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ʉʧʝʢʪʨʦʩʢʦʧʠʷ 05: ʇʨʠʤʝʥʝʥʠʝ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ ʩʚʝʪʘ ʜʣʷ 

ʠʟʫʯʝʥʠʷ ʫʛʣʝʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

 



ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ  

a 

ɹʀʆʃʆɻʀʏɽʉʂɸʗ ʀ ʄɽɼʀʎʀʅʉʂɸʗ ɼʀɸɻʅʆʉʊʀʂɸ 

ʆʙʥʘʨʫʞʝʥʠʝ ʩʢʨʳʪʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʦʣʝʢʫʣʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʠʤʠʯʝʩʢʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʝʧʘʨʘʪʦʚ, 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʪʢʘʥʝʡ, ʧʘʪʘʣʦʛʦʘʥʘʪʦʤʠʷ. 

ʄʝʞʢʣʝʪʦʯʥʘʷ SERS ʣʦʢʘʣʠʟʘʮʠʷ ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ, ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʢʣʝʪʢʠ ʠ Drug-DNA, 

ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʣʝʪʦʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤʦʚ ʚ ʢʣʝʪʢʘʭ; ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʜʨʦʞʞʝʚʳʭ ʢʣʝʪʦʢ, ʝʜʠʥʠʯʥʳʭ ʙʘʢʪʝʨʠʡ. 

ɺʳʷʚʣʝʥʠʝ ʨʘʢʦʚʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦʤ ʫʨʦʚʥʝ (ʰʝʡʥʳʡ, ʣʝʛʦʯʥʳʡ ʠ ʜʨ.). 

ʂʘʨʜʠʦʣʦʛʠʯʝʩʢʘʷ ʜʠʘʛʥʦʩʪʠʢʘ (ʘʪʝʨʦʩʢʣʝʨʦʟ ʩʦʩʫʜʦʚ) 

 

ʌɸʈʄɸʎɽɺʊʀʂɸ 

ɸʥʘʣʠʟ ʪʘʙʣʝʪʦʢ, ʨʘʩʪʚʦʨʦʚ ʠ ʛʝʣʝʡ. 

ʄʝʪʦʜʳ ʪʱʘʪʝʣʴʥʦʡ ʩʦʨʪʠʨʦʚʢʠ ʠ ʧʨʦʚʝʨʢʠ ʚʳʩʦʢʦʡ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ. 

ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʦʧʨʝʜʝʣʝʥʠʝ ʤʦʤʝʥʪʘ ʟʘʚʝʨʰʝʥʠʷ ʧʨʦʮʝʩʩʘ. 

ʊʝʭʥʦʣʦʛʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʦʮʝʩʩʦʚ (PAT), ʢʦʥʪʨʦʣʴ ʥʘ ʣʠʥʠʠ ʠ ʫʧʨʘʚʣʝʥʠʝ: ʢʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʦʚ 

ʩʫʰʢʠ, ʧʦʢʨʳʪʠʷ ʦʙʦʣʦʯʢʦʡ, ʩʤʝʰʠʚʘʥʠʷ ʧʨʝʧʘʨʘʪʦʚ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʘʥʘʣʠʟ API, ʧʨʠʩʘʜʦʢ ʠ ʥʘʧʦʣʥʠʪʝʣʝʡ. 

ʂʦʥʪʨʦʣʴ ʩʦʩʪʦʷʥʠʷ ʣʝʢʘʨʩʪʚ: ʯʠʩʪʦʪʘ ʠ ʢʘʯʝʩʪʚʦ. 

ʇʨʦʚʝʨʢʘ ʩʳʨʴʷ: 100% ʠʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʧʨʦʚʝʨʢʘ ʚʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

 

ʂʈ ʄʀʂʈʆʉʂʆʇʀʗ 

ɸʥʘʣʠʟ ʣʝʢʘʨʩʪʚ: ʤʦʣʝʢʫʣʷʨʥʳʡ ʠ ʤʠʢʨʦʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʩʣʦʞʥʳʝ ʩʤʝʩʠ, ʥʘʧʨʠʤʝʨ, 

ʙʝʪʘ-ʢʘʨʦʪʠʥʘ ʚ ʤʫʣʴʪʠʚʠʪʘʤʠʥʘʭ. 

