥʘ˂ʠ ʘʢʫʤʫʣʘʮʠʿʝ ʛʫʩʪʠʥʝ ʢʦʿʝ 

ʦʜʛʦʚʘʨʘʿʫ ʚʝʟʘʥʠʤ ʠ ʫʩʘʤˀʝʥʠʤ ʧʘʨʦʚʠʤʘ ʧʨʝʜʚʠʹʝʥʠʤ ʥʘ ʦʩʥʦʚʫ ʃʫʠʩʦʚʦʛ ʠʣʠ ʦʨʙʠʪʘʣʥʦʛ 

ʤʦʜʝʣʘ. ʋʤʝʩʪʦ ʪʦʛʘ, ʧʦˀʝʤ ʪʘʯʥʦʛ ʦʜʨʝʹʠʚʘˁʘ ɟ ʜʦʤʠʥʠʨʘʣʘ ʿʝ ʢʦʥʩʪʨʫʢʮʠʿʘ ʤʘʧʘ ʨʘʟʣʠʢʝ ʫ 

ʛʫʩʪʠʥʠ, ȹɟ , ʜʦʙʠʿʝʥʠʭ ʦʜʫʟʠʤʘˁʝʤ ʛʫʩʪʠʥʝ ʧʨʦʤʦʣʝʢʫʣʘ ɟʦ ʦʜ 'ʧʨʘʚʝ' ʛʫʩʪʠʥʝ ɟ ʦʜʨʝʹʝʥʝ 

ʤʦʜʝʣʠʨʘˁʝʤ ʠʟʤʝʨʝʥʠʭ ʬʘʢʪʦʨʘ ʩʪʨʫʢʪʫʨʝ. ʄʝʹʫʘʪʦʤʩʢʘ ʧʦʚʨʰʠʥʘ ʢʦʿʘ ʜʝʬʠʥʠʰʝ 

ʟʘʿʝʜʥʠʯʢʫ ʛʨʘʥʠʮʫ ʜʚʘ ʚʝʟʘʥʘ ʘʪʦʤʘ ʧʨʝʩʝʮʘ 'ʚʝʟʫ' (ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ȹɟ ʤʘʧʘʤʘ) ʥʘ ʜʚʘ 

ʜʝʣʘ, ʰʪʦ ʦʪʝʞʘʚʘ ʥʝʢʠʤʘ ʜʘ ʧʨʠʭʚʘʪʝ ʜʘ ʿʝ ʧʨʠʤʘʨʥʘ ʩʪʨʫʢʪʫʨʥʘ ʿʝʜʠʥʠʮʘ ʘʪʦʤ, ʘ ʥʝ ʚʝʟʘ ʠ 

ʪʘʢʦ ʜʘ ʧʨʝʦʢʨʝʥʫ ʿʝʜʥʘʯʠʥʘ ʟʘ ʧʨʦʫʯʘʚʘˁʝ ɟ = ȹɟ + ɟʦ, ʘ ʥʝ ȹɟ. 

ʂʚʘʥʪʥʘ ʪʝʦʨʠʿʘ ʘʪʦʤʘ ʫ ʤʦʣʝʢʫʣʠʤʘ (QTAIM), ʧʨʠʤʝˁʝʥʘ ʿʝ ʟʘ ʠʩʪʨʘʞʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ 

ʠʥʪʝʨʘʢʮʠʿʘ ʫ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʩʪʨʫʢʪʫʨʘʤʘ ʢʦʿʝ ʩʫ ʧʦʜʚʨʛʥʫʪʝ ʜʘˀʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʫ ʧʨʦʛʨʘʤʫ 

AIMALL  (https://aim.tkgristmill.com/ ʧʨʠʩʪʫʧ 09.09.2024).  

 

5.1.6. ʄʦʣʝʢʫʣʩʢʘ ʜʠʥʘʤʠʢʘ  
 

ʄʦʣʝʢʫʣʩʢʘ ʜʠʥʘʤʠʢʘ (Molecular dynamics, MD) ʿʝ ʦʙʣʠʢ ʨʘʯʫʥʘʨʩʢʝ ʩʠʤʫʣʘʮʠʿʝ, ʛʜʝ 

ʘʪʦʤʠ ʠ ʤʦʣʝʢʫʣʠ, ʢʦʨʠʩʪʝ˂ʠ ʧʦʟʥʘʪʝ ʟʘʢʦʥʝ ʬʠʟʠʢʝ, ʤʦʛʫ ʜʘ ʠʥʪʝʨʘʛʫʿʫ ʫ ʦʜʨʝʹʝʥʦʤ 

ʚʨʝʤʝʥʩʢʦʤ ʠʥʪʝʨʚʘʣʫ. ʄʦʣʝʢʫʣʩʢʠ ʩʠʩʪʝʤʠ ʩʝ ʛʝʥʝʨʘʣʥʦ ʩʘʩʪʦʿʝ ʦʜ ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʯʝʩʪʠʮʘ, 

ʩʪʦʛʘ ʿʝ ʥʝʤʦʛʫ˂ʝ ʘʥʘʣʠʪʠʯʢʠ ʧʨʦʥʘ˂ʠ ʦʩʦʙʠʥʝ ʪʘʢʦ ʩʣʦʞʝʥʠʭ ʩʠʩʪʝʤʘ. ʂʦʨʠʩʪʝ˂ʠ ʥʫʤʝʨʠʯʢʝ 

ʤʝʪʦʜʝ, ʤʦʣʝʢʫʣʩʢʘ ʜʠʥʘʤʠʢʘ ʧʨʝʚʘʟʠʣʘʟʠ ʦʚʘʿ ʧʨʦʙʣʝʤ. ʏʠʥʝ˂ʠ ʚʝʟʫ ʠʟʤʝʹʫ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʭ 

ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʠ ʪʝʦʨʠʿʝ, ʤʦʞʝ ʙʠʪʠ ʧʦʩʤʘʪʨʘʥʘ ʢʘʦ ʚʠʨʪʫʝʣʥʠ ʝʢʩʧʝʨʠʤʝʥʪ. 

ʄʦʛʫ ʩʝ ʤʦʜʝʣʦʚʘʪʠ ʬʘʟʥʠ ʧʨʝʣʘʟʠ, ʙʠʦʣʦʰʢʠ ʩʠʩʪʝʤʠ, ʨʝʘʢʮʠʦʥʠ ʤʝʭʘʥʠʟʤʠ ʢʘʦ ʠ 

ʦʧʠʩʘʪʠ ʦʩʦʙʠʥʝ ʥʝʢʠʭ ʤʘʪʝʨʠʿʘʣʘ. ʈʘʯʫʥʘʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʤʦʛʫ ʜʘʪʠ ʝʛʟʘʪʥʦ ʨʝʰʝˁʝ ʫ ʦʢʚʠʨʫ 

ʢʦʨʠʰ˂ʝʥʦʛ ʤʦʜʝʣʘ. ʉʘʤ ʠʟʙʦʨ ʤʦʜʝʣʘ ʩʠʩʪʝʤʘ ʟʘʚʠʩʠ ʦʜ ʪʦʛʘ ʰʪʘ ʿʝ ʦʜ ʠʥʪʝʨʝʩʘ ʟʘ 

ʩʠʤʫʣʘʮʠʿʫ. ʈʘʯʫʥʘʨʩʢʝ ʩʠʤʫʣʘʮʠʿʝ ʟʙʦʛ ʚʨʝʤʝʥʩʢʦʛ ʦʛʨʘʥʠʯʝˁʘ ʧʨʦʫʟʨʦʢʦʚʘʥʠʤ 

ʦʛʨʘʥʠʯʝʥʠʤ ʨʘʯʫʥʘʨʩʢʠʤ ʨʝʩʫʨʩʠʤʘ ʦʙʠʯʥʦ ʨʘʟʤʘʪʨʘʿʫ ʩʠʩʪʝʤʝ ʦʜ 100-10000 ʯʝʩʪʠʮʘ ʠ 

ʚʨʝʤʝʥʩʢʝ ʦʧʩʝʛʝ ʦʜ 10 ps ʜʦ 100 ns. ʆʩʥʦʚʝ ʨʘʯʫʥʘʨʩʢʝ ʩʠʤʫʣʘʮʠʿʝ (ʤʦʣʝʢʫʣʩʢʝ ʜʠʥʘʤʠʢʝ) 

ʙʘʟʠʨʘʿʫ ʩʝ ʧʨʝ ʩʚʝʛʘ ʥʘ ʠʟʨʘʯʫʥʘʚʘˁʫ ʩʠʣʘ ʢʦʿʝ ʜʝʣʫʿʫ ʥʘ ʯʝʩʪʠʮʝ ʠ ʨʝʰʝˁʘ ɳʫʪʥʦʚʠʭ 

ʿʝʜʥʘʯʠʥʘ ʢʨʝʪʘˁʘ. ʉʨʝʜˁʘ ʚʨʝʜʥʦʩʪ ʪʝʨʤʦʜʠʥʘʤʠʯʢʠʭ ʧʨʦʤʝˁʠʚʠʭ ʩʝ ʨʘʯʫʥʘ ʢʦʨʠʩʪʝ˂ʠ 

ʚʨʝʤʝʥʩʢʫ ʫʩʨʝʜˁʝʥʦʩʪ. ʄʦʛʫ ʩʝ ʨʘʯʫʥʘʪʠ ʚʨʝʤʝʩʢʠ ʥʝʟʘʚʠʩʥʝ (ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ ʠ 

ʩʪʨʫʢʪʫʨʥʝ) ʘʣʠ ʠ ʚʨʝʤʝʥʩʢʠ ʟʘʚʠʩʥʝ (ʢʠʥʝʪʠʯʢʠ ʢʦʝʬʠʮʠjʝʥʪʠ) ʦʩʦʙʠʥʝ ʩʠʩʪʝʤʘ.  

ʆʩʥʦʚʥʠ ʢʦʨʘʮʠ ʧʨʠʣʠʢʦʤ ʠʟʚʦʹʝˁʘ ʩʠʤʫʣʘʮʠʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ: ʠʥʠʮʠʣʠʟʘʮʠʿʫ ʩʠʩʪʝʤʘ, 

ʫʨʘʚʥʦʪʝʞʝˁʝ ʩʠʩʪʝʤʘ, ʧʨʦʠʟʚʦʜˁʫ ʨʝʟʫʣʪʘʪʘ ʠ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ. ɺʨʣʦ ʩʣʠʯʥʦ ʢʘʦ 

ʝʢʩʧʝʨʠʤʝʥʪ ʢʦʿʠ ʧʦʜʨʘʟʫʤʝʚʘ: ʧʨʠʧʨʝʤʫ ʫʟʦʨʢʘ, ʤʝʨʝˁʝ, ʠ ʦʙʨʘʜʫ ʧʦʜʘʪʘʢʘ.  

ʆʥʦ ʰʪʦ ʿʝ ʚʘʞʥʦ ʿʝ ʜʘ ʧʝʨʠʦʜʠʯʥʠ ʫʩʣʦʚʠ ʤʦʛʫ ʜʘ ʙʫʜʫ ʧʦʪʨʝʙʥʠ ʜʘ ʙʠ ʩʝ ʠʟʙʝʛʘʦ ʫʪʠʮʘʿ 

ʧʦʚʨʰʠʥʩʢʠʭ ʝʬʝʢʘʪʘ ʥʘ ʩʠʤʫʣʘʮʠʿʫ, ʿʝʨ ʯʝʩʪʠʮʝ ʠʥʪʝʨʝʘʛʫʿʫ ʩ ʘʙʝʩʢʦʥʘʯʥʦ ʤʥʦʛʦ ʨʝʧʣʠʢʘ 

ʪʘʢʚʠʭ ʯʝʩʪʠʮʘ.  

ɼʘ ʙʠ ʩʝ ʠʟʙʝʛʣʦ ʨʘʯʫʥʘˁʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʙʝʩʢʦʥʘʯʥʦ ʤʥʦʛʦ ʨʝʧʣʠʢʘ, ʦʙʠʯʥʦ ʩʝ 

ʧʦʪʝʥʮʠʿʘʣʠ ʢʦʿʠ ʙʨʟʦ ʦʧʘʜʘʿʫ ʦʛʨʘʥʠʯʘʚʘʿʫ ʜʦ ʥʝʢʦʛ ʨʘʩʪʦʿʘˁʘ rc. ʀʟʫʟʝʮʠ ʩʫ ʂʫʣʦʥʦʚ 

ʧʦʪʝʥʮʠʿʘʣ ʠ ʠʥʪʝʨʘʢʮʠʿʝ ʜʠʧʦʣʥʠʭ ʤʦʤʝʥʪʘ. ʆʜ ʧʦʩʝʙʥʦʛ ʠʥʪʝʨʝʩʘ ʿʝ ʩʣʫʯʘʿ ὶ  ï ʛʜʝ ʩʝ 
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ʧʦʩʤʘʪʨʘ ʠʥʪʝʨʘʢʮʠʿʘ ʯʝʩʪʠʮʝ ʩʘʤʦ ʩʘ ʥʘʿʙʣʠʞʦʤ ʨʝʧʣʠʢʦʤ ʦʩʪʘʣʠʭ ʯʝʩʪʠʮʘ. ʀʧʘʢ, ʧʦʩʪʦʿʠ 

ʢʦʨʝʢʮʠʿʘ ʟʘ ʫʢʫʧʥʫ ʧʦʪʝʥʮʠʿʘʣʥʫ ʝʥʝʨʛʠʿʫ (ʿʝʜʥ. 14):  

 

Ὗ ό ὶ
ὔ

ς
όὶὨὶ 

(14) 

 

ɸʢʦ ʩʝ ʧʦʯʥʝ ʦʜ ʠʥʠʮʠʿʘʣʠʟʘʮʠʿʝ ʩʠʩʪʝʤʘ ʢʘʦ ʧʦʯʝʪʥʝ ʪʘʯʢʝ, ʧʨʚʦ ʩʝ ʙʠʨʘ ʙʨʦʿ ʯʝʩʪʠʮʘ, 

ʛʫʩʪʠʥʫ, ʜʫʞʠʥʘ ʚʨʝʤʝʥʩʢʦʛ ʢʦʨʘʢʘ ʟʘ ʜʠʥʘʤʠʢʫ,... ɿʘʪʠʤ ʩʝ ʙʠʨʘ ʧʦʯʝʪʥʠ ʧʦʣʦʞʘʿ ʯʝʩʪʠʮʘ. 

ʇʦʞʝˀʥʦ ʿʝ ʜʘ ʩʝ ʯʝʩʪʠʮʝ ʥʝ ʧʨʝʢʣʘʧʘʿʫ. ɼʦʙʨʘ ʧʦʯʝʪʥʘ ʢʦʥʬʠʛʫʨʘʮʠʿʘ ʿʝ ʥʧʨ. ʢʘʜʘ ʩʝ ʯʝʩʪʠʮʝ 

ʥʘʣʘʟʝ ʫ ʯʚʦʨʦʚʠʤʘ ʿʝʜʥʦʩʪʘʚʥʝ ʢʫʙʥʝ ʢʨʠʩʪʘʣʥʝ ʨʝʰʝʪʢʝ, ɹʨʟʠʥʝ ʯʝʩʪʠʮʘ ʫ ʧʦʯʝʪʢʫ  ʩʝ ʙʠʨʘ 

ʥʘ ʩʣʫʯʘʿʘʥ ʥʘʯʠʥ, ʧʦʛʦʜʥʦ ʠʟ ʄʘʢʩʚʝʣʦʚʝ ʨʘʩʧʦʜʝʣʝ ʟʘ ʟʘʜʘʪʫ ʪʝʤʧʝʨʘʪʫʨʫ. ʋʢʫʧʥʠ ʣʠʥʝʘʨʥʠ 

ʤʦʤʝʥʪ ʪʨʝʙʘ ʜʘ ʿʝ ʿʝʜʥʘʢ ʥʫʣʠ (ʪʠʤʝ ʩʝ ʩʤʘˁʫʿʝ ʙʨʦʿ ʩʪʝʧʝʥʠ ʩʣʦʙʦʜʝ ʟʘ 3). ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ 

ʧʨʝʜʩʪʘʚˀʘ ʫʨʘʚʥʦʪʝʞʝˁʝ ʩʠʩʪʝʤʘ. ʇʦʯʝʪʥʦ ʩʪʘˁʝ ʿʝ ʤʘʣʦ ʚʝʨʦʚʘʪʥʦ ʩʪʘˁʝ ʟʘ 

ʪʝʨʤʦʜʠʥʘʤʠʯʢʝ ʧʘʨʘʤʝʪʨʝ ʦʜ ʠʥʪʝʨʝʩʘ ʟʘ ʩʠʤʫʣʘʮʠʿʫ. ʉʪʦʛʘ ʿʝ ʧʦʪʨʝʙʥʦ ʧʨʠʧʨʝʤʠʪʠ ʩʠʩʪʝʤ 

ʫ ʩʪʘˁʝ ʢʦʿʝ ʦʜʛʦʚʘʨʘ ʞʝˀʝʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ. ʊʦʤʝ ʩʣʫʞʠ ʫʨʘʚʥʦʪʝʞˁʝˁʝ ʩʠʩʪʝʤʘ. ʀʘʢʦ ʩʝ 

ʢʦʨʠʩʪʠʪʠ NVE ʘʥʩʘʤʙʣ ʟʘ ʫʟʦʨʢʦʚʘˁʝ ʩʪʘˁʘ, ʧʦʛʦʜʥʦ ʿʝ ʧʨʠʧʨʝʤʠʪʠ ʩʠʩʪʝʤ ʥʘ ʞʝˀʝʥʫ 

ʪʝʤʧʝʨʘʪʫʨʫ. ʋ ʪʫ ʩʚʨʭʫ ʢʦʨʠʩʪʠ ʩʝ ʩʢʘʣʠʨʘˁʝ ʙʨʟʠʥʘ ʯʝʩʪʠʮʘ ʥʘ ʦʜʘʙʨʘʥʫ ʪʝʤʧʝʨʘʪʫʨʫ ʪʦʢʦʤ 

ʦʚʦʛ ʜʝʣʘ ʩʠʤʫʣʘʮʠʿʝ ʩʘ ʬʘʢʪʦʨʦʤ
˟

˟
. ʆʚʘʢʚʦ ʩʢʘʣʠʨʘˁʝ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʦʧʦʥʘʰʘ NVT 

ʘʥʩʘʤʙʣ, ʘʣʠ ʿʝ ʧʦʛʦʜʥʦ ʢʘʦ ʙʨʟ ʤʝʪʦʜ ʟʘ ʫʨʘʚʥʦʪʝʞˁʝˁʝ ʩʠʩʪʝʤʘ. ʄʦʣʝʢʫʣʩʢʘ ʜʠʥʘʤʠʢʘ 

ʢʦʨʠʩʪʠ ʨʘʟʣʠʯʠʪʝ ʘʥʩʘʤʙʣʝ (ʪʘʙʝʣʘ 1).  

¶ ʄʠʢʨʦʢʘʥʦʥʩʢʠ ʘʥʩʘʤʙʣ (NVE) 

 

ʄʠʢʨʦʢʘʥʦʥʩʢʠ ʘʥʩʘʤʙʣ ʥʝ ʧʦʜʣʝʞʝ ʧʨʦʤʝʥʠ ʙʨʦʿʘ ʯʝʩʪʠʮʘ, ʟʘʧʨʝʤʠʥʝ, ʠ ʝʥʝʨʛʠʿʝ (ɽ). 

ʆʚʦʤʝ ʦʜʛʦʚʘʨʘ ʘʜʠʿʘʙʘʪʩʢʘ ʧʨʦʤʝʥʘ, ʙʝʟ ʨʘʟʤʝʥʝ ʪʦʧʣʦʪʝ. ɼʠʥʘʤʠʯʢʘ ʧʫʪʘˁʘ ʤʦʣʝʢʫʣʘ 

ʦʜʛʦʚʘʨʘ ʧʨʦʤʝʥʠ ʧʦʪʝʥʮʠʿʘʣʥʝ ʠ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ, ʜʦʢ ʫʢʫʧʥʘ ʝʥʝʨʛʠʿʘ ʦʩʪʘʿʝ ʢʦʥʩʪʘʥʪʥʘ.  

¶ ʂʘʥʦʥʩʢʠ ʘʥʘʤʙʣ (NVT) 

 

ʋ ʢʘʥʦʥʩʢʦʤ ʘʥʩʘʤʙʣʫ ʢʦʣʠʯʠʥʘ ʩʫʧʩʪʘʥʮʝ, ʟʘʧʨʝʤʠʥʘ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʊ ʩʫ ʢʦʥʩʪʘʥʪʥʠ. 

ʂʘʥʦʥʩʢʠ ʘʥʩʘʤʙʣ ʩʝ ʧʦʥʝʢʘʜ ʥʘʟʠʚʘ ʤʦʣʝʢʫʣʩʢʘ ʜʠʥʘʤʠʢʘ ʥʘ ʢʦʥʩʪʘʥʪʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ 

ʢʘʥʦʥʩʢʦʤ ʘʥʩʘʤʙʣʫ ʝʥʝʨʛʠʿʘ ʝʥʜʦʪʝʨʤʥʦʛ ʠ ʝʛʟʦʪʝʨʤʥʦʛ ʧʨʦʮʝʩʘ ʨʘʟʤʝˁʫʿʝ ʩʝ ʩʘ 

ʪʝʨʤʦʩʪʘʪʦʤ. ɼʘ ʙʠ ʜʦʜʘʚʘˁʝ ʠ ʦʜʫʟʠʤʘˁʝ ʝʥʝʨʛʠʿʝ ʩʘ ʛʨʘʥʠʮʘ MD ʩʠʩʪʝʤʘ ʠʟʛʣʝʜʘʣʦ 

ʨʝʘʣʥʠʿʝ, ʫʩʣʦʚˀʘʚʘ ʩʝ ʧʦʪʨʝʙʘ ʥʠʟʘ ʪʝʨʤʦʩʪʘʪʠʯʢʠʭ ʤʝʪʦʜʘ.  

¶ ʀʟʦʪʝʨʤʩʢʦ-ʠʟʦʙʘʨʩʢʠ ʘʥʩʘʤʙʣ (NPT) 

 

ʋ ʠʟʦʪʝʨʤʩʢʦ-ʠʟʦʙʘʨʩʢʦʤ ʘʥʩʘʤʙʣʫ ʢʦʣʠʯʠʥʘ ʩʫʧʩʪʘʥʮʝ, ʧʨʠʪʠʩʘʢ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʩʫ 

ʢʦʥʩʪʘʥʪʥʝ. ʇʨʠ ʫʧʦʪʨʝʙʠ ʪʝʨʤʦʩʪʘʪʘ ʧʦʪʨʝʙʥʦ ʿʝ ʢʦʨʠʩʪʠʪʠ ʠ ʙʘʨʦʩʪʘʪ. ʆʚʘʢʚʦ ʩʪʘˁʝ 

ʦʜʛʦʚʘʨʘ ʣʘʙʦʨʘʪʦʨʠʿʩʢʠʤ ʫʩʣʦʚʠʤʘ, ʦʪʚʦʨʝʥʦʛ ʩʫʜʘ ʥʘ ʩʦʙʥʦʿ ʪʝʤʧʝʨʘʪʫʨʠ ʠ ʧʨʠʪʠʩʢʫ. 

 

ʊʘʙʝʣʘ 1. ɸʥʩʘʤʙʣʠ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʫ ʤʦʣʝʢʫʣʩʢʦʿ ʜʠʥʘʤʠʮʠ 

 

ɸʥʩʘʤʙʣ ʂʦʥʩʪʘʥʪʥʝ ʚʝʣʠʯʠʥʝ ʊʝʨʤʦʜʠʥʘʤʠʯʢʝ 

ʬʫʥʢʮʠʿʝ 

ʄʠʢʨʦʢʘʥʦʥʩʢʠ N,V,E Ὓ Ὧ ὰὲːὔȟὠȟὉ  

ʂʘʥʦʥʩʢʠ N,V,T ‍Ὂ ὰὲὗὔȟὠȟὝ 

ʀʟʦʙʘʨʩʢʠ-ʠʟʦʪʝʨʤʩʢʠ N,P,T ‍Ὃ ὰὲЎὔȟὖȟὝ 
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ʋ ʜʠʩʝʨʪʘʮʠʿʠ ʿʝ ʢʦʨʠʰ˂ʝʥʘ ʩʠʤʫʣʘʮʠʿʘ ʤʦʣʝʢʫʣʩʢʦʤ ʜʠʥʘʤʠʢʦʤ, ʠʟʚʝʜʝʥʘ ʧʦʤʦ˂ʫ 

ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ GROMACS ρπς. ʉʚʠ ʩʠʩʪʝʤʠ ʩʫ ʩʠʤʫʣʠʨʘʥʠ ʩʘ DREIDING ʧʦˀʝʤ 

ʩʠʣʝ ρπσ ʰʪʦ ʿʝ ʛʝʥʝʨʠʯʢʦ ʧʦˀʝ ʩʠʣʝ ʢʦʿʝ ʿʝ ʢʦʨʠʩʥʦ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʥʘʤʠʢʝ 
ʦʨʛʘʥʩʢʠʭ, ʙʠʦʣʦʰʢʠʭ ʠ ʥʝʦʨʛʘʥʩʢʠʭ ʤʦʣʝʢʫʣʘ. ʂʦʨʠʩʪʝ ʩʝ ʦʧʰʪʝ ʢʦʥʩʪʘʥʪʝ ʩʠʣʝ ʠ 

ʛʝʦʤʝʪʨʠʿʩʢʠ ʧʘʨʘʤʝʪʨʠ ʟʘʩʥʦʚʘʥʠ ʥʘ ʿʝʜʥʦʩʪʘʚʥʠʤ ʨʘʟʤʘʪʨʘˁʠʤʘ ʭʠʙʨʠʜʠʟʘʮʠʿʝ, ʘ ʥʝ ʥʘ 

ʧʦʿʝʜʠʥʘʯʥʠʤ ʢʦʥʩʪʘʥʪʘʤʘ ʩʠʣʝ ʠ ʛʝʦʤʝʪʨʠʿʩʢʠʤ ʧʘʨʘʤʝʪʨʠ ʢʦʿʠ ʟʘʚʠʩʝ ʦʜ ʦʜʨʝʹʝʥʝ 

ʢʦʤʙʠʥʘʮʠʿʝ ʘʪʦʤʘ ʫʢˀʫʯʝʥʠʭ ʫ ʚʝʟʫ, ʫʛʘʦ ʠʣʠ ʪʦʨʟʠʿʫ ρπσȢ ɽʥʝʨʛʝʪʩʢʘ ʤʠʥʠʤʠʟʘʮʠʿʘ 
ʥʝʫʪʨʘʣʠʟʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʿʝ ʫʨʘʹʝʥʘ ʥʘʿʩʪʨʤʠʿʠʤ ʩʧʫʰʪʘˁʝʤ ʠ ʘʣʛʦʨʠʪʤʠʤʘ ʢʦˁʫʛʦʚʘʥʦʛ 

ʛʨʘʜʠʿʝʥʪʘ ʩʘ ʪʦʣʝʨʘʥʮʠʿʦʤ ʜʦ 1000 kJ mol-1 nm-1 ʪʦʢʦʤ 5000 ʢʦʨʘʢʘ. ʅʘʢʦʥ ʪʦʛʘ, ʩʠʩʪʝʤ ʿʝ 

ʫʩʪʘˀʝʥ ʥʘ 310,15 ʂ ʢʦʨʠʰ˂ʝˁʝʤ ɹʝʨʝʥʜʩʝʥʦʚʝ ʤʝʪʦʜʝ ʩʣʘʙʝ ʩʧʨʝʛʝ ʫ ʩʪʘˁʫ ʘʥʩʘʤʙʣʘ NVT 

(ʢʦʥʩʪʘʥʪʥʘ ʟʘʧʨʝʤʠʥʘ) ʩʘ ʚʨʝʤʝʥʩʢʦʤ ʩʢʘʣʦʤ ʦʜ 2 ns. LINCS ʘʣʛʦʨʠʪʘʤ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ MD ʬʘʟʝ ʫ NPT ʘʥʩʘʤʙʣʫ ʟʘ ʚʨʝʤʝʥʩʢʫ ʩʢʘʣʫ ʦʜ 5 ns, ʫʢˀʫʯʫʿʫ˂ʠ ʤʦʜʠʬʠʢʦʚʘʥʠ 

ɹʝʨʝʥʜʩʝʥʦʚ ʪʝʨʤʦʩʪʘʪ (Berendsen) (ʐ˟ = 1 ps) ʠ ʇʘʨʨʠʥʝʣʦ-ʈʘʤʘʥ (Parrinello-Rahman) 

ʙʘʨʦʩʪʘʪ (ʐP =  2 ps) ρπτ.  
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6. ʄʘʪʝʨʠʿʘʣʠ ʠ ʤʝʪʦʜʝ 
 

 

6.1. ʄʘʪʝʨʠʿʘʣʠ ʠ ʤʝʪʦʜʝ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠ ʪʝʦʨʠʿʩʢʦ ʠʩʧʠʪʠʚʘˁʝ ʩʪʨʫʢʪʫʨʝ LSD-a 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ IR, NMR ʠ GC-MS ʩʧʝʢʪʨʠ ʩʫ ʜʦʙʠʿʝʥʠ ʠʟ ʦʥʣʘʿʥ ʙʘʟʝ ʧʦʜʘʪʘʢʘ 

(https://www.swgdrug.org/ ʧʨʠʩʪʫʧˀʝʥʦ 1. ʜʝʮʝʤʙʨʘ 2022) ʠ ʢʦʨʠʰ˂ʝʥʠ ʩʫ ʙʝʟ ʜʘˀʠʭ 

ʤʦʜʠʬʠʢʘʮʠʿʘ. ʆʚʘ ʙʘʟʘ ʧʦʜʘʪʘʢʘ ʩʘʜʨʞʠ ʩʧʝʢʪʨʝ ʟʘʧʣʝˁʝʥʠʭ ʫʟʦʨʘʢʘ ʘʥʘʣʠʟʠʨʘʥʠʭ ʧʦ 

ʩʪʘʥʜʘʨʜʥʠʤ ʧʨʦʮʝʜʫʨʘʤʘ ρπυ, ʢʘʢʦ ʿʝ ʜʘˀʝ ʦʙʿʘʰˁʝʥʦ. IR ʩʧʝʢʪʨʠ ʩʫ ʩʥʠʤˀʝʥʠ ʟʘ LSD 

ʙʘʟʫ ʠ LSD ʪʘʨʪʘʨʘʪ ʫ KBr ʤʘʪʨʠʮʠ ʫ ʤʘʩʝʥʠʤ ʦʜʥʦʩʠʤʘ 3:150 mg ʠ 4:150 mg (ʩʫʧʩʪʘʥʮʘ: KBr). 

NMR ʩʧʝʢʪʘʨ ʿʝ ʜʦʙʠʿʝʥ ʫ ʭʣʦʨʦʬʦʨʤʫ ʠ ʩʘ TMS ʢʘʦ ʩʪʘʥʜʘʨʜʦʤ. ʋʧʠʿʘʿʫ˂ʠ ʧʘʧʠʨ ʿʝ ʥʘʪʦʧˀʝʥ 

ʫ ʤʝʪʘʥʦʣʫ ʯʝʪʠʨʠ ʩʘʪʘ ʫ ʤʨʘʢʫ. ɿʘʪʠʤ ʿʝ 1 ÕL ʨʘʩʪʚʦʨʘ ʫʟʦʨʢʘ ʫʙʨʠʟʛʘʥ ʫ GC-MS ʩʠʩʪʝʤ ʟʘ 

ʘʥʘʣʠʟʫ. ʉʪʨʫʿʘ ʝʤʠʩʠʿʝ ʿʝ ʙʠʣʘ 200 Õɸ, ʚʨʝʤʝ ʩʢʝʥʠʨʘˁʘ ʦʜ 1 s ʩʘ ʦʧʩʝʛʦʤ ʩʢʝʥʠʨʘˁʘ ʠʟʤʝʹʫ 

29 ʠ 600 m/z. ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʚʦʨʘ ʿʦʥʘ ʿʝ ʦʜʨʞʘʚʘʥʘ ʥʘ 220 ÜC. ʂʦʨʠʰ˂ʝʥʘ ʿʝ ʢʘʧʠʣʘʨʥʘ ʢʦʣʦʥʘ 

DB-1 ʩʘ ʩʠʣʠʮʠʿʫʤ ʜʠʦʢʩʠʜʦʤ (30 m Ĭ 0,25 mm, ʜʝʙˀʠʥʘ ʬʠʣʤʘ 0,25 Õm). ʇʦʯʝʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʿʝ ʦʜʨʞʘʥʘ 2 ʤʠʥ ʥʘ 80 ÜC, ʘ ʢʘʩʥʠʿʝ ʿʝ ʫʩʣʝʜʠʣʦ ʧʦʚʝ˂ʘˁʝ ʥʘ 310 ÜC ʥʘ 20 ÜC min-1. ʊʝʤʧʝʨʘʪʫʨʝ 

ʠˁʝʢʪʦʨʘ ʠ ʣʠʥʠʿʝ ʧʨʝʥʦʩʘ ʙʠʣʝ ʩʫ 280 ʠ 300ÜC, ʘ ʛʘʩ ʥʦʩʘʯ ʿʝ ʙʠʦ ʭʝʣʠʿʫʤ ʫ ʨʝʞʠʤʫ 

ʢʦʥʩʪʘʥʪʥʦʛ ʧʨʦʪʦʢʘ ʙʨʟʠʥʦʤ ʦʜ 1,2 mL min-1. 

ʉʪʨʫʢʪʫʨʘ LSD-ʘ ʿʝ ʦʧʪʠʤʠʟʦʚʘʥʘ ʧʦʣʘʟʝ˂ʠ ʦʜ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʝ ʩʪʨʫʢʪʫʨʝ ʜʠʝʪʠʣʘʤʠʜ ʦ-

ʿʦʜʦʙʝʥʟʦʘʪʘ ʣʠʟʝʨʛʠʥʩʢʝ ʢʠʩʝʣʠʥʝ ʩʘ ʫʢʣʦˁʝʥʠʤ ʢʦʥʪʨʘʿʦʥʦʤ ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʧʘʢʝʪʫ Gaussian 

09  [106]. ɿʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʿʝ ʧʨʠʤʝˁʝʥʦ ʥʝʢʦʣʠʢʦ ʩʪʘʥʜʘʨʜʥʠʭ ʬʫʥʢʮʠʦʥʘʣa (B3LYP, CAM-

B3LYP, B3PW91, ʄ05-2X ʠ ʄ06-2X) ρπχρρς ʩʘ 6-311++G(d,p) ʙʘʟʠʩʥʠʤ ʩʢʫʧʦʤρρσ 
ʢʘʢʦ ʙʠ ʩʝ ʧʨʦʥʘʰʘʦ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʤʦʜʝʣ ʢʦʿʠ ʜʦʙʨʦ ʧʨʝʜʩʪʘʚˀʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʩʪʨʫʢʪʫʨʫ. 

