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̛̛̝̟̜̎̊̒̒̎̚ 
 

 

 

ɀŮ Űɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɛŮ ŰɑŰɚɞ óôɆɨɜɗŮůɖ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ 

ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ ɛŮ ŬɜŰɘəŬɟəɘɜɘəɐ  ŭɟɎůɖôô, ɞɚɞəɚɖɟɩɜɤ Űɘɠ ɛŮŰŬˊŰɡɢɘŬəɏɠ ůˊɞɡŭɏɠ ɛɞɡ ůŰɞ 

ȹɄɀɆ óóȷɜɧɟɔŬɜɖ ȸɘɞɚɞɔɘəɐ ɉɖɛŮɑŬôô ɛŮ ɏŭɟŬ Űɞ ɄŬɜŮˊɘůŰɐɛɘɞ ȽɤŬɜɜɑɜɤɜ. ȼ Ůəˊɧɜɖůɖ Űɖɠ 

ŮɟŮɡɜɖŰɘəɐɠ ŮɟɔŬůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ ȺɟɔŬůŰɐɟɘɞ ȷɜɧɟɔŬɜɖɠ ɉɖɛŮɑŬɠ, Űɞɡ ɇɛɐɛŬŰɞɠ 

ɉɖɛŮɑŬɠ Űɞɡ  Ⱥɗɜɘəɞɨ əŬɘ ȾŬˊɞŭɘůŰɟɘŬəɞɨ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ. ȼ ŰŮɚɘəɐ ŭɘŬɛɧɟűɤůɖ Űɖɠ 

ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ŬˊɞŰɏɚŮůɛŬ ŮəŰŮɜɞɨɠ ŬɜŬɕɐŰɖůɖɠ, ɏɟŮɡɜŬɠ, ˊŮɘɟŬɛɎŰɤɜ əŬɘ ŭɞəɘɛɩɜ, əŬɗɩɠ əŬɘ 

ˊɟɞɥɧɜ ɡˊɞůŰɐɟɘɝɖɠ əŬɘ əŬɗɞŭɐɔɖůɖɠ ůɡɔəŮəɟɘɛɏɜɤɜ Ŭɜɗɟɩˊɤɜ, Űɞɡɠ ɞˊɞɑɞɡɠ ɗŬ ɐɗŮɚŬ ůŮ ŬɡŰɧ 

Űɞ ůɖɛŮɑɞ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ.  

ȷɟɢɘəɎ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɘŭɘŬɑŰŮɟŬ Űɖɜ ŮˊɘɓɚɏˊɞɡůŬ əŬɘ ɞɛɧŰɘɛɖ əŬɗɖɔɐŰɟɘŬ Űɖɠ 

ŭɘˊɚɤɛŬŰɘəɐɠ ɛɞɡ ə. ɉɟɘůŰɑɜŬ-ȯɜɜŬ ɀɖŰůɞˊɞɨɚɞɡ, ɔɘŬ Űɖɜ ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛɞɡ ɏŭŮɘɝŮ, Ŭˊɧ Űɖɜ 

ˊɟɩŰɖ əɘɧɚŬɠ ůŰɘɔɛɐ, ɔɘŬ Űɖɜ Ůˊɘɚɞɔɐ Űɞɡ ɗɏɛŬŰɞɠ, Űɘɠ ˊɞɚɨŰɘɛŮɠ ůɡɛɓɞɡɚɏɠ əŬɘ ɞɡůɘŬůŰɘəɏɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ŮɜɗɎɟɟɡɜůɖ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮɟŮɡɜɖŰɘəɐɠ ɏɤɠ əŬɘ Űɖɜ 

ɞɚɞəɚɐɟɤůɐ Űɖɠ. ȷəɧɛɖ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ ɔɘŬ Űɞɜ ɢɟɧɜɞ əŬɘ ůŰɖ ůŰɐɟɘɝɐ Űɞɡɠ, ŰŬ 

ɛɏɚɖ Űɖɠ ŰɟɘɛŮɚɞɨɠ ŮˊɘŰɟɞˊɐɠ, ˊɞɡ ˊŮɟɘəɚŮɑɞɡɜ ŮəŰɧɠ Űɖɠ ŮˊɘɓɚɏˊɞɡůɎɠ ɛɞɡ, Űɞɜ əŬɗɖɔɖŰɐ ə. 

ɆɤŰɐɟɘɞ ɉŬŰɕɖəŬəɞɨ əŬɘ Űɞɜ əŬɗɖɔɖŰɐ ə. ũŮɩɟɔɘɞ ɊɤɛɎ. ȼ ůɡɛɓɞɚɐ Űɞɡɠ ůŰɖɜ Ůəˊɧɜɖůɖ Űɖɠ 

ŭɘɚ́ɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ɡˊɐɟɝŮ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ. 

ȽŭɘŬɑŰŮɟŮɠ ŮɡɢŬɟɘůŰɑŮɠ ɗŬ ɐɗŮɚŬ ɜŬ ŭɩůɤ ůŰɞ ɛŮŰŬŭɘŭɎəŰɞɟŬ ȷɗŬɜɎůɘɞ ȻŬɟəŬŭɞɨɚŬ ɔɘŬ Űɖ ɓɞɐɗŮɘŬ, 

Űɖ ɔɜɩůɖ əŬɘ Űɘɠ ůɡɛɓɞɡɚɏɠ Űɞɡ əŬɘ Űɖɜ ɡˊɞɣɐűɘŬ ŭɘŭɎəŰɞɟŬ ɀɎɟɤ Ⱦɞɡɟɛɞɨůɖ, ɔɘŬ Űɖɜ ɘŭɘŬɑŰŮɟɖ 

ŮɜɗɎɟɟɡɜůɖ, Űɖ ɛŮŰɎŭɞůɖ ɔɜɩůŮɤɜ ůŮ ˊɞɚɚɎ ŮˊɘůŰɖɛɞɜɘəɎ ˊŮŭɑŬ, Űɘɠ əŬŰɎɚɚɖɚŮɠ ɡˊɞŭŮɑɝŮɘɠ Űɖɠ 

əŬɘ Űɖ ɓɞɐɗŮɘɎ Űɖɠ ůŰɞɜ ɢŮɘɟɘůɛɧ ŬɟəŮŰɩɜ ɞɟɔɎɜɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖ ŭŮŭɞɛɏɜɖ ɏɟŮɡɜŬ. 