ʊʦʥʢʦʧʣʝʥʦʯʥʳʡ ʘʥʘʣʠʟ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʯʝʩʪʚʘ ʘʣʤʘʟʥʦʡ ʧʣʝʥʢʠ. 

ʉʫʜʝʙʥʘʷ ʵʢʩʧʝʨʪʠʟʘ ʚʦʣʦʢʦʥ, ʪʢʘʥʝʡ, ʧʠʛʤʝʥʪʦʚ, ʧʷʪʝʥ ʠ ʜʨ. 
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ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

a 

ʇʆʃʀʄɽʈʅʓɽ ʀ ʍʀʄʀʏɽʉʂʀɽ ʇʈʆʎɽʉʉʓ 

ʂʦʥʪʨʦʣʴ ʢʘʯʝʩʪʚʘ ʥʘ ʚʭʦʜʝ ʠ ʚʳʭʦʜʝ. 

ɺʳʷʚʣʝʥʠʝ ʟʘʛʨʷʟʥʷʶʱʠʭ ʚʝʱʝʩʪʚ ʥʘ ʧʨʦʠʟʚʦʜʩʪʚʝ. 

ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʇʨʦʛʥʦʟ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʦʚ. 

ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ/ʭʝʤʦʤʝʪʨʠʷ ʜʣʷ ʧʨʦʛʥʦʟʘ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʜʨ. 

ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

ʂʦʥʪʨʦʣʴ ʧʨʦʮʝʩʩʘ ʧʦʣʠʤʝʨʠʟʘʮʠʠ. 

ʇʨʦʛʥʦʟ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʦʚ. 

ʄʥʦʛʦʚʘʨʠʘʥʪʥʳʡ ʘʥʘʣʠʟ/ʭʝʤʦʤʝʪʨʠʷ ʜʣʷ ʧʨʦʛʥʦʟʘ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ, 

ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʜʨ. 

ɸʥʘʣʠʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ. 

 

ʀɿʋʏɽʅʀɽ ʆʂʈʋɾɸʖʑɽʁ ʉʈɽɼʓ 

ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʛʨʷʟʥʝʥʠʡ ʧʦ ʪʝʭʥʦʣʦʛʠʠ SERS. 

ʆʙʥʘʨʫʞʝʥʠʝ ʟʘʛʨʷʟʥʠʪʝʣʝʡ ʚ ʚʦʜʝ. 

ʇʝʪʨʦʭʠʤʠʯʝʩʢʠʡ ʘʥʘʣʠʟ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʘʥʘʣʠʟ ʦʩʘʜʢʘ ʚ ʚʦʜʝ. 

 

ʉʋɼɽɹʅɸʗ ʕʂʉʇɽʈʊʀɿɸ 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘʨʢʦʪʠʢʦʚ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʦʤ. 

ɺʟʨʳʚʯʘʪʳʝ ʚʝʱʝʩʪʚʘ:  ʪʦʯʥʳʡ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, PETN, RDX ʠ ʩʚʷʟʫʶʱʠʝ ʢʦʤʧʦʥʝʥʪʳ ʚʟʨʳʚʯʘʪʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʘʥʘʣʠʟ ʪʦʢʩʠʯʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʦʨʫʞʠʷ. 

ʉʫʜʝʙʥʘʷ ʵʢʩʧʝʨʪʠʟʘ ʚʦʣʦʢʦʥ, ʪʢʘʥʝʡ, ʧʠʛʤʝʥʪʦʚ, ʧʷʪʝʥ ʠ ʜʨ. ʩ ʧʦʤʦʱʴʶ ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. 
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ʇʨʠʤʝʥʝʥʠʝ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ 

a 

ɻɽʄʄʆʃʆɻʀʗ 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠ ʧʨʦʚʝʨʢʘ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʥʝʨʘʟʨʫʰʘʶʱʠʤ ʤʝʪʦʜʦʤ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ ʂʈ ʤʝʪʦʜʦʤ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʠʟʦʤʦʨʬʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʧʦʜʚʠʜʘ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ. 