ɽʬʝʢʪʠ ʢʦʨʝʢʮʠʿʘ ʜʠʩʧʝʨʟʠʿʝ ʩʫ ʫʢˀʫʯʝʥʠ ʢʨʦʟ ʧʨʦʤʝʥʫ  B3LYP-D3BJ ʬʫʥʢʮʠʦʥʘʣʘ ρρτȢ 
ʆʧʪʠʤʠʟʘʮʠʿʝ ʩʫ ʠʟʚʨʰʝʥʝ ʙʝʟ ʠʢʘʢʚʠʭ ʛʝʦʤʝʪʨʠʿʩʢʠʭ ʦʛʨʘʥʠʯʝˁʘ, ʘ ʦʜʩʫʩʪʚʦ ʠʤʘʛʠʥʘʨʥʠʭ 

ʬʨʝʢʚʝʥʮʠʿʘ ʧʦʢʘʟʘʣʦ ʿʝ ʜʘ ʩʫ ʧʨʦʥʘʹʝʥʠ ʤʠʥʠʤʫʤʠ ʥʘ ʧʦʚʨʰʠʥʠ ʝʥʝʨʛʠʿʝ. ʅʘʝʣʝʢʪʨʠʩʘˁʝ ʠ 

ʤʫʣʪʠʧʣʠʮʠʪʝʪ ʟʘ ʥʝʫʪʨʘʣʥʝ ʚʨʩʪʝ ʙʠʣʠ ʩʫ 0 ʠ 1. ɸʥʘʣʠʟʘ ʢʦʥʬʦʨʤʘʮʠʦʥʦʛ ʧʨʦʩʪʦʨʘ ʜʫʞ C-C-

C(ʆ)-N(CH3)2 ʬʨʘʛʤʝʥʪʘ ʿʝ ʦʙʘʚˀʝʥʦ ʟʘ ʩʚʘʢʫ ʦʧʪʠʤʠʟʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ, ʘ ʫʧʦʨʝʹʝʥʠ ʩʫ 

ʤʠʥʠʤʫʤʠ ʥʘ ʧʦʪʝʥʮʠʿʘʣʥʦʿ ʧʦʚʨʰʠʥʠ ʟʘ ʦʜʨʝʹʝʥʠ ʬʫʥʢʮʠʦʥʘʣ. ɼʫʞʠʥʘ ʠ ʫʛʣʦʚʠ ʚʝʟʘ ʩʫ 

ʜʦʙʠʿʝʥʠ ʠʟ GaussView ʧʨʦʛʨʘʤʘ ʟʘ ʚʠʟʫʝʣʠʟʘʮʠʿʫ ʧʦʜʘʪʘʢʘ ʠʟ ʢʚʘʥʪʥʝ ʭʝʤʠʿʝ. ɺʠʙʨʘʮʠʦʥʠ 

ʩʧʝʢʪʘʨ ʿʝ ʠʩʧʠʪʘʥ ʥʘ ʦʩʥʦʚʫ ʘʥʘʣʠʟʝ ʨʘʩʧʦʜʝʣʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʥʝʨʛʠʿʝ ʠʤʧʣʝʤʝʥʪʠʨʘʥʝ ʫ 

ʩʦʬʪʚʝʨʫ FCART ʚʝʨʟʠʿʘ 7.0 ρρυ. ʇʨʠʧʨʝʤʘ UV-VIS ʠ NMR ʩʧʝʢʪʨʘ LSD-ʘ ʟʘʭʪʝʚʘ ʫʧʦʪʨʝʙʫ 

ʨʘʩʪʚʘʨʘʯʘ, ʢʘʦ ʰʪʦ ʩʫ ʚʦʜʘ ʠ ʭʣʦʨʦʬʦʨʤ. ɿʙʦʛ ʪʦʛʘ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʠʟʚʨʰʝʥʘ ʫ ʦʚʘ ʜʚʘ 

ʨʘʩʪʚʘʨʘʯʘ ʢʦʨʠʰ˂ʝˁʝʤ ʧʦʤʝʥʫʪʦʛ ʤʦʜʝʣʘ CPCM ρςφ. ʀʥʪʝʨʘʢʮʠʿʝ ʩʘ ʨʘʩʪʚʘʨʘʯʝʤ ʩʫ 
ʜʦʜʘʪʥʦ ʠʩʧʠʪʘʥʝ ʧʦʩʪʘʚˀʘˁʝʤ ʿʝʜʥʦʛ ʤʦʣʝʢʫʣʘ ʚʦʜʝ ʥʘ ʯʝʪʠʨʠ ʧʦʟʠʮʠʿʝ ʙʣʠʟʫ ʧʦʣʘʨʥʠʭ 

ʛʨʫʧʘ LSD-ʘ ʫ ʩʣʫʯʘʿʫ ʧʨʝʜʚʠʹʘˁʘ UV-VIS ʩʧʝʢʪʨʘ. ʆʚʦ ʿʝ ʦʤʦʛʫ˂ʠʣʦ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʠ 

ʦʜʨʝʹʠʚʘˁʝ ʠʥʪʝʨʤʦʣʝʢʫʣʩʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʢˀʫʯʥʠʭ ʟʘ ʪʘʯʥʦ ʧʨʝʜʚʠʹʘˁʝ ʩʧʝʢʪʘʨʘ. ʆʚʝ 

ʦʧʪʠʤʠʟʘʮʠʿʝ ʩʫ ʠʟʚʝʜʝʥʝ ʥʘ ʠʩʪʦʤ ʥʠʚʦʫ ʪʝʦʨʠʿʝ. ɿʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʝʣʘʟʘ ʫ 

ʚʦʜʠ ʢʦʨʠʰ˂ʝʥʘ ʿʝ ɺʨʝʤʝʥʩʢʠ ʟʘʚʠʩʥʘ ʪʝʦʨʠʿʘ ʬʫʥʢʮʠʦʥʘʣʘ ʛʫʩʪʠʥʝ (Time Dependent-DFT, 

TD-DFT) ρρφȟρρχ ʉʧʝʢʪʨʠ ʥʫʢʣʝʘʨʥʝ ʤʘʛʥʝʪʥʝ ʨʝʟʦʥʘʥʮʝ (NMR) ʩʫ ʜʦʙʠʿʝʥʠ ʧʨʠʩʪʫʧʦʤ 

Gauge Independent Atomic ʆrbital (GIAO) ρρψȟρρω. 
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6.2. ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʦʜʘʙʨʘʥʠʭ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ (ɸʃʇ, ʃʆʈ) ʠ ʥʘʿʯʝʰ˂ʠʭ 

ʘʜʫʣʪʝʨʘʥʘʪʘ/ʜʠʣʫʝʥʘʪʘ 

 

6.2.1. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʣʦʨʘʟʝʧʘʤʘ  ʠ ʘʣʧʨʘʟʦʣʘʤʘ ʩʘ 

ʥʘʿʯʝʰ˂ʠʤ ʘʜʫʣʪʝʨʘʥʪʠʤʘ/ ʜʠʣʫʝʥʪʠʤʘ 

 

ɿʘ ʝʬʠʢʘʩʥʦ ʩʥʠʤʘˁʝ  FT-IR ʩʧʝʢʪʘʨʘ ʣʦʨʘʟʝʧʘʤʘ, ʦʚʘ ʩʫʧʩʪʘʥʮʘ ʿʝ ʝʢʩʪʨʘʭʦʚʘʥʘ ʠʟ 

ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʠʭ ʪʘʙʣʝʪʘ. ɽʢʩʪʨʘʢʮʠʿʘ ʝʪʘʥʦʣʦʤ ʧʦʜʨʘʟʫʤʝʚʘ ʠʟʦʣʦʚʘˁʝ ʣʦʨʘʟʝʧʘʤʘ 

ʠʟ ʪʘʙʣʝʪʘ ʦʜ 2,5 mg ʣʦʨʘʟʝʧʘʤʘ ʢʘʦ ʢʦʤʝʨʮʠʿʘʣʥʦʛ ʧʨʦʠʟʚʦʜʘ. ɿʘ ʝʢʩʪʨʘʢʮʠʿʫ ʠʟ ʯʝʪʠʨʠ 

ʪʘʙʣʝʪʝ ʜʦʚʦˀʥʘ ʿʝ ʢʦʣʠʯʠʥʘ ʦʜ 10 ml ʝʪʘʥʦʣʘ. ʅʘʢʦʥ ʪʦʛʘ, ʝʢʩʪʨʘʢʪ ʿʝ ʬʠʣʪʨʠʨʘʥ, ʦʩʫʰʝʥ ʠ 

ʟʘʛʨʝʚʘʥ ʥʘ 70ÜC ʜʦ ʧʦʪʧʫʥʦʛ ʫʧʘʨʘʚˁʘ (ʜʦ ʩʫʚʘ). ʉʫʚʠ ʝʢʩʪʨʘʢʪ ʿʝ ʩʥʠʤˀʝʥ ʥʘ ɸvatar 370 

ʊhermo Nicolet FT-IR ʩʧʝʢʪʨʦʤʝʪʨʫ ʫ ʦʧʩʝʛʫ 3500-500 cm-1. ʇʨʦʩʝʯʥʠ ʩʧʝʢʪʨʠ ʩʫ ʜʦʙʠʿʝʥʠ 

ʫʩʨʝʜˁʘʚʘˁʝʤ 32 ʩʧʝʢʪʨʘ. ʉʧʝʢʪʨʠ ʣʦʨʘʟʝʧʘʤʘ ʩʘ ʧʘʨʘʮʝʪʘʤʦʣʦʤ/ʢʦʬʝʠʥʦʤ ʩʫ ʜʦʙʠʿʝʥʠ ʟʘ 

ˁʠʭʦʚʫ ʤʝʰʘʚʠʥʫ, ʦʧʦʥʘʰʘʿʫ˂ʠ ʫʦʙʠʯʘʿʝʥʠ ʦʜʥʦʩ ʠʟʤʝʹʫ ʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ ʠ ʘʜʫʣʪʝʨʘʥʘʪʘ 

ʫ ʫʟʦʨʮʠʤʘ. ʇʦʩʣʝ ʝʢʩʪʨʘʢʮʠʿʝ ʣʦʨʘʟʝʧʘʤʘ, ʜʦʜʘʪ ʿʝ ʧʘʨʘʮʝʪʘʤʦʣ (0,040 mg). ʉʧʝʢʪʘʨ ʩʥʠʤˀʝʥ 

FT-IR ʧʦʢʘʟʘʦ ʿʝ ʜʘ ʧʘʨʘʮʝʪʘʤʦʣ ʜʝʣʠʤʠʯʥʦ ʧʦʢʨʠʚʘ ʩʧʝʢʪʘʨ ʣʦʨʘʟʝʧʘʤʘ, ʘʣʠ ʩʫ ʛʣʘʚʥʝ ʪʘʣʘʩʥʝ 

ʜʫʞʠʥʝ ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ ʜʘˀʝ ʧʨʠʤʝ˂ʝʥʝ. ɽʢʩʪʨʘʢʪʫ ʣʦʨʘʟʝʧʘʤʘ ʜʦʜʘʪʦ ʿʝ 0,025 mg ʢʦʬʝʠʥʘ, 

ʤʘˁʘ ʢʦʣʠʯʠʥʘ ʢʦʿʘ ʿʝ ʙʠʣʘ ʜʦʚʦˀʥʘ ʜʘ ʫ ʧʦʪʧʫʥʦʩʪʠ ʧʦʢʨʠʿʝ ʩʧʝʢʪʘʨ ʣʦʨʘʟʝʧʘʤʘ. 

 

6.2.2. ʊʝʦʨʠʿʩʢʝ ʤʝʪʦʜʝ ʢʦʨʠʰ˂ʝʥʝ ʧʨʠʣʠʢʦʤ ʠʩʪʨʘʞʠʚʘˁʘ 

 

ʂʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʣʦʨʘʟʝʧʘʤʘ ʠ ʘʣʧʨʘʟʦʣʘʤʘ ʩʫ ʫʟʝʪʝ ʠʟ CCDC ʙʘʟʝ ʢʘʦ ʫʥʦʩʠ 1131103  

ʠ 139757 ρςπ, ʨʝʜʦʤ. ʆʚʝ ʩʪʨʫʢʪʫʨʝ ʩʫ ʦʧʪʠʤʠʟʦʚʘʥʝ ʫ Gaussian 09 ʧʨʦʛʨʘʤʩʢʦʤ ʧʘʢʝʪʫ 

ʢʦʨʠʰ˂ʝˁʝʤ ʥʝʢʦʣʠʢʦ ʫʦʙʠʯʘʿʝʥʠʭ ʬʫʥʢʮʠʿʘ (B3LYP, CAM-B3LYP, B3PW91, ʄ05-2X ʠ ʄ06-

2X) ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 6-311++G(d,p) ʙʘʟʠʩʥʠʤ ʩʢʫʧʦʤ.   

ʂʘʜʘ ʿʝ ʦʜʨʝʹʝʥ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʥʠʚʦ ʪʝʦʨʠʿʝ (ʄ05-2X/6-311++G(d,p)), ʦʧʪʠʤʠʟʦʚʘʥʝ ʩʫ 

ʩʪʨʫʢʪʫʨʝ ʢʦʬʝʠʥʘ, ʧʘʨʘʮʝʪʘʤʦʣʘ, ʛʣʫʢʦʟʝ ʠ ʣʘʢʪʦʟʝ. ɿʘ ʦʙʘ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ, ʪʨʠ ʥʘʿʩʪʘʙʠʣʥʠʿʝ 

ʢʦʥʬʦʨʤʘʮʠʿʝ ʩʘ ʩʚʘʢʠʤ ʧʫʥʠʦʮʝʤ (ʫʢʫʧʥʦ 24) ʩʫ ʦʜʘʙʨʘʥʝ ʠ ʦʧʪʠʤʠʟʦʚʘʥʝ ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ 

ʄ05-2X/6-31+(d,p). ʆʜʨʝʹʝʥʝ ʩʫ ʬʨʝʢʚʝʥʮʠʿʝ ʚʠʙʨʘʮʠʿʘ ʜʘ ʙʠ ʩʝ ʧʦʪʚʨʜʠʣʦ ʜʘ ʩʫ ʧʨʦʥʘʹʝʥʠ 

ʤʠʥʠʤʫʤʠ ʥʘ ʧʦʚʨʰʠʥʠ ʝʣʝʢʪʨʦʥʩʢʝ ʝʥʝʨʛʠʿʝ. ɺʠʙʨʘʮʠʿʝ ʩʫ ʚʠʟʫʝʣʠʟʦʚʘʥʝ ʫ ʧʨʦʛʨʘʤʩʢʦʤ 

ʧʘʢʝʪʫ GaussView. ʇʨʠʨʦʜʥʘ ʥʘʝʣʝʢʪʨʠʩʘˁʘ (natural charges) ʩʫ ʦʜʨʝʹʝʥʝ ʢʨʦʟ NBO ʧʨʠʩʪʫʧ 

ρςρȟρπρ. 13C NMR ʩʧʝʢʪʨʠ ʃʆʈ ʩʫ ʧʨʝʜʚʠʹʝʥʠ ʢʦʨʠʰ˂ʝˁʝʤ NMRDB ʧʨʦʛʨʘʤʘ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ NMR ʩʧʝʢʪʘʨʘ ρςςȟρςσ. ʊʝʦʨʠʿʩʢʘ ʭʝʤʠʿʩʢʘ ʟʘʢʣʘˁʘˁʘ ʫ 13C NMR ʩʧʝʢʪʨʠʤʘ ʩʫ 

ʠʟʨʘʯʫʥʘʪʘ ʧʨʠʤʝʥʦʤ GIAO ʤʝʪʦʜʝ ρςτȟρςυ ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-311++G(d,p). 

ʍʝʤʠʿʩʢʘ ʟʘʢʣʘˁʘˁʘ ʩʫ ʧʨʝʚʝʜʝʥʘ ʫ ʭʝʤʠʿʩʢe ʧʦʤʝʨʘʿe ʦʜʫʟʠʤʘˁʝʤ ʚʨʝʜʥʦʩʪʠ ʦʜ ʚʨʝʜʥʦʩʪʠ 

ʭʝʤʠʿʩʢʦʛ ʟʘʢʣʘˁʘˁʘ ʪʝʪʨʘʤʝʪʠʣʩʠʣʘʥʘ (ʊʄʉ) ʦʧʪʠʤʠʟʦʚʘʥʦʛ ʥʘ ʠʩʪʦʤ ʥʠʚʦʫ ʪʝʦʨʠʿʝ. ʆʚʠ 

ʧʨʦʨʘʯʫʥʠ ʩʫ ʫʨʘʹʝʥʠ ʥʘ ʩʪʨʫʢʪʫʨʘʤʘ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʫ DMSO ʜʘ ʙʠ ʩʝ ʦʧʦʥʘʰʘʣʝ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠ ʢʦʨʠʰ˂ʝˁʝʤ ʤʦʜʝʣʘ CPCM. 

ɽʥʝʨʛʠʿʘ ʚʝʟʠʚʘˁʘ (ɽb) ʦʜʨʝʹʝʥʘ ʿʝ ʩʣʝʜʝ˂ʦʤ ʿʝʜʥʘʯʠʥʦʤ, ʢʘʢʦ ʩʫ ʧʨʝʜʣʦʞʠʣʠ ʇʘʨʣʘʢ ʠ 

ʩʘʨʘʜʥʠʮʠ ρςχ(ʿʝʜʥ.15): 

 

Ὁ Ὁ Ὁ Ὁ  (15) 

 

ʋ ʧʨʝʪʭʦʜʥʦʿ ʿʝʜʥʘʯʠʥʠ, ɽʢʦʤʧʣʝʢʩ, ɽʙʝʥʟʦʜʠʘʟʝʧʠʥ ʠ ɽʘʜʫʣʪʝʨʘʥʪ ʩʫ ʦʧʪʠʤʠʟʦʚʘʥʝ ʝʥʝʨʛʠʿʝ 

ʢʦʤʧʣʝʢʩʘ ʠʟʤʝʹʫ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʠ ʘʜʫʣʪʝʨʘʥʘʪʘ/ʜʠʣʫʝʥʘʪʘ, ʠ ʧʦʿʝʜʠʥʘʯʥʦ ʙʝʥʟʧʜʠʘʟʝʧʠʥʘ ʠ 

ʘʜʫʣʪʝʨʘʥʘʪʘ/ʜʠʣʫʝʥʘʪʘ. ɻʨʝʰʢʝ ʩʫʧʝʨʧʦʟʠʮʠʿʝ ʙʘʟʥʦʛ ʩʢʫʧʘ (BSSE) ʫʢˀʫʯʝʥʝ ʩʫ ʤʝʪʦʜʦʤ 

ʢʦʨʝʢʮʠʿʝ. ɽʥʝʨʛʠʿʝ ʠʥʪʝʨʘʢʮʠaʿ ʫʥʫʪʘʨ ʢʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʃʆʈ-ʘ ʦʜʨʝʹʝʥʝ ʩʫ ʫ ʧʨʦʛʨʘʤʫ 

CristalExplorer ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ B3LYP/6-31G. 
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 ʂʚʘʥʪʥʘ ʪʝʦʨʠʿʘ ʘʪʦʤʘ ʫ ʤʦʣʝʢʫʣʠʤʘ (QTAIM), ʢʦʿʫ ʿʝ ʧʨʝʜʣʦʞʠʦ Bader, ʧʨʠʤʝˁʝʥʘ ʿʝ ʟʘ 

ʠʩʪʨʘʞʠʚʘˁʝ ʨʘʟʣʠʯʠʪʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʫ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʩʪʨʫʢʪʫʨʘʤʘ. ɼʘʪʦʪʝʢʝ .wfx ʠʟ 

Gaussian 09 ʧʦʜʚʨʛʥʫʪʝ ʩʫ ʜʘˀʠʤ ʧʨʦʨʘʯʫʥʠʤʘ ʫ ʧʨʦʛʨʘʤʫ AIMAll .  

ʇʨʝʤʘ ʦʚʦʤ ʧʨʠʩʪʫʧʫ, ʢʨʠʪʠʯʥʘ ʪʘʯʢʘ ʚʝʟʝ (BCP) ʠʟʤʝʹʫ ʜʚʘ ʿʝʜʠˁʝˁʘ ʠʣʠ ʫʥʫʪʘʨ ʿʝʜʥʦʛ 

ʿʝʜʠˁʝˁʘ ʢʘʨʘʢʪʝʨʠʰʝ ʩʝ ʝʣʝʢʪʨʦʥʩʢʦʤ ʛʫʩʪʠʥʦʤ (ɟ(r)), ʃʘʧʣʘʩʠʿʘʥʦʤ ( 2ɳɟ(r)), ʃʘʛʨʘʥʞoʚʦʤ 

ʢʠʥʝʪʠʯʢʦʤ ʛʫʩʪʠʥʦʤ ʝʣʝʢʪʨʦʥʘ (G(r)), ʧʦʪʝʥʮʠʿʘʣʥʦʤ ʛʫʩʪʠʥʘ ʝʣʝʢʪʨʦʥʘ (V(r)), ʛʫʩʪʠʥʦʤ 

ʫʢʫʧʥʝ ʝʥʝʨʛʠʿʝ ʝʣʝʢʪʨʦʥʘ (H(r) =G(r) + V(r)) ʠ ʝʥʝʨʛʠʿʦʤ ʤʝʹʫʘʪʦʤʩʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ (ɽveziv = 

V(r)/2).  

 ʉʠʤʫʣʘʮʠʿʝ ʤʦʣʝʢʫʣʩʢʝ ʜʠʥʘʤʠʢʝ (MD) ʠʟʚʝʜʝʥʝ ʩʫ ʧʦʤʦ˂ʫ ʩʦʬʪʚʝʨʩʢʦʛ ʧʘʢʝʪʘ 

GROMACS ρςψ.  
ʉʚʠ ʩʠʩʪʝʤʠ ʩʫ ʩʠʤʫʣʠʨʘʥʠ ʩʘ DREIDING ʧʦˀʝʤ ʩʠʣʝ. ɽʥʝʨʛʝʪʩʢʘ ʤʠʥʠʤʠʟʘʮʠʿʘ 

ʥʝʫʪʨʘʣʠʟʦʚʘʥʦʛ ʩʠʩʪʝʤʘ ʿʝ ʫʨʘʹʝʥʘ ʥʘʿʩʪʨʤʠʿʠʤ ʩʧʫʰʪʘˁʝʤ ʠ ʘʣʛʦʨʠʪʤʠʤʘ ʢʦˁʫʛʦʚʘʥʦʛ 

ʛʨʘʜʠʿʝʥʪʘ ʜʦ 1000 kJ mol-1 nm-1 ʪʦʢʦʤ 5000 ʢʦʨʘʢʘ. ʅʘʢʦʥ ʪʦʛʘ, ʩʠʩʪʝʤ ʿʝ ʜʦʚʝʜʝʥ ʫ ʩʪʘˁʝ 

ʨʘʚʥʦʪʝʞʝ ʥʘ 310,15 ʂ ʢʦʨʠʰ˂ʝˁʝʤ ɹʝʨʝʥʜʩʝʥʦʚʝ ʤʝʪʦʜʝ ʩʣʘʙʝ ʩʧʨʝʛʝ ʫ ʩʪʘˁʫ ʘʥʩʘʤʙʣʘ NVT 

(ʩʘ ʢʦʥʩʪʘʥʪʥʦʤ ʟʘʧʨʝʤʠʥʦʤ) ʩʘ ʚʨʝʤʝʥʩʢʦʤ ʩʢʘʣʦʤ ʦʜ 2 ns. LINCS ʘʣʛʦʨʠʪʘʤ ʿʝ ʢʦʨʠʰ˂ʝʥ ʟʘ 

ʧʨʦʠʟʚʦʜˁʫ MD ʬʘʟʝ ʫ NPT (ʩʘ ʢʦʥʩʪʘʥʪʥʠʤ ʧʨʠʪʠʩʢʦʤ) ʘʥʩʘʤʙʣʫ ʟʘ ʚʨʝʤʝʥʩʢʫ ʩʢʘʣʫ ʦʜ 5 ns, 

ʫʢˀʫʯʫʿʫ˂ʠ ʤʦʜʠʬʠʢʦʚʘʥʠ ɹʝʨʝʥʜʩʝʥʦʚ ʪʝʨʤʦʩʪʘʪ (Űʊ = 1 ps) ʠ ʇʘʨʨʠʥʝʣʦ-ʈʘʭʤʘʥʦʚ ʙʘʨʦʩʪʘʪ 

(ŰP = 2 ps) ρςω. 
 

6.3. ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʦʜʘʙʨʘʥʠʭ ʧʩʠʭʦʜʝʣʠʢʘ ʠ ʥʘʿʯʝʰ˂ʠʭ 

ʘʜʫʣʪʝʨʘʥʘʪʘ/ʜʠʣʫʝʥʘʪʘ 
 

ʉʪʨʫʢʪʫʨʝ ʩʝʨʦʪʦʥʠʥʘ (ʉɽʈ), ʙʫʬʦʪʝʥʠʥʘ (ɹʋʌ) ʠ ʧʩʠʣʦʮʠʥʘ (ʇʉʀ) ʩʫ ʦʧʪʠʤʠʟʦʚʘʥʝ ʥʘ 

M05-2X/6-311++G(d,p) ʥʠʚʦʫ ʪʝʦʨʠʿʝ. ʆʚʘʿ ʥʠʚʦ ʿʝ ʦʜʘʙʨʘʥ ʥʘ ʦʩʥʦʚʫ ʧʨʝʪʭʦʜʥʦ ʧʨʠʢʘʟʘʥʠʭ 

ʨʝʟʫʣʪʘʪʘ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ. ʇʨʠʤʝʥˀʠʚʦʩʪ ʦʚʦʛ ʥʠʚʦʘ ʪʝʦʨʠʿʝ ʿʝ ʧʦʪʚʨʹʝʥʘ 

ʧʦʨʝʹʝˁʝʤ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʠ ʢʨʠʩʪʘʣʥʠʭ ʩʪʨʫʢʪʫʨʘ ʩʝʨʦʪʦʥʠʥ ʦʢʩʘʣʘʪʘ, ʙʫʬʦʪʝʥʠʥʘ ʠ 

ʧʩʠʣʦʮʠʥʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʩʫ ʜʦʩʪʫʧʥʝ ʫ CCDC ʧʦʜ ʦʟʥʘʢʘʤʘ 1257564ρσπ,  
1116150ρσρ  i 2353848 ρσς. ɼʦʜʘʪʥʦ, ʜʦʩʪʫʧʥʠ 13C NMR ʩʧʝʢʪʨʠ ʫ ʙʘʟʘʤʘ ʧʦʜʘʪʘʢʘ 

ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʩʫ ʫʧʦʨʝʹʝʥʠ ʩʘ ʠʟʨʘʯʫʥʘʪʠʤ ʥʘ ʥʘʚʝʜʝʥʦʤ ʥʠʚʦʫ ʪʝʦʨʠʿʝ. ʇʨʝ 

ʜʦʙʠʿʘˁʘ ʪʝʦʨʠʿʩʢʠʭ ʚʨʝʜʥʦʩʪʠ 13C NMR ʭʝʤʠʿʩʢʠʭ ʧʦʤʝʨʘʿʘ, ʩʪʨʫʢʪʫʨʝ ʩʫ ʨʝʦʧʪʠʤʠʟʦʚʘʥʝ ʫ 

DMSO ʢʦʨʠʰ˂ʝˁʝʤ CPCM ʤʦʜʝʣʘ ʨʘʩʪʚʘʨʘʯʘ. ʀʥʪʝʨʘʢʮʠʿʝ ʥʘʚʝʜʝʥʠʭ ʩʫʧʩʪʘʥʮʠ ʩʘ 

ʧʘʨʘʮʝʪʘʤʦʣʦʤ, ʢʦʬʝʠʥʦʤ ʠ ʛʣʫʢʦʟʦʤ ʩʫ ʘʥʘʣʠʟʠʨʘʥʝ ʧʨʝʤʘ ʤʝʪʦʜʦʣʦʛʠʿʠ ʨʘʟʚʠʿʝʥʦʿ ʟʘ 

ʙʝʥʟʦʜʠʘʟʝʧʠʥʝ. ʇʦ ʪʨʠ ʧʦʯʝʪʥʝ ʛʝʦʤʝʪʨʠʿʝ ʩʫ ʦʜʨʝʹʝʥʝ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʙʝʟ ʛʝʦʤʝʪʨʠʿʩʢʠʭ 

ʦʛʨʘʥʠʯʝˁʘ. ʆʜʩʫʩʪʚʦ ʠʤʘʛʠʥʘʨʥʠʭ ʬʨʝʢʚʝʥʮʠʿʘ ʿʝ ʫʟʝʪʦ ʢʘʦ ʜʦʢʘʟ ʜʘ ʿʝ ʜʦʙʠʿʝʥ ʤʠʥʠʤʫʤ ʥʘ 

ʧʦʚʨʰʠ ʝʣʝʢʪʨʦʥʩʢʝ ʝʥʝʨʛʠʿʝ. ʅʘʿʩʪʘʙʠʣʥʠʿʘ ʩʪʨʫʢʪʫʨʘ ʟʘ ʩʚʘʢʠ ʧʘʨ ʩʫʧʩʪʘʥʮʠ ʿʝ ʜʘˀʝ 

ʠʩʧʠʪʘʥʘ QTAIM ʘʥʘʣʠʟʦʤ.  
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7. ʈʝʟʫʣʪʘʪʠ ʠ ʜʠʩʢʫʩʠʿʘ 
 

7.1. ʇʨʠʤʝʥʘ ʢʚʘʥʪʥʦ-ʭʝʤʠʿʩʢʠʭ ʤʝʪʦʜʘ ʫ ʬʦʨʝʥʟʠʯʢʦʤ ʧʨʝʜʚʠʹʘˁʫ ʩʧʝʢʪʘʨʘ LSD-ʘ ʠ 

ˁʝʛʦʚʠʭ ʘʥʘʣʦʛʘ 

 

7.1.1. ʀʟʙʦʛ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʥʠʚʦʘ ʪʝʦʨʠʿʝ 

 

ʇʨʚʠ ʜʝʦ ʪʝʦʨʠʿʩʢʦʛ ʧʨʝʜʚʠʹʘˁʘ ʩʧʝʢʪʨʘ ʦʙʫʭʚʘʪʘ ʠʟʙʦʨ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʥʠʚʦʘ ʪʝʦʨʠʿʝ. 

ʆʧʪʠʤʠʟʘʮʠʿʘ ʩʪʨʫʢʪʫʨʝ ʩʝ ʚʨʰʠ ʢʦʨʠʰ˂ʝˁʝʤ ʢʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʜʝʧʦʥʦʚʘʥʝ ʫ CCDC ʙʘʟʠ. 

ɸʣʪʝʨʥʘʪʠʚʘ ʙʠ ʙʠʣʘ ʜʘ ʩʝ ʠʟʘʙʝʨʝ ʿʝʜʠˁʝˁʝ ʩʪʨʫʢʪʫʨʥʦ ʩʣʠʯʥʦ ʠʩʪʨʘʞʠʚʘʥʦʤ, ʦʙʠʯʥʦ ʥʝʢʠ 

ʜʝʨʠʚʘʪ ʠʣʠ ʘʥʘʣʦʛ, ʘ ʟʘʪʠʤ ʩʝ ʦʜʨʝʜʠ ʧʨʠʤʝʥˀʠʚ ʪʝʦʨʠʿʩʢʠ ʥʠʚʦ ʧʨʠʤʝʥʦʤ ʩʪʘʥʜʘʨʜʥʠʭ 

ʬʫʥʢʮʠʦʥʘʣʘ, ʢʘʦ ʰʪʦ ʩʫ B3LYP, CAM-B3LYP, B3PW91, ʄ06-2X ʠ ʄ05-X. ʅʘʚʝʜʝʥʠ 

ʬʫʥʢʮʠʦʥʘʣʠ ʩʫ ʧʨʠʤʝʥˀʠʚʠ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʝ ʚʝ˂ʠʥʝ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ, ʘʣʠ ʩ ʪʠʤ ʜʘ 

ʩʫʧʪʠʣʥʝ ʨʘʟʣʠʢʝ ʫ ʩʪʨʫʢʪʫʨʥʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʦʜʨʝʹʫʿʫ ʫʩʧʝʭ ʫ ʧʨʝʜʚʠʹʘˁʫ ʩʧʝʢʪʨʘ (ʩʣʠʢʘ 

25).  

 

 

ʉʣʠʢʘ 25. ʆʧʪʠʤʠʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʜʠʝʪʠʣʘʤʠʜʘ ʣʠʟʝʨʛʠʥʩʢʝ ʢʠʩʝʣʠʥʝ (LSD-ʘ) 

ʇʨʝ ʦʧʪʠʤʠʟʘʮʠʿʝ ʧʦʪʨʝʙʥʦ ʿʝ ʫʢʣʦʥʠʪʠ ʢʦʥʪʨʘʿʦʥʝ ʤʦʣʝʢʫʣa ʨʘʩʪʚʘʨʘʯʘ ʠʣʠ 

ʥʝʯʠʩʪʦ˂ʝ. ʊʨʝʙʘʣʦ ʙʠ ʜʘ ʩʝ ʠʤʘ ʫ ʚʠʜʫ ʜʘ ʥʝʯʠʩʪʦ˂ʝ ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʩʧeʢʪʨʝ ʟʘʧʣʝˁʝʥʠʭ 

ʿʝʜʠˁʝˁʘ ʠ ʜʘ ʤʦʛʫ ʙʠʪʠ ʚʝʦʤʘ ʚʘʞʥʝ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ˁʠʭʦʚʦʛ ʧʦʨʝʢʣʘ (ʨʝʮʠʤʦ ʟʘ 

ʧʨʦʬʠʣʠʩʘˁʝ ʥʝʢʠʭ ʥʘʨʢʦʪʠʢʘ). ʀʟʙʦʨ ʦʩʥʦʚʥʦʛ ʩʢʫʧʘ ʿʝ ʪʘʢʦʹʝ ʚʘʞʥʦ ʧʠʪʘˁʝ ʢʦʿʝ ʿʝ ʠʤʘ ʟʘ 

ʮʠˀ ʰʪʦ ʙʦˀʫ ʦʧʪʠʤʠʟʘʮʠʿʫ. ɹʘʟʠʩʥʠ ʩʢʫʧ 6-311++G(d,p) ʢʦʨʠʰ˂ʝʥ ʫ ʦʢʚʠʨʫ ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ 

ʿʝ ʝʬʠʢʘʩʘʥ, ʙʨʟ ʠ ʧʨʠʣʠʯʥʦ ʜʦʙʘʨ ʟʘ ʦʧʪʠʤʠʟʘʮʠʿʫ ʦʨʛʘʥʩʢʠʭ ʿʝʜʠˁʝˁʘ. ʆʚʘʿ ʙʘʟʠʩʥʠ ʩʢʫʧ 

ʩʘʜʨʞʠ ʜʚʘ ʧʣʫʩʘ ʢʦʿʘ ʦʟʥʘʯʘʚʘʿʫ ʜʠʬʫʟʠʦʥʝ ʬʫʥʢʮʠʿʝ ʧʨʠʤʝˁʝʥʝ ʥʘ ʩʚʝ ʪʝʰʢʝ ʠ ʚʦʜʦʥʠʢʦʚʝ 

ʘʪʦʤʝ, ʘ (d,p) ʦʟʥʘʯʘʚʘ ʧʦʣʘʨʠʟʘʮʠʦʥʝ ʬʫʥʢʮʠʿʝ ʧʨʠʤʝˁʝʥʝ ʥʘ ʩʚʝ ʪʝʰʢʝ, ʢʘʦ ʠ ʚʦʜʦʥʠʢʦʚʝ 

ʘʪʦʤʝ. 
ʉʪʨʫʢʪʫʨʘ LSD-ʘ (ʩʣʠʢʘ 25) ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʠʥʜʦʣʥʦʛ ʧʨʩʪʝʥʘ ʠ ʢʦˁʫʛʦʚʘʥʠʭ 

ʿʝʜʥʦʩʪʨʫʢʠʭ ʠ ʜʚʦʩʪʨʫʢʠʭ ʚʝʟʘ, ʢʦʿʝ ʦʛʨʘʥʠʯʘʚʘʿʫ ʩʣʦʙʦʜʥʫ ʨʦʪʘʮʠʿʫ ʦʢʦ ʚʝʟʘ ʠ ʜʦʚʦʜʝ ʜʦ 

ʩʪʘʙʠʣʥʝ ʩʪʨʫʢʪʫʨʝ. ʅʘʢʦʥ ʟʘʚʨʰʝʥʝ ʦʧʪʠʤʠʟʘʮʠʿʝ, ʜʦʙʠʿʝʥʝ ʩʪʨʫʢʪʫʨʝ ʩʝ ʫʧʦʨʝʹʫʿʫ ʩʘ 

ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠ ʦʜʨʝʹʝʥʠʤ ʜʫʞʠʥʘʤʘ ʠ ʫʛʣʦʚʠʤʘ ʚʝʟʘ. ɿʘ ʩʚʘʢʠ ʬʫʥʢʮʠʦʥʘʣ ʩʪʨʫʢʪʫʨʝ ʩʫ 

ʧʦʜʚʨʛʥʫʪʝ ʢʦʥʬʦʨʤʘʮʠʦʥʦʿ ʧʦʪʨʘʟʠ ʜʫʞ C-C-C(ʆ)-N(CH3)2 ʬʨʘʛʤʝʥʪʘ, ʢʦʿʠ ʿʝ ʿʝʜʠʥʠ ʜʝʦ 

LSD-ʘ ʢʦʿʠ ʩʝ ʤʦʞʝ ʩʣʦʙʦʜʥʦ ʨʦʪʠʨʘʪʠ. ʆʚʘ ʧʦʨʝʹʝˁʘ ʩʫ ʢʚʘʥʪʠʬʠʢʦʚʘʥʘ ʩʨʝʜˁʦʤ 

ʘʧʩʦʣʫʪʥʦʤ ʛʨʝʰʢʦʤ (ʄɸɽ-Mean Absolute Error)22 ʢʘʦ ʧʨʦʩʝʯʥʦʤ ʘʧʩʦʣʫʪʥʦʤ ʚʨʝʜʥʦʰ˂ʫ 

ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʪʝʦʨʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʅʠʞʘ ʄɸɽ ʚʨʝʜʥʦʩʪ ʧʦʢʘʟʫʿʝ 

                                                           
22 (ʄɸɽ-Mean Absolute Error) jʝ ʤʝʨʘ ʧʨʦʩʝʯʥʝ ʚʝʣʠʯʠʥʝ ʛʨʝʰʘʢʘ ʫ ʢʦʣʝʢʮʠʿʠ ʧʨʝʜʚʠʹʘˁʘ, ʙʝʟ ʫʟʠʤʘˁʘ ʫ ʦʙʟʠʨ 

ˁʠʭʦʚ ʩʤʝʨ. 
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ʩʣʠʯʥʦʩʪ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʪʝʦʨʠʿʩʢʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʧʘʨʘʤʝʪʘʨʘ. ʊʘʙʝʣʝ ʉ1 ʠ ʉ2  

ʩʘʜʨʞʝ ʢʦʤʧʣʝʪʥʫ ʣʠʩʪʫ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠʭ ʠ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʜʫʞʠʥʘ ʠ ʫʛʣʦʚʘ ʚʝʟʝ, ʜʦʢ ʩʫ 

ʚʨʝʜʥʦʩʪʠ ʄɸɽ ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 1. ʂʘʜʘ ʩʝ ʫʧʦʨʝʜʝ ʚʨʝʜʥʦʩʪʠ ʄɸɽ, ʪʨʝʙʘ ʠʤʘʪʠ ʥʘ ʫʤʫ ʜʘ 

ʩʫ ʫʛʣʦʚʠ ʚʝʟʘ ʧʦʫʟʜʘʥʠʿʠ ʦʜ ʜʫʞʠʥʘ ʚʝʟʘ. ʀʘʢʦ ʩʫ ʩʚʝ ʄɸɽ ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʫʞʠʥʝ ʚʝʟʝ ʠʟʤʝʹʫ 

0,0423 ʠ 0,0444 ¡, LSD ʩʪʨʫʢʪʫʨʘ ʦʧʪʠʤʠʟʦʚʘʥʘ ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ B3LYP/6-311++G(d,p) ʠʤʘʣʘ 

ʿʝ ʥʘʿʥʠʞʫ ʄɸɽ ʚʨʝʜʥʦʩʪ ʟʘ ʜʫʞʠʥʝ ʚʝʟʝ. ɼʨʫʛʘ ʥʘʿʥʠʞʘ ʄɸɽ ʚʨʝʜʥʦʩʪ ʿʝ ʟʘ ʄ05-2X 

ʬʫʥʢʮʠʦʥʘʣ. ʐʪʦ ʩʝ ʪʠʯʝ ʫʛʣʦʚʘ veze, ʄ05-2X ʬʫʥʢʮʠʦʥʘʣ (2,70Ü) ʿʝ ʠʤʘo ʥʘʿʥʠʞʫ ʄɸɽ 

ʚʨʝʜʥʦʩʪ, ʜʦʢ ʿʝ ʥʘʿʚʝ˂a ʙʠʣʘ ʟʘ B3LYP (2,88º). ʋʢˀʫʯʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʜʠʩʧʝʨʟʠʿʝ (B3LYP-

D3BJ) ʩʤʘˁʫʿʝ ʄɸɽ ʚʨʝʜʥʦʩʪ ʟʘ ʫʛʣʦʚʝ ʚʝʟʝ, ʘʣʠ ʿʝ ʦʚʘ ʚʨʝʜʥʦʩʪ ʠ ʜʘˀʝ ʚʝ˂ʘ ʦʜ ʦʜʛʦʚʘʨʘʿʫ˂ʝ 

ʚʨʝʜʥʦʩʪʠ ʟʘ ʄ05-2X ʬʫʥʢʮʠʦʥʘʣ. ʆʚʘ ʨʘʟʫʤʥʦ ʿʝʜʥʦʩʪʘʚʥʘ ʤʝʪʦʜʦʣʦʛʠʿʘ ʜʦʚʦʜʠ ʜʦ ʟʘʢˀʫʯʢʘ 

ʜʘ ʿʝ ʄ05-2X ʬʫʥʢʮʠʦʥʘʣ ʧʦʛʦʜʘʥ ʟʘ ʪʝʦʨʠʿʩʢʠ ʦʧʠʩ LSD ʩʪʨʫʢʪʫʨʝ ʠ ʧʨʝʜʚʠʹʘˁʝ ʩʧʝʢʪʨʘ 

(ʪʘʙʝʣʘ 2). ʇʦʩʣʝʜˁʠ ʦʜʝˀʘʢ ʪʘʢʦʹʝ ʧʨʦʚʝʨʘʚʘ ʧʨʠʤʝʥˀʠʚʦʩʪ, ʫ ʢʦʿʝʤ ʩʫ ʦʧʪʠʤʠʟʦʚʘʥʘ ʿʦʰ 

ʜʚʘ LSD ʜʝʨʠʚʘʪʘ. ʇʦʥʝʢʘʜ ʿʝ ʢʦʨʠʩʥʦ ʨʘʟʫʤʝʪʠ ʩʪʘʙʠʣʥʦʩʪ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ ʢʨʦʟ 

ʘʥʘʣʠʟʫ ʤʝʹʫʤʦʣʝʢʫʣʩʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ. ʆʚʦ ʿʝ ʩʣʦʞʝʥʠʿʠ ʟʘʜʘʪʘʢ, ʿʝʨ ʟʘʭʪʝʚʘ ʦʜʨʝʹʝʥʦ ʟʥʘˁʝ 

ʦ ʩʚʦʿʩʪʚʠʤʘ ʜʦʥʠʨʘˁʘ/ʧʨʠʚʣʘʯʝˁʘ ʝʣʝʢʪʨʦʥʘ ʩʫʧʩʪʠʪʫʝʥʘʪʘ, ʩʪʝʨʝʦʭʝʤʠʿʠ ʠ ʨʝʟʦʥʘʥʮʠʿʠ. 

ʀʧʘʢ, ʤʦʞʝ ʙʠʪʠ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʜʘ ʩʝ ʦʜʨʝʜʠ ʧʨʘʚʘʮ ʧʦʤʝʨʘˁʘ ʩʠʛʥʘʣʘ ʫ IR, UV-VIS 

ʠ NMR ʩʧʝʢʪʨʠʤʘ. 