ūɡůɘəɎ, ŭŮɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŬɟŬɚŮɑɣɤ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖɜ əŬɗɖɔɐŰɟɘŬ ə. Ⱥɚɏɜɖ ȺɡɗɡɛɘɎŭɞɡ əŬɘ Űɖɜ 

ə. ȷɚɑəɖ ȺɡɗɡɛɘɎŭɞɡ, ɞɘ ɞˊɞɑŮɠ ŮɑɢŬɜ ŬɝɘɞůɖɛŮɑɤŰɞ ɟɧɚɞ ɤɠ ˊɟɞɠ Űɖ ɓɘɞɚɞɔɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ 

ɜŮɞůɡɜŰɘɗɏɛŮɜɤɜ ŮɜɩůŮɤɜ.  
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ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŮɘəɧɜŮɠ ɇȺɀ(ŭŮɝɘɎ) 
 
ȺɘəɧɜŬ 6: ɇŬ ŭɨɞ Ůɑŭɖ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ SWNTs əŬɘ MWNTs 
 
ȺɘəɧɜŬ 7: ȼ ŭɞɛɐ Űɞɡ ɔɟŬűŮɜɑɞɡ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ˊɟɞůɗɐəɖ ɔɟŬűɑŰɖ ůŮ ůŰɟɩɛŬŰŬ 
ɔɟŬűŮɜɑɞɡ 
 
ȺɘəɧɜŬ 8: ɄŬɟŬŭŮɑɔɛŬŰŬ ɜŬɜɞůɨɜɗŮŰɤɜ ɛŮůɞˊɞɟɩŭɤɜ ɡɚɘəɩɜ-ŮɘəɧɜŮɠ ɇȺɀ 
 
ȺɘəɧɜŬ 9: ɁŬɜɞŭɞɛɏɠ əŬŰɎɚɚɖɚŮɠ ɔɘŬ ɛŮŰŬűɞɟɎ űŬɟɛɎəɤɜ 
 
ȺɘəɧɜŬ 10: Ⱥɑŭɖ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ŭɘŬɔɜɤůŰɘəɞɨɠ ůəɞˊɞɨɠ 
 
ȺɘəɧɜŬ 11: ɆɡɜɞˊŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ Űɤɜ Űɟɘɩɜ ŮˊɘůŰɖɛɧɜɤɜ ˊɞɡ ɓɟŬɓŮɨŰɖəŬɜ ɛŮ 
Nobel ɉɖɛŮɑŬɠ 
 
ȺɘəɧɜŬ 12: Ȱɝɘ ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ 
 
ȺɘəɧɜŬ 13: ȹɘŬɕɤɜɘəɏɠ əŬɘ Ůɜŭɞɕɤɜɘəɏɠ ɛŮŰŬˊŰɩůŮɘɠ ůŮ əɓŬɜŰɘəɎ ůɨɟɛŬŰŬ (ŬɟɘůŰŮɟɎ) əŬɘ əɓŬɜŰɘəɏɠ 
ŰŮɚŮɑŮɠ (ŭŮɝɘɎ) 
 
ȺɘəɧɜŬ 14: ȾŬŰɖɔɞɟɑŮɠ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ 
 
ȺɘəɧɜŬ 15: (a) QDs ɛŮ ɓɎůɖ CdSe. (b) QDs ɛŮ ɓɎůɖ InP. (c) PQDs. (d) ȼ ɞəŰŬŮŭɟɘəɐ ŭɞɛɐ əŬɘ  (e) 
ȼ ŭɞɛɐ Űɞɡ ˊŮɟɞɓůəɑŰɖ ABX3. 
 
ȺɘəɧɜŬ 16: ɈˊɞəŬŰɖɔɞɟɑŮɠ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ 
 
ȺɘəɧɜŬ 17: ɀɐŰɟŬ ɛŮ ŮɜůɤɛŬŰɤɛɏɜɞ ˊɡɟɑŰɘɞ ɔɘŬ űɤŰɞɓɞɚŰŬɥəɏɠ ŮűŬɟɛɞɔɏɠ 
 
ȺɘəɧɜŬ 18: ɀɏɗɞŭɞɘ ůɨɜɗŮůɖɠ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ 
 
ȺɘəɧɜŬ 19: ȷɟɢɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ Ůəəɏɜɤůɖɠ Űɧɝɞɡ 
 
ȺɘəɧɜŬ 20: ȷɟɢɐ Űɖɠ ɛŮɗɧŭɞɡ ŬűŬɑɟŮůɖɠ ɛŮ ɚɏɘɕŮɟ 
 
ȺɘəɧɜŬ 21: ȳɝɘɜɖ ɞɝŮɑŭɤůɖ ɔɘŬ ůɨɜɗŮůɖ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ C,N,S 
 
ȺɘəɧɜŬ 22: ȯˊɞɣɖ ŬɜŰɑŭɟŬůɖɠ ˊɡɟɧɚɡůɖɠ 
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ȺɘəɧɜŬ 23: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ɛɘəɟɞəɡɛŬŰɘəɐɠ ɛŮɗɧŭɞɡ ɛŮ ɢɟɐůɖ ɚŮɛɞɜɘɞɨ əŬɘ 
əɟŮɛɛɡŭɘɞɨ ɤɠ ˊɖɔɏɠ ɎɜɗɟŬəŬ 
 
ȺɘəɧɜŬ 24: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ŬɜŰɘŭɟŬůŰɐɟŬ Teflon 
 
ȺɘəɧɜŬ 25: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ɖɚŮəŰɟɞɢɖɛɘəɐɠ ŬɜŰɑŭɟŬůɖɠ ɛŮ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ ůŮ 
ŬɚəŬɚɘəɧ ˊŮɟɘɓɎɚɚɞɜ 
 
ȺɘəɧɜŬ 26: ɄŬɟŬŭŮɑɔɛŬŰŬ ɜŰɧˊɘɜɔə əŬɘ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ Űɞɡɠ 
 
ȺɘəɧɜŬ 27: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ Ůɜ ɚɧɔɤ ˊŮɘɟɎɛŬŰɞɠ 
 
ȺɘəɧɜŬ 28: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŭɘŬɚɡŰɞɗŮɟɛɘəɐɠ ŬɜŰɑŭɟŬůɖɠ 
 
ȺɘəɧɜŬ 29: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ 
 
ȺɘəɧɜŬ 30: ūɤŰɞŭɡɜŬɛɘəɐ əŬɘ űɤŰɞɗŮɟɛɘəɐ ɗŮɟŬˊŮɑŬ 
 
ȺɘəɧɜŬ 31: ȺɘəɧɜŮɠ SEM Űɞɡ S.Aureus ůɡɕŮɡɔɛɏɜɞ ɛŮ Űɘɠ N,P-CQDs ůŮ ŭɘɎůŰɖɛŬ 
0h(a),2h(b),4h(c),6h(d) ŬɜŰɑůŰɞɘɢŬ 
 
ȺɘəɧɜŬ 32: ɀɖɚŮɥɜɘəɧ ɞɝɨ 
 
ȺɘəɧɜŬ 33: ɄɟɧŭɟɞɛŬ ɛɧɟɘŬ 
 
ȺɘəɧɜŮɠ 34,35: ȷɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ dialysis 
 
ȺɘəɧɜŮɠ 36,37: ɄɟɎůɘɜɞɠ űɗɞɟɘůɛɧɠ ůŰɖ ɚɎɛˊŬ UV-1ɖ ůɨɜɗŮůɖ 
 
ȺɘəɧɜŮɠ 38,39: Ʌɞɕ űɗɞɟɘůɛɧɠ ůŰɖ ɚɎɛˊŬ UV-2ɖ ůɨɜɗŮůɖ 
 
ȺɘəɧɜŬ 40: ɀˊɚŮ űɗɞɟɘůɛɧɠ ɛŮŰɎ Űɞ dialysis ůŰɖ ɚɎɛˊŬ UV-3ɖ ůɨɜɗŮůɖ 
 
ȺɘəɧɜŬ 41: ɀˊɚŮ űɗɞɟɘůɛɧɠ ɛŮŰɎ Űɞ dialysis ůŰɖ ɚɎɛˊŬ UV-4ɖ ůɨɜɗŮůɖ 
 
ȺɘəɧɜŬ 42 :ɀˊɚŮ űɗɞɟɘůɛɧɠ ůŰɖ ɚɎɛˊŬ UV-5ɖ ůɨɜɗŮůɖ 
 
ȺɘəɧɜŬ 43: ɇɞ ŮɜŬɘɩɟɖɛŬ ɛŮŰɎ Űɖɜ ɡŭɟɞɗŮɟɛɘəɐ ŬɜŰɑŭɟŬůɖ 
 
ȺɘəɧɜŬ 44: ɇɞ ŮɜŬɘɩɟɖɛŬ ˊɟɘɜ Űɞ dialysis 
 
ȺɘəɧɜŬ 45: ɇɞ ŮɜŬɘɩɟɖɛŬ ɏŰɞɘɛɞ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ əŬɗŬɟɘůɛɞɨ dialysis 
 