ɸʥʘʣʠʟ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʜʨʘʛʦʮʝʥʥʦʛʦ ʢʘʤʥʷ ʂʈ ʤʝʪʦʜʦʤ. 

ʂʦʥʪʨʦʣʴ ʧʦʜʜʝʣʦʢ, ʥʘʧʨʠʤʝʨ, ʚʳʷʚʣʝʥʠʝ çʘʣʤʘʟʦʚè, ʚʳʧʦʣʥʝʥʥʳʭ ʠʟ ʮʠʨʢʦʥʠʷ. 

 

ɻɽʆʃʆɻʀʗ ʀ ʄʀʅɽʈɸʃʆɻʀʗ 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʛʝʦʣʦʛʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʆʮʝʥʢʘ ʚʢʣʶʯʝʥʠʡ ʚ ʤʠʥʝʨʘʣʘʭ. 

ɸʥʘʣʠʟ ʮʝʤʝʥʪʥʦʛʦ ʰʣʘʢʘ ʂʈ ʤʝʪʦʜʦʤ. 

ɸʥʘʣʠʟ ʜʨʝʚʥʠʭ ʘʨʪʝʬʘʢʪʦʚ. 

 

ʉɽʃʔʉʂʆʍʆɿʗʁʉʊɺɽʅʅɸʗ ʀ ʇʀʑɽɺɸʗ ʇʈʆʄʓʐʃɽʅʅʆʉʊʀ 

ʀʟʤʝʨʝʥʠʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʞʠʨʦʚʳʭ ʢʠʩʣʦʪ ʚ ʤʘʩʣʘʭ. 

ʆʙʥʘʨʫʞʝʥʠʝ ʙʘʢʪʝʨʠʡ ʠ ʟʘʛʨʷʟʥʝʥʠʡ ʚ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʘʭ. 

ʀʜʝʥʪʠʬʠʢʘʮʠʷ ʥʘʨʢʦʪʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ: ʥʫʪʨʠʮʝʚʪʠʢʦʚ ʚʦ ʬʨʫʢʪʦʚʳʭ ʩʦʢʘʭ. 

ɸʥʘʣʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʝʨʥʝ. 

 

ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺɸʗ ʀ ʕʅɽʈɻɽʊʀʏɽʉʂɸʗ ʇʈʆʄʓʐʃɽʅʅʆʉʊʔ 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʠʣʠʢʦʥʦʚʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ: ʢʦʥʪʨʦʣʴ ʂʈ ʤʝʪʦʜʦʤ ʠʟʤʝʥʝʥʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʦʪ 

ʘʤʦʨʬʥʦʡ ʜʦ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ɸʥʘʣʠʟ ʤʠʢʨʦʯʘʩʪʠʮ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʪʝʥʮʠʘʣʴʥʦʤ ʟʘʛʨʷʟʥʝʥʠʠ. 

ʂʦʥʪʨʦʣʴ ʤʝʭʘʥʠʯʝʩʢʦʡ ʥʘʛʨʫʟʢʠ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʭ. 
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ʇʣʘʥ ʣʝʢʮʠʠ 

1. ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʛʨʘʬʠʪʘ 

2. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʛʨʘʬʠʪ-ɸʣʤʘʟ 

ʤʝʪʦʜʦʤ ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

3. ʂʈ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʤʠʥʝʨʘʣʦʚ 

ɼʠʘʛʨʘʤʤʘ ʗʙʣʦʥʩʢʦʛʦ (a) ʈʵʣʝʝʚʩʢʦʛʦ ʨʘʩʩʝʷʥʠʷ 

(b)  ʥʝʨʝʟʦʥʘʥʩʥʦʛʦ ʉʪʦʢʩʦʚʘ ʠ (c)  

ʘʥʪʠʩʪʦʢʩʦʚʦʛʦ ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ, ʘ 

ʪʘʢʞʝ (d) ʧʨʝʜʨʝʟʦʥʘʥʩʥʦʛʦ ʠ (e, f)  ʨʝʟʦʥʘʥʩʥʦʛʦ 

ʢʦʤʙʠʥʘʮʠʦʥʥʦʛʦ ʨʘʩʩʝʷʥʠʷ. 