 

ʊʘʙʝʣʘ 2. ʄɸɽ ʚʨʝʜʥʦʩʪʠ ʟʘ ʜʫʞʠʥʝ ʫʛʣʦʚʘ ʠ ʚʝʟʝ ʦʜʨʝʹʝʥʝ ʬʫʥʮʢʠʦʥʘʣʠʤʘ B3LYP, , 

B3LYP-D3BJ, CAM-B3LYP, B3PW91, ʄ06-2X ʠ ʄ05-X 

 

 
B3LYP B3LYP-D3BJ CAM -B3LYP B3PW91 M05-2X M06-2X 

ɼʫʞʠʥʘ ʚʝʟʝ  (Å) 0,0423 0,0430 0,0444 0,0439 0,0436 0,0437 

   ʋʛʣʦʚʠ ʚʝʟʝ  (Ǔ) 

 

2,88 

 

2,82 

 

2,83 

 

2,85 

 

2,70 

 

2,72 

 

7.1.2. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʪʝʦʨʠʿʩʢʠ IR ʩʧʝʢʪʘʨ 

 

IR ʩʧʝʢʪʨʠ ʩʫ ʥʝʟʘʦʙʠʣʘʟʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʙʨʟʦ ʦʜʨʝʹʠʚʘˁʝ ʧʨʠʩʫʪʥʠʭ ʩʫʧʩʪʘʥʮʠ ʫ 

ʟʘʧʣʝˁʝʥʠʤ ʫʟʦʨʮʠʤʘ, ʧʦʩʝʙʥʦ ʘʢʦ ʩʫ ʦʥʝ ʫ ʟʥʘʯʘʿʥʠʤ ʢʦʣʠʯʠʥʘʤʘ. ʅʝʤʘ ʧʦʪʨʝʙʝ ʜʘ ʩʝ 

ʘʥʘʣʠʟʠʨʘ ʮʝʦ ʩʧʝʢʪʘʨ, ʚʝ˂ ʩʘʤʦ ʟʘ ʥʝʢʦʣʠʢʦ ʠʥʪʝʥʟʠʚʥʠʭ ʪʨʘʢʘ ʢʦʿʝ ʧʦʪʠʯʫ ʦʜ ʢʘʨʙʦʥʠʣʥʠʭ 

ʚʠʙʨʘʮʠʿʘ ʠʣʠ ʥʝʢʠʭ ʜʨʫʛʠʭ ʚʠʩʦʢʦ ʧʦʣʘʨʥʠʭ ʛʨʫʧʘ. ʋ ʟʘʧʣʝˁʝʥʠʤ ʫʟʦʨʮʠʤʘ ʯʝʩʪʦ ʤʦʛʫ ʙʠʪʠ 

ʧʨʠʩʫʪʥʝ ʨʘʟʣʠʯʠʪʝ ʚʨʩʪʝ ʨʘʟʙʣʘʞʠʚʘʯʘ ʢʦʿʠʤʘ ʩʝ ʧʨʝʢʨʠʚʘʿʫ ʪʨʘʢʝ ʧʩʠʭʦʘʢʪʠʚʥʝ 

ʢʦʥʪʨʦʣʠʩʘʥʝ ʩʫʧʩʪʘʥʮʝ ʠʣʠ  ʯʘʢ ʤʦʛʫ ʜʘ ʠʥʜʫʢʫʿʫ ˁʠʭʦʚʦ ʧʦʤʝʨʘˁʝ ʢʨʦʟ ʠʥʪʝʨʤʦʣʝʢʫʣʩʢʦ 

ʚʝʟʠʚʘˁʝ. ʉʣʝʜʝ˂ʠ ʢʦʨʘʢ ʧʨʝʜʩʪʘʚˀʘ ʧʦʨʝʹʝˁʝ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠ ʪʝʦʨʠʿʩʢʦʛ IR 

ʩʧʝʢʪʨʘ LSD-ʘ ʠ LSD-ʪʘʨʪʨʘʪʘ (ʩʣʠʢʘ 26). ʆʜʘʙʠʨ LSD-a ʢʘʦ ʪʘʨʪʘʪʘ ʿʝ ʟʙʦʛ ʪʦʛʘ ʰʪʦ ʩʫ 

ʥʘʿʥʦʚʠʿʘ ʠʩʪʨʘʞʠʚʘˁʘ ʧʦʢʘʟʘʣʘ ʜʘ ʩʝ ʦʥ ʢʦʨʠʩʪʠ ʥʘʿʯʝʰ˂ʝ ʧʦʩʣʝ LSD ʙʘʟʝ ρσσ.  
IR ʩʧʝʢʪʘʨ LSD-ʘ ʿʝ ʠʟʨʘʯʫʥʘʪ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʦʧʪʠʤʠʟʘʮʠʿʝ. ɺʠʙʨʘʮʠʦʥʠ ʩʧʝʢʪʘʨ ʩʝ 

ʤʦʞʝ ʚʠʟʫʘʣʠʟʦʚʘʪʠ ʧʦʤʦ˂ʫ ʧʨʦʛʨʘʤʘ GaussView ʠ ʜʘˀʝ ʘʥʘʣʠʟʠʨʘʪʠ ʫ ʩʦʬʪʚʝʨʫ VEDA. 

ʇʦʰʪʦ ʿʝ LSD ʤʦʣʝʢʫʣ ʥʠʩʢʝ ʩʠʤʝʪʨʠʿʝ, ʫ ˁʝʤʫ ʩʫ ʘʢʪʠʚʥʝ ʩʚʝ ʚʠʙʨʘʮʠʿʝ IR ʩʧʝʢʪʨʘ, ʫʢʫʧʥʦ 

141 ʥʦʨʤʘʣʘʥ ʤʦʜ. ʂʘʜʘ ʩʝ ʘʥʘʣʠʟʠʨʘ ʚʠʩʦʢʦ ʩʠʤʝʪʨʠʯʘʥ ʤʦʣʝʢʫʣ, ʢʦʨʠʩʥʦ ʿʝ ʜʦʙʠʪʠ ʠ IR ʠ 

ʨʘʤʘʥʩʢʠ ʩʧʝʢʪʘʨ ʟʙʦʛ ʧʨʠʥʮʠʧʘ ʠʩʢˀʫʯʝˁʘ. ʋ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʿʫ, ʠʟʨʘʯʫʥʘʪʠ ʪʘʣʘʩʥʠ 

ʙʨʦʿʝʚʠ ʩʫ ʧʨʦʮʝˁʝʥʠ, ʘ ʬʘʢʪʦʨ ʩʢʘʣʠʨʘˁʘ ʿʝ ʠʟʨʘʯʫʥʘʪ ʫʧʦʨʝʹʠʚʘˁʝʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠ 

ʪʝʦʨʠʿʩʢʦʛ ʪʘʣʘʩʥʦʛ ʙʨʦʿʘ. ʌʘʢʪʦʨ ʩʢʘʣʠʨʘˁʘ ʩʝ ʤʦʞʝ ʜʦʙʠʪʠ ʢʘʦ ʦʜʥʦʩ ʠʟʤʝʹʫ ʧʦʩʤʘʪʨʘʥʠʭ 

ʠ ʠʟʨʘʯʫʥʘʪʠʭ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ ʠʩʪʠʭ ʚʠʙʨʘʮʠʿʘ, ʥʘʿʯʝʰ˂ʝ C=ʆ ʚʠʙʨʘʮʠʿʘ. ʊʨʘʢʘ ʢʦʿʘ ʧʨʠʧʘʜʘ 

ʦʚʦʿ ʚʠʙʨʘʮʠʿʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʧʝʢʪʨʫ ʿʝ ʧʦʟʠʮʠʦʥʠʨʘʥʘ ʥʘ 1625 nm, ʜʦʢ ʿʝ ʫ ʪʝʦʨʠʿʩʢʦʤ 

ʩʧʝʢʪʨʫ ʥʘ 1747 cm-1 (ʩʣʠʢʘ 27).  
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ʉʣʠʢʘ 26. ʆʧʪʠʤʠʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ LSD-ʪʘʨʪʨʘʪʘ 

 
(ʘ) 

 
(ʙ) 

 

ʉʣʠʢʘ 27. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʪʝʦʨʠʿʩʢʠ ( ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-311++G(d,p)) IR 

ʩʧʝʢʪʨʠ (ʘ) LSD ʙʘʟʝ ʠ (ʙ) LSD ʪʘʨʪʨʘʪa 

ʊʝʦʨʠʿʩʢʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʧʨʠʢʘʟʘʥʝ ʩʘʤʦ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʦʧʩʝʛʫ (3500 ʜʦ 500 cm-1). ʉʣʠʢʘ 

27 ʧʨʠʢʘʟʫʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʩʢʘʣʠʨʘʥʠ IR ʩʧʝʢʪʘʨ LSD ʙʘʟʝ ʠ LSD ʪʘʨʪʨʘʪʘ. IR ʩʧʝʢʪʘʨ 

LSD-ʘ ʤʦʞʝ ʩʝ ʧʦʜʝʣʠʪʠ ʫ ʪʨʠ ʨʘʟʣʠʯʠʪʘ ʨʝʛʠʦʥʘ. ʇʨʚʠ ʿʝ ʚʠʩʦʢʦʬʨʝʢʚʝʥʪʥʘ ʦʙʣʘʩʪ ʠʟʤʝʹʫ 

3500 ʠ 2500 cm-1 ʢʦʿʫ ʢʘʨʘʢʪʝʨʠʰʫ ʪʨʘʢʝ ʢʦʿʠ ʧʨʠʧʘʜʘʿʫ NīH ʠ CīH ʠʩʪʝʞʫ˂ʠʤ ʚʠʙʨʘʮʠʿʘʤʘ. 

NīH ʠʩʪʝʞʫ˂ʘ ʚʠʙʨʘʮʠʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ 3200 cm-1 ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʧʝʢʪʨʫ ρστȟρσυ. ʋ 
ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ oʚʘ ʪʨʘʢʘ ʿʝ ʧʦʟʠʮʠʦʥʠʨʘʥʘ ʥʘ 3446 cm-1. ʆʚʘ ʨʘʟʣʠʢʘ ʿʝ ʧʦʩʣʝʜʠʮʘ 

ʬʠʟʠʯʢʦʛ ʩʪʘˁʘ ʫʟʦʨʢʘ, ʧʦʰʪʦ ʩʫ ʪʝʦʨʠʿʩʢʠ ʧʨʦʨʘʯʫʥʠ ʦʙʘʚˀʝʥʠ ʟʘ ʠʟʦʣʦʚʘʥʠ ʤʦʣʝʢʫʣ ʫ 

ʚʘʢʫʫʤʫ.  

ɼʨʫʛʝ ʠʩʪʘʢʥʫʪʝ ʪʨʘʢʝ ʫʢˀʫʯʫʿʫ sp2 ʭʠʙʨʠʜʠʟʦʚʘʥʝ C-H ʚʠʙʨʘʮʠʿʝ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ ʥʘ 

3097 ʠ 3046 cm-1. ɺʠʙʨʘʮʠʿʝ sp3 ʭʠʙʨʠʜʠʟʦʚʘʥʠʭ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ CīH ʤʦʛʫ ʩʝ ʧʨʠʧʠʩʘʪʠ 

ʪʨʘʢʘʤʘ ʥʘ 2920, 2883, 2839, 2810 ʠ 2774 cm-1. ʆʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʜʦʙʨʦ ʨʝʧʨʦʜʫʢʦʚʘʥʝ ʫ 

ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ. ʇʦʰʪʦ ʦʚʝ ʚʠʙʨʘʮʠʿʝ ʥʠʩʫ ʦʜ ʧʦʩʝʙʥʝ ʧʦʤʦ˂ʠ ʟʘ LSD ʘʥʘʣʠʟʫ, ʦʥʝ ʥʝ˂ʝ 

ʙʠʪʠ ʧʨʦʜʠʩʢʫʪʦʚʘʥʝ ʜʝʪʘˀʥʦ.  

ʅʘʿʠʥʪʝʥʟʠʚʥʠʿʘ ʪʨʘʢʘ ʢʦʿʘ ʩʝ ʥʘʣʘʟʠ ʥʘ 1625 cm-1 ʧʨʠʧʘʜʘ C=ʆ ʠʩʪʝʞʫ˂ʦʿ ʚʠʙʨʘʮʠʿʠ ʫ 

ʦʙʘ ʩʧʝʢʪʨʘ. ʆʚʘ ʪʨʘʢʘ (ʠʟʤʝʹʫ 1600 ʠ 1630 cm-1) ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ ʩʚʝ ʪʝʨʮʠʿʘʨʥʝ LSD 

ʘʤʠʜʝ ʠ ˁʠʭʦʚʝ ʘʥʘʣʦʛʝ, ʠʘʢʦ ˁʝʛʦʚ ʧʦʣʦʞʘʿ ʟʘʚʠʩʠ ʦʜ ʩʫʩʝʜʥʠʭ ʩʫʧʩʪʠʪʫʝʥʘʪʘ. ɱʦʰ ʿʝʜʥʘ 

ʠʥʪʝʥʟʠʚʥʘ ʪʨʘʢʘ, ʢʦʿʘ ʧʨʠʧʘʜʘ CīC ʠʩʪʝʞʫ˂ʠʤ ʚʠʙʨʘʮʠʿʘʤʘ, ʧʦʟʠʮʠʦʥʠʨʘʥʘ ʿʝ ʥʘ 1432/1379 
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cm-1 ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ/ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ. ʆʧʩʝʟʠ ʠʟʤʝʹʫ 1600 ʠ 1000 cm-1 ʤʦʛʫ ʩʝ 

ʧʨʠʧʠʩʘʪʠ ʤʝʰʦʚʠʪʠʤ ʚʠʙʨʘʮʠʦʥʠʤ ʤʦʜʦʚʠʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʠʩʪʝʞʫ˂ʝ ʠ ʩʘʚʠʿʘʿʫ˂ʝ ʚʠʙʨʘʮʠʿʝ. 

ʀʩʧʦʜ 1000 cm-1, ʫʛʣʘʚʥʦʤ ʩʝ ʫʦʯʘʚʘʿʫ ʩʘʚʠʿʘʿʫ˂ʝ ʚʠʙʨʘʮʠʿʝ, ʘ ʫʦʯʘʚʘʿʫ ʩʝ ʠ ʪʦʨʟʠʦʥʝ 

ʚʠʙʨʘʮʠʿʝ. 

ʅʘ ʠʣʝʛʘʣʥʦʤ ʪʨʞʠʰʪʫ ʯʝʩʪʦ ʩʝ ʩʫʩʨʝ˂ʫ ʨʘʟʣʠʯʠʪʝ ʩʦʣʠ LSD-ʘ. ʉʧʝʢʪʨʠ LSD ʪʘʨʪʨʘʪʘ 

ʧʦʢʘʟʫʿʫ ʪʨʘʢʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʠ ʟʘ LSD ʙʘʟʫ ʠ ʩʦ (ʩʣʠʢʘ 27). ʂʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ (0,921) 

ʧʨʝʪʭʦʜʥʦ ʿʝ ʠʟʨʘʯʫʥʘʪ ʠ ʢʦʨʠʰ˂ʝʥ ʟʘ ʪʘʣʘʩʥʝ ʙʨʦʿʝʚʝ ʦʚʝ ʩʦʣʠ ʫ IR ʩʧʝʢʪʨʫ LSD ʪʘʨʪʘʨʘʪa 

(ʩʣʠʢʘ 27) ʥʘ ʦʩʥʦʚʫ ʦʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ (ʧʦʤʦ˂ʫ ʬʫʥʢʮʠʦʥʘʣʘ ʄ05-2X/6-311++G(d,p)).  

ʆʧʪʠʤʠʟʘʮʠʿʘ LSD ʪʘʨʪʘʨʘʪʥʝ ʩʦʣʠ ʿʝ ʠʟʚʨʰʝʥʘ ʟʘ ʤʦʣʘʨʥʠ ʦʜʥʦʩ 1:1 ʠʟʤʝʹʫ LSD-ʘ ʠ 

ʪʘʨʪʨʘʪʘ. C=ʆ ʛʨʫʧʝ LSD ʪʘʨʪʘʨʘʪʘ ʧʦʢʘʟʫʿʫ ʜʚʝ aʧʩʦʨʧʮʠʦʥʘ ʤʘʢʩʠʤʫʤʘ ʥʘ 1716 ʠ 1698 cm-1 

ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʧʝʢʪʨʫ ʠ 1705 ʠ 1694 cm-1 ʫ ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ. ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʜʦʢʘʟʫʿʫ 

ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʩʫ ʠʟʘʙʨʘʥʠ ʥʠʚʦ ʪʝʦʨʠʿʝ ʠ ʢʦʨʝʢʮʠʦʥʦʛ ʬʘʢʪʦʨʘ ʧʨʠʢʣʘʜʥʠ ʟʘ ʦʧʠʩ LSD-ʘ ʠ 

ˁʝʛʦʚʠʭ ʩʦʣʠ.  

ɺʠʩʦʢʝ ʚʨʝʜʥʦʩʪʠ ʪʘʣʘʩʥʦʛ ʙʨʦʿʘ ʟʘ C=ʆ ʠʩʪʝʞʫ˂ʝ ʚʠʙʨʘʮʠʿʝ ʩʫ ʧʦʩʣʝʜʠʮʘ ʙʣʠʟʠʥʝ Ŭ-

ʭʠʜʨʦʢʩʠʣʥʝ ʛʨʫʧʝ. ʇʦʣʦʞʘʿ ʠʩʪʝʞʫ˂ʠʭ ʚʠʙʨʘʮʠʿʘ ʢʘʨʙʦʢʩʠʣʥʝ ʛʨʫʧʝ (1609 cm-1 ) LSD-ʘ ʥʠʿʝ 

ʟʥʘʯʘʿʥʦ ʨʘʟʣʠʯʠʪ ʧʦʜ ʫʪʠʮʘʿʝʤ ʧʨʠʩʫʩʪʚʘ ʪʘʨʪʨʘʪʥʦʛ ʿʦʥʘ. ɼʚʝ ʚʠʙʨʘʮʠʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʝ ʟʘ 

ʢʘʨʙʦʢʩʠʣʘʪʥʠ ʘʥʿʦʥ ʧʨʠ 1604 ʠ 1404 cm-1 ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʧʝʢʪʨʫ (1599 ʠ 1406 cm-1 ʫ 

ʪʝʦʨʠʿʩʢʦʤ) ʩʫ ʪʘʢʦʹʝ ʧʨʠʤʝ˂ʝʥʠ, ʘ ʦʙʘ ʩʫ ʜʝʣʠʤʠʯʥʦ ʧʨʝʢʨʠʚʝʥʘ ʪʨʘʢʘʤʘ LSD-ʘ ρσφ. 
ʊʝʦʨʠʿʩʢʠ ʩʧʝʢʪʘʨ ʪʘʢʦʹʝ ʩʘʜʨʞʠ ʪʨʘʢʝ ʧʦʚʝʟʘʥʝ ʩʘ ʪʘʨʪʘʨʘʪ ʿʦʥʦʤ ʥʘ 1102, 1052 ʠ 680 cm-1, 

ʰʪʦ ʦʜʛʦʚʘʨʘ ʪʨʘʢʘʤʘ ʥʘ 1109, 1065 ʠ 690 cm-1 ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʧʝʢʪʨʫ ρσφ. ʀʩʪʘ 
ʤʝʪʦʜʦʣʦʛʠʿʘ ʿʝ ʧʨʠʤʝˁʝʥʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ IR ʩʧʝʢʪara ʜʚʘ ʥʦʚʘ ʘʥʘʣʦʛʘ LSD-ʘ ʫ ʧʦʩʣʝʜˁʝʤ 

ʜʝʣʫ ʦʜʝˀʘʢʘ. 

 

7.1.3.  ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠ ʪʝʦʨʠʿʩʢʘ NMR ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ 

 

ʍʝʤʠʿʩʢʘ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʘ ʿʝʜʠˁʝˁʘ ʧʦʤʦ˂ʫ NMR ʩʧʝʢʪʨʘ ʿʝ ʥʝʦʧʭʦʜʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ 

ʩʪʨʫʢʪʫʨʝ ʦʩʠʤ ʢʘʜʘ ʩʫ ʜʦʩʪʫʧʥʘ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʘ ʤʝʨʝˁʘ ʩʘ ʤʦʥʦʢʨʠʩʪʘʣʦʤ. ʇʨʝ 

ʠʟʨʘʯʫʥʘʚʘˁʘ NMR ʩʧʝʢʪʨʘ, ʢʦʨʠʩʥʘ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʩʪʨʫʢʪʫʨʝ ʫ ʨʘʩʪʚʘʨʘʯʫ ʢʦʨʠʰ˂ʝʥʦʤ ʫ 

ʝʢʩʧʝʨʠʤʝʥʪʫ. ʊʝʦʨʠʿʩʢʠ NMR ʩʧʝʢʪʨʠ ʩʝ ʤʦʛʫ ʠʟʨʘʯʫʥʘʪʠ ʟʘ ʙʠʣʦ ʢʦʿʘ ʤʘʛʥʝʪʥʦ ʘʢʪʠʚʥʘ 

ʿʝʟʛʨʘ, ʫʢˀʫʯʫʿʫ˂ʠ 1H, 13C, 15N ʠ 17ʆ. ʇʦʨʝʹʝˁʝ 1H NMR ʩʧʝʢʪʨʘ ʩʘ ʪʝʦʨʠʿʩʢʠʤ ʩʧʝʢʪʨʠʤʘ ʤʦʞʝ 

ʙʠʪʠ ʜʚʦʩʤʠʩʣʝʥʦ ʟʙʦʛ ʩʪʨʫʢʪʫʨʝ ʤʫʣʪʠʧʣʝʪʘ ʠ ʝʬʝʢʘʪʘ ʜʨʫʛʦʛ ʨʝʜʘ, ʫʛʣʘʚʥʦʤ ʘʢʦ ʿʝʜʠˁʝˁʝ 

ʩʘʜʨʞʠ ʘʨʦʤʘʪʠʯʥʝ ʜʝʣʦʚʝ, ʰʪʦ ʿʝ ʩʣʫʯʘʿ ʩʘ LSD-ʦʤ. 1H NMR ʩʧʝʢʪʨʠ ʤʦʛʫ ʙʠʪʠ ʜʦʙʨʦ 

ʨʝʧʨʦʜʫʢʦʚʘʥʠ, ʢʘʦ ʰʪʦ ʿʝ ʫ ʨʝʬʝʨʝʥʮʘʤʘ ρσχρσω, ʘʣʠ ʫ ʪʝʢʩʪʫ ˂ʝ ʙʠʪʠ ʦʙʿʘʰˁʝʥ ʩʘʤʦ 
13C NMR ʩʧʝʢʪʘʨ LSD-ʘ.  

ʇʨʦʪʦʥʩʢʠ ʦʜʚʦʿʝʥʠ, 13C{ 1H}, NMR ʩʧʝʢʪʘʨ ʿʝ ʤʥʦʛʦ ʣʘʢʰʠ ʟʘ ʨʝʧʨʦʜʫʢʮʠʿʫ, ʧʦʰʪʦ ʩʝ 

ʜʦʙʠʿʘʿʫ ʩʘʤʦ ʩʠʥʛʣʝʪʠ. ʋ ʪʘʙʝʣʠ 3 ʧʨʠʢʘʟʘʥʝ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ, ʥʝʩʢʘʣʠʨʘʥʝ ʠ ʩʢʘʣʠʨʘʥʝ 

ʪʝʦʨʠʿʩʢʝ ʚʨʝʜʥʦʩʪʠ 13C ʭʝʤʠʿʩʢʠʭ ʧʦʤʘʢʘ, ʫ ʦʜʥʦʩʫ ʥʘ TMS ʩʪʨʫʢʪʫʨʝ LSD-ʘ ʫ ʭʣʦʨʦʬʦʨʤʫ.  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʪʝʦʨʠʿʩʢʠ ʨʝʟʫʣʪʘʪʠ ʩʝ ʤʦʛʫ ʫʧʦʨʝʜʠʪʠ ʠʟʨʘʯʫʥʘʚʘˁʝʤ 

ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ (R) ʠ ʄAE ʚʨʝʜʥʦʩʪʠ.  

ʂʘʦ ʰʪʦ ʩʝ ʤʦʞʝ ʚʠʜʝʪʠ ʫ ʪʘʙʝʣʠ 3, ʧʦʩʪʦʿʠ ʚʠʩʦʢʘ ʢʦʨʝʣʘʮʠʿʘ ʠʟʤʝʹʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʠʟʨʘʯʫʥʘʪʠʭ ʚʨʝʜʥʦʩʪʠ 13C NMR ʩʧʝʢʪʨʘ ʩʘ ʄɸɽ ʚʨʝʜʥʦʰ˂ʫ ʦʜ 14,9 ppm. 

ʂʦʨʝʢʮʠʦʥʠ ʬʘʢʪʦʨ ʟʘ ʜʘʪʠ ʩʢʫʧ ʚʨʝʜʥʦʩʪʠ ʿʝ 0,848, ʫʢˀʫʯʫʿʫ˂ʠ ʤʦʛʫ˂ʠ ʝʬʝʢʘʪ ʨʘʩʪʚʘʨʘʯʘ ʠ 

ʨʦʪʘʮʠʿʫ ʩʧʝʮʠʬʠʯʥʠʭ ʚʝʟʘ. ʉʢʘʣʠʨʘʥʝ ʚʨʝʜʥʦʩʪʠ ʪʝʦʨʠʿʩʢʠʭ ʧʦʤʝʨʘʿʘ ʠʤʘʿʫ ʠʩʪʠ 

ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʢʘʦ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ. ʄʝʹʫʪʠʤ, ʄɸɽ ʿʝ ʩʤʘˁʝʥ ʥʘ 2,0 ppm, ʰʪʦ ʙʠ 

ʤʦʛʣʦ ʫʢˀʫʯʠʪʠ ʟʘʚʠʩʥʦʩʪ ʦʜ ʨʘʩʪʚʘʨʘʯʘ, ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. ɼʝʪʘˀʥʠʿʘ ʘʥʘʣʠʟʘ 

ʧʦʟʠʮʠʿʘ ʥʠʿʝ ʧʦʪʨʝʙʥʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ. ʄʝʹʫʪʠʤ, ʤʦʞʝ ʙʠʪʠ ʦʜ ʢʦʨʠʩʪʠ, ʧʦʩʝʙʥʦ ʘʢʦ ʩʝ ʫ  

ʧʩʠʭʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʜʦʜʘʿʫ ʨʘʟʣʠʯʠʪʠ ʩʫʧʩʪʠʪʫʝʥʪʠ, ʘ ʪʘʢʦʹʝ ʩʝ ʤʦʛʫ ʧʨʘʪʠʪʠ ʠ ˁʠʭʦʚʠ 

ʝʬʝʢʪʠ ʥʘ ʦʩʥʦʚʥʠ ʤʦʣʝʢʫʣ.  
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ʊʘʙʝʣʘ 3. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʪʝʦʨʠʿʩʢʠ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ M05-2X/6-311++G(d,p)) 13C 

ʭʝʤʠʿʩʢʠ ʧʦʤʘʮʠ LSD-ʘ ʫ ʭʣʦʨʦʬʦʨʤʫ. 

 

ɸʪʦʤ ʫʛˀʝʥʠʢʘ ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ (ppm) 

ʊʝʦʨʠʿʩʢʝ 

ʥʝʩʢʘʣʠʨʘʥʝ 

ʚʨʝʜʥʦʩʪʠ (ppm) 

ʊʝʦʨʠʿʩʢʝ 

ʩʢʘʣʠʨʘʥʝ 

ʚʨʝʥʦʩʪʠ (ppm) 

C24 13,1 13,5 11,4 

C22 14,8 15,5 13,2 

C4 27,3 32,8 27,8 

C23 39,9 44,7 37,9 

C21 40,2 46,0 39,0 

C17 42,0 46,8 39,7 

C8 43,9 48,5 41,1 

C7 56,0 60,8 51,5 

C5 63,2 71,2 60,3 

C14 10,7 130,9 110,9 

C3 11,8 132,6 112,4 

C12 11,6 133,4 113,2 

C2 118,3 139,9 118,0 

C9 119,7 146,2 123,9 

C13 123,3 146,4 124,1 

C16 126,3 149,0 126,3 

C11 128,1 152,4 129,2 

C15 134,0 155,4 131,8 

C10 136,3 166,3 141,0 

C18 170,9 196,4 166,5 

R  0,999 0,999 

MAE (ppm)  14,9 2,0 

 

ʅʘʿʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʭʝʤʠʿʩʢʠʭ ʧʦʤʝʨʘʿʘ ʜʦʙʠʿʝʥʝ ʩʫ ʟʘ ʢʨʘʿˁʝ ʘʪʦʤʝ ʫʛˀʝʥʠʢʘ ʩʘ 

ʧʦʟʠʮʠʿʘʤʘ 22 ʠ 24 (ʦʢʦ 13 ppm ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ). ʍʝʤʠʿʩʢʠ ʧʦʤʝʨʘʿ 

C4 ʿʝ ʨʝʧʨʦʜʫʢʦʚʘʥ ʩʘ ʨʘʟʣʠʢʦʤ ʦʜ 0,5 ppm ʫ ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ. ɸʪʦʤʠ ʫʛˀʝʥʠʢʘ CH2 ʛʨʫʧʝ 

ʜʠʝʪʠʣʘʤʠʥʩʢʦʛ ʜʝʣʘ ʠʤʘʿʫ ʚʝ˂ʝ ʭʝʤʠʿʩʢʝ ʧʦʤʘʢʝ ʟʙʦʛ ʙʣʠʟʠʥʝ ʘʟʦʪʘ ʘʪʦʤʘ (39 ppm ʫ ʧʨʦʩʝʢʫ). 

ʀʩʪʠ ʨʘʟʣʦʛ ʜʦʚʦʜʠ ʜʦ ʭʝʤʠʿʩʢʦʛ ʧʦʤʝʨʘʿʘ ʦʜ 42 ppm ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ 39 ppm ʫ 

ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ ʤʝʪʠʣ ʛʨʫʧʝ ʚʝʟʘʥʝ ʟʘ ʘʪʦʤ ʘʟʦʪʘ. ɸʪʦʤʠ ʫʛˀʝʥʠʢʘ ʫ ʘʨʦʤʘʪʠʯʥʦʤ ʿʝʟʛʨʫ 

ʠ ʜʝʣʦʚʠʤʘ ʩʘ ʠʟʜʫʞʝʥʦʤ ʜʝʣʦʢʘʣʠʟʘʮʠʿʦʤ ʠʤʘʿʫ ʭʝʤʠʿʩʢʝ ʧʦʤʘʢʝ ʠʟʥʘʜ 100 ppm ʫ ʦʙʘ 

ʩʧʝʢʪʨʘ. ʋ ʩʣʫʯʘʿʫ LSD-ʘ, ʨʘʟʣʠʢʝ ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘ ʠ ʪʝʦʨʠʿʩʢʠʭ ʧʨʝʜʚʠʹʘˁʘ ʙʠʣʝ ʩʫ 

ʤʠʥʠʤʘʣʥʝ. ʅʘʿʚʠʰʘ ʭʝʤʠʿʩʢʘ ʚʨʝʜʥʦʩʪ ʧʦʤʝʨʘʿʘ ʿʝ ʠʟʨʘʯʫʥʘʪʘ ʟʘ ʢʘʨʙʦʥʠʣʥʠ ʢʠʩʝʦʥʠʢ ʩʘ 

ʨʘʟʣʠʢʦʤ ʦʜ 4 ppm. ʀʩʪʠ ʤʝʪʦʜ ʿʝ ʧʨʠʤʝˁʝʥ ʫ ʦʚʦʤ ʧʨʠʣʦʛʫ ʥʘ LSD ʘʥʘʣʦʛʝ ʜʘ ʙʠ ʩʝ ʜʦʢʘʟʘʣʘ 

ʧʨʠʤʝʥˀʠʚʦʩʪ ʠʟʘʙʨʘʥʦʛ ʥʠʚʦʘ ʪʝʦʨʠʿʝ. 

 

7.1.4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠ ʪʝʦʨʠʿʩʢʘ UV-VIS ʩʧʝʢʪʨʦʩʢʦʧʠʿʘ 

 

UV-VIS ʩʧʝʢʪʨʠ ʥʠʩʫ ʦʜ ʧʦʤʦ˂ʠ ʫ ʭʝʤʠʿʩʢʦʿ ʢʘʨʘʢʪʝʨʠʟʘʮʠʿʠ ʩʫʧʩʪʘʥʮʠ ʟʙʦʛ ʚʝʦʤʘ 

ʰʠʨʦʢʠʭ ʪʨʘʢʘ ʠ ʩʣʠʯʥʦʩʪʠ ʩʧʝʢʪʨʘ ʟʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʥʝ ʜʝʣʝ ʠʩʪʫ ʩʪʨʫʢʪʫʨʫ. ɽʣʝʢʪʨʦʥʩʢʘ 

ʘʧʩʦʨʧʮʠʿʘ ʥʝʢʦʣʠʢʦ ʬʫʥʢʮʠʦʥʘʣʥʠʭ ʛʨʫʧʘ ʤʦʞʝ ʩʝ ʜʦʜʝʣʠʪʠ ʪʨʘʢʘʤʘ ʫ UV-VIS ʩʧʝʢʪʨʫ. 

ʄʝʹʫʪʠʤ, ʩʫʧʩʪʠʪʫʝʥʪʠ, ʧʨʦʜʫʞʝʥʘ ʜʝʣʦʢʘʣʠʟʘʮʠʿʘ ˊ-ʝʣʝʢʪʨʦʥʘ, ʨʘʩʪʚʘʨʘʯ, pH ʠ ʪʝʤʧʝʨʘʪʫʨʘ 

ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ˁʠʭʦʚ ʧʦʣʦʞʘʿ. ʆʚʠ ʩʧʝʢʪʨʠ ʩʫ ʥʝʦʧʭʦʜʥʠ ʟʘ ʬʦʨʝʥʟʠʯʢʫ ʘʥʘʣʠʟʫ ʢʘʜʘ ʿʝ 

ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʘʧʩʦʨʧʮʠʿʝ ʦʜʨʝʹʝʥʘ ʟʘ UV-VIS ʜʝʪʝʢʪʦʨʝ ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ ʭʨʦʤʘʪʦʛʨʘʬʩʢʠʤ 
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ʢʦʣʦʥʘʤʘ, ʧʦʩʝʙʥʦ ʫ ʪʝʯʥʦʿ ʭʨʦʤʘʪʦʛʨʘʬʠʿʠ. ʏʘʢ ʠ ʢʘʜʘ ʩʫ ʩʧʝʢʪʨʠ ʧʦʟʥʘʪʠ, ʦʜʘʙʠʨ ʪʘʣʘʩʥʠʭ 

ʜʫʞʠʥʘ ʢʦʿʝ ʩʝ ʥʝ ʜʝʣʝ ʩʘ ʜʨʫʛʠʤ ʿʝʜʠˁʝˁʠʤʘ ʿʝ ʦʜ ʥʘʿʚʝ˂ʝʛ ʠʥʪʝʨʝʩʘ, ʿʝʨ ʙʠ ʪʦ ʠʟʘʟʚʘʣʦ 

ʛʨʝʰʢʫ ʫ ʢʚʘʥʪʠʬʠʢʘʮʠʿʠ. UV-VIS ʩʧʝʢʪʘʨ LSD-ʘ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʜʚʘ ʰʠʨʦʢʘ ʧʠʢʘ ʩʘ 

ʤʘʢʩʠʤʫʤʠʤʘ ʦʜ ʦʢʦ 220 ʠ 315 nm (tʘʙʝʣʘ 4), ʦʜ ʢʦʿʠʭ ʩʝ ʟʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʢʦʨʠʩʪʠ ʦʥʘʿ ʥʘ 

ʚʝ˂ʦʿ ʪʘʣʘʩʥʦʿ ʜʫʞʠʥʠ. ʆʚʠ ʩʧʝʢʪʨʠ ʩʫ ʩʥʠʤˀʝʥʠ ʫ ʚʦʜʠ.  

ʊʘʙʝʣʘ 4. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʪʝʦʨʠʿʩʢʠ (ʥʘ M05-2X/6-311++G(d,p) ʥʠʚʦʫ ʪʝʦʨʠʿʝ) 

ʝʣʝʢʪʨʦʥʩʢʠ ʧʨʝʣʘʟʠ LSD-ʘ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ 

ʚʨʝʜʥʦʩʪʠ 

CPCM CPCM+1 ʤʦʣʝʢʫʣ 

ʚʦʜʝ 

ʆʧʪʠʤʠʟʦʚʘʥʦ 

ʝʢʩʮʠʪʦʚʘʥʦ ʩʪʘˁʝ 

(nm) 

314 288 

(HOMO LOUMO, 

96%, f = 0,3948) 

291 

(HOMO LOUMO, 

96%, f = 0,3973) 

330 

(HOMO LOUMO) 

222 225 

(HOMO LOUMO+1, 

32%, f = 0,2307) 

226 

(HOMO LOUMO+1, 

37%, f = 0,1816) 

 

 

ʄʘʢʩʠʤʫʤ ʥʘ ʦʚʦʿ ʪʘʣʘʩʥʦʿ ʜʫʞʠʥʠ ʿʝ ʫʦʙʠʯʘʿʝʥ ʟʘ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʩʘʜʨʞʝ ʘʨʦʤʘʪʠʯʥʦ 

ʿʝʟʛʨʦ ʩʘ ʜʦʜʘʪʥʠʤ ʧʨʩʪʝʥʘʩʪʠʤ ʩʪʨʫʢʪʫʨʘʤʘ ʠ ʛʨʫʧʘʤʘ ʢʦʿʝ ʜʦʥʠʨʘʿʫ ʝʣʝʢʪʨʦʥʝ. ʇʦʩʪʦʿʝ ʤʘʣʘ 

ʦʜʩʪʫʧʘˁʘ ʫ UV-VIS ʩʧʝʢʪʨʠʤʘ LSD-ʦʚʠʭ ʘʥʘʣʦʛʘ, ʧʦʩʝʙʥʦ ʢʘʜʘ ʿʝ ʧʨʠʩʫʪʥʘ ʜʨʫʛʘ 

ʢʘʨʙʦʢʩʠʣʥʘ ʛʨʫʧʘ ρτπ. ʇʨʝʜʚʠʹʘˁʝ ʪʘʣʘʩʥʠʭ ʜʫʞʠʥʘ ʟʘ ʥʦʚʝ LSD ʜʝʨʠʚʘʪʝ ʙʠ ʙʠʣʘ ʦʜ 

ʥʘʿʚʝ˂ʝ ʚʘʞʥʦʩʪʠ, ʧʦʩʝʙʥʦ ʢʘʜʘ ʿʝ ʧʦʪʨʝʙʥʘ ˁʠʭʦʚʘ ʢʚʘʥʪʠʬʠʢʘʮʠʿʘ ʫ ʟʘʧʣʝˁʝʥʠʤ ʫʟʦʨʮʠʤʘ.  

ʅʘʿʿʝʜʥʦʩʪʘʚʥʠʿʠ ʤʝʪʦʜ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʩʧʝʢʪʨʘ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʿʝʜʠˁʝˁʘ ʫ ʞʝˀʝʥʦʤ 

ʨʘʩʪʚʘʨʘʯʫ ʧʦʤʝʥʫʪʦʤ CPCM ʤʝʪʦʜʦʤ (ʠʣʠ ʙʠʣʦ ʢʦʿʦʤ ʜʨʫʛʦʤ ʧʦʛʦʜʥʦʤ ʟʘ ʧʨʝʜʚʠʹʘˁʝ). 

ɿʘʪʠʤ ʩʝ ʧʨʠʤʝˁʫʿʝ TD-DFT ʤʝʪʦʜʘ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʝʣʘʟʘ. ʀʟʨʘʯʫʥʘʪʦ ʿʝ 

ʜʝʩʝʪ ʧʨʝʣʘʟʘ sa ʥʘʿʥʠʞʦʤ ʝʥʝʨʛʠʿʦʤ (ʥʘʿʜʫʛʦʪʘʣʘʩʥʠʿʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ). ʋ ʧʨʦʫʯʘʚʘʥʦʤ 

ʧʨʠʤʝʨʫ ʫʦʯʝʥʘ ʩʫ ʜʚʘ ʧʨʝʣʘʟʘ ʩʘ ʟʥʘʯʘʿʥʦʤ ʦʩʮʠʣʘʪʦʨʥʦʤ ʿʘʯʠʥʦʤ. ʇʨʚʠ ʿʝ ʥʘ 288 nm, 

ʟʥʘʯʘʿʥʦ ʜʨʫʛʘʯʠʿʠ ʦʜ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ. ɼʨʫʛʘ ʪʘʣʘʩʥʘ ʜʫʞʠʥʘ ʿʝ ʜʦʙʨʦ ʨʝʧʨʦʜʫʢʦʚʘʥʘ (226 

nm). ʇʨʚʠ ʧʨʝʣʘʟ ʿʝ ʘʩʠʛʥʠʨʘʥ ʢʘʦ HOMO-LUMO ʩʘ ʦʩʮʠʣʘʪʦʨʥʦʤ ʿʘʯʠʥʦʤ ʦʜ 0,3793. ɼʨʫʛʠ 

ʩʝ ʤʦʞʝ ʦʟʥʘʯʠʪʠ ʢʘʦ HOMO-LUMO+2. ʀʟʨʘʯʫʥʘʪʝ ʚʨʝʜʥʦʩʪʠ ʝʥʝʨʛʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʩʘʤʦ 

ʨʘʟʣʠʢʫ ʝʣʝʢʪʨʦʥʩʢʠʭ ʝʥʝʨʛʠʿʘ ʧʦʙʫʹʝʥʠʭ ʩʪʘˁʘ ʠ ʦʩʥʦʚʥʦʛ ʝʣʝʢʪʨʦʥʩʢʦʛ ʩʪʘˁʘ, ʜʦʢ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʩʧʝʢʪʘʨ ʩʘʜʨʞʠ ʩʫʩʝʜʥʝ ʚʠʙʨʘʮʠʦʥʝ ʠ ʨʦʪʘʮʠʦʥʝ ʧʨʝʣʘʟʝ ʦʜʛʦʚʦʨʥʝ ʟʘ 

ʰʠʨʠʥʫ ʪʨʘʢʝ.  