ȺɘəɧɜŬ 46: ɇŬɘɜɑŮɠ Ŭˊɞɟɟɧűɖůɖɠ ɔɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɞɛɎŭŮɠ 
 
ȺɘəɧɜŮɠ 47,48: ūɚɎůəŬ ɔɘŬ əŬɚɚɘɏɟɔŮɘŬ əɡŰŰɎɟɤɜ (ŬɟɘůŰŮɟɎ) əŬɘ ŮɟɔŬůŰɖɟɘŬəɧɠ Ůɝɞˊɚɘůɛɧɠ ɔɘŬ Űɖ 
ɓɘɞɚɞɔɘəɐ ɛŮɚɏŰɖ (ŬɟɘůŰŮɟɎ) 
 
ȺɘəɧɜŬ 49: ɄɞɚɡŰɟɘɓɚɑɞ 96 űɟŮŬŰɑɤɜ ɛŮ űɞɟɛŬɕɎɜɖ ˊŬɟɞɡůɑŬ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ŮɜɩůŮɤɜ 
 
ȺɘəɧɜŬ 50: ɇɟɘɓɚɑɞ 6 űɟŮŬŰɑɤɜ ɛŮŰɎ Űɞɜ ŰɟŬɡɛŬŰɘůɛɧ Űɤɜ əɡŰŰɎɟɤɜ ůŰɞ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ 
 
ȺɘəɧɜŬ 51: ɇɟɘɓɚɑɞ 24 űɟŮŬŰɑɤɜ ɛŮ ŰŬ ŭɘŬɚɨɛŬŰŬ 
 
ȺɘəɧɜŬ 52: Positive, Negative, A100, A50, A25 ɔɘŬ t=24h (Ŭˊɧ ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ ŭŮɝɘɎ) 
 
ȺɘəɧɜŬ 53: Positive, Negative, ȸ100, ȸ50, ȸ25 ɔɘŬ t=24h (Ŭˊɧ ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ ŭŮɝɘɎ) 
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ȺɘəɧɜŬ 54: Negative, Positive,  A100, A50, A25 ɔɘŬ t=48h (Ŭˊɧ ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ ŭŮɝɘɎ) 
 
ȺɘəɧɜŬ 55: Negative, Positive, B100, B50, B25 ɔɘŬ t=48h (Ŭˊɧ ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ ŭŮɝɘɎ) 
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̙̎ ̠̒̔̐̐̚ 
 

 

 

Ƀɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ŮɑɜŬɘ ůɤɛŬŰɑŭɘŬ ɖɛɘŬɔɤɔɩɜ Űɖɠ əɚɑɛŬəŬɠ Űɤɜ ɜŬɜɞɛɏŰɟɤɜ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ 

ɛɞɜŬŭɘəɏɠ ɖɚŮəŰɟɞɜɘŬəɏɠ əŬɘ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ȷɜŬəŬɚɨűɗɖəŬɜ ůŰŬ Űɏɚɖ Űɞɡ 1970 əŬɘ ɢɎɟɖ ůŰɘɠ 

ɘŭɘɧŰɖŰɏɠ Űɞɡɠ ɏɢɞɡɜ ŬɝɘɞůɖɛŮɑɤŰɞ, ˊɚɏɞɜ, ɟɧɚɞ ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ ɞɗɞɜɩɜ, ɚɏɘɕŮɟ əŬɘ ůŰɖɜ ɘŬŰɟɘəɐ 

ŬˊŮɘəɧɜɘůɖ.  

Ƀɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ (Carbon Quantum Dots ï CQDs) ŬˊɞŰŮɚɞɨɜ ɛɘŬ ůɨɔɢɟɞɜɖ əŬŰɖɔɞɟɑŬ 

ɜŬɜɞɦɚɘəɩɜ, ɔɜɤůŰɩɜ ɔɘŬ Űɘɠ ɓŮɚŰɘɤɛɏɜŮɠ əŬɘ ŮɝŬɘɟŮŰɘəɏɠ Űɞɡɠ ɞˊŰɘəɏɠ, űɡůɘəɞɢɖɛɘəɏɠ əŬɘ ɓɘɞɚɞɔɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ. ɄŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɐ űɗɞɟɑɕɞɡůŬ ɘəŬɜɧŰɖŰŬ, əŬɚɐ ŭɘŬɚɡŰɧŰɖŰŬ ůŰɞ ɜŮɟɧ, ɓɘɞůɡɛɓŬŰɧŰɖŰŬ 

əŬɘ ůŰŬɗŮɟɧŰɖŰŬ, ɔŮɔɞɜɧɠ ˊɞɡ Űɘɠ əŬɗɘůŰɎ ɘŭɘŬɑŰŮɟŬ əŬŰɎɚɚɖɚŮɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ůŰɖ ɓɘɞɥŬŰɟɘəɐ əŬɘ Űɖ 

ɜŬɜɞŰŮɢɜɞɚɞɔɑŬ. ȼ ŮɜůɤɛɎŰɤůɖ ŮŰŮɟɞŬŰɧɛɤɜ ɧˊɤɠ Űɞ ɎɕɤŰɞ (Ɂ) əŬɘ ɞ űɩůűɞɟɞɠ (P) ůŰɖɜ 

ŬɜɗɟŬəɘəɐ ŭɞɛɐ (doping) ɛˊɞɟŮɑ ɜŬ ŮɜɘůɢɨůŮɘ ůɖɛŬɜŰɘəɎ Űɘɠ űɤŰɞűɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ CQDs, 

ɓŮɚŰɘɩɜɞɜŰŬɠ Űɖ űɗɞɟɑɕɞɡůŬ ůɡɛˊŮɟɘűɞɟɎ əŬɘ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɐ Űɞɡɠ ɛŮ ɓɘɞɚɞɔɘəɎ ɛɧɟɘŬ.  

ɆŰɞ ˊɚŬɑůɘɞ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ɛŮɚŮŰɎŰŬɘ ɖ ůɨɜɗŮůɖ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛŮ 

ˊɟɞůɛɑɝŮɘɠ Ɂ,P ɛŮ ůŰɧɢɞ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ŬɜŰɘəŬɟəɘɜɘəɐɠ Űɞɡɠ ŭɟɎůɖɠ. ɋɠ ˊɖɔɐ ɎɜɗɟŬəŬ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɛɖɚŮɥɜɘəɧ ɞɝɨ, ɤɠ ˊɖɔɐ ŬɕɩŰɞɡ ɖ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ əŬɘ ɤɠ ˊɖɔɐ űɤůűɧɟɞɡ Űɞ 

űɤůűɞɟɘəɧ ɞɝɨ. Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ ɜŬɜɞŭɞɛɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ ŮɜŭɘŬűɏɟɞɜ Űɧůɞ ɤɠ űɞɟŮɑɠ űɗɞɟɘůɛɞɨ 

ɔɘŬ ŬˊŮɘəɞɜɘůŰɘəɞɨɠ ůəɞˊɞɨɠ ɧůɞ əŬɘ ɤɠ ɡˊɞɣɐűɘŬ ŬɜŰɘɛɘəɟɞɓɘŬəɎ əŬɘ ɗŮɟŬˊŮɡŰɘəɎ ɛɏůŬ, ɚɧɔɤ Űɖɠ 

ŭɡɜŬŰɧŰɖŰɎɠ Űɞɡɠ ɜŬ ŮˊɖɟŮɎɕɞɡɜ əɡŰŰŬɟɘəɏɠ əŬɘ ɛɘəɟɞɓɘŬəɏɠ ŭɞɛɏɠ ɛɏůɤ ŬɜŰɘŭɟŬůŰɘəɩɜ 

Ůɘ́űŬɜŮɘŬəɩɜ ɞɛɎŭɤɜ.  