ɸʣʤʘʟ ʠ ʛʨʘʬʠʪ 



ʍʠʤʠʯʝʩʢʘʷ ʩʚʷʟʴ ʫʛʣʝʨʦʜʘ 

 

Åʋʛʣʝʨʦʜ ʠʤʝʝʪ ʯʝʪʳʨʝ 

ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʘ ʠ ʧʦʵʪʦʤʫ 

ʦʙʨʘʟʫʝʪ ʯʝʪʳʨʝ ʩʚʷʟʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʟʘʤʢʥʫʪʦʡ ʦʙʦʣʦʯʢʠ. 

 

Åɻʠʙʨʠʜʠʟʘʮʠʷ sp3 ʧʨʠʚʦʜʠʪ ʢ 

ʯʝʪʳʨʝʤ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʩʚʷʟʷʤ 

ʪʝʪʨʘʵʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ. 

 

Åʇʨʠʤʝʨʳ ʚʝʱʝʩʪʚ ʩ ʫʛʣʝʨʦʜʦʤ, 

ʩʚʷʟʘʥʥʳʡ ʩ  ʩʦʩʝʜʷʤʠ ʩʚʷʟʴʶ ʩ 

sp3 ʛʠʙʨʠʜʠʟʘʮʠʝʡ. 



spʭ ʛʠʙʨʠʜʠʟʘʮʠʷ 

ʂʦʥʮʝʧʮʠʷ ʛʠʙʨʠʜʠʟʘʮʠʠ ʚʘʣʝʥʪʥʳʭ ʘʪʦʤʥʳʭ ʦʨʙʠʪʘʣʝʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʘʤʝʨʠʢʘʥʩʢʠʤ 

ʭʠʤʠʢʦʤ ʃʘʡʥʫʩʦʤ ʇʦʣʠʥʛʦʤ ʜʣʷ ʦʪʚʝʪʘ ʥʘ ʚʦʧʨʦʩ, ʧʦʯʝʤʫ ʧʨʠ ʥʘʣʠʯʠʠ ʫ ʮʝʥʪʨʘʣʴʥʦʛʦ 

ʘʪʦʤʘ ʨʘʟʥʳʭ (s, p, d) ʚʘʣʝʥʪʥʳʭ ʦʨʙʠʪʘʣʝʡ, ʦʙʨʘʟʦʚʘʥʥʳʝ ʠʤ ʩʚʷʟʠ ʚ ʤʥʦʛʦʘʪʦʤʥʳʭ 

ʤʦʣʝʢʫʣʘʭ ʩ ʦʜʠʥʘʢʦʚʳʤʠ ʣʠʛʘʥʜʘʤʠ ʦʢʘʟʳʚʘʶʪʩʷ ʵʢʚʠʚʘʣʝʥʪʥʳʤʠ ʧʦ ʩʚʦʠʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 

ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ. ʈʘʩʩʤʦʪʨʠʤ ʩʪʨʫʢʪʫʨʫ ʵʣʝʢʪʨʦʥʥʳʭ ʦʨʙʠʪʘʣʝʡ 

ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʫʛʣʝʨʦʜʘ.  

ʇʨʦʪʦʥ, ʦʙʨʘʟʫʶʱʠʡ ʷʜʨʦ ʘʪʦʤʘ ʚʦʜʦʨʦʜʘ, ʧʨʠʪʷʛʠʚʘʝʪ ʢ ʫʛʣʝʨʦʜʫ ʦʜʠʥ ʠʟ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ 

ʩ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʥʝʨʛʠʝʡ. ʕʪʦ ʚʳʟʳʚʘʝʪ ʚʦʟʙʫʞʜʝʥʠʝ, ʧʝʨʝʤʝʱʘʷ ʵʣʝʢʪʨʦʥ 2s ʚ ʦʨʙʠʪʘʣʴ 2p.   

ʕʣʝʢʪʨʦʥʳ ʦʩʥʦʚʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʷ ʚ ʉʅ4. ʍʦʪʷ 

ʚʦʟʙʫʞʜʝʥʠʝ ʵʣʝʢʪʨʦʥʘ 2s ʚ ʦʨʙʠʪʘʣʴ 2p ʪʝʦʨʝʪʠʯʝʩʢʠ ʜʦʧʫʩʢʘʣʦ ʙ  r ʯʝʪʳʨʝ ʩʚʷʟʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʝʦʨʠʝʡ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʥʦ ʵʪʦ ʦʟʥʘʯʘʣʦ ʙʳ, ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʩʚʷʟʠ CH4 

ʙʫʜʫʪ ʠʤʝʪʴ ʨʘʟʥʳʝ ʵʥʝʨʛʠʠ ʠʟ-ʟʘ ʨʘʟʥʳʭ ʫʨʦʚʥʝʡ ʦʨʙʠʪʘʣʴʥʦʛʦ ʧʝʨʝʢʨʳʪʠʷ. ʇʝʨʚʳʤ 

ʰʘʛʦʤ ʚ ʛʠʙʨʠʜʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʧʝʨʝʭʦʜ ʦʜʥʦʛʦ ʠʟ 2s ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʦʨʙʠʪʘʣʴ 2p : 



sp3 ʛʠʙʨʠʜʠʟʘʮʠʷ 

ɿʘʪʝʤ, ʇʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʦʜʥʦʡ s- ʠ ʪʨʝʭ p-ʦʨʙʠʪʘʣʝʡ, ʦʙʨʘʟʫʷ ʯʝʪʳʨʝ 

ʨʘʚʥʦʮʝʥʥʳʝ ʧʦ ʬʦʨʤʝ ʠ ʵʥʝʨʛʠʠ sp3-ʛʠʙʨʠʜʥʳʝ ʦʨʙʠʪʘʣʠ.  

ʆʩʠ sp3-ʛʠʙʨʠʜʥʳʭ ʦʨʙʠʪʘʣʝʡ ʥʘʧʨʘʚʣʝʥʳ ʢ ʚʝʨʰʠʥʘʤ ʪʝʪʨʘʵʜʨʘ, ʪʦʛʜʘ ʢʘʢ ʷʜʨʦ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ 

ʨʘʩʧʦʣʦʞʝʥʦ ʚ ʮʝʥʪʨʝ ʦʧʠʩʘʥʥʦʡ ʩʬʝʨʳ ʵʪʦʛʦ ʪʝʪʨʘʵʜʨʘ. ʋʛʦʣ ʤʝʞʜʫ ʣʶʙʳʤʠ ʜʚʫʤʷ ʦʩʷʤʠ ʧʨʠʙʣʠʞʸʥʥʦ 

ʨʘʚʝʥ 109Á28', ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʠʤʝʥʴʰʝʡ ʵʥʝʨʛʠʠ ʦʪʪʘʣʢʠʚʘʥʠʷ ʵʣʝʢʪʨʦʥʦʚ. ʊʘʢʞʝ sp3-ʦʨʙʠʪʘʣʠ 

ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴ ʯʝʪʳʨʝ ů-ʩʚʷʟʠ ʩ ʜʨʫʛʠʤʠ ʘʪʦʤʘʤʠ ʠʣʠ ʟʘʧʦʣʥʷʪʴʩʷ ʥʝʧʦʜʝʣʝʥʥʳʤʠ ʧʘʨʘʤʠ 

ʵʣʝʢʪʨʦʥʦʚ. ʊʘʢʦʝ ʩʦʩʪʦʷʥʠʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʘʪʦʤʦʚ ʫʛʣʝʨʦʜʘ ʚ ʥʘʩʳʱʝʥʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʘʭ ʠ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʘʣʢʠʣʴʥʳʭ ʨʘʜʠʢʘʣʘʭ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʭ.  