ɹʘʪʦʭʨʦʤʥʠ ʧʦʤʝʨʘʿ ʫ ʧʦʩʤʘʪʨʘʥʦʤ ʩʧʝʢʪʨʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʪʝʦʨʠʿʩʢʠʤ ʿʝ ʚʝʨʦʚʘʪʥʦ 

ʧʦʩʣʝʜʠʮʘ ʩʪʘʙʠʣʠʟʘʮʠʦʥʦʛ ʝʬʝʢʪʘ ʨʘʩʪʚʘʨʘʯʘ ʥʘ ʧʦʙʫʹʝʥʦ ʩʪʘˁʝ. HOMO, LUMO ʠ LUMO+1 

ʦʨʙʠʪʘʣʝ LSD-ʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 28. HOMO ʦʨʙʠʪʘʣʘ ʿʝ ʫʛʣʘʚʥʦʤ ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ 

ʠʥʜʦʣʥʦʤ ʿʝʟʛʨʫ LSD-ʘ, ʧʦʢʨʠʚʘʿʫ˂ʠ ʜʚʦʩʪʨʫʢʫ C=C ʚʝʟʫ ʩʫʩʝʜʥʦʛ ʧʨʩʪʝʥʘ. ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, 

LUMO ʦʨʙʠʪʘʣʘ ʫʢˀʫʯʫʿʝ ʠʥʜʦʣʥʫ ʛʨʫʧʫ ʠ ʢʘʨʙʦʥʠʣʥʫ ʛʨʫʧʫ ʢʘʦ ʥʘʿʧʦʣʘʨʥʠʿʫ ʛʨʫʧʫ 

ʧʨʠʩʫʪʥʫ ʫ ʩʪʨʫʢʪʫʨʠ. ɺʝ˂ʠʥʘ LSD ʤʦʣʝʢʫʣʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʫʛˀʝʥʠʢ-ʫʛˀʝʥʠʢ ʚʝʟʝ, ʘ ʦʚʘ 

ʨʘʟʣʠʢʘ ʫ ʜʠʩʪʨʠʙʫʮʠʿʠ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ ʩʘʤʦ ʤʘʣʦ ʤʝˁʘ ʤʦʛʫ˂ʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ 

ʤʦʣʝʢʫʣʠʤʘ ʨʘʩʪʚʘʨʘʯʘ. LUMO+1 ʿʝ ʩʣʠʯʘʥ HOMO ʦʨʙʠʪʘʣʠ ʠ ʫʢˀʫʯʫʿʝ ʠʩʪʝ ʬʫʥʢʮʠʦʥʘʣʥʝ 

ʛʨʫʧʝ (ʠʥʜʦʣʥʠ ʧʨʩʪʝʥ). ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʜʠʩʪʨʠʙʫʮʠʿʘ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ, ʤʦʣʝʢʫʣʠ 

ʨʘʩʪʚʘʨʘʯʘ ʪʨʝʙʘ ʜʘ ʩʪʘʙʠʣʠʟʫʿʫ LUMO ʦʨʙʠʪʘʣʫ ʚʠʰʝ ʦʜ ʜʨʫʛʝ ʜʚʝ ʢʨʦʟ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ 

ʢʘʨʙʦʥʠʣʥʦʤ ʛʨʫʧʦʤ.  
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ʉʣʠʢʘ 28. ɼʠʩʪʨʠʙʫʮʠʿʘ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ HOMO, LUMO ʠ LUMO+1 ʦʨʙʠʪʘʣʘ 

ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʩʪʨʫʢʪʫʨʘ LSD-ʘ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ M05-2X/6-311++G(d,p) ʚʨʝʜʥʦʩʪ = 0,02) 

ʄʦʛʫ˂ʝ ʧʦʙʦˀʰʘˁʝ ʧʨʝʪʭʦʜʥʦ ʨʘʟʤʘʪʨʘʥʝ ʩʪʨʘʪʝʛʠʿʝ ʤʦʞʝ ʙʠʪʠ ʜʦʜʘʚʘˁʝ 

ʝʢʩʧʣʠʮʠʪʥʠʭ ʤʦʣʝʢʫʣʘ ʨʘʩʪʚʘʨʘʯʘ ρτπ. ʄʦʣʝʢʫʣʠ ʨʘʩʪʚʘʨʘʯʘ ʬʦʨʤʠʨʘʿʫ ʠʥʪʝʨʘʢʮʠʿʝ 
ʢʦʿʠʤʘ ʩʪʘʙʠʣʠʟʫʿʫ (ʜʠʧʦʣïʜʠʧʦʣ ʠ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ) ʦʩʥʦʚʥʘ ʠ ʧʦʙʫʹʝʥʘ ʩʪʘˁʘ ʫ ʤʦʣʝʢʫʣʫ ʠ 

ʜʦʚʦʜʝ ʜʦ ʙʘʪʦʭʨʦʤʥʠʭ/ʭʠʧʩʦʭʨʦʤʥʠʭ ʧʦʤʝʨʘˁʘ. ʅʘʿʙʦˀʝ ʿʝ ʜʘ ʩʝ ʤʦʣʝʢʫʣʠ ʨʘʩʪʚʘʨʘʯʘ ʫʚʝʢ 

ʧʦʩʪʘʚˀʘʿʫ ʦʢʦ ʧʦʣʘʨʥʠʭ ʛʨʫʧʘ, ʿʝʨ ʩʫ ʦʥʝ ʦʙʠʯʥʦ ʦʜʛʦʚʦʨʥʝ ʟʘ ʧʨʝʣʘʟʝ ʫ ʚʠʜˀʠʚʦʤ ʠ 

ʚʘʟʜʫʰʥʦʤ UV ʜʝʣʫ ʩʧʝʢʪʨʘ. ʉʣʠʢʘ 29  ʧʦʢʘʟʫʿʝ ʧʦʣʦʞʘʿʝ ʯʝʪʠʨʠ ʤʦʣʝʢʫʣʘ ʚʦʜʝ ʢʦʿʘ ʩʫ ʜʦʜʘʪʘ 

ʦʢʦ LSD-ʘ.  

 

 

 

 
  

  

ʉʣʠʢʘ 29. ʈʘʟʣʠʯʠʪʠ ʧʦʣʦʞʘʿʠ ʤʦʣʝʢʫʣʘ ʚʦʜʝ ʦʢʦ LSD-ʘ 

ʆʚʠ ʤʦʣʝʢʫʣʠ ʨʘʩʪʚʘʨʘʯʘ ʫʚʝʜʝʥʠ ʩʫ ʫ ʙʣʠʟʠʥʠ ʧʦʣʘʨʥʠʭ ʛʨʫʧʘ ʘʪʦʤʘ ʘʟʦʪʘ ʘʤʠʥʦ 

ʛʨʫʧʝ, ʧʠʨʦʣʥʦʛ ʠ ʧʠʧʝʨʠʜʠʥʩʢʦʛ ʧʨʩʪʝʥʘ ʠ ʢʠʩʝʦʥʠʢʘ ʢʘʨʙʦʥʠʣʥʝ ʛʨʫʧʝ. ɱʦʰ ʿʝʜʘʥ ʤʦʣʝʢʫʣ 
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ʚʦʜʝ ʿʝ ʜʦʜʘʪ ʠʟʥʘʜ ʘʨʦʤʘʪʠʯʥʦʛ ʧʨʩʪʝʥʘ, ʧʦʰʪʦ ʩʫ ʆīH··Ŀ ˊ ʠʥʪʝʨʘʢʮʠʿʝ ʪʘʢʦʹʝ ʦʜʛʦʚʦʨʥʝ ʟʘ 

ʩʪʘʙʠʣʠʟʘʮʠʿʫ ʩʪʨʫʢʪʫʨʝ ʠ ʧʨʦʤʝʥʝ ʫ ʩʧʝʢʪʨʫ.  

ʅʦʚʠ ʝʣʝʢʪʨʦʥʩʢʠ ʩʧʝʢʪʘʨ ʿʝ ʪʘʢʦʹʝ ʠʟʨʘʯʫʥʘʪ ʟʘ ʜʝʩʝʪ ʧʨʝʣʘʟʘ. ɺʨʝʜʥʦʩʪ ʧʨʝʣʘʟʘ 

ʥʘʿʜʫʞʝ ʪʘʣʘʩʥʝ ʜʫʞʠʥʝ ʿʝ 291 nm, ʰʪʦ ʿʝ ʩʘʤʦ 2 nm ʚʝ˂ʝ ʦʜ ʧʨʝʪʭʦʜʥʦ ʨʘʟʤʘʪʨʘʥʝ ʚʨʝʜʥʦʩʪʠ. 

ɼʦʙʠʿʝʥʝ ʚʨʝʜʥʦʩʪʠ ʩʝ ʥʝ ʨʘʟʣʠʢʫʿʫ ʟʥʘʯʘʿʥʦ, ʰʪʦ ʜʦʢʘʟʫʿʝ ʜʘ ʿʝ ʧʦʣʘʨʠʪʝʪ ʧʦʙʫʹʝʥʦʛ ʠ 

ʦʩʥʦʚʥʦʛ ʩʪʘˁʘ ʩʣʠʯʘʥ ʠ ʜʘ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʤʦʣʝʢʫʣʠʤʘ ʨʘʩʪʚʘʨʘʯʘ ʧʦʜʿʝʜʥʘʢʦ ʩʪʘʙʠʣʠʟʫʿʫ ʦʙʘ 

ʩʪʘˁʘ, ʢʘʦ ʠ ʨʘʥʠʿʝ, ʧʦʩʪʫʣʠʨʘʥʦ ʢʨʦʟ ʘʥʘʣʠʟʫ ʨʘʩʧʦʜʝʣʝ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ.  

ʊʨʝ˂ʘ ʩʪʨʘʪʝʛʠʿʘ ʿʝ ʦʧʪʠʤʠʟʘʮʠʿʘ ʧʨʚʦʛ ʧʦʙʫʹʝʥʦʛ ʩʪʘˁʘ (ʩʠʥʛʣʝʪ ʠʣʠ ʪʨʠʧʣʝʪ, ʫ 

ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʿʝʜʠˁʝˁʘ) ʠ ʠʟʨʘʯʫʥʘʚʘˁʝ ʝʥʝʨʛʝʪʩʢʝ ʨʘʟʣʠʢʝ. ʉʪʨʫʢʪʫʨʘ ʦʧʪʠʤʠʟʦʚʘʥʦʛ ʧʨʚʦʛ 

ʝʣʝʢʪʨʦʥʩʢʦʛ ʩʪʘˁʘ ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʩʣʠʮʠ 30. 

 

 

 

ʉʣʠʢʘ 30. ɻʝʦʤʝʪʨʠʿʘ ʧʦʙʫʹʝʥʦʛ ʩʪʘˁʘ (ʦʧʪʠʤʠʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʨʚʦʛ ʝʣʝʢʪʨʦʥʩʢʦʛ 

ʩʪʘˁʘ) 

ʅʘ ʩʣʠʯʠ ʩʝ ʫʦʯʘʚʘ ʥʝ ʪʘʢʦ ʟʥʘʯʘʿʥʘ ʨʘʟʣʠʢʘ ʫ ʛʝʦʤʝʪʨʠʿʠ ʧʦʙʫʹʝʥʦʛ ʩʪʘˁʘ. ɼʦʙʠʿʝʥʘ 

ʝʥʝʨʛʠʿʘ ʦʜ 330 nm ʧʨʠʣʠʯʥʦ ʜʦʙʨʦ ʨʝʧʨʦʜʫʢʫʿʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʚʨʝʜʥʦʩʪ. ʈʘʟʣʠʢʘ ʦʜ 10 ʜʦ 

15 nm ʩʧʘʜʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʫ ʰʠʨʠʥʫ UV-VIS ʧʨʝʣʘʟʘ ʦʚʦʛ ʪʠʧʘ ʤʦʣʝʢʫʣʘ. ʉʪʦʛʘ ʘʫʪʦʨʠ 

ʧʨʝʜʣʘʞʫ ʧʨʠʤʝʥʫ ʩʚʠʭ ʦʚʠʭ ʤʝʪʦʜʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʦʯʝʢʠʚʘʥʦʛ ʦʧʩʝʛʘ ʝʣʝʢʪʨʦʥʩʢʠʭ ʧʨʝʣʘʟʘ. 

 

7.1.5. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʠ ʪʝʦʨʠʿʩʢʘ ʤʘʩʝʥʘ ʩʧʝʢʪʨʦʤʝʪʨʠʿʘ 

 

ʄʘʩʝʥʠ ʩʧʝʢʪʨʠ (ʩʣʠʢʘ C2) ʠ ʰʝʤʘ ʬʨʘʛʤʝʥʪʘʮʠʿʝ ʩʫ ʢʦʥʘʯʥʠ ʜʦʢʘʟ ʜʘ ʿʝ LSD ʧʨʦʥʘʹʝʥ 

ʫ ʠʣʝʛʘʣʥʠʤ ʫʟʦʨʮʠʤʘ. ʄʦʛʫ˂ʠ ʦʙʨʘʟʘʮ ʬʨʘʛʤʝʥʪʘʮʠʿʝ ʝʣʝʢʪʨʦʩʧʨʝʿ ʿʦʥʠʟʘʮʠʿʦʤ ʟʘ LSD ʿʝ 

ʦʧʰʠʨʥʦ ʠʩʪʨʘʞʝʥ ʫ ʣʠʪʝʨʘʪʫʨʠ ρτρρτσ. ɻʣʘʚʥʠ ʬʨʘʛʤʝʥʪʠ ʩʫ ʧʦʟʠʮʠʦʥʠʨʘʥʠ ʥʘ 323, 

221, 207, 181 ʠ 72 m/z (ʩʣʠʢʘ 31). ʆʚʠ ʬʨʘʛʤʝʥʪʠ ʩʫ ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ ʧʨʝʛʣʝʜʦʤ ʣʠʪʝʨʘʪʫʨʝ 

ʩʣʠʯʥʠʭ ʿʝʜʠˁʝˁʘ ρττ ʠ ʦʧʪʠʤʠʟʦʚʘʥʠ ʩʫ ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-311++G(d,p) ʢʘʢʦ ʙʠ 

ʩʝ ʜʦʢʘʟʘʣʘ ʧʨʠʤʝʥˀʠʚʦʩʪ ʪʝʦʨʠʿʩʢʠʭ ʧʨʦʨʘʯʫʥʘ ʟʘ ʦʜʨʝʹʠʚʘˁʝ ʬʨʘʛʤʝʥʪʥʠʭ ʤʘʩʘ. 

ʆʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ ʬʨʘʛʤʝʥʘʪʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 31.  
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ʉʣʠʢʘ 31. ʆʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ ʟʘ ʦʩʥʦʚʥʝ ʤʘʩʝʥʝ ʬʨʘʛʤʝʥʪʝ  

ʌʨʘʛʤʝʥʪ ʧʨʠ 221 m/z ʧʨʝʜʩʪʘʚˀʘ ʧʨʦʠʟʚʦʜ ʫʢʣʘˁʘˁʘ ʜʠʝʪʠʣʘʤʠʜʥʦʛ ʜʝʣʘ ʧʦʩʣʝ 

ʿʦʥʠʟʘʮʠʿʝ. ʋ ʦʚʦʤ ʬʨʘʛʤʝʥʪʫ ʿʝ ʚʨʘ˂ʝʥʘ ʧʣʘʥʘʨʥʦʩʪ ʰʝʩʪʦʯʣʘʥʦʛ ʧʨʩʪʝʥʘ, ʫʟ ˁʝʛʦʚʫ 

ʘʨʦʤʘʪʠʯʥʦʩʪ, ʰʪʦ ʦʚʫ ʚʨʩʪʫ ʯʠʥʠ ʧʦʪʧʫʥʦ ʨʘʚʥʦʤ, ʘ ʩʘʤʠʤ ʪʠʤ ʠ ʩʪʘʙʠʣʥʦʤ. ʋ ʜʨʫʛʦʤ ʢʦʨʘʢʫ 

ʩʝ ʫʢʣʘˁʘ ʤʝʪʠʣ ʛʨʫʧʘ ʠ ʜʦʙʠʿʘ ʩʝ ʬʨʘʛʤʝʥʪ ʥʘ 207 m/z. ʇʨʦʜʫʞʝʥʘ ʜʝʣʦʢʘʣʠʟʘʮʠʿʘ ˊ-

ʝʣʝʢʪʨʦʥʘ ʿʝ ʢˀʫʯʥʘ ʟʘ ʩʪʘʙʠʣʥʦʩʪ ʦʚʦʛ ʬʨʘʛʤʝʥʪʘ, ʠʘʢʦ ʿʝ ʤʘˁʝ ʩʪʘʙʠʣʘʥ ʦʜ ʧʨʝʪʭʦʜʥʦ 

ʦʧʠʩʘʥʦʛ ʟʙʦʛ ʛʫʙʠʪʢʘ ʝʬʝʢʪʘ ʭʠʧʝʨʢʦˁʫʛʘʮʠʿʝ ʤʝʪʠʣ ʛʨʫʧʝ. ʆʚʦ ʩʝ ʦʛʣʝʜʘ ʫ ʥʠʞʝʤ 

ʠʥʪʝʥʟʠʪʝʪʫ ʧʠʢʘ ʥʘ 207 ʫ ʧʦʨʝʹʝˁʫ ʩʘ 221 m/z. ʇʠʢ ʥʘ 181 m/z ʧʨʝʜʩʪʘʚˀʘ ʬʨʘʛʤʝʥʪ 

ʬʦʨʤʠʨʘʥ ʢʘʜʘ ʿʝ CH2 CH C(ʆ)N(C2H5)2 ʬʨʘʛʤʝʥʪ ʫʢʣʦˁʝʥ. ʆʚʘʿ ʢʦʨʘʢ ʩʪʚʘʨʘ ʩʪʘʙʠʣʥʫ 

ʚʨʩʪʫ ʩʘ ʯʝʪʚʦʨʦʯʣʘʥʠʤ ʧʨʩʪʝʥʦʤ ʫʤʝʩʪʦ ʰʝʩʪʦʯʣʘʥʠʤ. ʇʨʦʰʠʨʝʥʘ ʜʝʣʦʢʘʣʠʟʘʮʠʿʘ, ʟʘʿʝʜʥʦ 

ʩʘ ʦʙʥʦʚˀʝʥʦʤ ʧʣʘʥʘʨʥʦʰ˂ʫ, ʜʦʚʦʜʠ ʜʦ ʧʦʚʝ˂ʘʥʝ ʩʪʘʙʠʣʥʦʩʪʠ ʬʨʘʛʤʝʥʪʘ. ʇʦʨʝʜ ʩʚʠʭ 

ʥʘʚʝʜʝʥʠʭ ʝʬʝʢʘʪʘ, ʫʩʘʤˀʝʥʠ ʧʘʨʦʚʠ ʝʣʝʢʪʨʦʥʘ ʥʘ ʘʟʦʪʫ ʜʦʜʘʪʥʦ ʩʪʘʙʠʣʠʟʫʿʫ ʩʪʨʫʢʪʫʨʫ ʢʨʦʟ 

ʠʥʪʝʨʘʢʮʠʿʝ ʢʘʦ ʰʪʦ ʩʫ LP(N)Ÿˊ*(C-C), ʢʘʢʦ ʿʝ ʠʟʨʘʯʫʥʘʪʦ ʫ ʪʝʦʨʠʿʠ ʧʝʨʪʫʨʙʘʮʠʿʝ ʜʨʫʛʦʛ 

ʨʝʜʘ ʠ NBO ʘʥʘʣʠʟʠ ρτυ. ʇʦʩʣʝʜˁʠ ʬʨʘʛʤʝʥʪ ʿʝ ʟʘʿʝʜʥʠʯʢʠ ʟʘ ʩʚʝ LSD ʜʝʨʠʚʘʪʝ 

ʜʠʝʪʠʣʘʤʠʜʘ. ʂʦʤʧʣʝʢʩʥʝ ʰʝʤʝ ʬʨʘʛʤʝʥʪʘʮʠʿʝ LSD-ʘ ʠ ˁʝʛʦʚʠʭ ʘʥʘʣʦʛʘ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ 

ʜʨʫʛʦʤ ʤʝʩʪʫ. ʀʧʘʢ, ʪʝʦʨʠʿʩʢʝ ʤʝʪʦʜʝ ʩʫ ʜʨʘʛʦʮʝʥʦ ʩʨʝʜʩʪʚʦ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʩʪʘʙʠʣʥʦʩʪʠ ʠ 

ʤʝʹʫʤʦʣʝʢʫʣʩʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʿʝ ʨʝʛʫʣʠʰʫ ʩʪʘʙʠʣʥʦʩʪ ʬʦʨʤʠʨʘʥʠʭ ʿʦʥʘ, ʨʘʜʠʢʘʣʘ ʠ 

ʥʝʫʪʨʘʣʥʠʭ ʚʨʩʪʘ.  

ʆʥʦ ʰʪʦ ʿʝ ʿʦʰ ʟʘʥʠʤˀʠʚʦ ʿʝ ʜʘ ʤʘʩʝʥʘ ʩʧʝʢʪʨʠʤʝʪʨʠʿʘ ʤʦʞʝ ʙʠʪʠ ʿʝʜʘʥ ʦʜ ʛʣʘʚʥʠʭ 

ʘʣʘʪʘ ʢʘʜʘ ʿʝ ʨʝʯ ʦ ʩʪʨʫʢʪʫʨʥʦʿ ʘʥʘʣʠʟʠ, ʿʝʨ, ʫʢʦʣʠʢʦ ʩʝ ʨʘʜʠ ʦ ʤʘˁʠʤ ʤʦʣʝʢʫʣʠʤʘ ʥʦʚʠʭ 

ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʩʘʩʪʘʚˀʘˁʝ ʠ ʧʨʝʪʧʦʩʪʘʚˀʘˁʝ ʩʪʫʨʢʪʫʨʘ ʤʦʞʝ ʙʠʪʠ ʦʣʘʢʰʘʥʘ, ʜʦʢ 

ʩʝ ʥʝ ʫʢˀʫʯʝ ʠ ʜʨʫʛʝ ʪʝʭʥʠʢʝ ʢʘʦ ʰʪʦ ʿʝ NMR.  
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7.2. ʄʦʣʝʢʫʣʩʢʠ ʘʩʧʝʢʪʠ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʦʜʘʙʨʘʥʠʭ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʠ ʫʦʙʠʯʘʿʝʥʠʭ 
ʘʜʫʣʪʝʨʘʥʘʪʘ/ʧʫʥʠʣʘʮʘ 

 

7.2.1. ʆʜʨʝʹʠʚʘˁʝ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʥʠʚʦʘ ʪʝʦʨʠʿʝ 

 

ʂʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʘʣʧʨʘʟʦʣʘʤʘ ʠ ʣʦʨʘʟʝʧʘʤʘ ʩʫ ʦʧʪʠʤʠʟʦʚʘʥʝ ʢʦʨʠʰ˂ʝˁʝʤ 

ʥʝʢʦʣʠʢʦ ʩʪʘʥʜʘʨʜʥʠʭ ʬʫʥʢʮʠʿʘ (B3LYP, B3LYP-D3BJ, B3PW91, CAM-B3LYP, ʄ05-2X ʠ 

ʄ06-2G) ʫ ʢʦʤʙʠʥʘʮʠʿʠ ʩʘ 6-311++G(d,p) ʙʘʟʥʠʤ ʩʢʫʧʦʤ. ʆʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ ʩʫ 

ʫʧʦʨʝʹʝʥʝ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʢʦʝʬʠʮʠʿʝʥʘʪʘ ʢʦʨʝʣʘʮʠʿʝ ʠ ʄɸɽ. ɺʨʝʜʥʦʩʪʠ 

ʜʫʞʠʥʝ ʚʝʟʝ ʠ ʫʛʣʦʚʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʘʤʘ ʉ4, ʉ5, ʉ6 ʠ ʉ7 ʜʦʢ ʩʫ ʚʨʝʜʥʦʩʪʠ ʄɸɽ 

ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ 5. ʆʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ ɸʃʇ ʠ ʃʆʈ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 32. 

ʊʘʙʝʣʘ 5. ʉʨʝʜˁʘ ʘʧʩʦʣʫʪʥʘ ʛʨʝʰʢʘ ʟʘ ʧʦʨʝʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʪʝʦʨʝʪʩʢʠʭ ʜʫʞʠʥʘ 

ʚʝʟʘ ʠ ʫʛʣʦʚʘ ʘʣʧʨʘʟʦʣʘʤʘ ʠ ʣʦʨʘʟʝʧʘʤʘ. 

 

ʋʟʦʨʮʠ B3LYP 
B3LYP-

D3BJ 
B3PW91 

CAM-

B3LYP 

M05-

2X 

M06-

2X 

ʃʦʨʘʟʝʧʘʤ 
ɼʫʞʠʥʘ ʚʝʟʝ 0,017 0,015 0,014 0,014 0,013 0,014 

ʋʛʘʦ ʚʝʟʝ 1,04 0,95 1,02 0,99 0,91 0,92 

ɸʣʧʨʘʟʦʣʘʤ 
ɼʫʞʠʥʘ ʚʝʟʝ 0,009 0,009 0,008 0,007 0,007 0,008 

ʋʛʘʦ ʚʝʟʝ 0,59 0,52 0,56 0,58 0,50 0,52 

 

ʂʘʜʘ ʩʫ ʫʧʦʨʝʹʝʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʠ ʪʝʦʨʠʿʩʢʝ ʜʫʞʠʥʝ ʠ ʫʛʣʦʚʠ ʚʝʟʝ, ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ 

ʩʫ ʫ ʦʧʪʠʤʠʟʦʚʘʥʠʤ ʩʪʨʫʢʪʫʨʘʤʘ ʜʦʙʨʦ ʨʝʧʨʦʜʫʢʦʚʘʥʝ ʦʚʝ ʚʨʝʜʥʦʩʪʠ. ʂʦʝʬʠʮʠʿʝʥʪʠ 

ʢʦʨʝʣʘʮʠʿʝ ʟʘ ʩʚʝ ʠʩʧʠʪʠʚʘʥʝ ʩʠʩʪʝʤʝ ʠʟʥʦʩʠʣʠ ʩʫ 0,99 ʫ ʩʣʫʯʘʿʫ ʜʫʞʠʥʝ ʚʝʟʝ ʠ 0,99 ʠ 0,95/0,96 

ʟʘ ʚʝʟʥʝ ʫʛʣʦʚʝ ɸʃʇ ʠ ʃʆʈ, ʨʝʩʧʝʢʪʠʚʥʦ. ʂʘʜʘ ʿʝ ʃʆʈ ʫ ʧʠʪʘˁʫ, ʚʨʝʜʥʦʩʪʠ ʄɸɽ ʟʘ ʜʫʞʠʥʝ 

ʚʝʟʝ ʩʫ ʫ ʫʩʢʦʤ ʦʧʩʝʛʫ ʠʟʤʝʹʫ 0,0,013 (ʄ05-2X) ʠ 0,017 ¡ (B3LYP). ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʚʨʝʜʥʦʩʪʠ 

ʄɸɽ ʟʘ ʫʛʣʦʚʝ ʧʦʢʘʟʫʿʫ ʟʥʘʯʘʿʥʝ ʨʘʟʣʠʢʝ, ʠʟʤʝʹʫ 0,91 (ʄ05-2X) ʠ 1,04Á (B3LYP). ɼʠʩʧʝʨʟʠʦʥʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʫ ʬʫʥʢʮʠʦʥʘʣʥʦʤ B3LYP-D3BJ ʩʘʤʦ ʩʫ ʤʘʣʦ ʩʤʘˁʠʣʝ ʚʨʝʜʥʦʩʪ ʄɸɽ ʫʛʣʘ. ʅʘ 

ʦʩʥʦʚʫ ʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʩʝ ʩʪʨʫʢʪʫʨʘ ʦʧʪʠʤʠʟʦʚʘʥʘ ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-

311++G(d,p) ʢʘʨʘʢʪʝʨʠʰʝ ʥʘʿʥʠʞʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʄɸɽ. ʈʘʟʣʠʢʝ ʫ ʜʫʞʠʥʘʤʘ ʚʝʟʝ ʠ ʫʛʣʦʚʠʤʘ 

ʠʟʤʝʹʫ ʦʧʪʠʤʠʟʦʚʘʥʠʭ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʩʪʨʫʢʪʫʨʘ ɸʃʇ ʙʠʣʝ ʩʫ ʿʦʰ ʤʘˁʝ ʠʟʨʘʞʝʥʝ. 

ɺʨʝʜʥʦʩʪʠ ʄɸɽ ʟʘ ʜʫʞʠʥʝ ʚʝʟʝ ʙʠʣʝ ʩʫ ʨʝʜʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʛʨʝʰʢʝ (0,007-0,009 Å). ʆʧʩʝʛ 

ʄɸɽ ʚʨʝʜʥʦʩʪʠ ʟʘ ʫʛʣʦʚʝ ʚʝʟʝ ʙʠʦ ʿʝ ʠʟʤʝʹʫ 0,50 (ʄ05-2X) ʠ 0,59Á (B3LYP). ʆʚʠ ʨʝʟʫʣʪʘʪʠ ʩʫ 

ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʪʭʦʜʥʦʤ ʜʠʩʢʫʩʠʿʦʤ; ʧʦʥʦʚʦ ʿʝ ʄ05-2X ʧʦʢʘʟʘʦ ʥʘʿʙʦˀʠ ʨʝʟʫʣʪʘʪ. ʉʪʦʛʘ ʿʝ ʦʚʘʿ 

ʬʫʥʢʮʠʦʥʘʣ ʠʟʘʙʨʘʥ ʟʘ ʜʘˀʝ ʧʨʦʨʘʯʫʥʝ. ʆʜʘʙʨʘʥʠ ʬʫʥʢʮʠʦʥʘʣ ʩʝ ʧʨʝʧʦʨʫʯʫʿʝ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʥʝʢʦʚʘʣʝʥʪʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, ʰʪʦ ʿʝ ʚʘʞʥʦ ʟʘ ʜʘˀʫ ʢʚʘʥʪʥʦ-ʭʝʤʠʿʩʢʫ ʧʨʦʮʝʥʫ ʠʥʪʝʨʘʢʮʠʿʘ 

ʠʟʤʝʹʫ ʙʝʥʟʦʜʠʘʟʝʧʠʥʘ ʠ ʘʜʫʣʪʝʨʘʥʘʪʘ/ʜʠʣʫʝʥʘʪʘ.  

ʉʪʨʫʢʪʫʨʝ ʃʆʈ ʠ ɸʃʇ ʩʘʜʨʞʝ ʥʝʢʦʣʠʢʦ ʩʪʨʫʢʪʫʨʥʠʭ ʝʣʝʤʝʥʘʪʘ ʢʦʿʠ ʩʫ ʚʘʞʥʠ ʟʘ 

ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʘʜʫʣʪʝʨʘʥʪʠʤʘ. ʆʙʘ ʿʝʜʠˁʝˁʘ ʩʘʜʨʞʝ ʘʨʦʤʘʪʠʯʥʝ ʧʨʩʪʝʥʦʚʝ ʚʝʟʘʥʝ ʟʘ ʭʣʦʨ. 

NBO ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʘʪʦʤʘ ʭʣʦʨʘ ʩʫ ʙʣʘʛʦ ʧʦʟʠʪʠʚʥʘ, 0,034 (ɸʃʇ) ʠ 0,027/0,025 ʝ (ʃʆʈ), ʟʙʦʛ 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʠ ʘʨʦʤʘʪʠʯʥʠʭ ʧʨʩʪʝʥʦʚʘ. ʅʝʤʘ ʟʥʘʯʘʿʥʠʭ ʨʘʟʣʠʢʘ ʫ ʦʚʠʤ ʥʘʝʣʝʢʪʨʠʩʘˁʝʤ 

ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʜʨʫʛʠʭ ʩʫʧʩʪʠʪʫʝʥʘʪʘ ʠ ʘʨʦʤʘʪʠʯʥʦʛ ʧʨʩʪʝʥʘ ʟʘ ʢʦʿʠ ʩʫ ʦʚʠ ʘʪʦʤʠ ʚʝʟʘʥʠ ʫ 

ʃʆʈ. 1,4-ʜʠʘʟʝʧʠʥʩʢʠ ʧʨʩʪʝʥʦʚʠ ʩʘʜʨʞʝ ʜʚʘ ʘʪʦʤʘ ʘʟʦʪʘ, ʦʙʘ ʠʤʘʿʫ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ. 

ʋ ʩʣʫʯʘʿʫ ʃʆʈ, ʘʪʦʤ ʘʟʦʪʘ ʙʣʠʞʠ ʢʘʨʙʦʥʠʣʥʦʿ ʛʨʫʧʠ ʠʤʘ ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʦʜ -0,635 ʝ, ʜʦʢ ʜʨʫʛʠ 

ʠʤʘ -0,434 ʝ. ʂʘʨʙʦʥʠʣʥʠ ʘʪʦʤ ʢʠʩʝʦʥʠʢʘ ʿʝ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥ (-0,621 ʝ). ʅʘʿʚʝ˂ʘ 

ʘʧʩʦʣʫʪʥʘ ʚʨʝʜʥʦʩʪ ʥʝʛʘʪʠʚʥʦʛ ʥʘʝʣʝʢʪʨʠʩʘˁʘ ʧʨʦʥʘʹʝʥʘ ʿʝ ʟʘ ʘʪʦʤ ʢʠʩʝʦʥʠʢʘ ʭʠʜʨʦʢʩʠʣʥʝ 

ʛʨʫʧʝ (-0,720 ʝ). ʆʚʝ ʯʝʪʠʨʠ ʧʦʟʠʮʠʿʝ ʩʫ ʧʦʛʦʜʥʝ ʟʘ ʬʦʨʤʠʨʘˁʝ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘʤʘ ʩʘ ʦʢʦʣʥʠʤ 

ʿʝʜʠˁʝˁʠʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʘʜʫʣʪʝʨʘʥʪʝ ʠ ʨʘʟʙʣʘʞʠʚʘʯʝ (ʧʫʥʠʦʮʝ). ɼʚʘ ʘʪʦʤʘ ʘʟʦʪʘ 1,4-
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ʜʠʘʟʝʧʠʥʩʢʦʛ ʧʨʩʪʝʥʘ ɸʃʇ ʠʤʘʿʫ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ ʦʜ -0,458 ʠ -0,426 ʝ. ʉʣʠʯʥʦʩʪ ʦʚʠʭ 

ʚʨʝʜʥʦʩʪʠ ʿʝ ʧʦʩʣʝʜʠʮʘ ʜʦʜʘʪʥʦʛ ʧʨʩʪʝʥʘʩʪʦʛ ʜʝʣʘ ʫ ʩʪʨʫʢʪʫʨʠ  ɸʃʇ. ʉʫʧʩʪʠʪʫʠʩʘʥʠ ʜʝʦ 

ʪʨʠʘʟʦʣʥʦʛ ʧʨʩʪʝʥʘ ʩʘʜʨʞʠ ʿʝʜʘʥ ʦʜ ʧʦʤʝʥʫʪʠʭ ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʜʚʘ ʜʦʜʘʪʥʘ ʘʪʦʤʘ ʘʟʦʪʘ ʩʘ ʩʢʦʨʦ 

ʠʩʪʠʤ ʥʝʛʘʪʠʚʥʠʤ ʥʘʝʣʝʢʪʨʠʩʘˁʝʤ ʦʜ ʦʢʦ -0,3 ʝ. ʀʘʢʦ ʩʫ ʩʪʨʫʢʪʫʨʥʦ ʩʣʠʯʥʠ, ʩʫʧʩʪʠʪʫʝʥʪʠ ʠ 

ˁʠʭʦʚ ʨʝʣʘʪʠʚʥʠ ʧʦʣʦʞʘʿ ʫ ʩʪʨʫʢʪʫʨʘʤʘ ʃʆʈ-ʘ ʠ ɸʃʇ-ʘ ʤʦʛʫ ʧʦʪʝʥʮʠʿʘʣʥʦ ʜʦʚʝʩʪʠ ʜʦ 

ʠʟʨʘʞʝʥʠʭ ʨʘʟʣʠʢʘ ʫ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʩʘ ʘʜʫʣʝʨʘʥʪʠʤʘ ʫ ʩʤʝʰʘʤʘ, ʢʘʦ ʰʪʦ ʿʝ ʠʩʧʠʪʘʥʦ ʫ 

ʩʣʝʜʝ˂ʠʤ ʦʜʝˀʮʠʤʘ. 

 

 

(a) 

 

(b) 

  
ʉʣʠʢʘ 32. ʆʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-311++G(d,p)) (ʘ) ʣʦʨʘʟʝʧʘʤʘ 

ʠ (ʙ) ʘʣʧʨʘʟʦʣʘʤʘ. (ɺʦʜʦʥʠʢ-ʙʝʣʘ, ʫʛˀʝʥʠʢ-ʩʠʚʘ, ʘʟʦʪ-ʧʣʘʚʘ, ʢʠʩʝʦʥʠʢ-ʮʨʚʝʥʘ, ʭʣʦʨ-ʟʝʣʝʥʘ). 

   

7.2.2. ʇʦʨʝʹʝˁʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠ ʪʝʦʨʠʿʩʢʦʛ 13C NMR ʠ IR ʩʧʝʢʪʨʘ ʣʦʨʘʟʝʧʘʤʘ 

 

13C NMR ʠ IR ʩʧʝʢʪʨʠ ʃʆʈ ʩʫ ʧʨʝʜʚʠʹʝʥʠ ʠ ʫʧʦʨʝʹʝʥʠ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʢʘʦ 

ʜʦʜʘʪʥʠ ʜʦʢʘʟ ʜʘ ʿʝ ʠʟʘʙʨʘʥʠ ʥʠʚʦ ʪʝʦʨʠʿʝ ʧʨʠʤʝʥˀʠʚ ʟʘ ˁʠʭʦʚʦ ʩʪʨʫʢʪʫʨʥʦ ʠʩʧʠʪʠʚʘˁʝ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ 13C NMR ʩʧʝʢʪʨʠ, ʩʥʠʤˀʝʥʠ ʫ DMSO, ʫʟʝʪʠ ʩʫ ʠʟ ʨʝʬʝʨʝʥʮʝ ρτφ. 
ʉʪʨʫʢʪʫʨʘ ʃʆʈ-ʘ ʿʝ ʧʦʥʦʚʦ ʦʧʪʠʤʠʟʦʚʘʥʘ ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-311++G(d,p) ʫ DMSO 

ʢʦʨʠʰ˂ʝˁʝʤ CPCM ʤʦʜʝʣʘ ʜʘ ʙʠ ʩʝ ʦʧʦʥʘʰʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʫʩʣʦʚʠ. ʍʝʤʠʿʩʢʠ ʧʦʤʝʨʘʿʠ 

ʩʫ ʠʟʨʘʯʫʥʘʪʠ ʢʦʨʠʰ˂ʝˁʝʤ GIAO ʤʝʪʦʜʝ ʟʘ ʦʧʪʠʤʠʟʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʫ ʦʜʥʦʩʫ ʥʘ TMS ʠ 

ʧʨʠʤʝʥʦʤ ʧʨʦʛʨʘʤʘ ʟʘ ʧʨʝʜʚʠʹʘˁʝ ʦʚʝ ʚʨʩʪʝ ʩʧʝʢʪʘʨʘ NMRDB. GIAO ʚʨʝʜʥʦʩʪʠ ʩʫ ʩʢʘʣʠʨʘʥʝ 

ʣʠʥʝʘʨʥʠʤ ʫʢʣʘʧʘˁʝʤ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʚʨʝʜʥʦʩʪʠ. ʌʘʢʪʦʨ ʩʢʘʣʠʨʘˁʘ ʿʝ ʥʝʦʧʭʦʜʘʥ ʧʦʰʪʦ 

ʿʝ ʧʨʦʨʘʯʫʥ ʦʙʘʚˀʝʥ ʟʘ ʠʟʦʣʦʚʘʥʠ ʤʦʣʝʢʫʣ ʫ ʧʦʣʘʨʠʟʦʚʘʥʦʤ ʢʦʥʪʠʥʫʫʤʫ ʨʘʩʪʚʘʨʘʯʝʤ ʢʦʿʠ ʥʝ 

ʫʢˀʫʯʫʿʝ ʩʧʝʮʠʬʠʯʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʨʘʩʪʚʘʨʘʯ-ʨʘʩʪʚʦʨaʢ. ɺʨʝʜʥʦʩʪʠ ʭʝʤʠʿʩʢʠʭ ʧʦʤʝʨʘʿʘ ʩʫ 

ʧʨʠʢʘʟʘʥʝ ʫ ʪʘʙʝʣʠ ʉ14 ʠ ʫʧʦʨʝʹʝʥʝ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ ʠ ʚʨʝʜʥʦʩʪʠ 

ʄɸɽ. 