ɇŬ ɜŮɞůɡɜŰɘɗɏɛŮɜŬ ɜŬɜɞɦɚɘəɎ ɢŬɟŬəŰɖɟɑůŰɖəŬɜ ɛɏůɤ ŭɘŬűɧɟɤɜ űɡůɘəɞɢɖɛɘəɩɜ ŰŮɢɜɘəɩɜ. ȼ 

űŬůɛŬŰɞůəɞˊɑŬ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Fourier (FT-IR) ɏŭŮɘɝŮ Űɖɜ ˊŬɟɞɡůɑŬ 

ŮˊɘűŬɜŮɘŬəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɟɓɞɝɡɚɘəɩɜ, ɡŭɟɞɝɡɚɘəɩɜ əŬɘ 

Ŭɛɘɜɘəɩɜ ŰɛɖɛɎŰɤɜ. ɇŬ űɎůɛŬŰŬ Ŭˊɞɟɟɧűɖůɖɠ UV-vis ŬˊɞəɎɚɡɣŬɜ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ əɞɟɡűɏɠ ˊɞɡ 

ŬˊɞŭɑŭɞɜŰŬɘ ůŮ ɛŮŰŬɓɎůŮɘɠ ˊḯ * əŬɘ nḯ *, Ůɜɩ ɞɘ ɛŮɚɏŰŮɠ űɤŰɞűɤŰŬɨɔŮɘŬɠ (PL) əŬŰɏŭŮɘɝŬɜ 

ůɡɛˊŮɟɘűɞɟɎ Ůəˊɞɛˊɐɠ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ ŭɘɏɔŮɟůɖɠ. ɄɟɧůɗŮŰɞɠ ɛɞɟűɞɚɞɔɘəɧɠ 

əŬɘ ŭɞɛɘəɧɠ ɢŬɟŬəŰɖɟɘůɛɧɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɡɜŬɛɘəɐ ůəɏŭŬůɖ űɤŰɧɠ (DLS) 

ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɡŭɟɞŭɡɜŬɛɘəɐɠ əŬŰŬɜɞɛɐɠ ɛŮɔɏɗɞɡɠ, ˊŮɟɑɗɚŬůɖ ŬəŰɑɜɤɜ ɉ ůəɧɜɖɠ 

(pXRD) ɔɘŬ ˊɟɞůŭɘɞɟɘůɛɧ Űɡɢɧɜ əɟɡůŰŬɚɚɘəɧŰɖŰŬɠ, ɗŮɟɛɞɓŬɟɡɛŮŰɟɘəɐ ŬɜɎɚɡůɖ (TGA) ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɗŮɟɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰɎɠ Űɞɡɠ. 

ȺˊɘˊɟɞůɗɏŰɤɠ, ŬɝɘɞɚɞɔɐɗɖəŮ ɖ ɓɘɞɚɞɔɘəɐ ŭɟɎůɖ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ůŮ ůŮɘɟɏɠ 

əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ HeLa əŬɘ ůŮ ɡɔɘɐ ŬɜɗɟɩˊɘɜŬ ŮˊɘŭŮɟɛɘəɎ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ HaCaT. ɀɏůɤ Űɖɠ 

ɢɟɤɛŬŰɞɛŮŰɟɘəɐɠ ɛŮɗɧŭɞɡ ɀɇɇ, ɛŮɚŮŰɐɗɖəŮ ɖ əɡŰŰŬɟɞŰɞɝɘəɐ ŭɟɎůɖ Űɤɜ ɜŮɞůɡɜŰɘɗɏɛŮɜɤɜ 

əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ əŬɘ Űɏɚɞɠ, ɛŮɚŮŰɐɗɖəŮ ɖ ůɡɛɓŬŰɧŰɖŰɎ Űɞɡɠ ɛŮ Űɞ Ŭɜɗɟɩˊɘɜɞ ŬɑɛŬ ɛɏůɤ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ Űɖɠ Ŭɘɛɧɚɡůɖɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɞˊŰɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ.  
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ȿȺɂȺȽɆ-ȾȿȺȽȹȽȷ: ɜŬɜɞůɤɛŬŰɑŭɘŬ, əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ, ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ-űɤůűɧɟɞɡ, 

ɛɖɚŮɥɜɘəɧ ɞɝɨ, ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ, űɤůűɞɟɘəɧ ɞɝɨ, ŬɜŰɘəŬɟəɘɜɘəɐ ŭɟɎůɖ, MTT. 
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ABSTRACT 
 

 

Quantum dots are semiconductor particles on the nanometer scale that exhibit unique electronic and 

optical properties. They were discovered in the late 1970s and, due to their characteristics, now play 

a significant role in display technology, lasers, and medical imaging. 

Carbon quantum dots (CQDs) are a modern category of nanomaterials, known for their enhanced 

and exceptional optical, physicochemical, and biological properties. They demonstrate high 

fluorescence capability, good water solubility, biocompatibility, and stability, making them particularly 

suitable for applications in biomedicine and nanotechnology. The incorporation of heteroatoms such 

as nitrogen (N) and phosphorus (P) into the carbon structure (doping) can significantly enhance the 

photophysical properties of CQDs, improving their fluorescence behavior and interaction with 

biological molecules. 

In the context of this thesis, the synthesis of nitrogen and phosphorus doped carbon quantum dots 

is studied, aiming to evaluate their anticancer activity. These nanostructures are of interest both as 

fluorescent carriers for imaging purposes and as potential antimicrobial and therapeutic agents, due 

to their ability to affect cellular and microbial structures through reactive surface groups. 

The newly synthesized nanomaterials were characterized using various physicochemical 

techniques. Fourier-transform infrared spectroscopy (FT-IR) indicated the presence of surface 

functional groups, including carboxylic, hydroxyl, and amine moieties. UV-vis absorption spectra 

revealed characteristic shoulder peaks attributed to ˊḯ * and nḯ * transitions, while 

photoluminescence (PL) studies demonstrated excitation wavelength-dependent emission behavior. 

Additional morphological and structural characterization was carried out using dynamic light 

scattering (DLS) to determine the hydrodynamic size distribution, powder X-ray diffraction (pXRD) 

to assess potential crystallinity, thermogravimetric analysis (TGA) to evaluate thermal stability.  

Furthermore, the biological activity of the carbon quantum dots was evaluated against cancer cell 

lines such as HeLa and in healthy human epidermal keratinocytes HaCaT. Through the MTT 

colorimetric method, the cytotoxic activity of the newly synthesized quantum dots was studied and 

finally, their compatibility with human blood was studied through the hemolysis process with the help 

of an optical microscope. 