 (Wikipedia, 2010).  



sp2 ʛʠʙʨʠʜʠʟʘʮʠʷ 

ʕʪʠʣʝʥ (C2H4) ʠʤʝʝʪ ʜʚʦʡʥʫʶ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛʣʝʨʦʜʘʤʠ. ɺ ʤʦʣʝʢʫʣʝ ʵʪʠʣʝʥʘ ʧʦʜʚʝʨʛʘʶʪʩʷ 

ʛʠʙʨʠʜʠʟʘʮʠʠ ʦʜʥʘ s- ʠ ʜʚʝ p-ʦʨʙʠʪʘʣʠ ʘʪʦʤʦʚ C (sp2-ʛʠʙʨʠʜʠʟʘʮʠʷ). ʇʨʠ ʛʠʙʨʠʜʠʟʘʮʠʠ 

sp2 ʦʨʙʠʪʘʣʴ 2s ʩʤʝʰʠʚʘʝʪʩʷ ʪʦʣʴʢʦ ʩ ʜʚʫʤʷ ʠʟ ʪʨʝʭ ʜʦʩʪʫʧʥʳʭ ʦʨʙʠʪʘʣʝʡ 2p, ʦʙʨʘʟʫʷ ʚ 

ʦʙʱʝʡ ʩʣʦʞʥʦʩʪʠ 3 ʦʨʙʠʪʘʣʠ sp2 ʩ ʦʜʥʦʡ ʦʩʪʘʚʰʝʡʩʷ p-ʦʨʙʠʪʘʣʴʶ.  

ɺ ʵʪʠʣʝʥʝ ʜʚʘ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʦʙʨʘʟʫʶʪ ů-ʩʚʷʟʴ, ʧʝʨʝʢʨʳʚʘʷ 

ʜʚʝ ʦʨʙʠʪʘʣʠ sp2, ʠ ʢʘʞʜʳʡ ʘʪʦʤ ʫʛʣʝʨʦʜʘ ʦʙʨʘʟʫʝʪ ʜʚʝ 

ʢʦʚʘʣʝʥʪʥʳʝ ʩʚʷʟʠ ʩ ʚʦʜʦʨʦʜʦʤ s-sp2 ʧʝʨʝʢʨʳʚʘʶʪ ʚʩʝ ʩ ʫʛʣʘʤʠ 

120Á. ů-ʩʚʷʟʴ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʝʢʨʳʪʠʝʤ 2p-2p. 

ɺʦʜʦʨʦʜʥʦ-ʫʛʣʝʨʦʜʥʳʝ ʩʚʷʟʠ ʠʤʝʶʪ ʦʜʠʥʘʢʦʚʫʶ ʧʨʦʯʥʦʩʪʴ ʠ 

ʜʣʠʥʫ (Wikipedia, 2010). 



ˊ ʠ s- ʩʚʷʟʠ ʚ ʫʛʣʝʨʦʜʝ 

http://www.mistralab.it/approfondimenti/Telecomunicazioni_progetto2/grafene/Structure%20of%20graphene.html 

NanoManufacturing Michael De Volder, Engineering Department - IfM  



sp ʛʠʙʨʠʜʟʘʮʠʷ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʤʝʰʠʚʘʥʠʠ ʦʜʥʦʡ s- ʠ ʦʜʥʦʡ p-ʦʨʙʠʪʘʣʝʡ. ʆʙʨʘʟʫʶʪʩʷ ʜʚʝ 