ʂʘʜʘ ʩʫ ʫʧʦʨʝʹʝʥʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʪʝʦʨʠʿʩʢʠ 13C NMR ʭʝʤʠʿʩʢʠ ʧʦʤʝʨʘʿʠ, 

ʟʘʢˀʫʯʝʥʦ ʿʝ ʜʘ ʦʙʝ ʤʝʪʦʜʝ ʜʘʿʫ ʚʝʦʤʘ ʚʠʩʦʢʝ ʢʦʝʬʠʮʠʿʝʥʪʝ ʢʦʨʝʣʘʮʠʿʝ (0,98 (GIAO) ʠ 0,99 

(NMRDB). ʋ ʩʣʫʯʘʿʫ NMRDB ʄɸɽ ʚʨʝʜʥʦʩʪʠ ʩʫ ʙʠʣʝ ʩʘʤʦ 1,64 ppm, ʜʦʢ je ʢʦʜ GIAO, 

ʚʨʝʜʥʦʩʪ ʙʠʣʘ 2,63 ppm, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʧʨʝʪʭʦʜʥʠʤ ʥʘʣʘʟʦʤ ʟʘ ɸʃʇ ρτχ. ʅʘʿʥʠʞʠ 
ʭʝʤʠʿʩʢʠ ʧʦʤʝʨʘʿ ʿʝ ʠʟʨʘʯʫʥʘʪ ʟʘ sp3 ʭʠʙʨʠʜʠʟʦʚʘʥʠ ʘʪʦʤ ʫʛˀʝʥʠʢʘ ʜʠʿʘʟʝʧʠʥʩʢʦʛ ʧʨʩʪʝʥʘ 

(83,1 (ekp), 75,9 (GAIO) ʠ 82,6 ppm (NMRDB). ɸʨʦʤʘʪʠʯʥʠ ʘʪʦʤʠ ʫʛˀʝʥʠʢʘ ʩʫ ʠʤʘʣʠ ʭʝʤʠʿʩʢʝ 

ʧʦʤʝʨʘʿʝ ʠʟʤʝʹʫ 123,4 ʠ 137,4 ppm ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʧʝʢʪʨʫ ʠ ʠʟʤʝʹʫ 122,6 ʠ 138,5 ppm ʫ 

GIAO ʩʧʝʢʪʨʫ ʛʜʝ ʿʝ ʧʨʠʩʫʩʪʚʦ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʭ ʘʪʦʤʘ ʘʟʦʪʘ ʜʦʚʝʣʦ ʜʦ ʥʠʞʝ ʭʝʤʠʿʩʢʝ 

ʟʘʢʣʘˁʘˁʘ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ ʜʠʿʘʟʝʧʠʥʩʢʦʛ ʧʨʩʪʝʥʘ, ʩʘ ʚʠʩʦʢʠʤ ʚʨʝʜʥʦʩʪʠʤʘ ʦʜ 162,3 (ekp), 

164,8 (GIAO) ʠ 165,8 ppm (NMRDB) ʟʘ ʘʪʦʤ ʫʛˀʝʥʠʢʘ ʥʘ ʧʦʟʠʮʠʿʠ 8. ɼʦʜʘʪʥʦ, ʫʛˀʝʥʠʢʦʚ ʘʪʦʤ 

ʢʘʨʙʦʥʠʣʥʝ ʛʨʫʧʝ ʠʤʘʦ ʿʝ ʥʘʿʚʝ˂ʝ ʚʨʝʜʥʦʩʪʠ ʭʝʤʠʿʩʢʠʭ ʧʦʤʝʨʘʿʘ ʠʟʤʝʹʫ 162,9 ʠ 170,1 ppm ʟʘ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ/ʪʝʦʨʠʿʩʢʝ ʨʝʟʫʣʪʘʪʝ. ʀʧʘʢ, ʪʨʝʙʘʣʦ ʙʠ ʠʩʪʘ˂ʠ ʠʟʚʘʥʨʝʜʥʫ ʦʧʰʪʫ ʩʘʛʣʘʩʥʦʩʪ 

ʠʟʤʝʹʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʠʟʨʘʯʫʥʘʪʠʭ ʭʝʤʠʿʩʢʠʭ ʧʦʤʝʨʘʿʘ, ʰʪʦ ʦʤʦʛʫ˂ʘʚʘ ʢʦʨʠʰ˂ʝˁʝ 

ʦʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ ʟʘ ʜʘˀʫ ʘʥʘʣʠʟʫ. 

ʃʆʈ ʿʝ ʠʟʘʙʨʘʥ ʿʝʨ ʥʠʿʝ ʙʠʣʦ ʪʝʦʨʠʿʩʢʝ ʘʥʘʣʠʟʝ IR ʩʧʝʢʪʘʨʘ ʫ ʢʦʿʦʿ ʙʠ ʩʝ ʫʧʦʨʝʹʠʚʘʣʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʪʝʦʨʠʿʩʢʠ ʩʧʝʢʪʘʨ ʥʘ ʦʚʦʤ ʥʠʚʦʫ ʪʝʦʨʠʿʝ. ʊʝʦʨʠʿʩʢʘ ʩʪʨʫʢʪʫʨʘ ʿʝ ʧʦʥʦʚʦ 

ʦʧʪʠʤʠʟʦʚʘʥʘ ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-31+G(d,p), ʢʦʿʘ ʿʝ ʢʘʩʥʠʿʝ ʢʦʨʠʰ˂ʝʥʘ ʟʘ ʠʩʧʠʪʠʚʘˁʝ 

ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʘʜʫʣʪʝʨʘʥʪʠʤʘ/ʨʘʟʙʣʘʞʠʚʘʯʠʤʘ ʟʙʦʛ ʚʝʣʠʯʠʥʝ ʩʠʩʪʝʤʘ. ɸʃʇ ʪʝʦʨʠʿʩʢʠ ʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʩʧʝʢʪʨʠ ʩʫ ʚʝ˂ ʧʨʠʢʘʟʘʥʠ ʫ ʨʝʬʝʨʝʥʮʠ ρτχ. ʇʦʰʪʦ ʩʝ ʦʚʠ ʩʧʝʢʪʨʠ ʦʙʠʯʥʦ 
ʠʩʧʠʪʫʿʫ ʫ ʩʚʘʢʦʜʥʝʚʥʦʤ ʬʦʨʝʥʟʠʯʢʦʤ ʨʘʜʫ, ʦʜ ʠʥʪʝʨʝʩʘ ʿʝ ʧʦʢʘʟʘʪʠ ʜʘ ʩʝ ʪʝʦʨʠʿʩʢʠ ʩʧʝʢʪʨʠ 

ʧʦʢʣʘʧʘʿʫ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʪʝʦʨʠʿʩʢʠ IR ʩʧʝʢʪʨʠ ʣʦʨʘʟʝʧʘʤʘ ʩʫ 

ʧʨʠʢʘʟʘʥʠ ʥʘ ʩʣʠʮʠ 33. 

 

 
(a) 

 
(ʙ) 

 

ʉʣʠʢʘ 33. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ (ʮʨʥʘ ʣʠʥʠʿʘ) ʠ ʪʝʦʨʝʪʩʢʠ (ʥʘ ʄ05-2X/6-31+G(d,p), ʧʣʘʚʘ 

ʣʠʥʠʿʘ) IR ʩʧʝʢʪʨʠ (ʘ) ʤʦʥʦʤʝʨʘ ʠ (ʙ) ʜʠʤʝʨʘ ʣʦʨʘʟʝʧʘʤʘ. 

ʊʝʦʨʠʿʩʢʠ ʪʘʣʘʩʥʠ ʙʨʦʿʝʚʠ ʩʫ ʩʢʘʣʠʨʘʥʠ ʬʘʢʪʦʨʦʤ 0,910, ʦʜʨʝʹʝʥʦʛ ʠʟ ʟʘʚʠʩʥʦʩʪʠ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʦʜ ʪʝʦʨʠʿʩʢʠʭ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ. ʌʘʢʪʦʨ ʩʢʘʣʠʨʘˁʘ ʿʝ ʙʠʦ ʧʦʪʨʝʙʘʥ ʿʝʨ ʿʝ 

ʦʧʪʠʤʠʟʘʮʠʿʘ ʠʟʚʨʰʝʥʘ ʟʘ ʠʟʦʣʦʚʘʥʠ ʤʦʣʝʢʫʣ ʫ ʚʘʢʫʫʤʫ, ʜʦʢ ʩʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʩʧʝʢʪʨʠ 

ʩʥʠʤˀʝʥʠ ʟʘ ʯʚʨʩʪʠ ʫʟʦʨʘʢ ʫ ʢʦʤʝ ʩʝ ʤʦʛʫ ʦʯʝʢʠʚʘʪʠ ʠʥʪʝʨʘʢʮʠʿʝ ʃʆʈ-ʘ ʩʘ ʦʢʦʣʥʠʤ 

ʿʝʜʠʥʠʮʘʤʘ. ʅʘʢʦʥ ʧʦʥʦʚʥʦʛ ʠʟʨʘʯʫʥʘʚʘˁʘ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ, ʄɸɽ ʚʨʝʜʥʦʩʪ ʟʘ ʧʦʨʝʹʝˁʝ ʙʠʣʘ 

12 cm-1. ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʜʠʩʢʫʪʦʚʘʥʦ, ʟʙʦʛ ʨʘʟʣʠʯʠʪʠʭ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʭ ʘʪʦʤʘ, ʦʚʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʜʦʚʦʜʝ ʜʦ ʟʥʘʯʘʿʥʠʿʠʭ ʧʦʤʝʨʘˁʘ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ ʟʘ ʥʘʿʠʟʨʘʞʝʥʠʿʝ ʪʨʘʢʝ, ʢʘʦ ʰʪʦ 

ʩʫ C=O, C=N ʠ CīH. ʇʨʦʮʝʥʪʠ ʨʘʟʣʠʯʠʪʠʭ ʚʠʙʨʘʮʠʦʥʠʭ ʤʦʜʦʚʘ ʫ ʩʧʝʮʠʬʠʯʥʠʤ ʚʠʙʨʘʮʠʿʘʤʘ 

ʦʜʨʝʹʝʥʠ ʩʫ ʘʥʘʣʠʟʦʤ ʜʠʩʪʨʠʙʫʮʠʿʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʝʥʝʨʛʠʿʝ (PED) ʫ ʧʨʦʛʨʘʤʫ VEDA ρτψ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʠ ʩʢʘʣʠʨʘʥʠ ʪʝʦʨʠʿʩʢʠ ʪʘʣʘʩʥʠ ʙʨʦʿʝʚʠ ʠ ʧʨʦʮʝʥʪʠ ʥʦʨʤʘʣʥʠʭ ʤʦʜʦʚʘ ʩʫ 

ʥʘʚʝʜʝʥʠ ʫ ʪʘʙʝʣʠ ʉ14. ʊʨʝʙʘ ʥʘʧʦʤʝʥʫʪʠ ʜʘ ʙʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʧʝʢʪʨʫ ʤʦʛʣʝ ʙʠʪʠ 

ʧʨʠʩʫʪʥʝ ʜʦʜʘʪʥʝ ʪʨʘʢʝ, ʧʦʰʪʦ ʿʝ ʝʢʩʪʨʘʢʮʠʿʘ ʃʆʈ-ʘ ʠʟʚʝʜʝʥʘ ʠʟ ʢʦʤʝʨʮʠʿʘʣʥʦ ʜʦʩʪʫʧʥʦʛ 

ʫʟʦʨʢʘ, ʘ ʨʘʟʤʘʪʨʘʿʫ ʩʝ ʩʘʤʦ ʦʥʝ ʪʨʘʢʝ ʢʦʿʝ ʩʝ ʧʦʜʫʜʘʨʘʿʫ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ ʪʝʦʨʠʿʩʢʦʤ 

ʩʧʝʢʪʨʫ. 

ʋ ʦʙʣʘʩʪʠ ʠʟʤʝʹʫ 3500 ʠ 2000 cm-1, ʥʝʢʦʣʠʢʦ ʪʨʘʢʘ ʿʝ ʘʩʠʛʥʠʨʘʥʦ XīH (X=O,N,C) 

ʠʩʪʝʞʫ˂ʠʤ ʚʠʙʨʘʮʠʿʘʤʘ (ʩʣʠʢʘ 33 (ʘ)). ɿʙʦʛ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʩʫʩʝʜʥʠʤ ʿʝʜʠʥʠʮʘʤʘ, OīH ʠ NīH 

ʚʠʙʨʘʮʠʿʝ ʬʦʨʤʠʨʘʿʫ ʰʠʨʦʢʫ ʪʨʘʢʫ ʦʢʦ 3400 cm-1 ʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ ʫ ʪʝʦʨʠʿʩʢʦʤ 

ʩʧʝʢʪʨʫ. ʊʝʦʨʠʿʩʢʠ ʧʦʣʦʞʘʿ ʠʩʪʝʞʫ˂ʝ ʚʠʙʨʘʮʠʿʝ OīH ʿʝ ʥʘ 3454 cm-1, ʰʪʦ ʿʝ ʚʠʰʝ ʦʜ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʚʨʝʜʥʦʩʪʠ ʟʙʦʛ ʥʝʜʦʩʪʘʪʢʘ ʤʝʹʫʤʦʣʝʢʫʣʩʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʿʝ ʜʦʚʦʜʝ ʜʦ 

ʠʟʜʫʞʝˁʘ ʚʝʟʝ. ʇʦʣʦʞʘʿ NīH ʚʠʙʨʘʮʠʿʘ ʟʥʘʯʘʿʥʦ ʚʘʨʠʨʘ ʫ ʦʨʛʘʥʩʢʠʤ ʿʝʜʠˁʝˁʠʤʘ, ʠʟʤʝʹʫ 

3550 ʠ 3300 cm-1, ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʫʩʝʜʥʠʭ ʛʨʫʧʘ, ʘ ʫ ʃʆʈ-ʫ ʿʝ ʧʨʠʧʠʩʘʥ ʥʘ 3335 ʫ 
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ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ 3331 cm-1 ʫ ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ. ʆʚʘ ʪʨʘʢʘ ʿʝ ʧʦʤʝʨʝʥʘ ʢʘ ʥʠʞʠʤ 

ʪʘʣʘʩʥʠʤ ʙʨʦʿʝʚʠʤʘ ʫ ʃʆʈ-ʫ ʟʙʦʛ ʜʝʣʠʤʠʯʥʝ ʜʝʣʦʢʘʣʠʟʘʮʠʿʝ ʫʥʫʪʘʨ ʜʠʘʟʝʧʠʥʩʢʦʛ ʧʨʩʪʝʥʘ. 

ɺʠʙʨʘʮʠʿʝ CīH ʬʝʥʠʣʥʦʛ ʧʨʩʪʝʥʘ ʩʫ ʜʝʣʠʤʠʯʥʦ ʧʦʢʨʠʚʝʥʝ ʜʨʫʛʠʤ ʪʨʘʢʘʤʘ ʥʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʧʝʢʪʨʫ. ɺʠʙʨʘʮʠʿʝ CīH ʛʨʫʧʝ ʜʠʿʘʟʝʧʠʥʩʢʦʛ ʧʨʩʪʝʥʘ ʩʫ ʧʦʟʠʮʠʦʥʠʨʘʥʝ ʥʘ 

2846 ʠ 2817 cm-1 ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ, ʨʝʩʧʝʢʪʠʚʥʦ, ʫ ʩʢʣʘʜʫ ʩʘ ρτψ. 
ʅʘʿʟʥʘʯʘʿʥʠʿʘ ʪʨʘʢʘ ʫ ʀʈ ʩʧʝʢʪʨʫ ʿʝ C=O ʚʠʙʨʘʮʠʿʘ ʥʘ 1660 ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ 1664 cm-1 ʫ 

ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ, ʰʪʦ ʿʝ ʩʣʠʯʥʦ ʩʘ ʜʨʫʛʠʤ ʙʝʥʟʦʜʠʘʟʝʧʠʥʠʤʘ ʢʦʿʠ ʩʘʜʨʞʝ ʦʚʫ 

ʬʫʥʢʮʠʦʥʘʣʥʫ ʛʨʫʧʫ ρτω. ʆʚʘ ʪʨʘʢʘ ʩʝ ʦʙʠʯʥʦ ʢʦʨʠʩʪʠ ʟʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʃʆʈ-ʘ ʫ 

ʟʘʧʣʝˁʝʥʠʤ (ʠʣʝʛʘʣʥʠʤ) ʫʟʦʨʮʠʤʘ. C=O ʚʠʙʨʘʮʠʿʝ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʜʝʣʫ ʜʝʣʠʤʠʯʥʦ 

ʧʦʢʨʠʚʘʿʫ CīN ʚʠʙʨʘʮʠʿʝ ʧʨʠʩʫʪʥʝ ʥʘ 1594 cm-1 ʫ ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ. ʉʣʠʯʘʥ ʧʦʣʦʞʘʿ ʦʚʝ 

ʚʠʙʨʘʮʠʿʝ ʿʝ ʧʨʦʥʘʹʝʥ ʟʘ 4-ʭʠʜʨʦʢʩʠʘʧʨʘʟʦʣʘʤ ʫ ρτω. C=C ʚʠʙʨʘʮʠʿʝ ʩʫ ʘʩʠʛʥʠʨʘʥʝ ʪʨʘʢʘʤʘ 

ʥʘ 1426 ʠ 1493 cm-1 ρυπ. ʀʥʪʝʥʟʠʚʥʘ ʪʨʘʢʘ ʥʘ 1080 ʠ 1085 cm-1 ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ 

ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ ʧʨʠʧʘʜʘ CīO ʠʩʪʝʞʫ˂ʦʿ ʚʠʙʨʘʮʠʿʠ. ʀʩʪʝʞʫ˂ʘ CīN ʚʠʙʨʘʮʠʿʘ ʿʝ 

ʧʨʝʜʚʠʹʝʥʘ ʥʘ 975 cm-1, ʰʪʦ ʿʝ ʫ ʜʦʙʨʦʤ ʩʢʣʘʜʫ ʩʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʚʨʝʜʥʦʰ˂ʫ ʥʘ 984 cm-1 

ρτυ. ʀʥʪʝʥʟʠʚʥʝ ʪʨʘʢʝ ʥʘ 1259 (ʝʢʩʧ.) ʠ 1255 cm-1 (ʪʝʦʨ.) ʧʨʠʧʘʜʘʿʫ ʠʩʪʝʞʫ˂ʠʤ ʚʠʙʨʘʮʠʿʘʤʘ 

ʫʛˀʝʥʠʢ-ʫʛˀʝʥʠʢ, ʢʦʿʘ ʫʢˀʫʯʫʿʝ ʘʪʦʤʝ ʫʛˀʝʥʠʢʘ ʢʦʿʠ ʧʦʚʝʟʫʿʫ ʜʠʘʟʝʧʠʥʩʢʝ ʠ ʬʝʥʠʣʥʝ 

ʧʨʩʪʝʥʦʚʝ ρτυ. ʊʨʘʢʝ ʥʘ 1036 ʠ 1002 cm-1 ʩʫ ʧʨʠʧʠʩʘʥʝ ʢʦʤʧʣʝʢʩʥʦʤ ʢʨʝʪʘˁʫ ʩʘ ʟʥʘʯʘʿʥʠʤ 

ʜʦʧʨʠʥʦʩʦʤ CīCl ʚʠʙʨʘʮʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʤʝ˂ʝʥʦ ʟʘ ɸʃʇ ρτυ. ʆʩʪʘʪʘʢ ʪʨʘʢʘ ʧʨʚʝʥʩʪʚʝʥʦ 
ʦʜʛʦʚʘʨʘ CīC ʠʩʪʝʞʫ˂ʠʤ ʚʠʙʨʘʮʠʿʘʤʘ ʠ CīH ʩʘʚʠʿʘʿʫ˂ʠʤ ʠ ˀʫˀʘʿʫ˂ʠʤ ʚʠʙʨʘʮʠʿʘʤʘ. ʊʨʘʢʘ ʥʘ 

631 ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ 654 cm-1 ʫ ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ ʩʘʜʨʞʠ ʟʥʘʯʘʿʘʥ ʜʦʧʨʠʥʦʩ CīCl 

ʚʠʙʨʘʮʠʿʝ. ʅʘʿʠʥʪʝʥʟʠʚʥʠʿʘ ʪʨʘʢʘ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦʩʤʘʪʨʘʥʘ ʥʘ 548 cm-1, ʫʢˀʫʯʫʿʝ 

ʥʝʢʦʣʠʢʦ ʪʦʨʟʠʦʥʠʭ ʠ ʩʘʚʠʿʘʿʫ˂ʠʭ ʚʠʙʨʘʮʠʿʘ. ʆʩʪʘʪʘʢ ʪʨʘʢʘ ʫ ʦʚʦʤ ʨʝʛʠʦʥʫ ʩʘʜʨʞʠ 

ʜʝʬʦʨʤʘʮʠʦʥʝ ʠ ʪʦʨʟʠʦʥʝ ʤʦʜʦʚʝ ʧʨʦʰʠʨʝʥʝ ʥʘ ʩʚʝ ʧʨʩʪʝʥʦʚʝ ʫ ʤʦʣʝʢʫʣʫ ʠ ʤʦʛʫ ʩʝ ʦʟʥʘʯʠʪʠ 

ʢʘʦ ʩʢʝʣʝʪʥʠ ʤʦʜʦʚʠ. 

ʈʘʟʣʠʢʝ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠ ʪʝʦʨʠʿʩʢʠʤ IR ʪʘʣʘʩʥʠʤ ʙʨʦʿʝʚʠʤʘ ʩʫ ʨʝʟʫʣʪʘʪ 

ʨʘʟʣʠʯʠʪʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʫʥʫʪʘʨ ʯʚʨʩʪʦʛ ʃʆʈ ʫʟʦʨʢʘ. ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʫ ʠʩʧʠʪʘʥʝ ʠ 

ʢʚʘʥʪʠʬʠʢʦʚʘʥʝ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʥʘ B3LYP/6-31G(d,p) ʫ ʧʨʦʛʨʘʤʩʢʦʤ ʧʘʢʝʪʫ CristalExplorer ʥʘ 

ʦʩʥʦʚʫ ʧʦʤʝʥʫʪʝ ʢʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ ʃʆʈ-ʘ. ʆʚʘʿ ʥʠʚʦ ʪʝʦʨʠʿʝ ʩʝ ʧʦʢʘʟʘʦ ʜʦʚʦˀʥʠʤ ʟʘ 

ʧʨʝʜʚʠʹʘˁʝ ʪʨʝʥʜʦʚʘ ʫ ʿʘʯʠʥʠ ʠʥʪʝʨʘʢʮʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ρυρρυσ. ʅʝʢʦʣʠʢʦ 
ʩʪʨʫʢʪʫʨʘ ʜʠʤʝʨʘ ʿʝ ʧʨʝʜʩʪʘʚˀʝʥʦ ʥʘ ʩʣʠʮʠ 3, ʧʨʠ ʯʝʤʫ ʩʫ ʥʘʿʚʘʞʥʠʿʝ ʠʥʪʝʨʘʢʮʠʿʝ ʦʟʥʘʯʝʥʝ 

ʟʝʣʝʥʠʤ (ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ) ʠ ʮʨʚʝʥʠʤ (ʙʣʠʩʢʠ ʢʦʥʪʘʢʪʠ) ʠʩʧʨʝʢʠʜʘʥʠʤ ʣʠʥʠʿʘʤʘ. ʇʨʚʠ ʜʠʤʝʨ 

ʢʘʨʘʢʪʝʨʠʰʝ ʝʥʝʨʛʠʿʘ ʚʝʟʠʚʘˁʘ ʦʜ -13,0 kJ mol-1, ʘ ʫʢˀʫʯʫʿʝ ʩʣʘʙʫ ʚʦʜʦʥʠʯʥʫ ʚʝʟʫ ʠʟʤʝʹʫ 

ʭʠʜʨʦʢʩʠʣʥʠʭ ʠ CīH ʛʨʫʧʘ ʠ ʩʣʘʙʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ CīH ʛʨʫʧʘ. ʋ ʜʨʫʛʦʤ ʜʠʤʝʨʫ, 

ʚʦʜʦʥʠʯʥʘ ʚʝʟʘ ʩʝ ʬʦʨʤʠʨʘ ʠʟʤʝʹʫ CīH ʛʨʫʧʝ ʠ ʘʪʦʤʘ ʘʟʦʪʘ ʜʠʿʘʟʝʧʠʥʩʢʦʛ ʧʨʩʪʝʥʘ. ɿʙʦʛ ʤʘˁʝʛ 

ʨʘʩʪʦʿʘˁʘ ʠʟʤʝʹʫ ʃʆʈ ʤʦʣʝʢʫʣʘ, ʧʦʩʪʦʿʝ ʜʨʫʛʠ ʢʦʥʪʘʢʪʠ ʠʟʤʝʹʫ CīH ʠ ʭʠʜʨʦʢʩʠʣ/ʜʨʫʛʠʭ CīH 

ʛʨʫʧʘ. ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʜʦʚʦʜʝ ʜʦ ʩʪʘʙʠʣʠʟʘʮʠʿʝ -36,0 kJ mol-1. ʊʨʝ˂ʠ ʜʠʤʝʨ ʠʤʘ ʟʥʘʯʘʿʥʦ ʚʝ˂ʫ 

ʝʥʝʨʛʠʿʫ ʚʝʟʠʚʘˁʘ ʦʜ -65,4 kJ mol-1. ʋ ʦʚʦʿ ʩʪʨʫʢʪʫʨʠ, ʿʝʜʘʥ ʃʆʈ ʤʦʣʝʢʫʣ ʜʝʣʫʿʝ ʢʘʦ ʜʦʥʦʨ 

ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ (ʧʨʝʢʦ ʆ-H ʛʨʫʧʝ) ʠ ʘʢʮʝʧʪʦʨ ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ (ʧʨʝʢʦ ʘʪʦʤʘ ʘʟʦʪʘ ʜʠʘʟʝʧʠʥʘ). 

ʅʝʢʦʣʠʢʦ ʩʣʘʙʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʩʝ ʬʦʨʤʠʨʘ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʭ ʠ CīH ʛʨʫʧa. 

ʅʘʿʩʪʘʙʠʣʥʠʿʘ ʩʪʨʫʢʪʫʨʘ ʜʠʤʝʨʘ ʬʦʨʤʠʨʘʥʘ ʿʝ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʠʟʤʝʹʫ OīH ʠ ʜʠʘʟʝʧʠʥʩʢʦʛ 

ʘʟʦʪʘ ʿʝʜʥʦʛ ʃʆʈ ʠ ʢʘʨʙʦʥʠʣʘ ʠ ʜʨʫʛʦʛ ʜʠʘʟʝʧʠʥʩʢʦʛ ʘʟʦʪʘ ʜʨʫʛʦʛ ʃʆʈ ʤʦʣʝʢʫʣʘ (-69,9  kJ mol-

1). ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʧʦʤʝʥʫʪʦ, ʦʚʝ ʛʨʫʧʝ ʩʘʜʨʞʝ ʥʘʿʚʠʰʝ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʭ ʘʪʦʤʘ ʫ 

ʩʪʨʫʢʪʫʨʠ ʃʆʈ-ʘ, ʘ ʦʚʝ ʿʘʢʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʝ ʤʦʛʫ ʦʯʝʢʠʚʘʪʠ ʫ ʧʨʠʧʨʝʤˀʝʥʦʿ KBr ʧʘʩʪʠʣʠ.  ʆʚʝ 

ʩʪʨʫʢʪʫʨʝ ʪʘʢʦʹʝ ʧʦʢʘʟʫʿʫ ʜʘ ʛʨʫʧʝ ʫ ʥʘʿʠʥʪʝʥʟʠʚʥʠʿʠʤ ʪʨʘʢʘʤʘ ʫ IR ʩʧʝʢʪʨʫ ʣʘʢʦ ʩʪʫʧʘʿʫ ʫ 

ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʦʢʦʣʥʠʤ ʿʝʜʠʥʠʮʘʤʘ, ʘ ʧʦʤʝʨʘˁʘ ʫ ʩʧʝʢʪʨʫ ʩʫ ʧʦʩʣʝʜʠʮʘ ʝʣʦʥʛʘʮʠʿʝ 

ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ ʚʝʟʘ. 

ɼʘ ʙʠ ʩʝ ʩʪʝʢʘʦ ʙʦˀʠ ʫʚʠʜ ʫ ʚʨʩʪʫ ʠ ʿʘʯʠʥʫ ʥʝʢʦʚʘʣʝʥʪʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʜʚʘ 

ʤʦʥʦʤʝʨʘ, ʩʪʨʫʢʪʫʨʝ ʜʠʤʝʨʘ ʩʫ ʦʧʪʠʤʠʟʦʚʘʥʝ ʥʘ ʄ05-2X/6-31+G(d,p) ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʠ ʜʘˀʝ 

ʠʩʧʠʪʘʥʝ QTAIM ʤʝʪʦʜʦʤ, ʩʣʠʯʥʦ ρυτ (ʢʘʢʦ ʿʝ ʥʘʚʝʜʝʥʦ ʫ ʧʦʛʣʘʚˀʫ 5.2.2.).  

Bader ʠ ɽssen ʩʫ ʢʣʘʩʠʬʠʮʠʨʘʣʠ ʠʥʪʝʨʘʢʮʠʿʝ ʢʘʦ ʧʦʜʝˀʝʥʝ ʠʥʪʝʨʘʢʮʠʿʝ (ʢʦʚʘʣʝʥʪʥʝ) 

ʩʘ ʚʠʩʦʢʦʤ ʝʣʝʢʪʨʦʥʩʢʦʤ ʛʫʩʪʠʥʦʤ (>0,1 ʘ.u.) ʠ ʟʘʪʚʦʨʝʥʝ ˀʫʩʢʝ (ʿʦʥʩʢʝ ʚʝʟʝ, ʚʘʥ ʜʝʨ ɺʘʣʩʦʚʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʠ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ) ʩʘ ʛʫʩʪʠʥʦʤ ʝʣʝʢʪʨʦʥʘ ʦʜ 0,01 ʘ.u. ρυυ. 
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-13,0 kJ mol -1 

 
-36,0 kJ mol -1 

 
-65,4 kJ mol -1 

 
-69,9 kJ mol -1 

 

ʉʣʠʢʘ 34. ʉʪʨʫʢʪʫʨʝ ʩʘ ʧʨʝʜʩʪʘʚˀʝʥʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʫʥʫʪʘʨ ʢʨʠʩʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ 

(ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ B3LYP/6-31G(d,p), Cristalɽxplorer). (ɺʦʜʦʥʠʢ ʿʝ ʙʝʦ, ʫʛˀʝʥʠʢ ʿʝ ʩʠʚ, ʘʟʦʪ ʿʝ 

ʧʣʘʚ, ʢʠʩʝʦʥʠʢ ʿʝ ʮʨʚʝʥ, ʭʣʦʨ ʿʝ ʟʝʣʝʥ, ʟʝʣʝʥʝ ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʚʦʜʦʥʠʯʥʝ 

ʚʝʟʝ, ʘ ʮʨʚʝʥʝ ʠʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʙʣʠʩʢʝ ʢʦʥʪʘʢʪʝ) 

ʇʦʯʝʪʥʝ ʩʪʨʫʢʪʫʨʝ ʜʚʘ ʜʠʤʝʨʘ ʩʫ ʧʨʠʧʨʝʤˀʝʥʝ ʥʘ ʥʘʯʠʥ ʜʘ ʥʘʿʯʝʰ˂ʝ ʠʥʪʝʨʘʢʮʠʝʿ ʠʟ 

ʧʨʝʪʭʦʜʥʦʛ ʦʜʝˀʢʘ ʙʫʜʫ ʫʢˀʫʯʝʥʝ. ʉʣʠʢʘ 35 ʧʨʝʜʩʪʘʚˀʘ ʦʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ ʩʘ 

ʩʧʝʮʠʬʠʯʥʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ. BCP ʧʘʨʘʤʝʪʨʠ ʦʚʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʩʫ ʥʘʚʝʜʝʥʠ ʫ ʪʘʙʝʣʠ ʉ16. 

ʇʨʝʛʣʝʜʦʤ ʢʨʠʪʠʯʥʠʭ ʪʘʯʘʢʘ ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ Poencare-Hopfov-a ʨʝʣʘʮʠʿʘ ʠʩʧʫˁʝʥʘ 

ʟʘ ʦʙʝ ʩʪʨʫʢʪʫʨʝ. ɽʥʝʨʛʠʿʝ ʚʝʟʠʚʘˁʘ, ʠʟʨʘʯʫʥʘʪʝ ʧʦʤʦ˂ʫ ʿʝʜʥʘʯʠʥʝ. 1, ʟʘ ʜʠʤʝʨʝ 1 ʠ 2 ʩʫ -44,9 

ʠ -35,8 kJ mol-1. ʅʘ ʧʨʚʠ ʧʦʛʣʝʜ, ʩʪʨʫʢʪʫʨʫ ʜʠʤʝʨʘ 1 ʢʘʨʘʢʪʝʨʠʰʫ ʜʚʝ ʢʣʘʩʠʯʥʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ 

ʬʦʨʤʠʨʘʥʝ ʠʟʤʝʹʫ ʭʠʜʨʦʢʩʠʣʥʝ ʠ ʢʘʨʙʦʥʠʣʥʝ ʛʨʫʧʝ. ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʤʘʿʫ ʝʣʝʢʪʨʦʥʩʢʫ 

ʛʫʩʪʠʥʫ ʦʜ 0,024 ʘ.u. ʠ ʃʘʧʣʘʩʠʿʘʥ ʦʜ 0,088 ʘ.u., ʰʪʦ ʠʭ ʩʪʘʚˀʘ ʫ ʛʦʨˁʫ ʛʨʘʥʠʮʫ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ 

ʩʫ ʧʨʝʜʣʦʞʠʣʠ Popelier ʠ Koch ʟʘ ʚʦʜʦʥʠʯʥʫ ʚʝʟʫ (0,002-0,040 ʘ.u. (ɟ(r)) ʠ 0,024-0,139 ʘ.u. 

(ᶯɟ(r))). ʆʜʥʦʩ ʠʟʤʝʹʫ ïG(r) ʠ B(r) ʿʝ ʚʝ˂ʠ ʦʜ 1, ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʯʠʩʪʦ ʥʝʢʦʚʘʣʝʥʪʥʫ ʧʨʠʨʦʜʫ, 

ʰʪʦ ʜʦʜʘʪʥʦ ʜʦʢʘʟʫʿʝ ʧʦʟʠʪʠʚʥʘ ʚʨʝʜʥʦʩʪ ʫʢʫʧʥʝ ʝʥʝʨʛʠʿʝ ʝʣʝʢʪʨʦʥʘ (3,6 kJ mol-1), ʢʘʢʦ ʩʫ ʛʘ 

ʢʣʘʩʠʬʠʢʦʚʘʣʠ Kremer ʠ ʂraka. ʆʚʝ ʢʣʘʩʠʯʥʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʠʤʘʿʫ ʥʘʿʚʝ˂ʫ ʝʥʝʨʛʠʿʫ ʚʝʟʝ ʦʜ -

25,1 kJ mol-1, ʰʪʦ ʠʤʘ ʚʘʞʥʝ ʠʤʧʣʠʢʘʮʠʿʝ ʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ IR ʩʧʝʢʪʨʝ. ʉʚʘʢʘ ʿʘʢʘ 

ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʿʫ ʬʦʨʤʠʨʘ ʢʘʨʙʦʥʠʣʥʘ ʛʨʫʧʘ ˂ʝ ʧʦʤʝʨʠʪʠ ʤʘʢʩʠʤʫʤ ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʠ ʟʘ 

ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ. ʊʝʦʨʠʿʩʢʠ ʦʧʩʝʛ ʟʘ C=O ʚʠʙʨʘʮʠʿʝ ʿʝ ʧʦʤʝʨʝʥ ʧʨʝʤʘ ʥʠʞʠʤ ʪʘʣʘʩʥʠʤ 

ʙʨʦʿʝʚʠʤʘ ʠ ʧʨʦʰʠʨʝʥ ʟʙʦʛ ʦʚʠʭ ʠʥʪʝʨʘʢʮʠʿʘ (ʩʣʠʢʘ 35(ʙ)). ʀʩʪʠ ʪʝʦʨʠʿʩʢʠ ʩʧʝʢʪʘʨ ʩʘʜʨʞʠ 

ʪʨʘʢʫ OīH ʠʩʪʝʞʫ˂ʠʭ  ʚʠʙʨʘʮʠʿʘ ʩʘ ʧʦʚʝ˂ʘʥʠʤ ʠʥʪʝʥʟʠʪʝʪʦʤ ʟʙʦʛ ʝʣʦʥʛʘʮʠʿʝ ʚʝʟʝ ʫ ʩʪʨʫʢʪʫʨʠ 

ʜʠʤʝʨʘ. ʀʥʪʝʨʘʢʮʠʿʝ ʬʦʨʤʠʨʘʥʝ ʠʟʤʝʹʫ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʭ ʝʣʝʤʝʥʘʪʘ, ʦʟʥʘʯʝʥʠʭ ʢʘʦ 

ʆkarbonilniĀĀĀʆkarbonilni ʠ ̊ϽϽϽ˚, ʩʫ ʤʥʦʛʦ ʩʣʘʙʠʿʝ, ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʚʝʟʝ ʦʜ -5,4 ʠ -0,6 kJ mol-1. 

ʍʣʦʨʬʝʥʠʣ ʜʝʣʦʚʠ ʪʘʢʦʹʝ ʨʝʘʛʫʿʫ ʧʫʪʝʤ ʩʣʘʙʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, ʢʘʦ ʰʪʦ ʩʫ ClϽϽϽCfenilni  (-3,0 kJ mol-

1), CfenilniϽϽϽCfenilni  (-2,7 kJ mol-1) ʠ CfenilniϽϽϽCl (-3,0 kJ mol-1) -1). ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʪʘʢʦʹʝ ʤʦʛʫ 
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ʫʢʘʟʠʚʘʪʠ ʥʘ ʧʦʩʪʦʿʘˁʝ ˊĀĀĀˊ ʢʦʥʪʘʢʘʪʘ, ʢʘʦ ʰʪʦ ʿʝ ʜʠʩʢʫʪʦʚʘʥʦ ʫ ρυυ. ʅʘ ʪʨʘʢʝ ʜʨʫʛʠʭ 
ʚʠʙʨʘʮʠʿʘ ʬʦʨʤʠʨʘˁʝ ʜʠʤʝʨʘ ʥʝ ʫʪʠʯʝ ʟʥʘʯʘʿʥʦ. 

 

 

(a) 

 

(b) 

 

ʉʣʠʢʘ 35. QTAIM ʠʥʪʝʨʢʘʮʠʿʝ ʠ ʥʘʿʩʪʘʙʠʣʥʠʿʝ ʩʪʨʫʢʪʫʨʝ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-

31+G(d,p)) ʬʦʨʤʠʨʘʥʠʭ ʠʟʤʝʹʫ ʃʆʈ ʠ (ʘ) ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ (ʙ) ʢʦʬʝʠʥʘ. ʀʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʫʪʝʚʝ ʚʝʟʝ. 