 

 

 

 

 

KEYWORDS: nanoparticles, carbon quantum dots, doping with nitrogen-phosphorus, maleic acid, 

ethylenediamine, phosphoric acid, anticancer activity, ɀɇɇ. 
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1  ͖̓ ̞̘̎̊̔̊̒аШ̡̛̖̖̘̜̊̊̒̍̒̊̕ 
 

 

 

1.1 ̒ ͚͖͈͛͘͡Ш͎͙͛Ш͔͈͔͖͔͖͖͈͙͛͌͒͊͞͡ 
 

 
ȼ ɘůŰɞɟɑŬ Űɖɠ ɜŬɜɞŰŮɢɜɞɚɞɔɑŬɠ əŬɘ Űɤɜ ɜŬɜɞɦɚɘəɩɜ ɝŮəɘɜɎ ˊɞɚɨ ˊɟɘɜ Ŭˊɧ Űɖ ůɨɔɢɟɞɜɖ ŮˊɘůŰɖɛɞɜɘəɐ 

Ůˊɞɢɐ. ȱŭɖ Ŭˊɧ Űɞɜ 4ɞ ŬɘɩɜŬ ɛ.ɉ., ɞɘ ɅɤɛŬɑɞɘ ŮɑɢŬɜ ŭɖɛɘɞɡɟɔɐůŮɘ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ɓŬůɑɕɞɜŰŬɜ ůŮ 

űŬɘɜɧɛŮɜŬ ɜŬɜɞəɚɑɛŬəŬɠ, ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ Űɞ ˊŮɟɑűɖɛɞ ȾɨˊŮɚɚɞ Űɞɡ ȿɡəɞɨɟɔɞɡ. 

ɇɞ əɨˊŮɚɚɞ ŬɡŰɧ, Űɞ ɞˊɞɑɞ ŮəŰɑɗŮŰŬɘ ůɐɛŮɟŬ ůŰɞ ȸɟŮŰŬɜɘəɧ ɀɞɡůŮɑɞ, ŬˊɞŰŮɚŮɑ ŭŮɑɔɛŬ Űɖɠ ɡɣɖɚɐɠ 

ŰŮɢɜɞɚɞɔɑŬɠ ˊɞɡ ŮɑɢŮ ŬɜŬˊŰɡɢɗŮɑ ůŰɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɞɡ ɔɡŬɚɘɞɨ əŬŰɎ Űɖɜ ŬɟɢŬɘɧŰɖŰŬ. 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ŬɜŰɘəŮɑɛŮɜɞ űŰɘŬɔɛɏɜɞ Ŭˊɧ ŭɘɢɟɤɥəɧ ɔɡŬɚɑ, Űɞ ɞˊɞɑɞ ŬɚɚɎɕŮɘ ɢɟɩɛŬ ŬɜɎɚɞɔŬ ɛŮ Űɘɠ 

ůɡɜɗɐəŮɠ űɤŰɘůɛɞɨ ð ŮɛűŬɜɑɕŮŰŬɘ ˊɟɎůɘɜɞ ůŰɞ ŬɜŬəɚɩɛŮɜɞ űɤɠ əŬɘ əɧəəɘɜɞ-ɛɞɓ ɧŰŬɜ űɤŰɑɕŮŰŬɘ 

ŮůɤŰŮɟɘəɎ(ȺɘəɧɜŬ 1)[1]. 

 

 

ȺɘəɧɜŬ 1: ɇɞ əɨˊŮɚɚɞ Űɞɡ ȿɡəɞɨɟɔɞɡ (1) 

 

 

ɇɞ 1990, ŬɜɎɚɡůɖ Űɞɡ ɡɚɘəɞɨ Űɞɡ əɡˊɏɚɚɞɡ ɛŮ ɖɚŮəŰɟɞɜɘəɐ ɛɘəɟɞůəɞˊɑŬ ŭɘɏɚŮɡůɖɠ (TEM) ɏŭŮɘɝŮ ɧŰɘ 

Űɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊŬɟɞɡůɑŬ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ŭɘŬɛɏŰɟɞɡ ˊŮɟɑˊɞɡ 50ï100 nm. ɀɏůɤ 

ŬəŰɑɜɤɜ ɉ ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ əɟɎɛŬ Ŭɟɔɨɟɞɡ əŬɘ ɢɟɡůɞɨ (AgïAu) ůŮ ŬɜŬɚɞɔɑŬ 7:3. ɇŬ 

ɜŬɜɞůɤɛŬŰɑŭɘŬ ɢɟɡůɞɨ Ŭˊɞɟɟɞűɞɨɜ űɤɠ ůŰŬ 520 nm, ŭɑɜɞɜŰŬɠ əɧəəɘɜɞ ɢɟɩɛŬ, Ůɜɩ ŰŬ ɛŮɔŬɚɨŰŮɟŬ 

ɜŬɜɞůɤɛŬŰɑŭɘŬ Ŭɟɔɨɟɞɡ (Ɏɜɤ Űɤɜ 40 nm) ůɡɛɓɎɚɚɞɡɜ ůŰɖɜ ŮɛűɎɜɘůɖ ˊɟɎůɘɜɤɜ ŬˊɞɢɟɩůŮɤɜ 

(ȺɘəɧɜŬ 2)[1,2]. 
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ȼ ůɨɔɢɟɞɜɖ ɏɜɜɞɘŬ Űɖɠ ɜŬɜɞŰŮɢɜɞɚɞɔɑŬɠ Ůɘůɐɢɗɖ Űɞ 1959 Ŭˊɧ Űɞɜ Richard Feynman, ɞ ɞˊɞɑɞɠ 

ɗŮɤɟŮɑŰŬɘ çˊŬŰɏɟŬɠè Űɞɡ ˊŮŭɑɞɡ. ɆŰɖɜ ɘůŰɞɟɘəɐ Űɞɡ ŭɘɎɚŮɝɖ ñThereôs Plenty of Room at the Bottomò 

ˊŮɟɘɏɔɟŬɣŮ Űɖɜ ɘŭɏŬ Űɖɠ əŬŰŬůəŮɡɐɠ ůɡůŰɖɛɎŰɤɜ, ɘəŬɜɩɜ ɜŬ ŭɖɛɘɞɡɟɔɞɨɜ ɛɘəɟɧŰŮɟŬ, Ŭəɧɛɖ əŬɘ ůŮ 

ɛɞɟɘŬəɐ əɚɑɛŬəŬ. ɇɞ 1974, ɞ ȽɎˊɤɜŬɠ ŮɟŮɡɜɖŰɐɠ Norio Taniguchi ɏŭɤůŮ Űɞɜ ˊɟɩŰɞ ůŬűɐ ɞɟɘůɛɧ 

Űɞɡ ɧɟɞɡ, ˊŮɟɘɔɟɎűɞɜŰɎɠ Űɖ ɜŬɜɞŰŮɢɜɞɚɞɔɑŬ ɤɠ Űɖɜ ŰŮɢɜɞɚɞɔɑŬ ˊɞɡ ŮůŰɘɎɕŮɘ ůŰɖɜ əŬŰŮɟɔŬůɑŬ 

ɡɚɘəɩɜ ůŮ ŬŰɞɛɘəɧ ɐ ɛɞɟɘŬəɧ ŮˊɑˊŮŭɞ. ȷˊɧ ŰɧŰŮ, ɖ ɜŬɜɞŰŮɢɜɞɚɞɔɑŬ ŮɝŮɚɑɢɗɖəŮ ůŮ ɏɜŬ Ŭˊɧ ŰŬ ˊɚɏɞɜ 

ˊɞɚɡŭɘɎůŰŬŰŬ əŬɘ ŭɘŬɗŮɛŬŰɘəɎ ˊŮŭɑŬ, ˊɟɞůŮɚəɨɞɜŰŬɠ ˊɚɐɗɞɠ ŮˊɘůŰɖɛɧɜɤɜ əŬɘ ɛɖɢŬɜɘəɩɜ ůŮ ɧɚɞ 

Űɞɜ əɧůɛɞ [2,3].  