ʨʘʚʥʦʮʝʥʥʳʝ sp-ʘʪʦʤʥʳʝ ʦʨʙʠʪʘʣʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʣʠʥʝʡʥʦ ʧʦʜ ʫʛʣʦʤ 180 ʛʨʘʜʫʩʦʚ ʠ 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʚ ʨʘʟʥʳʝ ʩʪʦʨʦʥʳ ʦʪ ʷʜʨʘ ʮʝʥʪʨʘʣʴʥʦʛʦ ʘʪʦʤʘ. ɼʚʝ ʦʩʪʘʚʰʠʝʩʷ ʥʝʛʠʙʨʠʜʥʳʝ p-

ʦʨʙʠʪʘʣʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʦ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳʭ ʧʣʦʩʢʦʩʪʷʭ ʠ ʫʯʘʩʪʚʫʶʪ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

-́ʩʚʷʟʝʡ, ʣʠʙʦ ʟʘʥʠʤʘʶʪʩʷ ʥʝʧʦʜʝʣʸʥʥʳʤʠ ʧʘʨʘʤʠ ʵʣʝʢʪʨʦʥʦʚ.   

sp ʛʠʙʨʠʜʟʘʮʠʷ 

ʉʦʝʜʠʥʷʷʩʴ, ʜʚʘ ʘʪʦʤʘ ʫʛʣʝʨʦʜʘ ʚ ʩʦʩʪʦʷʥʠʠ sʨ-ʛʠʙʨʠʜʠʟʘʮʠʠ ʦʙʨʘʟʫʶʪ ʦʜʥʫ ů-ʩʚʷʟʴ ʠ 

ʜʚʝ -́ʩʚʷʟʠ. ʆʜʥʘ ů-ʩʚʷʟʴ ʠ ʜʚʝ -́ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʫʛʣʝʨʦʜʘ ʚʤʝʩʪʝ ʦʙʨʘʟʫʶʪ 

ʪʨʦʡʥʫʶ ʩʚʷʟʴ. ʀ ʥʘʢʦʥʝʮ, ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ů-ʩʚʷʟʠ ʤʝʞʜʫ ʘʪʦʤʘʤʠ ʚʦʜʦʨʦʜʘ ʠ 

ʫʛʣʝʨʦʜʘ. ʄʦʣʝʢʫʣʘ ʘʮʝʪʠʣʝʥʘ ʠʤʝʝʪ ʣʠʥʝʡʥʦʝ ʩʪʨʦʝʥʠʝ, ʚʩʝ ʯʝʪʳʨʝ ʘʪʦʤʘ ʣʝʞʘʪ ʥʘ 

ʦʜʥʦʡ ʧʨʷʤʦʡ. 



ʉʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʛʨʘʬʝʥʦʚʦʛʦ ʩʣʦʷ 

ɺʝʢʪʦʨʘ ʩʦʙʩʪʚʝʥʥʳʭ ʢʦʣʝʙʘʥʠʡ (ʬʦʥʦʥʦʚ) ʚ ʛʨʘʬʝʥʝ ʠ ʛʨʘʬʠʪʝ. ʂʘʞʜʳʡ 

ʩʦʙʩʪʚʝʥʥʳʡ ʚʝʢʪʦʨ ʛʨʘʬʝʥʘ ʧʦʨʦʞʜʘʝʪ ʜʚʘ ʢʦʣʝʙʘʥʠʷ ʛʨʘʬʠʪʘ. ʊʘʢʞʝ ʫʢʘʟʳʚʘʝʪʩʷ 

ʷʚʣʷʶʪʩʷ ʣʠ ʢʦʣʝʙʘʥʠʷ  ʂʈ (R) ʠʣʠ ʠʥʬʨʘʢʨʘʩʥʳʤʠ (IR) ʘʢʪʠʚʥʳʤʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʤʠ ʯʘʩʪʦʪʘʤʠ ʬʦʥʦʥʦʚ.  

Reich,  Thomsen Phil. Trans. R. Soc. Lond. A (2004) 362, 2271ï2288.   



ʉʦʙʩʪʚʝʥʥʳʝ ʢʦʣʝʙʘʥʠʷ ʙʝʥʟʦʣʘ 