ʉ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʝʥʝʨʛʠʿʝ ʤʝʹʫʘʪʦʤʩʢʝ ʚʝʟʝ ʫ ʩʪʨʫʢʪʫʨʠ ʜʨʫʛʦʛ ʜʠʤʝʨʘ ʩʫ ʤʥʦʛʦ ʥʠʞʝ, 

ʠʟʤʝʹʫ -1,1 ʠ -6,9 kJ mol-1, ʩʘ ʝʣʝʢʪʨʦʥʩʢʦʤ ʛʫʩʪʠʥʦʤ, ʃʘʧʣʘʩʠʿʘʥʦʤ, ʫʢʫʧʥʦʤ ʝʥʝʨʛʠʿʦʤ ʚʝʟʝ 

ʠ -G(r)/ɺ(r) ʰʪʦ ʫʢʘʟʫʿʝ ʥʘ ʩʣʘʙʝ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʝ ʤʝʹʫʘʪʦʤʩʢʝ ʠʥʪʝʨʘʢʮʠʿʝ. ʅʘʿʿʘʯʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʫʥʫʪʘʨ ʦʚʝ ʩʪʨʫʢʪʫʨʝ ʜʠʤʝʨʘ ʫʢˀʫʯʫʿʫ ʘʪʦʤʝ ʭʣʦʨʘ ʠ ʚʦʜʦʥʠʢʘ/ʫʛˀʝʥʠʢʘ 

ʬʝʥʠʣʥʠʭ ʠ ʜʠʘʟʝʧʠʥʩʢʠʭ ʧʨʩʪʝʥʦʚʘ. ʉʣʘʙʘ ʢʣʘʩʠʯʥʘ ʚʦʜʦʥʠʯʥʘ ʚʝʟʘ, ClĀĀĀHīN, ʠʤʘ ʝʥʝʨʛʠʿʫ 

ʠʥʪʝʨʘʢʮʠʿʝ ʦʜ -5,8 kJ mol-1. ʊʘʣʘʩʥʠ ʙʨʦʿʝʚʠ ʪʝʦʨʠʿʩʢʝ #  ̨ ʚʠʙʨʘʮʠʿʝ ʠ ʠʥʪʝʥʟʠʪʝʪʠ 

ʠʩʪʝʞʫ˂ʠʭ ʚʠʙʨʘʮʠʿʘ OīH ʠ NīH ʩʫ ʩʢʦʨʦ ʿʝʜʥʘʢʠ ʦʥʠʤʘ ʢʦʜ ʦʜʚʦʿʝʥʠʭ ʤʦʥʦʤʝʨʘ. ʆʚʘ 

ʘʥʘʣʠʟʘ ʜʦʢʘʟʫʿʝ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʠʟʙʦʨ ʨʝʣʘʪʠʚʥʠʭ ʧʦʟʠʮʠʿʘ ʿʝʜʠˁʝˁʘ ʫ ʪʝʦʨʠʿʩʢʠʤ 

ʩʪʨʫʢʪʫʨʘʤʘ ʠʤʘ ʿʘʢ ʫʪʠʮʘʿ ʥʘ ʢʚʘʥʪʠʪʘʪʠʚʥʝ ʧʘʨʘʤʝʪʨʝ ʠʥʪʝʨʘʢʮʠʿʘ. 

 

7.2.3. ʀʩʧʠʪʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʣʦʨʘʟʝʧʘʤʘ/ʘʣʧʨʘʟʦʣʘʤʘ ʩʘ ʘʜʫʣʪʝʨʘʥʪʠʤʘ/ʜʠʣʫʝʥʪʠʤʘ 

ʤʦʣʝʢʫʣʩʢʦʤ ʜʠʥʘʤʠʢʦʤ (MD) 

 

ʉʠʤʫʣʘʮʠʿʝ ʤʦʣeʢʫʣʩʢʦʤ ʜʠʥʘʤʠʢʦʤ ʢʦʨʠʰ˂ʝʥʝ ʩʫ ʜʘ ʩʝ ʠʩʧʠʪʘʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ 

ʃʆʈ/ɸʃʇ-ʘ ʩʘ ʘʜʫʣʪʝʨʘʥʪʠʤʘ (ʢʦʬʝʠʥ ʠ ʧʘʨʘʮʝʪʘʤʦʣ) ʠ ʜʠʣʫʝʥʪʠʤʘ (ʛʣʫʢʦʟʘ ʠ ʣʘʢʪʦʟʘ). 

ɽʢʩʧʣʠʮʠʪʥʠ ʤʦʜʝʣ ʿʝ ʢʦʨʠʰ˂ʝʥ ʜʘ ʩʝ ʠʩʧʠʪʘʿʫ ʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʫʢˀʫʯʫʿʫ˂ʠ ʿʝʜʘʥ ʃʆʈ/ɸʃʇ 

ʤʦʣʝʢʫʣ ʦʢʨʫʞʝʥ ʩʘ 100 ʤʦʣʝʢʫʣʘ ʘʜʫʣʪʝʨʘʥʪʘ/ʜʠʣʫʝʥʪʘ ʜʘ ʙʠ ʩʝ ʠʤʠʪʠʨʘʣʝ ʪʘʙʣʝʪʝ ʢʦʿʝ ʩʫ 

ʥʘʹʝʥʝ ʥʘ ʠʣʝʛʘʣʥʦʤ ʪʨʞʠʰʪʫ. ɽʚʦʣʫʮʠʿʘ ʩʠʩʪʝʤʘ, ʟʘʿʝʜʥʦ ʩʘ ʬʦʨʤʠʨʘˁʝʤ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ, 

ʧʨʘ˂ʝʥʘ ʿʝ 5 ns. 

ɼʘ ʙʠ ʩʝ ʢʚʘʥʪʠʬʠʢʦʚʘʣʝ ʿʘʯʠʥʝ ʠʥʪʝʨʘʢʮʠʿʘ, ʧʨʦʩʝʯʥʝ ʝʥʝʨʛʠʿʝ ʠʟ ʩʚʠʭ ʩʠʤʫʣʘʮʠʦʥʠʭ 

ʧʫʪʘˁʘ ʃʆʈ ʠ ɸʃʇ (EL ʠ EA), ʢʦʬʝʠʥʘ, ʧʘʨʘʮʝʪʘʤʦʣʘ, ʛʣʫʢʦʟʝ ʠ ʣʘʢʪʦʟʝ (ɽC, ɽP, ɽG ʠ ɽLac) ʠ 

ʢʦʤʧʣʝʢʩʘ ʟʘ ʩʚʘʢʠ ʦʜ ʢʦˁʫʛʘʪʘ, ʩʫ ʫʟʝʪʝ ʠ ʦʟʥʘʮʝʥʝ ʢʘʦ ɽL-C, ɽL-P, ɽL-G, ɽL-Lac, ɽɸ-C, ɽɸ-P ʠ ɽɸ-

G, ɽɸ-Lac. ʋʢʫʧʥʘ ʝʥʝʨʛʠʿʘ ʩʠʩʪʝʤʘ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʟʙʠʨʘ ʧʦʪʝʥʮʠʿʘʣʥʝ ʠ ʢʠʥʝʪʠʯʢʝ ʝʥʝʨʛʠʿʝ. 

ʇʦʪʝʥʮʠʿʘʣʥʘ ʝʥʝʨʛʠʿʘ ʫʢˀʫʯʫʿʝ ʠ ʚʝʟʠʚʥʝ ʠ ʥʝʚʝʟʠʚʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʫʥʫʪʘʨ ʩʠʩʪʝʤʘ. ʉ ʦʙʟʠʨʦʤ 

ʥʘ ʪʦ ʜʘ ʧʨʝʜʩʪʘʚˀʝʥʘ ʩʪʫʜʠʿʘ ʫʢˀʫʯʫʿʝ ʚʝʟʠʚʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʿʝʜʠˁʝˁʘ, ʜʠʩʢʫʩʠʿʘ ʿʝ 

ʬʦʢʫʩʠʨʘʥʘ ʥʘ ʥʝʚʝʟʠʚʥʫ ʝʥʝʨʛʝʪʩʢʫ ʢʦʤʧʦʥʝʥʪʫ ʟʘʿʝʜʥʦ ʩʘ ʫʢʫʧʥʦʤ ʝʥʝʨʛʠʿʦʤ ʜʘ ʙʠ ʩʝ 

ʨʘʟʫʤʝʣʘ ʩʪʘʙʠʣʥʦʩʪ ʩʠʩʪʝʤʘ. ɺʝʟʠʚʥʘ ʝʥʝʨʛʠʿʘ ʿʝ ʟʙʠʨ ʚʘʥ ʜʝʨ ɺʘʣʩʦʚʝ ʠ ʂʫʣʦʥʦʚʝ ʝʥʝʨʛʠʿʝ. 

ʈʘʟʤʘʪʨʘʥʘ ʩʫ ʪʨʠ ʟʥʘʯʘʿʥʘ ʝʥʝʨʛʝʪʩʢʘ ʯʣʘʥʘ ʢʦʿʠ ʜʦʧʨʠʥʦʩʝ ʠʥʪʝʨʘʢʮʠʿʘʤʘ ʫ ʩʠʩʪʝʤʫ: 

ʂʫʣʦʥʦʚʘ, ʧʦʪʝʥʮʠʿʘʣʥʘ ʠ ʫʢʫʧʥʘ ʝʥʝʨʛʠʿʘ. ɽʥʝʨʛʠʿʘ ʠʥʪʝʨʘʢʮʠʿʝ (ȹɽ) ʩʝ ʠʟʨʘʯʫʥʘʚʘ ʢʘʦ 
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ʨʘʟʣʠʢʘ ʫ ʝʥʝʨʛʠʿʠ ʢʦˁʫʛʘʪʘ (ɽkonjugata) ʠ ʟʙʠʨʘ ʝʥʝʨʛʠʿʘ ʢʣʘʩʪʝʨʘ (ɽklastera) ʠ ʃʆʈ/ɸʃʇ (ɽL-ɸ) 

(ʿʝʜʥ. 16) ρυφ: 
 

Ў% %̋ %̋ %Ⱦ          (16) 

 

ɻʜʝ ʿʝ ɽʢlastera ʧʨʦʩʝʯʥʘ ʝʥʝʨʛʠʿʘ ʢʣʘʩʪʝʨʘ ʦʜ 100 ʤʦʣʝʢʫʣʘ ʘʜʫʣʪʝʨʘʥʪʘ/ʜʠʣʫʝʥʪʘ, ʘ ɽL-ɸ 

ʿʝ ʧʨʦʩʝʯʥʘ ʝʥʝʨʛʠʿʘ ʃʆʈ/ɸʃʇ ʟʘ ˁʠʭʦʚʝ ʥʝʟʘʚʠʩʥʝ ʩʠʤʫʣʘʮʠʿʝ. ɽkonjugata ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʝʥʝʨʛʠʿʫ ʢʦˁʫʛʘʪʘ ʃʇʈ/ɸʃʇ-ʘʜʫʣʪʝʨʘʥʪ/ʨʘʟʙʣʘʞʠʚʘʯ ʫ ʄɼ ʩʠʤʫʣʘʮʠʿʘʤʘ ʢʦˁʫʛʦʚʘʥʠʭ 

ʩʠʩʪʝʤʘ. ʂʦʥʘʯʥʝ ʩʪʨʫʢʪʫʨʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʢʘʤʘ 36 ʠ 37, ʟʘʿʝʜʥʦ ʩʘ ʝʥʝʨʛʝʪʩʢʠʤ 

ʜʦʧʨʠʥʦʩʠʤʘ ʫ ʪʘʙʝʣʠ 6. ʅʝʛʘʪʠʚʥʘ ʧʨʦʤʝʥʘ ʧʨʦʩʝʯʥʝ ʫʢʫʧʥʝ ʝʥʝʨʛʠʿʝ (ȹɽ) ʫʢʘʟʫʿʝ ʥʘ 

ʠʥʪʝʨʘʢʮʠʿʝ ʠ ʬʦʨʤʠʨʘˁʝ ʩʪʘʙʠʣʥʦʛ ʢʦˁʫʛʘʪʘ ʘʜʫʣʪʝʨʘʥʪʘ/ʜʠʣʫʝʥʪʘ ʩʘ ʃʆʈ/ɸʃʇ. ʂʘʜʘ ʩʫ 

ʫʧʦʨʝʹʝʥʠ ʩʚʠ ʢʦˁʫʛʘʪʠ ʢʦʿʠ ʩʘʜʨʞʝ ʃʆʈ, ʧʨʦʥʘʹʝʥʝ ʩʫ ʥʘʿʿʘʯʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʃʆʈ ʠ 

ʢʦʬʝʠʥʘ (-805,6 kJ mol-1). ʂʦʥʘʯʥʫ ʩʪʨʫʢʪʫʨʫ ʢʘʨʘʢʪʝʨʠʰʝ ʧʨʠʩʫʩʪʚʦ ʜʚʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ. ʇʨʚʘ 

ʩʝ ʬʦʨʤʠʨʘ ʠʟʤʝʹʫ ʢʘʨʙʦʥʠʣʥʝ ʛʨʫʧʝ ʢʦʬʝʠʥʘ ʠ ʧʨʦʪʦʥʦʚʘʥʝ ʘʤʠʥʦ ʛʨʫʧʝ ʃʆʈ (2,55 ¡), ʜʦʢ 

ʜʨʫʛʠ ʫʢˀʫʯʫʿʝ ʤʝʪʠʣ ʛʨʫʧʫ ʢʦʬʝʠʥʘ ʠ ʢʘʨʦʥʠʣʥʝ ʛʨʫʧʝ ʃʆʈ (2,28 ¡). ʂʘʜʘ ʩʝ ʠʩʧʠʪʘʿʫ 

ʢʦˁʫʛʘʪʠ ʃʆʈ ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ, ʫʢʫʧʥʘ ʝʥʝʨʛʠʿʘ ʿʝ ʥʠʞʘ (-554,0 kJ mol-1), ʠʘʢʦ ʩʫ ʬʦʨʤʠʨʘʥʝ 

ʯʝʪʠʨʠ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʩʘ ʨʘʩʪʦʿʘˁʝʤ ʠʟʤʝʹʫ 1,88 ʠ 2,52 ¡. ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʫʢˀʫʯʫʿʫ 

ʘʤʠʥʦ/ʭʠʜʨʦʢʩʠʣʥʝ ʛʨʫʧʝ ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ ʢʘʨʙʦʥʠʣ/ʭʠʜʨʦʢʩʠʣʥʝ ʛʨʫʧʝ ʃʆʈ-ʘ. ʍʠʜʨʦʢʩʠʣʥʝ 

ʛʨʫʧʝ ʧʨʠʩʫʪʥʝ ʫ ʩʪʨʫʢʪʫʨʘʤʘ ʛʣʫʢʦʟʝ ʠ ʣʘʢʪʦʟʝ ʜʦʜʘʪʥʦ ʩʪʘʙʠʣʠʟʫʿʫ ʩʠʩʪʝʤ ʩʘ ʃʆʈ, -533,9 ʠ 

-664,0 kJ mol-1, ʨʝʩʧʝʢʪʠʚʥʦ. ʆʯʝʢʫʿʝ ʩʝ ʚʝ˂ʘ ʩʪʘʙʠʣʠʟʘʮʠʿʘ ʩʠʩʪʝʤʘ ʩʘ ʣʘʢʪʦʟʦʤ ʟʙʦʛ ʚʝʣʠʯʠʥʝ 

ʤʦʣʝʢʫʣʘ ʠ ʧʨʠʩʫʩʪʚʘ ʜʨʫʛʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, ʰʪʦ ʿʝ ʢʘʩʥʠʿʝ ʧʦʢʘʟʘʥʦ. ʄʦʞʝ ʩʝ ʨʝ˂ʠ ʜʘ ʩʫ ʦʚʝ 

ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʛʣʘʚʥʠ ʨʘʟʣʦʛ ʟʘ ʩʧʝʢʪʨʘʣʥʝ ʧʨʦʤʝʥʝ IR-ʘ ʢʦʜ ʃʆʈ-ʘ ʫ ʧʨʠʩʫʩʪʚʫ ʩʧʨʝʛʥʫʪʠʭ 

ʘʜʫʣʪʝʨʘʥʪʘ ʠ ʜʠʣʫʝʥʪʘ 

 

 
 

ʉʣʠʢʘ 36.  ʄʦʛʫ˂ʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʣʦʨʘʟʝʧʘʤʘ ʠ ʘʜʫʣʪʝʨʘʥʪʘ/ʜʠʣʫʝʥʪʘ 
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ʊʘʙʝʣʘ 6. ɽʥʝʨʛʠʿʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʠʤʫʣʠʨʘʥʦʛ ʩʠʩʪʝʤʘ 

ȹE (kJ molī1) 

 ʋʢʫʧʥʘ ʝʥʝʨʛʠʿʘ ʇʦʪʝʥʮʠʿʘʣʥʘ ʝʥʝʨʛʠʿʘ 
ʂʫʣʦʥʦʚʘ 

ʝʥʝʨʛʠʿʘ 

ʣʦʨʘʟʝʧʘʤ-ʢʦʬʝʠʥ -805,6 -689,4 -366,8 

ʣʦʨʘʟʝʧʘʤ-ʧʘʨʘʮʝʪʘʤʦʣ -554,0 -437,5 -128,3 

ʣʦʨʘʟʝʧʘʤ-ʛʣʫʢʦʟʘ -533,9 -418,0 -244,1 

ʣʦʨʘʟʝʧʘʤ-ʣʘʢʪʦʟʘ -664,0 -547,4 -366,8 

ʘʣʧʨʘʟʦʣʘʤ-ʢʦʬʝʠʥ -823,1 -698,6 -272,6 

ʘʣʧʨʘʟʦʣʘʤ-

ʧʘʨʘʮʝʪʘʤʦʣ 
-818,6 -693,4 -38,23 

ʘʣʧʨʘʟʦʣʘʤ-ʛʣʫʢʦʟʘ -723,9 -599,1 -92,61 

ʘʣʧʨʘʟʦʣʘʤ-ʣʘʢʪʦʟʘ -524,8 -399,6 -54,22 

 

ʉʪʨʫʢʪʫʨʫ ɸʃʇ ʢʘʨʘʢʪʝʨʠʰʝ ʚʝ˂ʠ ʙʨʦʿ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʭ ʘʪʦʤʘ ʢʦʿʠ ʙʠ ʤʦʛʣʠ ʙʠʪʠ 

ʫʢˀʫʯʝʥʠ ʫ ʬʦʨʤʠʨʘˁʝ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʝʪʭʦʜʥʦ ʦʙʿʘʰˁʝʥʦ. ʆʚʦ ʩʝ ʦʛʣʝʜʘ ʫ 

ʩʠʤʫʣʘʮʠʿʘʤʘ ʤʦʣʝʢʫʣʩʢʝ ʜʠʥʘʤʠʢʝ ʢʨʦʟ ʥʠʞʝ ʚʨʝʜʥʦʩʪʠ ʫʢʫʧʥʝ ʝʥʝʨʛʠʿʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʃʆʈ, 

ʦʩʠʤ ʫ ʩʣʫʯʘʿʫ ʢʦˁʫʛʘʪʘ ʩʘ ʣʘʢʪʦʟʦʤ. ʇʨʦʥʘʹʝʥʝ ʩʫ ʪʨʠ ʩʣʘʙʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʠʟʤʝʹʫ ʘʪʦʤʘ 

ʚʦʜʦʥʠʢʘ ʢʦʬʝʠʥʘ ʠ ʘʪʦʤʘ ʭʣʦʨʘ ɸʃʇ, ʰʪʦ ʿʝ ʜʦʚʝʣʦ ʜʦ ʫʢʫʧʥʝ ʝʥʝʨʛʠʿʝ ʦʜ -823,1 kJ mol-1. 

ɹʨʦʿ ʠʥʪʝʨʘʢʮʠʿʘ ʿʝ ʛʣʘʚʥʠ ʨʘʟʣʦʛ ʟʘ ʥʠʞʫ ʫʢʫʧʥʫ ʝʥʝʨʛʠʿʫ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʢʦˁʫʛʘʪʠʤʘ ʢʦʿʠ 

ʫʢˀʫʯʫʿʫ ʃʆʈ. ʋ ʩʣʫʯʘʿʫ ʧʘʨʘʮʝʪʘʤʦʣʘ, ʩʣʘʙʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʩʝ ʬʦʨʤʠʨʘʿʫ ʠʟʤʝʹʫ 

ʢʘʨʙʦʥʠʣ/ʭʠʜʨʦʢʩʠʣ ʛʨʫʧʘ ʘʜʫʣʪʝʨʘʥʪʘ ʠ ʚʦʜʦʥʠʢʦʚʠʭ ʘʪʦʤʘ ɸʃʇ. ʋʢʫʧʥʘ ʝʥʝʨʛʠʿʘ ʟʘ ʦʚʘʿ 

ʢʦˁʫʛʘʪ ʿʝ ʥʠʞʘ ʟʘ -264,6 kJ mol-1 ʥʝʛʦ ʟʘ ʃʆʈ. ɼʨʫʛʝ ʩʣʘʙʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʧʨʠʩʫʪʥʝ ʩʫ ʫ 

ʢʦˁʫʛʘʪʠʤʘ ʩʘ ʛʣʫʢʦʟʦʤ ʠ ʣʘʢʪʦʟʦʤ. ɽʚʦʣʫʘʮʠʿʘ ʩʠʩʪʝʤʘ ʫʢˀʫʯʫʿʫ˂ʠ ʣʘʢʪʦʟʫ ʜʦʚʦʜʠ ʜʦ 

ʩʪʨʫʢʪʫʨʝ ʩʘ ʧʝʪ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ ʥʘ ʨʘʩʪʦʿʘˁʠʤʘ ʠʟʤʝʹʫ 2,12 ʠ 3,08¡. ɺʝʣʠʢʝ ʚʨʝʜʥʦʩʪʠ 

ʫʜʘˀʝʥʦʩʪʠ ʩʫ ʨʝʟʫʣʪʘʪ ʚʝʣʠʯʠʥʝ ʨʘʟʙʣʘʞʠʚʘʯʘ ʠ ʤʝʩʪʘ ɸʃʇ-ʦ ʤʦʣʝʢʫʣʘ, ʰʪʦ ʜʘʿʝ ʥʠʞʫ 

ʫʢʫʧʥʫ ʝʥʝʨʛʠʿʫ ʦʜ -524,8 kJmol-1. ʂʫʣʦʥʦʚ ʯʣʘʥ ʿʝ ʦʧʝʪ ʛʣʘʚʥʠ ʜʦʧʨʠʥʦʩ ʫ ʫʢʫʧʥʦʿ ʝʥʝʨʛʠʿʠ 

ʚʝʟʠʚʘˁʘ. ʆʚʠ ʧʨʝʣʠʤʠʥʘʨʥʠ ʨʝʟʫʣʪʘʪʠ ʩʫ ʜʘˀʝ ʧʨʦʫʯʘʚʘʥʠ ʢʦʨʠʰ˂ʝˁʝʤ DFT ʤʝʪʦʜʝ ʫ 

ʩʣʝʜʝ˂ʝʤ ʦʜʝˀʢʫ.  

 

ʉʣʠʢʘ 37. ʄʦʛʫ˂ʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʘʣʧʨʘʟʦʣʘʤʘ ʠ ʘʜʫʣʪʝʨʘʥʪʘ/ʜʠʣʫʝʥʪʘ 
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7.2.4.  DFT/QTAIM ʩʪʫʜʠʿʘ ʠʥʪʝʨʘʢʮʠʿʘ ʣʦʨʘʟʝʧʘʤʘ/ʘʣʧʨʘʟʦʣʘʤʘ ʩʘ 

ʘʜʫʣʪʝʨʘʥʪʠʤʘ/ʜʠʣʫʝʥʪʠʤʘ 

 

ʀʥʪʝʨʘʢʮʠʿʝ ʩʘ ʘʜʫʣʪʝʨʘʥʪʠʤʘ (ʧʘʨʘʮʝʪʘʤʦʣ ʠ ʢʦʬʝʠʥ) ʠ ʨʘʟʙʣʘʞʠʚʘʯʠʤʘ (ʛʣʫʢʦʟʘ ʠ 

ʣʘʢʪʦʟʘ) ʩʫ ʠʩʧʠʪʘʥʝ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʪʨʠ ʧʦʯʝʪʥʝ ʛʝʦʤʝʪʨʠʿʝ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʧʦʣʦʞʘʿʠʤʘ 

ʿʝʜʠˁʝˁʘ ʠʟ ʧʨʝʪʭʦʜʥʠʭ ʧʦʛʣʘʚˀʘ. ʆʚʝ ʧʦʯʝʪʥʝ ʛʝʦʤʝʪʨʠʿʝ ʩʫ ʧʨʠʧʨʝʤˀʝʥʝ ʥʘ ʥʘʯʠʥ ʢʦʿʠ 

ʫʢˀʫʯʫʿʫ ʦʯʝʢʠʚʘʥʝ ʠʥʪʝʨʘʢʮʠʿʝ. ʋ ʛʣʘʚʥʦʤ ʪʝʢʩʪʫ ʩʝ ʨʘʟʤʘʪʨʘʿʫ ʩʘʤʦ ʥʘʿʩʪʘʙʠʣʥʠʿʝ 

ʩʪʨʫʢʪʫʨʝ ʟʘ ʩʚʘʢʦ ʿʝʜʠˁʝˁʝ; ʟʘ ʩʚʘʢʠ ʧʘʨ ʃʆʈ ʩʘ ʜʦʜʘʪʠʤ ʿʝʜʠˁʝˁʠʤʘ, ʨʘʟʤʘʪʨʘʿʫ ʩʝ 

ʧʨʝʜʚʠʹʝʥʝ ʧʨʦʤʝʥʝ ʫ IR ʩʧʝʢʪʨʠʤʘ, ʟʘʿʝʜʥʦ ʩʘ ʝʥʝʨʛʠʿʦʤ ʚʝʟʠʚʘˁʘ ʠ QTAIM ʧʘʨʘʤʝʪʨʠʤʘ 

ʠʥʪʝʨʘʢʮʠʿʘ. ʆʧʪʠʤʠʟʘʮʠʿʝ ʩʫ ʠʟʚʨʰʝʥʝ ʥʘ ʄ05-2X/6-31+G(d,p) ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʢʦʿʠ ʿʝ ʜʦʚʦˀʥʦ 

ʚʠʩʦʢ ʜʘ ʩʝ ʠʩʧʠʪʘʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʟʙʦʛ ʚʝʣʠʯʠʥʝ ʩʠʩʪʝʤʘ.  

 

7.2.4.1. ʃʦʨʘʟʝʧʘʤ ʠ ʧʘʨʘʮʝʪʘʤʦʣ/ʢʦʬʝʠʥ 

 

ʇʘʨʘʮʝʪʘʤʦʣ ʩʝ ʩʘʩʪʦʿʠ ʦʜ ʘʨʦʤʘʪʠʯʥʦʛ ʧʨʩʪʝʥʘ ʩʘ ʚʝʟʘʥʦʤ ʭʠʜʨʦʢʩʠʣʥʦʤ ʛʨʫʧʦʤ ʠ 

ʘʣʠʬʘʪʠʯʥʦʛ ʣʘʥʮʘ ʩʘ ʩʝʢʫʥʜʘʨʥʠʤ ʘʤʠʥʦ ʠ ʢʘʨʙʦʥʠʣ ʛʨʫʧʘʤʘ. ʆʚʝ ʧʦʣʘʨʥʝ ʛʨʫʧʝ ʩʫ ʚʘʞʥʝ ʟʘ 

ʩʪʘʙʠʣʠʟʘʮʠʦʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʃʆʈ ʫ ʠʩʪʦʿ ʬʦʨʤʫʣʘʮʠʿʠ. ʉʪʨʫʢʪʫʨʘ ʢʦʬʝʠʥʘ ʫʢˀʫʯʫʿʝ ʚʝ˂ʠ 

ʙʨʦʿ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʭ ʘʪʦʤʘ ʫ ʜʚʝ ʢʘʨʙʦʥʠʣʥʝ ʛʨʫʧʝ ʠ ʜʚʝ ʩʫʩʝʜʥʝ ʧʨʩʪʝʥʘʩʪʝ ʩʪʨʫʢʪʫʨʝ ʩʘ 

ʫʢʫʧʥʦ ʯʝʪʠʨʠ ʘʪʦʤʘ ʘʟʦʪʘ. ʅʘʿʩʪʘʙʠʣʥʠʿʝ ʩʪʨʫʢʪʫʨʝ ʬʦʨʤʠʨʘʥʝ ʠʟʤʝʹʫ ʃʆʈ-ʘ ʠ 

ʧʘʨʘʮʝʪʘʤʦʣʘ/ʢʦʬʝʠʥʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʩʣʠʢʘʤʘ 38 ʠ 39.  

ʈʘʟʣʠʯʠʪʝ ʨʝʣʘʪʠʚʥʝ ʦʨʠʿʝʥʪʘʮʠʿʝ ʠʟʤʝʹʫ ʃʆʈ-ʘ ʠ ʘʜʫʣʪʝʨʘʥʘʪʘ ʙʠʣʝ ʩʫ ʢˀʫʯʥʝ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʩʪʨʫʢʪʫʨʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʠʥʪʝʨʘʢʮʠʿʘʤʘ. ɽʥʝʨʛʠʿʝ ʚʝʟʠʚʘˁʘ ʫ ʩʣʫʯʘʿʫ 

ʧʘʨʘʨʘʮʝʪʘʤʦʣʘ ʩʫ -10,2, -39,6 ʠ -43,3 kJ mol-1, ʰʪʦ ʫʢʘʟʫʿʝ ʜʘ ʿʝ ʪʨʝ˂ʘ ʩʪʨʫʢʪʫʨʘ ʥʘʿʩʪʘʙʠʣʥʠʿʘ. 

ʂʘʜʘ ʿʝ ʢʦʬʝʠʥ ʫ ʧʠʪʘˁʫ, ʝʥʝʨʛʠʿʝ ʚʝʟʠʚʘˁʘ ʩʫ -33,1, -23,2 ʠ -25,1 kJ mol-1. ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ 

ʚʨʝʜʥʦʩʪʠ ʬʦʨʤʠʨʘʿʫ ʩʝ ʥʘʿʿʘʯʝ ʠʥʪʝʨʘʢʮʠʿʝ ʫʥʫʪʘʨ ʧʨʚʝ ʩʪʨʫʢʪʫʨʝ. QTAIM ʧʘʨʘʤʝʪʨʠ ʟʘ ʦʚʝ 

ʩʪʨʫʢʪʫʨʝ ʩʫ ʫʢˀʫʯʝʥʠ ʥʘ ʩʣʠʮʠ 40 ʠ ʜʘˀʝ ʩʫ ʨʘʟʤʘʪʨʘʥʠ ʫ ʦʚʦʤ ʦʜʝˀʢʫ. 

 

 

(a) 

 

(b) 

 

(c) 

 

ʉʣʠʢʘ 38. ʅʘʿʩʪʘʙʠʣʥʠʿʝ ʩʪʨʫʢʪʫʨʝ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-31+G(d,p)) ʬʦʨʤʠʨʘʥʝ ʩʫ 

ʠʟʤʝʹʫ ʃʆʈ-ʘ ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ. 
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(a) 

 

(b) 

 

 (c) 

 

ʉʣʠʢʘ 39. ʅʘʿʩʪʘʙʠʣʥʠʿʝ ʩʪʨʫʢʪʫʨʝ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-31+G(d,p)) ʬʦʨʤʠʨʘʥʝ ʩʫ 

ʠʟʤʝʹʫ ʃʆʈ-ʘ ʠ ʢʦʬʝʠʥʘ. 

ʉʪʘʙʠʣʠʟʘʮʠʦʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʃʆʈ-ʘ ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ ʫʢˀʫʯʫʿʝ ʥʝʢʦʣʠʢʦ 

ʝʣʝʢʪʨʦ-ʥʝʛʘʪʠʚʥʠʭ ʛʨʫʧʘ ʦʙʘ ʿʝʜʠˁʝˁʘ. ʅʘʿʿʘʯʘ ʠʥʪʝʨʘʢʮʠʿʘ ʿʝ ʚʦʜʦʥʠʯʥʘ ʚʝʟʘ ʠʟʤʝʹʫ ʘʪʦʤʘ 

ʘʟʦʪʘ ʜʠʿʘʟʝʧʠʥʩʢʦʛ ʧʨʩʪʝʥʘ ʠ ʘʤʠʥʦ ʛʨʫʧʝ ʧʘʨʘʮʝʪʘʤʦʣʘ, ʩʘ ʝʥʝʨʛʠʿʦʤ ʠʥʪʝʨʘʪʦʤʩʢʝ ʚʝʟʝ ʦʜ 

-17,7 kJ mol-1. ʇʨʝʤʘ Krimer-ʦʚʠʤ ʠ Krak-ʦʚʠʤ ʢʨʠʪʝʨʠʿʫʤʠʤʘ, ʧʦʟʠʪʠʚʥʘ ʫʢʫʧʥʘ ʝʥʝʨʛʠʿʘ 

ʫʢʘʟʫʿʝ ʥʘ ʩʣʘʙʫ ʠ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʫ ʤʝʹʫʘʪʦʤʩʢʫ ʠʥʪʝʨʘʢʮʠʿʫ. ɺʨʝʜʥʦʩʪʠ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ 

(0,019 ʘ.u.) ʠ ʃʘʧʣʘʩʠʿʘʥʘ (0,056 ʘ.u.) ʩʧʘʜʘʿʫ ʫ ʦʧʩʝʛ ʚʨʝʜʥʦʩʪʠ ʢʦʿʝ ʩʫ ʧʨʝʜʣʦʞʠʣʠ Popelier ʠ 

Koch ʟʘ ʚʦʜʦʥʠʯʥʫ ʚʝʟʫ. ʆʚʘ ʠʥʪʝʨʘʢʮʠʿʘ ʿʝ ʪʘʢʦʹʝ ʯʠʩʪʦ ʥʝʢʦʚʘʣʝʥʪʥʘ, ʠʘʢʦ ʿʝ ʦʜʥʦʩ ʠʟʤʝʹʫ 

G(r) ʠ V(r) ʥʘ ʛʨʘʥʠʮʠ ʧʨʝʜʣʦʞʝʥʦʿ ʟʘ ʨʘʟʣʠʢʦʚʘˁʝ ʢʦʚʘʣʝʥʪʥʠʭ ʠ ʥʝʢʦʚʘʣʝʥʪʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ. 

ʅʝʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʚʦʜʦʥʠʯʥʘ ʚʝʟʘ ʩʝ ʪʘʢʦʹʝ ʬʦʨʤʠʨʘ ʠʟʤʝʹʫ ʢʘʨʙʦʥʠʣ ʢʠʩʝʦʥʠʢʘ ʃʆʈ-ʘ ʠ C-

H ʛʨʫʧʝ ʧʘʨʘʮʝʪʘʤʦʣʘ ʩʘ ʝʥʝʨʛʠʿʦʤ ʚʝʟʝ ʦʜ -8,6 kJ mol-1. ʉʣʘʙʠʿʠ ʢʘʨʘʢʪʝʨ ʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʝ 

ʦʛʣʝʜʘ ʫ ʚʝ˂ʝʤ ʦʜʥʦʩʫ ïG(r)/V(r), ʥʠʞʦʿ ʝʣʝʢʪʨʦʥʩʢʦʿ ʛʫʩʪʠʥʠ ʠ ʃʘʧʣʘʩʠʿʘʥʫ. ʀʥʪʝʨʘʢʮʠʿʝ 

ʠʟʤʝʹʫ ʝʣʝʢʪʨʦ-ʥʝʛʘʪʠʚʥʠʭ ʘʪʦʤʘ, ʦʟʥʘʯʝʥʠʭ ʢʘʦ NĀĀĀʆkarbonilni, NĀĀĀʆkarbonilni ʠ ClĀĀĀʆkarbonilni ʠʤʘʿʫ 

ʿʦʰ ʥʠʞʝ ʝʥʝʨʛʠʿʝ ʚʝʟʝ ʦʜ -6,7, 8,0 ʠ -4,5 kJ mol-1. ʆʚʝ ʝʥʝʨʛʠʿʝ ʩʫ ʥʠʞʝ ʢʘʢʦ ʩʝ 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪ ʫʢˀʫʯʝʥʦʛ ʘʪʦʤʘ ʩʤʘˁʫʿʝ. ʉʚʝ ʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʤʘʿʫ ʧʦʟʠʪʠʚʥʫ ʫʢʫʧʥʫ 

ʝʥʝʨʛʠʿʫ ʝʣʝʢʪʨʦʥʘ (1,1-1,3 kJ mol-1) ʠ ʚʨʝʜʥʦʩʪʠ ʦʜʥʦʩʘ ʠʟʤʝʹʫ G(r) ʠ V(r) ʚʝ˂ʝ ʦʜ 1, ʰʪʦ ʠʭ 

ʩʚʨʩʪʘʚʘ ʫ ʩʣʘʙʝ, ʥʝʢʦʚʘʣʝʥʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ. ɼʦʜʘʪʥʘ ʠʥʪʝʨʘʢʮʠʿʘ ʿʝ ʧʨʦʥʘʹʝʥʘ ʠʟʤʝʹʫ ʃʆʈ-

ʦʚʦʛ ʢʘʨʙʦʥʠʣʥʦʛ ʢʠʩʝʦʥʠʢʘ ʠ ʢʘʨʙʦʥʠʣʥʦʛ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ ʧʘʨʘʮʝʪʘʤʦʣʘ, ʩʘ ʝʥʝʨʛʠʿʦʤ ʚʝʟʝ 

ʦʜ -7,3 kJ mol-1 

 

.

 
(a) 

 
(b) 

 

ʉʣʠʢʘ 40. QTAIM ʠʥʪʝʨʢʘʮʠʿʝ ʠ ʥʘʿʩʪʘʙʠʣʥʠʿʝ ʩʪʨʫʢʪʫʨʝ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-

31+G(d,p)) ʬʦʨʤʠʨʘʥʠʭ ʠʟʤʝʹʫ ʃʆʈ ʠ (ʘ) ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ (ʙ) ʢʦʬʝʠʥʘ. ʀʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʫʪʝʚʝ ʚʝʟʝ. 
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ʇʨʠʩʫʩʪʚʦ ʜʚʝ ʢʘʨʙʦʥʠʣʥʝ ʛʨʫʧʝ ʫ ʩʪʨʫʢʪʫʨʠ ʢʦʬʝʠʥʘ ʿʝ ʚʘʞʥʦ ʟʘ ʠʥʪʝʨʢʘʮʠʿʝ ʢʦʿʝ 

ʠʤʘʿʫ ʫʣʦʛʫ ʫ ʩʪʘʙʠʣʠʟʘʮʠʿʠ ʩʠʩʪʝʤʘ. ʅʘʿʿʘʯʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʃʆʈ-ʘ ʠ ʢʦʬʝʠʥʘ ʿʝ ʦʟʥʘʯʝʥʘ 

ʢʘʦ ʆhidroksilni-HĀĀʆ, ʩʘ ʝʥʝʨʛʠʿʦʤ ʚʝʟʝ ʦʜ -25,6 kJ mol-1. ʆʚʫ ʠʥʪʝʨʘʢʮʠʿʫ ʢʘʨʘʢʪʝʨʠʰʫ ʚʠʩʦʢʝ 

ʚʨʝʜʥʦʩʪʠ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ (0,024 ʘ.u.), ʃʘʧʣʘʩʠʿʘʥ (0,076 ʘ.u.), ʥʝʛʘʪʠʚʥʘ ʫʢʫʧʥʘ ʝʥʝʨʛʠʿʘ 

ʝʣʝʢʪʨʦʥʘ ʠ ʦʜʥʦʩ ïG(r)/V(r) ʿʝʜʥʘʢ 1. ʆʚʠ ʧʘʨʘʤʝʪʨʠ ʫʢʘʟʫʿʫ ʥʘ ʧʘʨʮʠʿʘʣʥʠ ʢʦʚʘʣʝʥʪʥʠ 

ʢʘʨʘʢʪʝʨ ʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʢʘʦ ʰʪʦ ʿʝ ʨʘʟʤʘʪʨʘʥʦ ʫ ρυυ. ʆʚʘ ʠʥʪʝʨʘʢʮʠʿʘ ʪʘʢʦʹʝ ʠʤʘ ʥʝʢʝ 
ʚʘʞʥʝ ʠʥʜʠʢʘʮʠʿʝ ʫ ʩʧʝʢʪʨʘʣʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʦʚʝ ʩʪʨʫʢʪʫʨʝ.  

ʅʝʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʚʦʜʦʥʠʯʥʘ ʚʝʟʘ ʩʝ ʪʘʢʦʹʝ ʬʦʨʤʠʨʘ ʠʟʤʝʹʫ ʭʠʜʨʦʢʩʠʣʥʦʛ ʘʪʦʤʘ 

ʢʠʩʝʦʥʠʢʘ ʃʆʈ-ʘ ʠ CīH ʚʝʟʝ ʩʘ ʝʥʝʨʛʠʿʦʤ ʦʜ -9,7 kJ mol-1, ʩʘ ʜʨʫʛʠʤ ʧʘʨʘʤʝʪʨʠʤʘ ʢʦʿʠ ʿʝ 

ʢʣʘʩʠʬʠʢʫʿʫ ʢʘʦ ʥʝʢʦʚʘʣʝʥʪʥʫ ʠʥʪʝʨʘʢʮʠʿʫ. ʂʘʨʙʦʥʠʣʥʠ ʢʠʩʝʦʥʠʢ ʃʆʈ ʿʝ ʫʢˀʫʯʝʥ ʫ ʜʚʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʘʪʦʤʠʤʘ ʫʛˀʝʥʠʢʘ ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʦʜ -9,1 ʠ -6,6 kJ mol-1. ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʤʘʿʫ 

ʛʫʩʪʠʥʫ ʝʣʝʢʪʨʦʥʘ ʦʢʦ 0,010 ʘ.u., ʃʘʧʣʘʩʠʿʘʥ ʦʢʦ 0,030 ʘ.u. ʠ ʧʦʟʠʪʠʚʥʫ ʫʢʫʧʥʫ ʝʥʝʨʛʠʿʫ 

ʝʣʝʢʪʨʦʥʘ. CīH ʛʨʫʧʘ ʬʝʥʠʣʥʦʛ ʧʨʩʪʝʥʘ ʠʥʪʝʨʘʛʫʿʝ ʩʘ ʜʨʫʛʠʤ ʢʘʨʙʦʥʠʣ ʢʠʩʝʦʥʠʢʦʤ ʢʦʬʝʠʥʘ 

ʩʘ ʝʥʝʨʛʠʿʦʤ ʚʝʟʝ ʦʜ -5,0 kJ mol-1 ʢʨʦʟ ʥʝʢʦʚʘʣʝʥʪʥʫ ʠʥʪʝʨʘʢʮʠʿʫ. ɸʤʠʥʦ ʛʨʫʧʘ ʃʆʈ ʿʝ 

ʫʢˀʫʯʝʥʘ ʫ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʢʘʨʙʦʥʠʣ ʢʠʩʝʦʥʠʢʦʤ (NīHĀĀĀʆ) ʠ ʘʪʦʤʠʤʘ ʫʛˀʝʥʠʢʘ (NĀĀĀHīC) ʩʘ 

ʝʥʝʨʛʠʿʘʤʘ ʠʥʪʝʨʘʢʮʠʿʝ ʦʜ -9,0 ʠ -6,1 kJ mol-1. 

 

 
(a) 

 
(ʙ) 

 

ʉʣʠʢʘ 41. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ (ʮʨʥʘ ʣʠʥʠʿʘ) ʠ ʪʝʦʨʠʿʩʢʠ (ʥʘ ʄ05-2X/6-31+G(d,p) ʥʠʚʦʫ 

ʪʝʦʨʠʿʝ, ʧʣʘʚʘ ʣʠʥʠʿʘ) IR ʩʧʝʢʪʨʠ ʃʆʈ ʝʢʩʪʨʘʢʪʘ ʩʘ (ʘ) ʧʘʨʘʮʝʪʘʤʦʣʦʤ ʠ (ʙ) ʢʦʬʝʠʥʦʤ. 

 

ʇʦʤʝʥʫʪʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʘʜʫʣʪʝʨʘʥʪʠʤʘ ʜʦʚʦʜʝ ʜʦ ʩʧʝʮʠʬʠʯʥʠʭ ʧʨʦʤʝʥʘ ʫ IR 

ʩʧʝʢʪʨʠʤʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ IR ʩʧʝʢʪʨʠ ʃʆʈ ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ/ʢʦʬʝʠʥʘ ʫʧʦʨʝʹʝʥʠ ʩʫ ʩʘ 

ʠʟʨʘʯʫʥʘʪʠʤ ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-31+G(d,p). ʇʨʝʪʭʦʜʥʦ ʠʟʨʘʯʫʥʘʪʠ ʬʘʢʪʦʨ ʢʦʨʝʢʮʠʿʝ 

ʿʝ ʧʨʠʤʝˁʝʥ ʟʘ ʠʟʨʘʯʫʥʘʚʘˁʝ ʪʝʦʨʠʿʩʢʠʭ ʪʘʣʘʩʥʠʭ ʙʨʦʿʝʚʘ. ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʦʙʿʘʰˁʝʥʦ, 

ʠʩʪʝʞʫ˂ʝ ʚʠʙʨʘʮʠʿʝ ʢʘʨʙʦʥʠʣʥʝ ʛʨʫʧʝ ʃʆʈ-ʘ ʩʫ ʿʝʜʥʝ ʦʜ ʥʘʿʚʘʞʥʠʿʠʭ ʪʨʘʢʘ, ʢʦʿʝ ʩʝ ʦʙʠʯʥʦ 

ʢʦʨʠʩʪʝ ʟʘ ʧʨʦʚʝʨʫ ʧʨʠʩʫʩʪʚʘ ʃʆʈ-ʘ ʫ ʠʣʝʛʘʣʥʠʤ ʫʟʦʨʮʠʤʘ. ʉʪʦʛʘ ˂ʝ ʜʠʩʢʫʩʠʿʘ ʫ ʦʚʦʤ ʦʜʝˀʢʫ 

ʫʛʣʘʚʥʦʤ ʫʢˀʫʯʠʚʘʪʠ ʧʨʦʤʝʥʝ ʫ ʧʦʟʠʮʠʿʠ ʦʚʦʛ ʩʠʩʪʝʤʘ. 

ʂʘʜʘ ʩʝ ʧʘʨʘʮʝʪʘʤʦʣ ʧʦʤʝʰʘ ʩʘ ʃʆʈ-ʦʤ, ʜʦʣʘʟʠ ʜʦ ʥʝʟʥʘʪʥʝ ʧʨʦʤʝʥʝ ʧʦʣʦʞʘʿʘ C=O 

ʪʨʘʢʝ ʠʩʪʝʞʫ˂ʝ ʚʠʙʨʘʮʠʿʝ ʥʘ 1655 cm-1, ʰʪʦ ʿʝ 5 cm-1 ʥʠʞʝ ʥʝʛʦ ʫ ʯʠʩʪʦʤ ʃʆʈ ʫʟʦʨʢʫ. ʆʚʘ 

ʪʨʘʢʘ ʿʝ ʧʦʤʝʨʝʥʘ ʥʘ 1644 cm-1 ʫ ʪʝʦʨʠʿʩʢʠʤ ʩʧʝʢʪʨʠʤʘ ʫʩʣʝʜ ʠʥʪʝʨʘʢʮʠʿʝ ʘʨʦʤʘʪʠʯʥʦʛ ʧʨʩʪʝʥʘ 

ʩʘ ʘʪʦʤʠʤʘ ʚʦʜʦʥʠʢʘ ʠ ʫʛˀʝʥʠʢʘ ʧʨʝʢʦ ʩʣʘʙʠʭ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ (ʩʣʠʢʘ 41). ʋ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʧʝʢʪʨʫ, ʜʦʜʘʪʥʘ ʪʨʘʢʘ ʥʘ 1610 cm-1 ʩʝ ʧʨʠʧʠʩʫʿʝ C=O ʠʩʪʝʞʫ˂ʦʿ ʚʠʙʨʘʮʠʿʠ 

ʧʘʨʘʮʝʪʘʤʦʣʘ. ʇʦʣʦʞʘʿ ʦʚʝ ʪʨʘʢʝ ʿʝ ʜʦʙʨʦ ʨʝʧʨʦʜʫʢʦʚʘʥ ʫ ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ (1613 cm-1). ʆʚʘʿ 

ʨʝʟʫʣʪʘʪ ʜʦʢʘʟʫʿʝ ʧʨʝʪʧʦʩʪʘʚʢʫ ʜʘ ʜʦʜʘʚʘˁʝ ʘʜʫʣʪʝʨʘʥʘʪʘ ʤʦʞʝ ʜʦʚʝʩʪʠ ʜʦ ʧʨʦʤʝʥʝ ʧʦʣʦʞʘʿʘ 
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ʠ ʨʝʣʘʪʠʚʥʦʛ ʠʥʪʝʥʟʠʪʝʪʘ ʪʨʘʢʘ ʧʩʠʭʦʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʠʘʢʦ ʫ ʩʣʫʯʘʿʫ  ʃʆʈ-ʧʘʨʘʮʝʪʘʤʦʣʘ 

ʥʝʤʘ ʧʨʝʢʣʘʧʘˁʘ ʠʟʤʝʹʫ ʪʨʘʢʘ. ɸʥʘʣʠʟʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ IR ʩʧʝʢʪʨʘ ʢʘʜʘ ʿʝ ʧʨʠʩʫʪʘʥ 

ʢʦʬʝʠʥ ʿʝ ʤʥʦʛʦ ʩʣʦʞʝʥʠʿʘ, ʿʝʨ ʧʦʩʪʦʿʠ ʥʦʚʘ ʪʨʘʢʘ ʥʘ 1701 cm-1, ʜʦʢ ʿʝ ʠʥʪʝʥʟʠʪʝʪ ʪʨʘʢʝ ʥʘ 

1655 cm-1 ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʥ. ʆʚʦ ʫʢʘʟʫʿʝ ʥʘ ʟʥʘʯʘʿʥʦ ʧʨʝʢʣʘʧʘˁʝ ʠʟʤʝʹʫ ʪʨʘʢʘ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ 

ʢʦʬʝʠʥʫ ʠ ʃʆʈ-ʫ, ʰʪʦ ʦʛʨʘʥʠʯʘʚʘ ʠʜʝʥʪʠʬʠʢʘʮʠʿʫ ʠ ʢʚʘʥʪʠʬʠʢʘʮʠʿʫ ʧʨʠʩʫʪʥʦʛ ʃʆʈ-ʘ ʫ 

ʫʟʦʨʮʠʤʘ. ʇʦʣʦʞʘʿ ʢʘʨʙʦʥʠʣʥʝ ʠʩʪʝʟʥʝ ʚʠʙʨʘʮʠʿʝ ʃʆʈ-ʘ ʿʝ ʧʦʤʝʨʝʥ ʟʙʦʛ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ 

ʘʨʦʤʘʪʠʯʥʠʤ ʧʨʩʪʝʥʦʤ ʢʦʬʝʠʥʘ. ʋ ʪʝʦʨʠʿʩʢʦʤ ʩʧʝʢʪʨʫ, C=O ʪʨʘʢʝ ʠʩʪʝʟʘˁʘ ʃʆʈ-ʘ ʠ ʢʦʬʝʠʥʘ 

ʩʝ ʧʨʝʢʣʘʧʘʿʫ ʥʘ 1641 cm-1, ʠ ʦʚʘ ʧʨʦʤʝʥʘ ʦʙʿʘʰˁʘʚʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʫʦʯʝʥʦ ʧʦʚʝ˂ʘˁʝ 

ʠʥʪʝʥʟʠʪʝʪʘ ʦʚʝ ʪʨʘʢʝ. ɼʨʫʛʘ ʚʠʙʨʘʮʠʿʘ ʢʘʨʙʦʥʠʣʥʝ ʛʨʫʧʝ ʢʦʬʝʠʥʘ ʪʘʢʦʹʝ ʩʝ ʥʘʣʘʟʠ ʥʘ 1572 

cm-1. ʈʘʟʣʠʢʝ ʫ ʧʦʟʠʮʠʿʘʤʘ ʫ ʪʝʦʨʠʿʩʢʦʤ ʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ IR ʩʧʝʢʪʨʫ ʩʫ ʧʦʩʣʝʜʠʮʘ ʟʥʘʯʘʿʥʝ 

ʦʩʝʪˀʠʚʦʩʪʠ ʢʘʨʙʦʥʠʣ ʛʨʫʧʝ ʥʘ ʬʦʨʤʠʨʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ ʦʢʦʣʥʠʤ ʿʝʜʠʥʠʮʘʤʘ, ʰʪʦ 

ʦʛʨʘʥʠʯʘʚʘ ʪʘʯʥʦ ʠʟʨʘʯʫʥʘʚʘˁʝ ˁʠʭʦʚʦʛ ʧʦʣʦʞʘʿʘ. ʀʧʘʢ, ʦʚʘ ʘʥʘʣʠʟʘ ʿʝ ʜʦʢʘʟʘʣʘ ʜʘ ʜʦʜʘʚʘˁʝ 

ʘʜʫʣʪʝʨʘʥʘʪʘ ʠʤʘ ʜʚʦʩʪʨʫʢʫ ʩʚʨʭʫ: ʿʝʜʥʘ ʿʝ ʜʘ ʧʦʿʘʯʘ ʘʢʪʠʚʥʦʩʪ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ, ʘ ʜʨʫʛʘ 

ʿʝ ʜʘ ʧʦʢʨʠʿʝ ʥʘʿʚʘʞʥʠʿʝ ʦʧʩʝʛʝ ʫ IR ʩʧʝʢʪʨʫ. ʋʚʦʹʝˁʝ ʚʠʰʝ ʤʦʣʝʢʫʣʘ ʘʜʣʝʨʘʥʘʪʘ ʙʠ ʧʨʦʠʟʚʝʣʦ 

ʙʦˀʝ ʧʦʜʫʜʘʨʘˁʝ ʫ ʚʨʝʜʥʦʩʪʠʤʘ ʪʘʣʘʩʥʦʛ ʙʨʦʿʘ. 

 

7.2.4.2. ʃʦʨʘʟʝʧʘʤ ʠ ʛʣʫʢʦʟʘ/ʣʘʢʦʪʟʘ 

 

ɻʣʫʢʦʟʘ ʠ ʣʘʢʪʦʟʘ ʩʫ ʜʚʘ ʫʦʙʠʯʘʿʝʥʘ ʰʝ˂ʝʨʘ ʢʦʿʘ ʩʝ ʜʦʜʘʿʫ ʜʘ ʙʠ ʩʝ ʧʦʚʝ˂ʘʣʘ ʤʘʩʘ 

ʠʣʝʛʘʣʥʦʛ ʫʟʦʨʢʘ. ʆʚʘ ʜʚʘ ʿʝʜʠˁʝˁʘ ʩʘʜʨʞʝ ʚʠʰʝ ʭʠʜʨʦʢʩʠʣʥʠʭ ʛʨʫʧʘ ʢʦʿʝ ʩʫ ʫʢˀʫʯʝʥʝ ʫ 

ʬʦʨʤʠʨʘˁʝ ʚʦʜʦʥʠʯʥʠʭ ʚʝʟʘ ʩʘ ʃʆʈ, ʢʘʦ ʰʪʦ ʿʝ ʠʩʧʠʪʘʥʦ ʫ ʩʣʝʜʝ˂ʝʤ ʦʜʝˀʢʫ. ʅʘʿʩʪʘʙʠʣʥʠʿʝ 

ʩʪʨʫʢʪʫʨʝ ʢʦʿʝ ʩʫ ʬʦʨʤʠʨʘʥʝ ʠʟʤʝʹʫ ʃʆʈ-ʘ ʠ ʛʣʫʢʦʟʝ/ʣʘʢʪʦʟʝ ʧʨʝʜʩʪʘʚˀʝʥʝ ʩʫ ʥʘ ʩʣʠʢʘʤʘ 42 

ʠ 43. 

 

 

(a) 

 

(b) 

 

(c) 

 

ʉʣʠʢʘ 42.ʅʘʿʩʪʘʙʠʣʥʠʿʘ ʩʪʨʫʢʪʫʨʘ ʃʆʈ ʠ ʛʣʫʢʦʟʝ (ʦʜʨʝʹʝʥʘ ʥʘ ʥʠʚʫ ʪʝʦʨʠʿʝ at M05-2X/6-

31+G(d,p)) 
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(a) 

 

(b) 

 

(c) 

 

ʉʣʠʢʘ 43. ʅʘʿʩʪʘʙʠʣʥʠʿʘ ʩʪʨʫʢʪʫʨʘ ʃʆʈ ʠ ʣʘʢʪʦʟʝ (ʦʜʨʝʹʝʥʘ ʥʘ ʥʠʚʫ ʪʝʦʨʠʿʝ at M05-2X/6-

31+G(d,p)) 

 ʂʘʜʘ ʩʝ ʫʧʦʨʝʜʝ ʝʥʝʨʛʠʿʝ ʚʝʟʠʚʘˁʘ ʟʘ ʩʪʨʫʢʪʫʨʝ ʬʦʨʤʠʨʘʥʝ ʠʟʤʝʹʫ ʃʆʈ ʠ ʛʣʫʢʦʟʝ (-

37,7 (ʩʪʨʫʢʪʫʨʘ 1 a)), -19,8 (ʩʪʨʫʢʪʫʨʘ 2 b)) ʠ -34,4 kJ mol-1 (ʩʪʨʫʢʪʫʨʘ 3 c))) (ʩʣʠʢʘ 42), 

ʩʪʨʫʢʪʫʨʘ ʠʟʘʙʨʘʥʘ ʟʘ ʜʘˀʝ ʠʩʧʠʪʠʚʘˁʝ ʿʝ ʩʪʨʫʢʪʫʨʘ 1. ʀʩʪʠ ʪʠʧ ʘʥʘʣʠʟʝ ʿʝ ʫʨʘʹʝʥ ʟʘ ʩʪʨʫʢʪʫʨʝ 

ʜʦʙʠʿʝʥʝ ʟʘ ʧʘʨ ʃʆʈ-ʣʘʢʪʦʟʘ. ɽʥʝʨʛʠʿʝ ʚʝʟʠʚʘˁʘ ʩʫ -43,1, -21,6 ʠ -50,9 kJ mol-1 ʟʘ ʩʪʨʫʢʪʫʨʝ 1-

3. ʅʘʿʿʘʯʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʝ ʥʘʣʘʟʝ ʫ ʩʪʨʫʢʪʫʨʠ 3. QTAIM ʧʨʠʢʘʟ ʧʨʠʢʘʟʫʿʝ ʥʘʿʩʪʘʙʣʥʠʿʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʿʝ ʩʫ ʥʘ ʩʣʠʮʠ 44. 

 

 

(a) 

 

(b) 

 

ʉʣʠʢʘ 44. QTAIM ʠʥʪʝʨʢʘʮʠʿʝ ʠ ʥʘʿʩʪʘʙʠʣʥʠʿʝ ʩʪʨʫʢʪʫʨʝ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ M05-2X/6-

31+G(d,p)) ʬʦʨʤʠʨʘʥʠʭ ʠʟʤʝʹʫ ʃʆʈ ʠ (ʘ) ʛʣʫʢʦʟʝ ʠ (ʙ) ʣʘʢʪʦʟʝ. ʀʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʫʪʝʚʝ ʚʝʟʝ. 

ʂʘʦ ʰʪʦ ʩʝ ʠ ʦʯʝʢʠʚʘʣʦ, ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʛʣʫʢʦʟʝ ʠ ʃʆʈ-ʘ ʩʫ ʿʘʯʝ ʥʝʛʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ 

ʜʠʩʢʫʪʦʚʘʥʦ ʟʘ ʧʘʨʘʮʝʪʘʤʦʣ ʠ ʢʦʬʝʠʥ. ʇʦʩʪʦʿʝ ʜʚʝ ʜʝʣʠʤʠʯʥʦ ʢʦʚʘʣʝʥʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ 

ʦʟʥʘʯʝʥʝ ʢʘʦ ʆkarbonilniĀĀĀHīʆ (-23,2 kJ mol-1) ʠ NĀĀĀHīC (-28,6 kJ mol-1) ʩʘ ʥʝʛʘʪʠʚʥʠʤ ʫʢʫʧʥʠʤ 

ʝʥʝʨʛʠʿʘʤʘ ʦʜ -1,4 ʠ - 0,7 kJ mol-1, ʨʝʩʧʝʢʪʠʚʥʦ, ʠ ïG(r)/V(r) ʚʨʝʜʥʦʩʪʠ ʿʝʜʥʘʢʝ 1. ɼʨʫʛʘ 

ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʚʦʜʦʥʠʯʥʘ ʚʝʟʘ ʩʝ ʬʦʨʤʠʨʘ ʠʟʤʝʹʫ ʧʨʦʪʦʥʦʚʘʥʦʛ ʘʟʦʪʘ ʃʆʈ ʠ ʢʠʩʝʦʥʠʢʘ 

ʛʣʫʢʦʟʝ, ʩʘ ʝʥʝʨʛʠʿʦʤ ʚʝʟʝ ʦʜ -11,7 kJ mol-1. ʆʚʘ ʠʥʪʝʨʘʢʮʠʿʘ ʿʝ ʥʝʢʦʚʘʣʝʥʪʥʘ, ʩʘ H(r) > 1 ʠ ï
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G(r)/V(r) > 1. ɿʙʦʛ ʦʙʠˀʘ ʘʪʦʤʘ ʢʠʩʝʦʥʠʢʘ ʫ ʩʪʨʫʢʪʫʨʠ ʛʣʫʢʦʟʝ, ʪʨʠ ʠʥʪʝʨʘʢʮʠʿʝ ʫʢˀʫʯʫʿʫ 

ʜʠʨʝʢʪʥʫ ʠʥʪʝʨʘʢʮʠʿʫ ʠʟʤʝʹʫ ʢʠʩʝʦʥʠʢʘ (ʆkarbonilniĀĀĀʆ), ʘʪʦʤʘ ʘʟʦʪʘ (NĀĀĀʆ), ʬʝʥʠʣ ʫʛˀʝʥʠʢʘ 

(CfenilĀĀĀʆ) ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʚʝʟʝ ʠʟʤʝʹʫ -1,9 ʠ -7,5 kJ mol-1. ɽʥʝʨʛʠʿʝ ʦʚʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʨʘʩʪʫ ʩʘ 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʰ˂ʫ ʘʪʦʤʘ. ʆʚʝ ʪʨʠ ʠʥʪʝʨʘʢʮʠʿʝ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʢʘʦ ʩʣʘʙʝ, ʩʘ 

ʝʣʝʢʪʨʦʥʩʢʦʤ ʛʫʩʪʠʥʦʤ ʠʟʤʝʹʫ 0,003 ʠ 0,008 ʘ.u. ʀʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʬʝʥʠʣ ʫʛˀʝʥʠʢʘ ʠ CīH 

ʚʝʟʘ ʛʣʫʢʦʟʝ ʧʨʝʜʩʪʘʚˀʘʿʫ ʘʣʢʠʣ-ˊ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʜʚʘ ʿʝʜʠˁʝˁʘ. ɳʠʭʦʚʝ ʝʥʝʨʛʠʿʝ ʩʫ -5,1 

ʠ -3,0 kJ mol-1 ʩʘ ʧʦʟʠʪʠʚʥʦʤ ʫʢʫʧʥʦʤ ʝʥʝʨʛʠʿʦʤ ʠ ʦʜʥʦʩʦʤ ʠʟʤʝʹʫ G(r) ʠ V(r) ʿʝʜʥʘʢʠʤ 1,2 ʠ 

1,4. 

ɹʨʦʿ ʠʥʪʝʨʘʢʮʠʿʘ ʩʝ ʟʥʘʯʘʿʥʦ ʧʦʚʝ˂ʘʚʘ ʢʘʜʘ ʩʝ ʫ ʫʟʦʨʢʝ ʜʦʜʘ ʣʘʢʪʦʟʘ ʟʙʦʛ ʧʦʚʝ˂ʘʥʦʛ 

ʙʨʦʿʘ ʭʠʜʨʦʢʩʠʣʥʠʭ ʛʨʫʧʘ. ʅʘʿʿʘʯʘ ʠʥʪʝʨʘʢʮʠʿʘ, ʩʘ ʝʥʝʨʛʠʿʦʤ ʠʥʪʝʨʘʢʮʠʿʝ -46,5 kJ mol-1, 

ʬʦʨʤʠʨʘ ʩʝ ʠʟʤʝʹʫ ʭʠʜʨʦʢʩʠʣʥʝ ʛʨʫʧʝ ʃʆʈ ʠ ʘʪʦʤʘ ʢʠʩʝʦʥʠʢʘ ʣʘʢʪʦʟʝ. ʂʘʜʘ ʩʝ ʫʧʦʨʝʜʝ 

ʝʥʝʨʛʠʿʝ ʩʚʠʭ ʥʘʚʝʜʝʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ, ʦʚʘ ʿʝ ʙʠʣʘ ʥʘʿʚʝ˂ʘ. ʇʘʨʮʠʿʘʣʥʠ ʢʦʚʘʣʝʥʪʥʠ ʢʘʨʘʢʪʝʨ ʦʚʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʧʦʢʘʟʫʿʝ ʥʝʛʘʪʠʚʥʘ ʚʨʝʜʥʦʩʪ ʫʢʫʧʥʝ ʝʥʝʨʛʠʿʝ (-2,2 kJ mol-1) ʠ ʚʨʝʜʥʦʩʪ ïG(r)/V(r) 

ʿʝʜʥʘʢʘ 1. ʀʩʪʠ ʘʪʦʤ ʢʠʩʝʦʥʠʢʘ ʃʆʈ ʿʝ ʫʢˀʫʯʝʥ ʫ ʪʨʠ ʜʨʫʛʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʩʫʩʝʜʥʠʤ ʘʪʦʤʠʤʘ 

ʚʦʜʦʥʠʢʘ, ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʚʝʟʝ ʦʜ -13,2, -8,8 ʠ -5,1 kJ mol-1, ʠ ʿʝʜʥʠʤ ʘʪʦʤʦʤ ʢʠʩʝʦʥʠʢʘ ʣʘʢʪʦʟʝ 

(-7,5 kJ mol-1). ʉʚʝ ʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʫ ʥʝʢʦʚʘʣʝʥʪʥʝ, ʩʘ ïG(r)/V(r) > 1.0. ɼʚʘ ʘʪʦʤʘ ʭʣʦʨʘ ʃʆʈ 

ʬʦʨʤʠʨʘʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʘʪʦʤʠʤʘ ʚʦʜʦʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ ʣʘʢʪʦʟʝ. ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ 

ʢʘʨʘʢʪʝʨʠʰʫ ʤʥʦʛʦ ʥʠʞʝ ʝʥʝʨʛʠʿʝ ʠʥʪʝʨʘʢʮʠʿʝ, ʠʟʤʝʹʫ 1,6 ʠ 4,2 kJ mol-1. ɽʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ 

ʠ ʃʘʧʣʘʩʦʚʝ ʚʨʝʜʥʦʩʪʠ ʩʫ ʪʘʢʦʹʝ ʥʠʞʝ ʫ ʧʦʨʝʹʝˁʫ ʩʘ ʧʘʨʘʤʝʪʨʠʤʘ ʟʘ ʠʥʪʝʨʘʢʮʠʿʝ, ʫʢˀʫʯʫʿʫ˂ʠ 

ʘʪʦʤʝ ʢʠʩʝʦʥʠʢʘ. ɸʪʦʤʠ ʬʝʥʠʣ ʫʛˀʝʥʠʢʘ ʬʦʨʤʠʨʘʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʘʪʦʤʠʤʘ ʚʦʜʦʥʠʢʘ 

ʣʘʢʪʦʟʝ, ʩʘ ʝʥʝʨʛʠʿʦʤ ʠʥʪʝʨʘʢʮʠʿʝ ʢʦʿʘ ʟʘʚʠʩʠ ʦʜ ʫʜʘˀʝʥʦʩʪʠ ʠ ʙʣʠʟʠʥʝ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʭ 

ʝʣʝʤʝʥʘʪʘ. ʂʘʦ ʰʪʦ ʿʝ ʨʘʥʠʿʝ ʧʦʤʝʥʫʪʦ, ʦʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʫ ʧʨʠʩʫʪʥʝ ʠʟʤʝʹʫ ʜʚʘ ʧʨʩʪʝʥʘ ʠ 

ʜʦʜʘʪʥʦ ʩʪʘʙʠʣʠʟʫʿʫ ʩʪʨʫʢʪʫʨʝ. ʅʘʿʩʣʘʙʠʿʘ ʠʥʪʝʨʘʢʮʠʿʘ ʿʝ ʦʥʘ ʠʟʤʝʹʫ ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ 

ʜʠʿʘʟʝʧʠʥʩʢʦʛ ʧʨʩʪʝʥʘ ʠ ʣʘʢʪʦʟʝ, ʩʘ ʝʥʝʨʛʠʿʦʤ ʠʥʪʝʨʘʢʮʠʿʝ ʦʜ ʩʘʤʦ -0,8 kJ mol-1 

 
ʉʣʠʢʘ 45. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ (ʮʨʥʘ ʣʠʥʠʿʘ) ʠ ʪʝʦʨʠʿʩʢʠ (ʥʘ ʄ05-2X/6-31+G(d,p) ʥʠʚʦʫ 

ʪʝʦʨʠʿʝ, ʧʣʘʚʘ ʣʠʥʠʿʘ) IR ʩʧʝʢʪʨʠ ʃʆʈ ʪʘʙʣʝʪʝ ʩʘ ʣʘʢʪʦʟʦʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ IR ʩʧʝʢʪʘʨ ʃʆʈ ʪʘʙʣʝʪʘ ʩʘ ʣʘʢʪʦʟʦʤ ʢʘʦ ʨʘʟʙʣʘʞʠʚʘʯʝʤ ʫʧʦʨʝʹʝʥ ʿʝ 

ʩʘ ʪʝʦʨʠʿʩʢʠʤ ʩʧʝʢʪʨʦʤ ʩʪʨʫʢʪʫʨʝ ʃʆʈ-ʣʘʢʪʦʟʝ ʥʘ cʣʠʮʠ 45. ʆʧʝʪ, ʪʝʦʨʠʿʩʢʠ ʪʘʣʘʩʥʠ ʙʨʦʿʝʚʠ 

ʩʫ ʢʦʨʠʛʦʚʘʥʠ ʠʩʪʠʤ ʬʘʢʪʦʨʦʤ ʢʦʨʝʢʮʠʿʝ. ʋ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʩʧʝʢʪʨʫ, ʪʨʘʢʘ ʢʦʿʘ ʧʨʠʧʘʜʘ 

ʢʘʨʙʦʥʠʣʥʦʿ ʠʩʪʝʞʫ˂ʦʿ ʚʠʙʨʘʮʠʿʠ ʠʤʘ ʤʥʦʛʦ ʥʠʞʠ ʠʥʪʝʥʟʠʪʝʪ ʦʜ ʦʥʦʛ ʫʦʯʝʥʦʛ ʥʘ ʩʣʠʮʠ 2 ʟʙʦʛ 

ʥʠʩʢʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ. ʊʨʘʢʝ ʢʦʿʝ ʧʨʠʧʘʜʘʿʫ OīH ʠ CīO ʚʠʙʨʘʮʠʿʘʤʘ ʠʩʪʝʟʘˁʘ ʣʘʢʪʦʟʝ ʩʫ ʤʥʦʛʦ 

ʠʟʨʘʞʝʥʠʿʝ. ʇʦʣʦʞʘʿ C=O ʠʩʪʝʞʫ˂ʠʭ ʚʠʙʨʘʮʠʿʘ ʿʝ ʩʢʦʨʦ ʠʜʝʥʪʠʯʘʥ ʯʠʩʪʦʤ ʃʆʈ ʫʟʦʨʢʫ (1662 
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cm-1) ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʠ ʪʝʦʨʠʿʩʢʦʤ (1667 cm-1) ʩʧʝʢʪʨʫ. ʄʦʞʝ ʩʝ ʧʨʝʪʧʦʩʪʘʚʠʪʠ ʜʘ 

ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʣʘʢʪʦʟʦʤ ʫʪʠʯʫ ʥʘ ʮʝʣʫ ʩʪʨʫʢʪʫʨʫ ʃʆʈ-ʘ ʟʙʦʛ ʚʝʣʠʯʠʥʝ ʤʦʣʝʢʫʣʘ 

ʨʘʟʙʣʘʞʠʚʘʯʘ. ʆʚʦ ʿʝ ʧʦʩʝʙʥʦ ʝʚʠʜʝʥʪʥʦ ʫ ʠʥʪʝʥʟʠʪʝʪʫ OīH ʠʩʪʝʞʫ˂ʠʭ ʚʠʙʨʘʮʠʿʘ ʃʆʈ-ʘ 

ʫʩʣʝʜ ʿʘʢʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʘʪʦʤʠʤʘ ʭʠʜʨʦʢʩʠʣ ʢʠʩʝʦʥʠʢʘ, ʢʘʦ ʰʪʦ ʿʝ ʜʠʩʢʫʪʦʚʘʥʦ ʫ ʧʨʝʪʭʦʜʥʦʤ 

ʧʘʨʘʛʨʘʬʫ.  

ʇʦʣʦʞʘʿʠ CīH ʠ CīO ʚʠʙʨʘʮʠʿʘ ʣʘʢʪʦʟʝ ʪʘʢʦʹʝ ʩʫ ʧʨʠʩʫʪʥʠ ʫ ˁʠʭʦʚʠʤ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʧʦʩʤʘʪʨʘʥʠʤ ʧʦʟʠʮʠʿʘʤʘ. ʇʦʩʪʦʿʠ ʚʝʣʠʢʘ ʩʣʠʯʥʦʩʪ ʠʟʤʝʹʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʛ ʠ ʪʝʦʨʠʿʩʢʦʛ ʩʧʝʢʪʨʘ, ʰʪʦ ʜʦʢʘʟʫʿʝ ʜʘ ʧʨʦʨʘʯʫʥʠ ʪʝʦʨʠʿʩʢʝ ʭʝʤʠʿʝ ʤʦʛʫ 

ʧʨʝʜʚʠʜʝʪʠ ʩʧʝʢʪʨʝ ʩʣʦʞʝʥʠʭ ʩʤʝʰʘ ʘʢʦ ʩʫ ʩʘʩʪʦʿʮʠ ʧʦʟʥʘʪʠ ʠ ˁʠʭʦʚ ʨʝʣʘʪʠʚʥʠ ʧʦʣʦʞʘʿ 

ʜʦʙʨʦ ʦʜʨʝʹʝʥ. 

 

7.2.4.3. ɸʣʧʨʘʟʦʣʘʤ ʠ ʧʘʨʘʮʝʪʘʤʦʣ/ʢʦʬʝʠʥ 

 

ʉʪʨʫʢʪʫʨʝ ʢʦʿʝ ʩʘʜʨʞʝ ɸʃʇ ʠ ʧʘʨʘʮʝʪʘʤʦʣ ʩʫ ʧʨʠʧʨʝʤˀʝʥʝ ʧʦʟʠʮʠʦʥʠʨʘˁʝʤ ʜʚʘ 

ʤʦʣʝʢʫʣʘ ʥʘ ʥʘʯʠʥ ʜʘ ʩʝ ʦʤʦʛʫ˂ʠ ʦʩʪʚʘʨʠʚʘˁʝ ʠʥʪʝʨʘʢʮʠʿʘ ʧʦʣʘʨʥʠʭ ʛʨʫʧʘ ʫʢˀʫʯʠʣʝ ʩʚʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʧʦʣʘʨʥʠʭ ʛʨʫʧʘ. ʆʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʩʣʠʮʠ 46, ʘ 

ʠʟʨʘʯʫʥʘʪʝ ʩʫ ʩʣʝʜʝ˂ʝ ʝʥʝʨʛʠʿʝ ʚʝʟʠʚʘˁʘ: -35,9 (ʩʪʨʫʢʪʫʨʘ 1), -42,9 (ʩʪʨʫʢʪʫʨʘ 2) ʠ -65,6 kJ  

mol-1 (ʩʪʨʫʢʪʫʨʘ 3).  

 

(a) 

 

(b) 

 

(c) 

 

ʉʣʠʢʘ 46. ʅʘʿʩʪʘʙʠʣʥʠʿʘ ʩʪʨʫʪʢʨʫʘ ʬʦʨʤʠʨʘʥʘ ʠʟʤʝʹʫ ɸʃʇ ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ (ʥʘ ʥʠʚʦʫ 

ʪʝʦʨʠʿʝ M05-2X/6-31+G(d,p)) 

 

 

(a) 

 

(b) 

 

(c) 

 

ʉʣʠʢʘ 47. ʅʘʿʩʪʘʙʠʣʥʠʿʘ ʩʪʨʫʪʢʨʫʘ ʬʦʨʤʠʨʘʥʘ ʠʟʤʝʹʫ ɸʃʇ ʠ ʢʦʬʝʠʥʘ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ 
M05-2X/6-31+G(d,p)) 
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ɿʘ ʜʘˀʫ ʘʥʘʣʠʟʫ ʦʜʘʙʨʘʥʘ ʿʝ ʩʪʨʫʢʪʫʨʘ 3, ʘ ʥʘʿʚʘʞʥʠʿʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʫ ʜʘʪʝ ʥʘ ʩʣʝʜʝ˂ʦʿ 

ʩʣʠʮʠ. ʀʥʪʝʨʘʢʮʠʿʝ ʩʘ ʢʦʬʝʠʥʦʤ ʩʫ ʪʘʢʦʹʝ ʠʩʧʠʪʠʚʘʥʝ ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʚʝʟʠʚʘˁʘ ʦʜ -58,1, 11,8 ʠ 

-42,7 kJ mol-1 ʟʘ ʩʪʨʫʢʪʫʨʝ 1-3, ʨʝʩʧʝʢʪʠʚʥʦ. QTAIM ʧʘʨʘʤʝʪʨʠ ʥʘʿʩʪʘʙʠʣʥʠʿʠʭ ʩʪʨʫʢʪʫʨʘ 

ʧʨʠʢʘʟʘʥʠ ʩʫ ʫ ʪʘʙʝʣʠ ʉ18 ʠ ʥʘ ʩʣʠʮʠ 48. 

 

 
(a) 

 
(b) 

 

ʉʣʠʢʘ 48. QTAIM ʠʥʪʝʨʢʘʮʠʿʝ ʠ ʥʘʿʩʪʘʙʠʣʥʠʿʝ ʩʪʨʫʢʪʫʨʝ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-

31+G(d,p)) ʬʦʨʤʠʨʘʥʠʭ ʠʟʤʝʹʫ ɸʃʇ ʠ (ʘ) ʧʘʨʘʮʝʪʘʤʦʣʘ ʠ (ʙ) ʢʦʬʝʠʥʘ. ʀʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʫʪʝʚʝ ʚʝʟʝ 

ʂʘʜʘ ʩʝ ʝʥʝʨʛʠʿʝ ʚʝʟʠʚʘˁʘ ʠʟʤʝʹʫ ɸʃʇ ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ ʫʧʦʨʝʜʝ ʩʘ ʠʩʪʠʤ ʧʘʨʦʚʠʤʘ ʩʘ 

ʃʆʈ, ʤʦʞʝ ʩʝ ʧʨʠʤʝʪʠʪʠ ʜʘ ʩʫ ʦʥʝ ʚʝ˂ʝ ʟʘ 10-15 kJ mol-1, ʰʪʦ ʿʝ ʫ ʩʢʣʘʜʫ ʩʘ ʩʠʤʫʣʘʮʠʿʘʤʘ 

ʤʦʣʝʢʫʣʘʨʥʝ ʜʠʥʘʤʠʢʝ (MD). ʇʘʞˀʠʚʘ ʠʥʩʧʝʢʮʠʿʘ ʟʘʩʥʦʚʘʥʘ ʥʘ QTAIM ʧʘʨʘʤʝʪʨʠʤʘ ʜʘʿʝ 

ʦʧʨʘʚʜʘˁʝ ʟʘ ʦʚʘʿ ʥʘʣʘʟ. ʂʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʫ ʪʘʙʝʣʠ ʉ18, ʥʘʿʿʘʯʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ɸʃʇ 

ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ ʿʝ ʢʦʥʚʝʥʮʠʦʥʘʣʥʘ ʚʦʜʦʥʠʯʥʘ ʚʝʟʘ NĀĀĀHīN, ʩʘ ʛʫʩʪʠʥʦʤ ʝʣʝʢʪʨʦʥʘ ʦʜ 0,014 

ʘ.u. ʠ ʃʘʧʣʘʩʠʿʘʥʦʤ ʦʜ 0,041 ʘ.u, ʫ ʢʦʤʝ ɸʃʇ ʜʝʣʫʿʝ ʢʘʦ ʘʢʮʝʧʪʦʨ ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ. ɽʥʝʨʛʠʿʘ 

ʤʝʹʫʘʪʦʤʩʢʝ ʚʝʟʝ ʿʝ -12,3 kJ mol-1. ɼʚʝ ʜʨʫʛʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʫ ʧʨʦʥʘʹʝʥʝ ʠʟʤʝʹʫ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ 

ʜʠʘʟʝʧʠʥʩʢʦʛ ʠ ʬʝʥʦʣʥʦʛ ʧʨʩʪʝʥʘ ʠ ʢʘʨʙʦʥʠʣʥʦʛ ʢʠʩʝʦʥʠʢʘ, ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʦʜ -7,0 ʠ -8,4 kJ mol-

1. ɺʘʞʥʘ ʛʨʫʧʘ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ɸʃʇ ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ ʫʢˀʫʯʫʿʝ ʪʨʠʘʟʠʥʩʢʝ ʘʪʦʤʝ ʘʟʦʪʘ. ʆʚʝ 

ʠʥʪʝʨʘʢʮʠʿʝ, ʩʘ ʝʥʝʨʛʠʿʦʤ ʠʟʤʝʹʫ -4,1 (NtriazinĀĀĀH) ʠ -12,3 kJ mol-1 (NtriazinĀĀĀʆkarbonilni, ʩʫ ʚʝʨʦʚʘʪʥʠ 

ʨʘʟʣʦʛ ʚʝ˂ʝ ʩʪʘʙʠʣʥʦʩʪʠ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʘʥʠʭ ʠʟʤʝʹʫ ɸʃʇ ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ ʦʜ ʦʥʠʭ ʠʟʤʝʹʫ 

ʃʆʈ ʠ ʧʘʨʘʮʝʪʘʤʦʣʘ. ʊʨʠʘʟʝʧʠʥʩʢʠ ʧʨʩʪʝʥ ʩʘ ʪʨʠ ʜʦʜʘʪʥʘ ʘʪʦʤʘ ʘʟʦʪʘ ʢʦʿʠ ʩʫ ʫʩʤʝʨʝʥʠ ʫ 

ʠʩʪʦʤ ʧʨʘʚʮʫ ʿʝ ʤʥʦʛʦ ʚʠʰʝ ʫʢˀʫʯʝʥ ʫ ʬʦʨʤʠʨʘˁʝ ʠʥʪʝʨʘʢʮʠʿʝ ʦʜ ʢʘʨʙʦʥʠʣʥʝ ʠ ʭʠʜʨʦʢʩʠʣʥʝ 

ʛʨʫʧʝ ʃʆʈ-ʘ. ɼʘʢʣʝ, ʤʦʞʝ ʩʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʠʘʢʦ ʩʫ ʦʜʚʦʿʝʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʤʘˁʝ ʿʘʢʝ, ˁʠʭʦʚ ʙʨʦʿ 

ʟʥʘʯʘʿʥʦ ʫʪʠʯʝ ʥʘ ʫʢʫʧʥʫ ʩʪʘʙʠʣʥʦʩʪ. 