 

 

ȺɘəɧɜŬ 2: ɀŮůŬɘɤɜɘəɧ ɓɘŰɟɧ ŮəəɚɖůɑŬɠ ɧˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŭɘɎűɞɟɞɘ ɢɟɤɛŬŰɘůɛɞɑ ɚɧɔɤ 

ůəɏŭŬůɖɠ Űɞɡ űɤŰɧɠ (2) 
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1.2 ̎ ͚͈͐͊͊ͫ͠Ш͚͈͛Ш͔͈͔͖ͥ͒͐͑ͩ 
 

ɇŬ ɜŬɜɞɦɚɘəɎ ŮɑɜŬɘ ůŰŮɟŮɎ ɡɚɘəɎ ˊɞɡ ŭɘŬɗɏŰɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ ɛɑŬ ŭɘɎůŰŬůɖ ůŰɖɜ əɚɑɛŬəŬ Űɤɜ 1ï100 

nm (ȺɘəɧɜŬ 3). ɆɨɛűɤɜŬ ɛŮ Űɞɜ ɞɟɘůɛɧ Űɞɡ ISO, ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ŭɘŬűɏɟɞɡɜ 

ůɖɛŬɜŰɘəɎ Űɧůɞ Ŭˊɧ Űɖ ɛɞɟɘŬəɐ ɧůɞ əŬɘ Ŭˊɧ Űɖ ɛŬəɟɞůəɞˊɘəɐ ɛɞɟűɐ Űɞɡ ɑŭɘɞɡ ɡɚɘəɞɨ.  

 

 

ȺɘəɧɜŬ 3: ɄŬɟɞɡůɑŬůɖ Űɖɠ əɚɑɛŬəŬɠ ɛŮɔŮɗɩɜ (3) 

 

 

 

ȼ ɜŬɜɞŮˊɘůŰɐɛɖ ɛŮɚŮŰɎ ŰŬ űŬɘɜɧɛŮɜŬ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ ůŰɖ ɜŬɜɞəɚɑɛŬəŬ, Ůɜɩ ɖ 

ɜŬɜɞŰŮɢɜɞɚɞɔɑŬ ŬůɢɞɚŮɑŰŬɘ ɛŮ Űɖɜ Ŭɝɘɞˊɞɑɖůɐ Űɞɡɠ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ 

ůɡůŰɖɛɎŰɤɜ əŬɘ ŮűŬɟɛɞɔɩɜ [2,4]. 

Ƀɘ ŭɘŬůŰɎůŮɘɠ Ůɜɧɠ ɡɚɘəɞɨ ŮˊɖɟŮɎɕɞɡɜ ɎɛŮůŬ Űɘɠ ɖɚŮəŰɟɞɜɘŬəɏɠ əŬɘ ɞˊŰɞɖɚŮəŰɟɞɜɘŬəɏɠ ɘŭɘɧŰɖŰɏɠ Űɞɡ, 

əŬɗɩɠ əŬɗɞɟɑɕɞɡɜ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ əŬŰŬůŰɎůŮɤɜ. ɀŮ ɓɎůɖ Űɖ ŭɘŬůŰŬŰɘəɧŰɖŰŬ, ŰŬ 

ɜŬɜɞɦɚɘəɎ ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ ŰɏůůŮɟɘɠ əŬŰɖɔɞɟɑŮɠ: ɛɖŭŮɜɘəɐɠ, ɛɑŬɠ, ŭɨɞ əŬɘ Űɟɘɩɜ ŭɘŬůŰɎůŮɤɜ 

(ȺɘəɧɜŬ 4)[4]. 
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ȺɘəɧɜŬ 4: ɄŬɟŬŭŮɑɔɛŬŰŬ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ůŮ ŰɏůůŮɟɘɠ əŬŰɖɔɞɟɑŮɠ ŭɘŬůŰɎůŮɤɜ (4) 

 

 

ȷ) ɆɡůŰɐɛŬŰŬ ɛɖŭŮɜɘəɐɠ ŭɘɎůŰŬůɖɠ: 

 

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůɡůŰɐɛŬŰŬ ɧˊɤɠ ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ, ŰŬ ɛŬɔɜɖŰɘəɎ 

ɜŬɜɞůɤɛŬŰɑŭɘŬ, ŰŬ űɞɡɚɚŮɟɏɜɘŬ əŬɘ ŬŰɞɛɘəɎ ůɡůůɤɛŬŰɩɛŬŰŬ. ɄɟɧəŮɘŰŬɘ ɔɘŬ Űɘɠ ˊɘɞ ɔɜɤůŰɏɠ 

ɜŬɜɞŭɞɛɏɠ ɛŮ ˊɞɘəɘɚɑŬ ůɢɖɛɎŰɤɜ, ŮɑŰŮ űɡůɘəɎ ŮɑŰŮ ŰŮɢɜɖŰɎ. ɀŮɟɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ůɢɖɛɎŰɤɜ ŮɑɜŬɘ 

ůűŬɘɟɘəɎ, əɡɚɘɜŭɟɘəɎ, əɡɓɘəɎ, ɛŮ ɛɞɟűɐ ˊɡɟɐɜŬ-əŮɚɨűɞɡɠ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ ŰŬ 

ɛɞɜɞŭɘɎůŰŬŰŬ ůɡůŰɐɛŬŰŬ ɚɧɔɤ ɢŬɛɖɚɧŰŮɟɞɡ əɧůŰɞɡɠ ˊŬɟŬɔɤɔɐɠ əŬɘ ŮɡəɞɚɧŰŮɟɖɠ ɛŮɗɧŭɞɡ 

ůɨɜɗŮůɖɠ. ɇɞ űɞɡɚɚŮɟɏɜɘɞ ŬˊɞŰŮɚŮɑ ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ɛɖŭŮɜɘəɐɠ ŭɘɎůŰŬůɖɠ ɜŬɜɞɦɚɘəɞɨ, 

ɏɢŮɘ 20 ŮɝɎɔɤɜŬ əŬɘ 12 ˊŮɜŰɎɔɤɜŬ ɛŮ əɞɑɚɖ ŭɞɛɐ. ȹŮɜ ŭɘŬɗɏŰŮɘ ɞˊɏɠ ůŰɞ ŮɝɤŰŮɟɘəɧ ŰɛɐɛŬ əŬɘ ŮɑɜŬɘ 

ɛɑŬ ůɡɜŮɢɐɠ ɜŬɜɞŭɞɛɐ (ȺɘəɧɜŬ 5). 

  

ȺɘəɧɜŬ 5: ȷˊŮɘəɧɜɘůɖ Űɞɡ űɞɡɚɚŮɟŮɜɑɞɡ əŬɘ ŮɘəɧɜŬ Ŭˊɧ TEM (ŬɟɘůŰŮɟɎ), ˊŬɟŬŭŮɑɔɛŬŰŬ 

ůɢɖɛɎŰɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŮɘəɧɜŮɠ TEM (ŭŮɝɘɎ) (5) 
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ȷəɧɛɖ, ɏɜŬ Ůɝɑůɞɡ  ŭɘɎůɖɛɞ ɜŬɜɞɦɚɘəɧ ŮɑɜŬɘ ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɐ Ŭɚɚɘɩɠ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ, ɔɘŬ 

Űɘɠ ɞˊɞɑŮɠ ɗŬ ɔɑɜŮɘ ŮəŰŮɜɐɠ ŬɜŬűɞɟɎ ůŰɞ ŮˊɧɛŮɜɞ əŮűɎɚŬɘɞ [4,5].  
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ȸ) ɆɡůŰɐɛŬŰŬ ɛɑŬɠ ŭɘɎůŰŬůɖɠ:  

 

ȼ Ůˊɘɛɐəɖɠ əŬɘ ɛɞɜɞŭɘɎůŰŬŰɖ ɛɞɟűɞɚɞɔɑŬ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ůɤɛŬŰɘŭɑɤɜ, ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ 

ŮəŰŮŰŬɛɏɜŬ ɚɧɔɤ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ ŰŬ ɛɞɜɞŭɘɎůŰŬŰŬ ůɡůŰɐɛŬŰŬ ŮɑɜŬɘ ŭɞɛɏɠ ɛɘəɟɧŰŮɟɖɠ 

ŭɘŬůŰŬŰɘəɧŰɖŰŬɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɛŮŰŬűɞɟɎ ɖɚŮəŰɟɞɜɑɤɜ 

əŬɘ ɞˊŰɘəɐɠ ŭɘɏɔŮɟůɖɠ. ɄŬɟŬŭŮɑɔɛŬŰŬ ŰɏŰɞɘɤɜ ŭɞɛɩɜ ŮɑɜŬɘ ɞɘ ɜŬɜɞɟɎɓŭɞɘ, ŰŬ ɜŬɜɞůɨɟɛŬŰŬ, ɞɘ 

ɜŬɜɞȶɜŮɠ əŬɘ ɞɘ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ. Ƀɘ ŰŮɚŮɡŰŬɑɞɘ, ɏɢɞɡɜ ˊɞɚɨ Ŭˊɚɐ ɢɖɛɘəɐ ůɨůŰŬůɖ əŬɘ Űɟɧˊɞ 

ůɨɜŭŮůɖɠ Űɤɜ ŬŰɧɛɤɜ ɛŮŰŬɝɨ Űɞɡɠ, ŬɚɚɎ ŮˊɘŭŮɘəɜɨɞɡɜ ɛŮɔɎɚɖ ŭɞɛɘəɐ ˊɞɘəɘɚɞɛɞɟűɑŬ əŬɘ ɛɞɜŬŭɘəɏɠ 

űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ əɡɚɘɜŭɟɘəɎ əŮɚɨűɖ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ Ŭˊɧ Űɞ ŰɨɚɘɔɛŬ űɨɚɚɤɜ 

ɔɟŬűŮɜɑɞɡ ůŮ əɚŮɘůŰɏɠ ůɤɚɖɜɤŰɏɠ ɜŬɜɞŭɞɛɏɠ ɛŮ ŭɘŬɛɏŰɟɞɡɠ ˊŬɟɧɛɞɘŮɠ ɛŮ ŬɡŰɏɠ Űɞɡ űɞɡɚɚŮɟŮɜɑɞɡ, 

ɏɢɞɜŰŬɠ, ɧɛɤɠ, ɛɐəɖ ˊɞɡ űŰɎɜɞɡɜ ɛɏɢɟɘ əŬɘ ɛɘəɟɧɛŮŰɟŬ. ȼ ůɨɜɗŮůɐ Űɞɡɠ ŮɑɜŬɘ ˊɞɚɨ ˊɘɞ ŭɨůəɞɚɖ 

Ŭˊɧ Űɖ ůɨɜɗŮůɖ ɛɖŭŮɜɘəɩɜ ŭɘŬůŰɎůŮɤɜ ɜŬɜɞŭɞɛɩɜ. ũɘŬ ŬɡŰɧɜ Ŭəɟɘɓɩɠ Űɞɜ ɚɧɔɞ, ˊɟɞəɨˊŰɞɡɜ 

ˊɟɞɓɚɐɛŬŰŬ ůŮ Ůɛˊɞɟɘəɐ əɚɑɛŬəŬ, əŬɗɩɠ ɕɖŰŮɑŰŬɘ ɛŮɔɎɚɞɠ ɧɔəɞɠ ˊŬɟŬɔɤɔɐɠ Űɞɡɠ ůŮ ɢŬɛɖɚɧ, 

ˊŬɟɎɚɚɖɚŬ, əɧůŰɞɠ. ȿɧɔɤ Űɖɠ ůɖɛŬɜŰɘəɐɠ ŮˊɘűɎɜŮɘɎɠ Űɞɡɠ, Űɖɠ əɞɑɚɖɠ ŭɞɛɐɠ Űɞɡɠ, Űɖɠ 

ɡɣɖɚɐɠ ɛɖɢŬɜɘəɐɠ ŬɜŰɞɢɐɠ Űɞɡɠ , Űɤɜ ŮɝŬɘɟŮŰɘəɩɜ ɖɚŮəŰɟɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ əŬɘ Űɖɠ ˊŬɟɞɡůɑŬɠ 

ɛɞɜŬŭɘəɩɜ ŭɞɛɩɜ ůŮ ɖɚŮəŰɟɞɜɘŬəɞɨɠ ŭŮůɛɞɨɠ, Űɞ ɡɚɘəɧ ŬɡŰɧ Űɤɜ ɜŬɜɞůɤɚɐɜɤɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

Ůɡɟɏɤɠ ůŰɖɜ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ, ůŰŬ ɜŬɜɞůɨɜɗŮŰŬ ɡɚɘəɎ əŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ ɜŬɜɞɖɚŮəŰɟɞɜɘəɩɜ 

ůɡůəŮɡɩɜ ɧˊɤɠ ɞɘ ɜŬɜɞŬɘůɗɖŰɐɟŮɠ. ȷəɧɛɖ, ŭɘŬəɟɑɜɞɜŰŬɘ ŭɨɞ Ůɑŭɖ ɜŬɜɞůɤɚɐɜɤɜ, ɞɘ SWNTs əŬɘ ɞɘ 

MWNTs. Ƀɘ SWNTs əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɛŮ ɏɜŬ ŰɞɑɢɤɛŬ, Ůɜɩ ɞɘ MWNTs ɛŮ ˊɞɚɚŬˊɚɎ ŰɞɘɢɩɛŬŰŬ 

ůɤɚɖɜɤŰɩɜ űɨɚɚɤɜ ɔɟŬűŮɜɑɞɡ (ȺɘəɧɜŬ 6)[4,5]. 