ʇʨʝʪʭʦʜʥʠ ʨʝʟʫʣʪʘʪ ʿʝ ʤʥʦʛʦ ʠʟʨʘʞʝʥʠʿʠ ʫ ʠʥʪʝʨʘʢʮʠʿʠ ʠʟʤʝʹʫ ɸʃʇ ʠ ʢʦʬʝʠʥʘ. 

ʅʘʿʩʪʘʙʠʣʥʠʿʘ ʩʪʨʫʢʪʫʨʘ ʠʟʤʝʹʫ ɸʃʇ ʠ ʢʦʬʝʠʥʘ ʠʤʘ ʝʥʝʨʛʠʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʦʜ -58,1 kJ mol-1, 25 

kJ mol-1 ʥʠʞʫ ʦʜ ʝʥʝʨʛʠʿʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʃʆʈ-ʘ ʠ ʢʦʬʝʠʥʘ. ʅʘʿʿʘʯʘ ʠʥʪʝʨʘʢʮʠʿʘ ʿʝ ʩʣʘʙʘ 

ʚʦʜʦʥʠʯʥʘ ʚʝʟʘ ʦʟʥʘʯʝʥʘ ʢʘʦ CfenilīHĀĀĀʆkarbonilni ʩʘ ʝʥʝʨʛʠʿʦʤ ʠʥʪʝʨʘʢʮʠʿʝ ʦʜ -10,0 kJ mol-1. ɼʚʝ 

ʜʦʜʘʪʥʝ ʩʣʘʙʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʠʩʪʦʛ ʪʠʧʘ ʠʤʘʿʫ ʝʥʝʨʛʠʿʝ ʦʜ -5,2 ʠ 4,7 kJ mol-1. ɸʪʦʤʠ ʘʟʦʪʘ 

ʜʠʘʟʝʧʠʥʘ ʩʪʫʧʘʿʫ ʫ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʘʪʦʤʠʤʘ ʫʛˀʝʥʠʢʘ ʠ ʚʦʜʦʥʠʢʘ ʢʨʦʟ ʩʣʘʙʝ ʥʝʢʦʚʘʣʝʥʪʥʝ 

ʠʥʪʝʨʘʢʮʠʿʝ. ɸʪʦʤʠ ʫʛˀʝʥʠʢʘ ɸʃʇ ʪʘʢʦʹʝ ʬʦʨʤʠʨʘʿʫ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʢʘʨʙʦʥʠʣʥʠʤ ʘʪʦʤʠʤʘ 

ʢʠʩʝʦʥʠʢʘ, ʘʟʦʪʘ ʠ ʚʦʜʦʥʠʢʘ. ʆʜʩʫʩʪʚʦ ʭʠʜʨʦʢʩʠʣʥʝ ʛʨʫʧʝ ʫ ɸʃʇ ʿʝ ʦʜʛʦʚʦʨʥʦ ʟʘ ʥʠʞʝ 

ʦʜʚʦʿʝʥʝ ʝʥʝʨʛʠʿʝ ʠʥʪʝʨʘʢʮʠʿʘ. ʀʧʘʢ, ʧʨʠʩʫʩʪʚʦ ʥʝʢʦʣʠʢʦ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʠʭ ʘʪʦʤʘ ʜʦʚʦʜʠ ʜʦ 

ʚʝ˂ʝʛ ʙʨʦʿʘ ʠʥʪʝʨʘʢʮʠʿʘ, ʰʪʦ ʜʘʿʝ ʚʝ˂ʫ ʘʧʩʦʣʫʪʥʫ ʚʨʝʜʥʦʩʪ ʝʥʝʨʛʠʿʝ ʚʝʟʠʚʘˁʘ. 

 

 



67 
 
 

 

7.2.4.4. ɸʣʧʨʘʟʦʣʘʤ ʠ ʛʣʫʢʦʟʘ/ʣʘʢʪʦʟʘ 

 

ʀʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ɸʃʇ ʠ ʛʣʫʢʦʟʝ ʜʦʚʝʣʝ ʩʫ ʜʦ ʬʦʨʤʠʨʘˁʘ ʪʨʠ ʩʪʨʫʢʪʫʨʝ ʩʘ 

ʩʪʘʙʠʣʠʟʘʮʠʦʥʠʤ ʝʥʝʨʛʠʿʘʤʘ ʦʜ -66,0 (ʩʪʨʫʢʪʫʨʘ 1 a)), -34,9 (ʩʪʨʫʢʪʫʨʘ 2 b)) ʠ -42,2 kJ mol-1 

(ʩʪʨʫʢʪʫʨʘ 3 c)) (ʩʣʠʢʘ 49). ʅʘ ʦʩʥʦʚʫ ʦʚʠʭ ʚʨʝʜʥʦʩʪʠ ʦʜʘʙʨʘʥʘ ʿʝ ʩʪʨʫʢʪʫʨʘ 1 ʟʘ ʜʘˀʝ 

ʠʩʧʠʪʠʚʘˁʝ QTAIM ʧʘʨʘʤʝʪʘʨʘ ʠ ʤʦʛʫ˂ʠʭ ʧʨʦʤʝʥʘ ʫ IR ʩʧʝʢʪʨʠʤʘ. ɽʥʝʨʛʠʿʝ ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʟʘ 

ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʣʘʢʪʦʟʦʤ ʙʠʣʝ ʩʫ ʫʿʝʜʥʘʯʝʥʠʿʝ, ʠʟʤʝʹʫ -37,8 (ʩʪʨʫʢʪʫʨʘ 1 a)) ʠ -42,6 kJ mol-1 

(ʩʪʨʫʢʪʫʨʘ 3 c)), ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 49.  

 

 
(a) 

 
(b) 

 
(c) 

 

ʉʣʠʢʘ 49. ʅʘʿʩʪʘʙʠʣʥʠʿʘ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʘʥʘ ʠʟʤʝʹʫ ɸʃʇ ʠ ʛʣʫʢʦʟʝ (ʥʘ ʥʠʚʦʫ 

ʪʝʦʨʠʿʝ M05-2X/6-31+G(d,p)) 

 

 

(a) 

 

(b) 

 

(c) 

ʉʣʠʢʘ 50. ʅʘʿʩʪʘʙʠʣʥʠʿʘ ʩʪʨʫʢʪʫʨʘ ʬʦʨʤʠʨʘʥʘ ʠʟʤʝʹʫ ɸʃʇ ʠ ʣʘʢʪʦʟʝ (ʥʘ ʥʠʚʦʫ 

ʪʝʦʨʠʿʝ M05-2X/6-31+G(d,p)) 

ʅʘʿʩʪʘʙʠʣʥʠʿʝ ʩʪʨʫʢʪʫʨʝ ʠ QTAIM ʠʥʪʝʨʘʢʮʠʿʝ ʩʫ ʧʨʠʢʘʟʘʥʝ ʥʘ ʩʣʠʮʠ 51. 
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(a) 

 

(b) 

 

ʉʣʠʢʘ 51. QTAIM ʠʥʪʝʨʘʢʮʠʿʝ ʠ ʥʘʿʩʪʘʙʠʣʥʠʿʝ ʩʪʨʫʢʪʫʨʝ (ʥʘ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʄ05-2X/6-

31+G(d,p)) ʬʦʨʤʠʨʘʥʠʭ ʠʟʤʝʹʫ ɸʃʇ ʠ (ʘ) ʛʣʫʢʦʟʝ ʠ (ʙ) ʣʘʢʪʦʟʝ. ʀʩʧʨʝʢʠʜʘʥʝ ʣʠʥʠʿʝ 

ʧʨʝʜʩʪʘʚˀʘʿʫ ʧʫʪʝʚʝ ʚʝʟʝ. 

ʀʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ɸʃʇ ʠ ʛʣʫʢʦʟʝ ʫʢˀʫʯʫʿʫ ʜʚʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʠʟʤʝʹʫ ʪʨʠʘʟʠʥʩʢʠʭ 

ʘʪʦʤʘ ʘʟʦʪʘ ʠ ʭʠʜʨʦʢʩʠʣʥʠʭ ʛʨʫʧʘ ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʚʝʟʝ ʦʜ -23,1 ʠ -11,0 kJ mol-1, ʩʘ ʜʝʣʠʤʠʯʥʠʤ 

ʢʦʚʘʣʝʥʪʥʠʤ ʢʘʨʘʢʪʝʨʦʤ ʢʘʦ ʚʨʝʜʥʦʩʪ ïG(r)/V(r) ʿ ʝʜʥʘʢ 1. ʇʦʩʪʦʿʝ ʜʚʝ ʜʦʜʘʪʥʝ ʩʪʘʙʠʣʠʟʘʮʠʦʥʝ 

ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʘʪʦʤʘ ʘʟʦʪʘ ɸʃʇ ʠ ʘʪʦʤʘ ʢʠʩʝʦʥʠʢʘ ʛʣʫʢʦʟʝ ʩʘ ʝʥʝʨʛʠʿʘʤʘ ʚʝʟʝ ʦʜ -9,4 ʠ -

4,9 kJ mol-1 ʢʦʿʝ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʢʘʦ ʯʠʩʪʦ ʥʝʢʦʚʘʣʝʥʪʥʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʧʦʟʠʪʠʚʥʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʫʢʫʧʥʝ ʝʥʝʨʛʠʿʝ ʝʣʝʢʪʨʦʥʘ (1,3 ʠ 1,9 kJ mol-1). ʇʦʩʪʦʿʠ ʥʝʢʦʣʠʢʦ ʠʥʪʝʨʘʢʮʠʿʘ 

ʠʟʤʝʹʫ ʘʪʦʤʘ ʬʝʥʠʣʥʠʭ ʫʛˀʝʥʠʢʦʚʠʭ ʘʪʦʤʘ ʠ ʜʠʘʟʝʧʠʥʘ ʠ ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ ɸʃʇ ʠ ʘʪʦʤʘ 

ʚʦʜʦʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ ʛʣʫʢʦʟʝ. ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʢʘʨʘʢʪʝʨʠʰʫ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ ʠʟʤʝʹʫ 

0,004 ʠ 0,007 ʘ.u. ʠ ʃʘʧʣʘʩʦʚʝ ʚʨʝʜʥʦʩʪʠ ʠʟʤʝʹʫ 0,012 ʠ 0,026 ʘ.u. ʆʚʝ ʩʣʘʙʝ ʠʥʪʝʨʘʢʮʠʿʝ ʩʫ 

ʙʨʦʿʥʠʿʝ ʥʝʛʦ ʫ ʩʣʫʯʘʿʫ ʃʆʈ-ʘ, ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʚʝ˂ʝ ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʦʜ ʦʢʦ 30 kJ mol-1. ʈʝʣʘʪʠʚʥʠ 

ʧʦʣʦʞʘʿʠ ʪʨʠʘʟʝʧʠʥʩʢʠʭ ʠ ʬʝʥʠʣʥʠʭ ʧʨʩʪʝʥʦʚʘ ɸʃʇ ʦʤʦʛʫ˂ʘʚʘʿʫ ʚʝ˂ʠ ʙʨʦʿ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ 

ʤʦʣʝʢʫʣʦʤ ʛʣʫʢʦʟʝ. 

ʉʣʠʯʥʦ ʿʝ ʧʨʦʥʘʹʝʥʦ ʠ ʟʘ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ɸʃʇ ʠ ʣʘʢʪʦʟʝ. ʅʘʿʿʘʯʘ ʠʥʪʝʨʘʢʮʠʿʘ ʩʘ 

ʝʥʝʨʛʠʿʦʤ ʚʝʟʝ ʦʜ -15,4 kJ mol-1 ʦʟʥʘʯʘʚʘ ʩʝ ʢʘʦ NtriazinĀĀĀHīʆ. ɸʪʦʤʠ ʘʟʦʪʘ ʪʨʠʘʟʠʥʘ ʩʫ 

ʫʢˀʫʯʝʥʠ ʫ ʜʨʫʛʫ ʩʣʘʙʫ ʚʦʜʦʥʠʯʥʫ ʚʝʟʫ (NtriazinĀĀĀHīC) ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʘʪʦʤʦʤ ʢʠʩʝʦʥʠʢʘ 

(NtriazinĀĀĀHīʆ). ʆʚʝ ʠʥʪʝʨʘʢʮʠʿʝ ʠʤʘʿʫ ʝʥʝʨʛʠʿʫ ʚʝʟʝ ʦʜ -6,7 ʠ -6,0 kJ mol-1. ɸʪʦʤ ʘʟʦʪʘ ʜʠʘʟʝʧʠʥʘ 

ʬʦʨʤʠʨʘ ʪʨʠ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʘʪʦʤʠʤʘ ʚʦʜʦʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ ʣʘʢʪʦʟʝ ʩʘ ʨʝʣʘʪʠʚʥʦ ʥʠʩʢʠʤ 

ʚʨʝʜʥʦʩʪʠʤʘ ʝʣʝʢʪʨʦʥʩʢʝ ʛʫʩʪʠʥʝ ʠ ʃʘʧʣʘʩʠʿʘʥʘ. ɿʙʦʛ ʚʝʣʠʯʠʥʝ ʤʦʣʝʢʫʣʘ ʣʘʢʪʦʟʝ ʠ ˁʝʛʦʚʦʛ 

ʧʦʨʘʚʥʘˁʘ ʧʨʝʤʘ ʜʠʘʟʝʧʠʥʩʢʠʤ ʠ ʬʝʥʠʣʥʠʤ ʧʨʩʪʝʥʦʚʠʤʘ, ʧʨʦʥʘʹʝʥʦ ʿʝ ʚʠʰʝ ʠʥʪʝʨʘʢʮʠʿʘ 

ʠʟʤʝʹʫ ʘʪʦʤʘ ʬʝʥʠʣ ʫʛˀʝʥʠʢʘ ʠ ʢʠʩʝʦʥʠʢʘ/ʚʦʜʦʥʠʢʘ. ɼʚʝ ʩʣʘʙʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʫ ʢʦʿʠʤʘ ɸʃʇ 

ʜʝʣʫʿʝ ʢʘʦ ʜʦʥʦʨ ʘʪʦʤʘ ʚʦʜʦʥʠʢʘ ʠʤʘʿʫ ʝʥʝʨʛʠʿʝ ʚʝʟʝ ʦʜ -5,2 ʠ -4,4 kJ mol-1. ɻʝʥʝʨʘʣʥʦ, ʝʥʝʨʛʠʿʝ 

ʩʪʘʙʠʣʠʟʘʮʠʿʝ ʠʟʤʝʹʫ ɸʃʇ ʠ ʣʘʢʪʦʟʝ ʩʫ ʚʝ˂ʝ ʦʜ ʦʥʠʭ ʠʟʨʘʯʫʥʘʪʠʭ ʟʘ ʃʆʈ ʠ ʣʘʢʪʦʟʫ. ʄʝʹʫʪʠʤ, 

ʥʘʿʩʪʘʙʠʣʥʠʿʘ ʩʪʨʫʢʪʫʨʘ ʩʘ ʃʆʈ-ʦʤ ʿʝ ʩʪʘʙʠʣʥʠʿʘ ʦʜ ʦʥʝ ʩʘ ɸʃʇ. ʈʘʟʣʦʛ ʿʝ ʦʨʠʿʝʥʪʘʮʠʿʘ ʃʆʈ-

ʘ ʢʦʿʘ ʦʤʦʛʫ˂ʘʚʘ ʬʦʨʤʠʨʘˁʝ ʿʘʢʝ ʚʦʜʦʥʠʯʥʝ ʚʝʟʝ ʩʘ ʝʥʝʨʛʠʿʦʤ ʚʝʟʝ ʦʜ -46,5 kJ mol-1, ʢʘʦ ʰʪʦ 

ʿʝ ʨʘʥʠʿʝ ʜʠʩʢʫʪʦʚʘʥʦ. 
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7.3. ʄʦʣʝʢʫʣʩʢʠ ʘʩʧʝʢʪʠ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʦʜʘʙʨʘʥʠʭ ʧʩʠʭʦʜʝʣʠʢʘ ʠ ʫʦʙʠʯʘʿʝʥʠʭ 

ʘʜʫʣʪʝʨʘʥʘʪʘ/ʧʫʥʠʣʘʮʘ 

 

7.3.1. ʀʩʧʠʪʠʚʘˁʝ ʧʨʠʤʝʥˀʠʚʦʩʪʠ ʦʜʘʙʨʘʥʦʛ ʥʠʚʦʘ ʪʝʦʨʠʿʝ 

 

ʇʨʝʪʭʦʜʥʦ ʿʝ ʧʦʢʘʟʘʥʦ ʜʘ ʩʝ M05-2X/6-311++G(d,p) ʥʠʚʦ ʪʝʦʨʠʿʝ ʤʦʞʝ ʢʦʨʠʩʪʠʪʠ ʟʘ 

ʦʧʪʠʤʠʟʘʮʠʿʫ ʩʪʨʫʢʪʫʨʝ, ʧʨʝʜʚʠʹʘˁʝ ʩʧʝʢʪʘʨʘ ʠ ʠʥʪʝʨʘʢʮʠʿʘ ʧʩʠʭʦʘʢʪʠʚʥʭ ʩʫʧʩʪʘʥʮʠ. ʋ 

ʪʨʝ˂ʝʤ ʜʝʣʫ ʠʩʪʨʘʞʠʚʘˁʘ ʠʩʧʠʪʘʥʝ ʩʫ ʠʥʪʝʨʘʢʮʠʿʝ ʜʚʘ ʧʩʠʭʦʜʝʣʠʢʘ (ʙʫʬʦʪʝʥʠʥʘ ʠ 

ʧʩʠʣʦʮʠʥʘ) ʠ ʩʝʨʦʪʦʥʠʥʘ, ʢʘʦ ʤʦʜʝʣ ʩʠʩʪʝʤʘ, ʩʘ ʦʜʘʙʨʥʘʠʤ ʧʫʥʠʦʮʠʤʘ ʠ ʘʜʫʣʪʝʨʘʥʪʠʤʘ. 

ʇʨʠʤʝʥˀʠʚʦʩʪ ʦʚʦʛ ʥʠʚʦʘ ʪʝʦʨʠʿʝ ʿʝ ʠʩʧʠʪʘʥʘ ʧʦʨʝʹʝˁʝʤ ʩʘ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠʤ ʩʪʨʫʢʪʫʨʘʤʘ. 

ʋ CCDC ʙʘʥʮʠ ʧʦʜʘʪʘʢʘ ʩʫ ʙʠʣʝ ʜʦʩʪʫʧʥʝ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʝ ʩʪʨʫʢʪʫʨʝ ʩʝʨʦʪʦʥʠʥ ʦʢʩʘʣʘʪʘ, 

ʙʫʬʦʪʝʥʠʥʘ ʠ ʧʩʠʣʦʮʠʥʘ, ʢʘʦ ʰʪʦ ʿʝ ʦʧʠʩʘʥʦ ʫ ʄʘʪʝʨʠʿʘʣʠʤʘ ʠ ʤʝʪʦʜʘʤʘ. ʆʚʝ ʩʪʨʫʢʪʫʨʝ ʩʫ 

ʦʧʪʠʤʠʟʦʚʘʥʝ ʥʘ ʧʦʤʝʥʫʪʦʤ ʥʠʚʦʫ ʪʝʦʨʠʿʝ ʠ ʧʨʠʢʘʟʘʥʝ ʩʫ ʥʘ ʩʣʠʮʠ 53. ʋʧʦʨʝʜʥʠ ʧʨʠʢʘʟ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ ʠ ʪʝʦʨʠʿʩʢʠʭ ʜʫʞʠʥʘ ʚʝʟʘ ʠ ʫʛʣʦʚʘ ʿʝ ʜʘʪ ʫ ʪʘʙʝʣʘʤʘ 7 ʠ 8. ʆʚʘ ʜʚʘ ʩʢʫʧʘ 

ʧʦʜʘʪʘʢʘ ʩʫ ʫʧʦʨʝʹʝʥʘ ʠʟʨʘʯʫʥʘʚʘˁʝʤ ʢʦʝʬʠʮʠʿʝʥʪʘ ʢʦʨʝʣʘʮʠʿʝ ʠ MAE ʚʨʝʜʥʦʩʪʠ.  

 

 
 

 
 

ʉʣʠʢʘ 53. ʆʧʪʠʤʠʟʦʚʘʥʝ ʩʪʨʫʢʪʫʨʝ (ʘ) ʧʨʦʪʦʥʦʚʘʥʦʛ ʩʝʨʦʪʦʥʠʥa, (ʙ) ʙʫʬʦʪʝʥʠʥʘ ʠ (ʚ) 

ʧʩʠʣʦʮʠʥʘ ʥʘ M05-2X/6-311++G(d,p) ʥʠʚʦʫ ʪʝʦʨʠʿʝ. 

 

ʉʪʨʫʢʪʫʨʝ ʉɽʈ, ɹʋʌʆ ʠ ʇʉʀ ʩʝ ʨʘʟʣʠʢʫʿʫ ʫ ʧʦʣʦʞʘʿʫ OH ʛʨʫʧʝ ʠ ʧʦʩʪʦʿʘˁʫ ʤʝʪʠʣ 

ʛʨʫʧʘ ʥʘ ʘʤʠʥʩʢʦʤ ʘʟʦʪʫ. ʆʩʪʘʪʘʢ ʤʦʣʝʢʫʣʘ ʯʠʥʠ ʠʥʜʦʣʥʠ ʧʨʩʪʝʥ ʢʦʿʠ ʥʠʿʝ ʧʦʜʣʦʞʘʥ 

ʧʨʦʤʝʥʘʤʘ ʫʩʣʝʜ ʧʦʩʪʦʿʘˁʘ ʧʨʦʜʫʞʝʥʝ ʜʝʣʦʢʘʣʠʟʘʮʠʿʝ. ɿʙʦʛ ʪʦʛʘ ʥʠʩʫ ʦʯʝʢʠʚʘʥʝ ʟʥʘʯʘʿʥʝ 

ʧʨʦʤʝʥʝ ʫ ʜʫʞʠʥʘʤʘ ʚʝʟʘ ʠ ʫʛʣʦʚʠʤʘ ʚʝʟʘ ʧʨʠ ʧʨʦʤʝʥʠ ʩʫʧʩʪʠʪʫʝʥʪʘʪʘ. ʇʦʨʝʹʝˁʝʤ  ʜʫʞʠʥʘ 

ʚʝʟʘ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʤ ʠ ʦʪʧʠʤʠʟʦʚʘʥʠʤ ʩʪʨʫʢʪʫʨʘʤʘ ʜʦʙʠʿʝʥʠ ʩʫ ʢʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ 

0,95 (ɹʋʌʆ) ʠ 0,98 (ʉɽʈ ʠ ʇʉʀ) (ʊʘʙʝʣʘ 7). ʅʠʞʠ ʢʦʝʬʠʮʠʿʝʥʪ ʢʦʨʝʣʘʮʠʿʝ ʫ ʩʣʫʯʘʿʫ ɹʋʌʆ ʿʝ 

ʧʦʩʣʝʜʠʮʘ ʧʦʩʪʦʿʘˁʘ ʠʥʪʝʨʤʦʣʝʢʫʣʩʢʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʫ ʢʨʠʩʪʘʣʥʦʿ ʩʪʨʫʢʪʫʨʠ. ɱʝʜʠʥʦ ʿʝ ʢʦʜ 

ʙʫʬʦʪʝʥʠʥʘ ʧʨʠʤʝ˂ʝʥʦ ʜʘ ʧʦʩʪʦʿʝ ʜʚʘ ʤʦʣʝʢʫʣʘ ɹʋʌʆ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʥʘ ʤʘʣʠʤ ʨʘʩʪʦʿʘˁʠʤʘ. 

ʆʚʘ ʩʪʨʫʢʪʫʨʘ ʿʝ ʜʝʪʘˀʥʠʿʝ ʦʧʠʩʘʥʘ ʫ ʥʘʩʪʘʚʢʫ. ʄɸɽ ʚʨʝʜʥʦʩʪʠ ʟʘ ʪʨʠ ʠʩʧʠʪʠʚʘʥʘ ʤʦʣʝʢʫʣʘ 

ʩʫ 0,009 (ʉɽʈ), 0,014 (ɹʋʌʆ) ʠ 0,008 ¡ (ʇʉʀ).  

ʋʛʣʦʚʠ ʚʝʟʘ ʩʫ ʤʥʦʛʦ ʧʦʜʣʦʞʥʠʿʠ ʫʪʠʮʘʿʫ ʩʫʩʝʜʥʠʭ ʤʦʣʝʢʫʣʘ, ʧʦʩʝʙʥʦ ʫʢʦʣʠʢʦ ʧʦʩʪʦʿʝ 

ʨʦʪʘʙʠʣʥʝ ʛʨʫʧʝ ʫ ʩʪʨʫʢʪʫʨʠ, ʢʘʦ ʰʪʦ ʿʝ CH2-CH2-NH2 ʬʨʘʛʤʝʥʪ ʢʦʜ ʩʝʨʦʪʦʥʠʥʘ. ʇʦʨʝʹʝˁʝʤ 

ʚʨʝʜʥʦʩʪʠ ʠʟ ʪʘʙʝʣʝ 8 ʧʦʢʘʟʘʥ ʿʝ ʚʠʩʦʢ ʩʪʝʧʝʥ ʢʦʨʝʣʘʮʠʿʝ ʠʟʤʝʹʫ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʠʭ ʠ 

ʪʝʦʨʠʿʩʢʠʭ ʚʨʝʜʥʦʩʪʠ ʫʛʣʦʚʘ. ʂʦʝʬʠʮʠʿʝʥʪʠ ʢʦʨʝʣʘʮʠʿʝ ʩʫ ʠʟʤʝʹʫ 0,97 (ʉɽʈ) ʠ 0,99 (ʇʉʀ). 

ʆʧʪʠʤʠʟʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʇʉʀ ʿʝ ʣʠʥʝʘʨʥʘ, ʰʪʦ ʥʘʿʚʝʨʦʚʘʪʥʠʿʝ ʥʠʿʝ ʥʘʿʩʪʘʙʠʣʥʠʿʠ ʢʦʥʬʦʨʤʝʨ, 

ʘʣʠ ʧʨʝʜʩʪʘʚˀʘ ʣʦʢʘʣʥʠ ʤʠʥʠʤʫʤ ʜʦʙʠʿʝʥ ʦʧʪʠʤʠʟʘʮʠʿʦʤ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʩʪʨʫʢʪʫʨʝ. ʆʚʘʢʦ 

ʜʦʙʠʿʝʥʘ ʩʪʨʫʢʪʫʨʘ ʠʤʘ ʥʘʿʥʠʞʫ ʄɸɽ ʚʨʝʜʥʦʩʪ ʦʜ ʪʨʠ ʠʩʧʠʪʠʚʘʥʘ ʤʦʣʝʢʫʣʘ (0,49Á). ɺʨʝʜʥʦʩʪ 

MAE ʿʝ ʥʘʿʚʠʰʘ ʟʘ ɹʋʌʆ, ʰʪʦ ʿʝ ʧʦʩʣʝʜʠʮʘ ʠʥʪʝʨʘʢʮʠʿʘ ʫ ʢʨʠʩʪʘʣʥʦʿ ʩʪʨʫʢʪʫʨʠ.  
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ʊʘʙʝʣʘ 7. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʠ ʪʝʦʨʠʿʩʢʝ (ʥʘ M05-2X/6-311++G(d,p) ʥʠʚʦʫ ʪʝʦʨʠʿʝ) ʜʫʞʠʥʝ 

ʚʝʟʘ (¡) ʦʜʘʙʨʘʥʠʭ ʧʩʠʭʦʜʝʣʠʢʘ.  

 

ɺʝʟʘ 
ʇʨʦʪ. ʩʝʨʦʪʦʥʠʥ ɹʫʬʦʪʝʥʠʥ ʇʩʠʣʦʮʠʥ 

ɽʢʩʧ. ʊʝʦʨʠʿʩʢʘ ɽʢʩʧʝʨ. ʊʝʦʨʠʿʩʢʘ ɽʢʩʧ. ʊʝʦʨʠʿʩʢʘ 

N1-C1 1,370 1,381 1,376 1,378 1,362 1,370 

C1-C2 1,386 1,393 1,369 1,395 1,397 1,399 

C2-C3 1,376 1,380 1,374 1,379 1,359 1,379 

C3-C4 1,403 1,408 1,401 1,406 1,404 1,406 

C4-C5 1,382 1,380 1,351 1,379 1,381 1,382 

C4-O1 1,371 1,363 1,369 1,372 / / 

C5-C6 1,377 1,401 1,418 1,404 1,403 1,401 

C5-O1 / / / / 1,368 1,365 

C6-C7 1,432 1,437 1,403 1,438 1,441 1,441 

C6-C1 1,407 1,408 1,393 1,408 1,413 1,409 

C7-C8 1,366 1,370 1,363 1,367 1,370 1,365 

C8-N1 1,368 1,365 1,352 1,376 1,368 1,383 

C7-C9 1,501 1,494 1,489 1,496 1,502 1,500 

C9-C10 1,484 1,523 1,514 1,532 1,504 1,522 

C10-N2 1,513 1,524 1,461 1,456 1,478 1,457 

N2-C11 / / 1,475 1,453 1,463 1,453 

C11-C12 / / 1,463 1,453 1,464 1,452 

R 0,98 0,95 0,98 

MAE (Å) 0,009 0,014 0,008 

 

ʅʘʚʝʜʝʥʝ ʚʨʝʜʥʦʩʪʠ ʧʘʨʘʤʝʪʘʨʘ ʟʘ ʧʦʨʝʹʝˁʝ ʩʫ ʫ ʛʨʘʥʠʮʘʤʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʠʭ 

ʛʨʝʰʘʢʘ, ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʩʝ ʤʦʞʝ ʟʘʢˀʫʯʠʪʠ ʜʘ ʿʝ ʧʦʤʝʥʫʪʠ ʥʠʚʦ ʪʝʦʨʠʿʝ ʦʜʛʦʚʘʨʘʿʫ˂ʠ ʟʘ 

ʦʧʠʩʠʚʘˁʝ ʩʪʨʫʢʪʫʨʝ ʦʜʘʙʨʘʥʠʭ ʧʩʠʭʦʜʝʣʠʢʘ. ɼʨʫʛʠ ʚʘʞʘʥ ʟʘʢˀʫʯʘʢ ʿʝ ʜʘ ʥʝʤʘ ʟʥʘʯʘʿʥʠʭ 

ʧʨʦʤʝʥʘ ʫ ʜʫʞʠʥʘʤʘ ʚʝʟʘ ʫʩʣʝʜ ʧʨʦʤʝʥʘ ʧʦʣʦʞʘʿʘ ʩʫʧʩʪʠʪʫʝʥʪʘʪʘ ʠ ʜʦʜʘʪʢʘ ʤʝʪʠʣ ʛʨʫʧʘ ʥʘ 

ʘʟʦʪʦʚʦʤ ʘʪʦʤʫ ʘʤʠʥʦ ʛʨʫʧʝ. ʅʘ ʦʩʥʦʚʫ ʪʦʛʘ, ʧʨʝʪʧʦʩʪʘʚʢʘ ʜʘ ʩʝ ʧʩʠʭʦʘʢʪʠʚʥʝ ʩʫʧʩʪʘʥʮʝ ʤʦʛʫ 

ʟʘʤʝʥʠʪʠ ʜʦʩʪʫʧʥʠʿʠʤ ʘʥʘʣʦʟʠʤʘ, ʢʘʦ ʫ ʩʣʫʯʘʿʫ ʢʦʨʠʰ˂ʝˁʘ ʩʝʨʦʪʦʥʠʥʘ ʫʤʝʩʪʦ ʙʫʬʦʪʝʥʠʥʘ ʠ 

ʧʩʠʣʦʮʠʥʘ, ʿʝ ʜʦʢʘʟʘʥʘ ʩʪʨʫʢʪʫʨʥʦʤ ʘʥʘʣʠʟʦʤ. 

ʀʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʤʦʣʝʢʫʣʘ ɹʋʌʆ ʫ ʢʨʠʩʪʘʣʥʦʿ ʩʪʨʫʢʪʫʨʠ ʩʫ ʜʦʜʘʪʥʦ ʠʩʧʠʪʘʥʝ ʫ 

ʧʨʦʛʨʘʤʫ CrystalExplorer. ɽʥʝʨʛʠʿʝ ʠʥʪʝʨʘʢʮʠʿʘ ʩʫ ʠʟʨʘʯʫʥʘʪʝ ʥʘ B3LYP/6-31G(d,p). 

ʀʥʪʝʨʘʢʮʠʿʝ ʠʟʤʝʹʫ ʤʦʣʝʢʫʣʘ ʩʫ ʧʨʝʜʩʪʘʚˀʝʥʝ ʥʘ ʩʣʠʮʠ 54. ɽʥʝʨʛʠʿʘ ʠʥʪʝʨʘʢʮʠʿʝ ʠʟʥʦʩʠ -34,4 

kJ mol-1 ʠ ʩʘʩʪʦʿʠ ʩʝ ʦʜ ʝʥʝʨʛʠʿʝ ʝʣʝʢʪʨʦʩʪʘʪʠʯʢʠʭ (-10,0 kJ mol-1), ʧʦʣʘʨʠʟʘʮʠʦʥʠʭ (-1,8 kJ mol-

1), ʜʠʩʧʝʨʟʠʦʥʠʭ (-42,5 kJ mol-1) ʠ ʦʜʙʦʿʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ (23,4 kJ mol-1). ɻʣʘʚʥʠ ʜʦʧʨʠʥʦʩ 

ʫʢʫʧʥʦʿ ʝʥʝʨʛʠʿʠ ʧʦʪʠʯʝ ʦʜ ʜʠʩʧʝʨʟʠʦʥʠʭ ʠʥʪʝʨʘʢʮʠʿʘ ʢʦʿʝ ʩʝ ʦʩʪʚʘʨʫʿʫ ʠʟʤʝʹʫ ʘʪʦʤʘ 

ʚʦʜʦʥʠʢʘ ʠʣʠ ʘʪʦʤʘ ʫʛˀʝʥʠʢʘ ʠ ʚʦʜʦʥʠʢʘ, ʢʘʦ ʰʪʦ ʿʝ ʧʨʠʢʘʟʘʥʦ ʥʘ ʩʣʠʮʠ 54. ʀʘʢʦ ʩʫ ʦʚʝ 

ʠʥʝʨʘʢʮʠʿʝ ʩʣʘʙʝ, ʤʦʛʫ ʫʪʠʮʘʪʠ ʥʘ ʢʦʥʬʦʨʤʘʮʠʦʥʝ ʧʨʦʤʝʥʝ ʨʦʪʘʙʠʣʥʠʭ ʜʝʣʦʚʘ ʫ ʤʦʣʝʢʫʣʫ. 

ɿʙʦʛ ʪʦʛʘ ʧʦʣʦʞʘʿʠ ʘʪʦʤʘ ʦʢʦ ʪʝʨʮʠʿʘʨʥʠʭ ʘʤʠʥʦ ʘʟʦʪʘ ʥʠʩʫ ʠʜʝʥʪʠʯʥʝ ʠ ʜʝʣʦʤ ʦʧʠʩʫʿʫ 

ʧʨʦʤʝʥʝ ʢʦʿʝ ʧʦʩʪʦʿʝ ʫ ʦʧʪʠʤʠʟʦʚʘʥʦʿ ʩʪʨʫʢʪʫʨʠ ʫ ʦʜʥʦʩʫ ʥʘ ʢʨʠʩʪʘʣʦʛʨʘʬʩʢʫ.  
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ʊʘʙʝʣʘ 8. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʝ ʠ ʪʝʦʨʠʿʩʢʝ (ʥʘ M05-2X/6-311++G(d,p) ʥʠʚʦʫ ʪʝʦʨʠʿʝ) ʫʛʣʦʚʠ ʚʝʟʘ 

(Á) ʦʜʘʙʨʘʥʠʭ ʧʩʠʭʦʜʝʣʠʢʘ.  

 

ʋʛʘʦ 
ʉʝʨʦʪʦʥʠʥ ɹʫʬʦʪʝʥʠʥ ʇʩʠʣʦʮʠʥ 

ɽʢʩʧ. ʊʝʦʨʠʿʩʢʘ ɽʢʩʧ. ʊʝʦʨʠʿʩʢʘ ɽʢʩʧ. ʊʝʦʨʠʿʩʢʘ 

N1-C1-C2 131,31 130,91 131,88 130,95 129,69 130,16 

N1-C1-C6 107,52 107,48 104,19 107,34 107,80 106,87 

C1-C2-C3 118,08 117,77 118,49 117,95 117,14 116,86 

C2-C3-C4 121,12 121,19 119,06 120,87 122,09 121,72 

C3-C4-C5 120,46 121,17 122,34 121,50 120,91 120,64 

C3-C4-O1 121,44 121,60 114,28 115,99 / / 

O1-C4-C5 118,10 117,23 123,36 122,50 / / 

C4-C5-O1 / / / / 122,25 122,84 

O1-C5-C6 / / / / 118,99 117,61 

C4-C5-C6 119,06 118,36 119,66 118,39 118,75 119,55 

C5-C6-C7 133,09 133,45 133,11 133,04 134,48 133,78 

C5-C6-C1 120,09 119,90 116,43 119,58 118,56 118,26 

C6-C7-C8 106,75 106,94 105,03 106,20 105,77 105,72 

C6-C7-C9 123,40 125,17 129,54 125,96 126,85 126,38 

C7-C8-N1 109,64 109,59 109,75 110,20 110,47 110,11 

C8-N1-C1 109,29 109,34 110,57 108,87 109,09 109,35 

C8-C7-C9 129,74 127,86 125,24 127,81 127,33 127,89 

C7-C9-C10 113,88 108,50 109,48 111,16 113,42 112,60 

C9-C10-N2 115,43 110,42 114,68 113,21 113,26 113,05 

C10-N2-C11 / / 108,66 109,92 112,52 111,89 

C10-N2-C12 / / 112,39 111,62 110,01 109,82 

C11-N2-C12 / / 109,40 109,91 109,96 109,81 

R 0,97 0,98 0,99 

MAE (°) 1,07 1,48 0,49 

 

 

ʉʣʠʢʘ 54. ʇʨʠʢʘʟ ʠʥʪʝʨʘʢʮʠʿʘ ʠʟʤʝʹʫ ʜʚʘ ʤʦʣʝʢʫʣʘ ʙʫʬʦʪʝʥʠʥʘ ʫ ʢʨʠʩʪʘʣʥʦʿ ʩʪʨʫʢʪʫʨʠ 

(ʮʨʚʝʥʠʤ ʠʩʧʨʝʢʠʜʘʥʠʤ ʣʠʥʠʿʘʤʘ ʩʫ ʧʨʠʢʘʟʘʥʝ ʠʥʪʝʨʘʢʮʠʿʝ, CrystalExplorer) 

 

 














































