 

 

ȺɘəɧɜŬ 6: ɇŬ ŭɨɞ Ůɑŭɖ ɜŬɜɞůɤɚɐɜɤɜ SWNTs əŬɘ  MWNTs (6) 

 

 

 

https://www.sciencedirect.com/topics/materials-science/mechanical-strength
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ũ) ɆɡůŰɐɛŬŰŬ ŭɨɞ ŭɘŬůŰɎůŮɤɜ: 

 

ȼ ˊɘɞ ŭɘŬŭŮŭɞɛɏɜɖ ŭɞɛɐ ŭɨɞ ŭɘŬůŰɎůŮɤɜ ŮɑɜŬɘ Űɞ ɔɟŬűɏɜɘɞ. ɆŰɖɜ ɞɡůɑŬ, ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛŮɛɞɜɤɛɏɜŬ 

űɨɚɚŬ ŬŰɧɛɤɜ ɎɜɗɟŬəŬ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ ŮɝŬɔɤɜɘəɧ ŭɑəŰɡɞ ɧˊɤɠ ůŮ ɏɜŬ Ŭˊɧ ŰŬ űɨɚɚŬ Űɖɠ ŭɞɛɐɠ 

Űɞɡ ɔɟŬűɑŰɖ (ȺɘəɧɜŬ 7). 

 

ȺɘəɧɜŬ 7: ȼ ŭɞɛɐ Űɞɡ ɔɟŬűŮɜɑɞɡ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ˊɟɞůɗɐəɖ ɔɟŬűɑŰɖ ůŮ ůŰɟɩɛŬŰŬ 

ɔɟŬűŮɜɑɞɡ (7) 

 

 

ȯɚɚŬ ɡɚɘəɎ ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ űɡɚɚɤŰɏɠ ŭɞɛɏɠ, ɧˊɤɠ ɛŮɟɘəɎ ůɞɡɚűɑŭɘŬ ɛŮŰɎɚɚɤɜ, ɛˊɞɟɞɨɜ Ůˊɑůɖɠ 

ɜŬ ˊŬɟŬɢɗɞɨɜ ɛŮ Űɖ ɛɞɟűɐ ɛŮɛɞɜɤɛɏɜɤɜ űɨɚɚɤɜ ɛŮ ˊɎɢɞɠ ɛɘəɟɧŰŮɟɞ Űɞɡ Ůɜɧɠ ɜŬɜɞɛɏŰɟɞɡ. ȿɧɔɤ 

Űɤɜ ɛɞɜŬŭɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɔɟŬűŮɜɑɞɡ, ŬɡŰɧ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŰɖɜ əŬŰŬůəŮɡɐ ˊɞɚɚɩɜ 

ŮɡŬɑůɗɖŰɤɜ ɜŬɜɞɖɚŮəŰɟɞɜɘəɩɜ əŬɘ ɜŬɜɞŰŮɢɜɞɚɞɔɘəɩɜ ůɡůəŮɡɩɜ. ȾɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ˊɘɞ ůɖɛŬɜŰɘəɏɠ 

ŮűŬɟɛɞɔɏɠ Ŭűɞɟɞɨɜ Űɖɜ ɘŬŰɟɘəɐ ɛɖɢŬɜɘəɐ, Űɖ ůŰɞɢŮɡɛɏɜɖ ɢɞɟɐɔɖůɖ űŬɟɛɎəɤɜ əŬɘ ɖɚŮəŰɟɞɞˊŰɘəɏɠ 

ŮűŬɟɛɞɔɏɠ [4,5].  

 

 

ȹ) ɆɡůŰɐɛŬŰŬ Űɟɘɩɜ ŭɘŬůŰɎůŮɤɜ: 

ȼ ůɨɜɗŮůɖ ŰɟɘůŭɘɎůŰŬŰɤɜ ɡˊŮɟɛɞɟɘŬəɩɜ ɜŬɜɞŭɞɛɩɜ ɛŮ ɟɡɗɛɘɕɧɛŮɜŮɠ, ɜŬɜɞˊɞɟɩŭŮɘɠ əŬɘ ŬɜɞɘɢŰɏɠ 

ŭɞɛɏɠ, űŬɑɜŮŰŬɘ ˊɤɠ ɏɢŮɘ ŬɡɝɐůŮɘ ůɖɛŬɜŰɘəɎ Űɞ ŮɜŭɘŬűɏɟɞɜ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ əɞɘɜɧŰɖŰŬɠ ŭɘɧŰɘ 

ɡˊɧůɢɞɜŰŬɘ ˊɘɗŬɜɏɠ ŮűŬɟɛɞɔɏɠ ɤɠ ɛɞɟɘŬəɎ əɧůəɘɜŬ, ůŮ ŭɘŬɢɤɟɘůɛɞɨɠ ɛŮ ɓɎůɖ Űɞ ɛɞɟɘŬəɧ ɛɏɔŮɗɞɠ 

əŬɘ ůŰɞɜ ŰɞɛɏŬ Űɖɠ əŬŰɎɚɡůɖɠ. ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ Ŭɜɐəɞɡɜ ŰŬ ɛŮůɞˊɞɟɩŭɖ ɡɚɘəɎ əŬɘ ɞɟɘůɛɏɜŬ 

ŬɜɧɟɔŬɜŬ ɐ ɞɟɔŬɜɘəɎ ɜŬɜɞůɨɜɗŮŰŬ ɡɚɘəɎ (ȺɘəɧɜŬ 8). 
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ȺɘəɧɜŬ 8: ɄŬɟŬŭŮɑɔɛŬŰŬ ɜŬɜɞůɨɜɗŮŰɤɜ ɛŮůɞˊɞɟɩŭɤɜ ɡɚɘəɩɜ-ŮɘəɧɜŮɠ ɇȺɀ (8) 

 

ȳůɞɜ ŬűɞɟɎ ůŰŬ ɛŮůɞˊɞɟɩŭɖ ɡɚɘəɎ, ɏɢɞɡɜ ŭɞɛɏɠ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɑŬ ŰŬəŰɘəɐ ŭɘɎŰŬɝɖ 

ˊɧɟɤɜ, ɖ ɞˊɞɑŬ əŬɗɞɟɑɕŮŰŬɘ ůŰɖ ɜŬɜɞəɚɑɛŬəŬ. ȼ ůɨɜɗŮůɖ Űɤɜ ɡɚɘəɩɜ ŬɡŰɩɜ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ 

ɏɚŮɔɢɞ Űɖɠ ŬɡŰɞɞɟɔɎɜɤůɖɠ. ɆŰɞ ŬɜɧɟɔŬɜɞ ˊɚɏɔɛŬ ɛˊɞɟɞɨɜ ɜŬ ŮɜůɤɛŬŰɤɗɞɨɜ ŭɘɎűɞɟŬ ɢɖɛɘəɎ 

Ůɑŭɖ. ɇŬ ɛŮůɞˊɞɟɩŭɖ ɡɚɘəɎ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰɖɜ ŮŰŮɟɞɔŮɜɐ əŬŰɎɚɡůɖ əŬɘ ɏɢɞɡɜ ŬɟəŮŰɧ 

ŮɜŭɘŬűɏɟɞɜ, əŬɗɩɠ ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɘůŰŮɑ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ˊɧɟɤɜ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɘɠ ŭɞɛɏɠ Űɞɡɠ Ŭˊɧ 

1,5nm ɏɤɠ 10nm əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ ůɨɜɗŮůɐɠ Űɞɡɠ. ȷəɧɛɖ, ˊɟɞůűɏɟɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮɘůŬɔɤɔɐɠ 

ŭɟŬůŰɘəɩɜ ɞɛɎŭɤɜ ůŰɞɡɠ ˊɧɟɞɡɠ ɛŮ ůŰɧɢɞ ɜŬ ŬɡɝɖɗŮɑ ɖ əŬŰŬɚɡŰɘəɐ ŭɟŬůŰɘəɧŰɖŰŬ əŬɘ ŮəɚŮəŰɘəɧŰɖŰŬ. 

ɀˊɞɟɞɨɜ ɜŬ Ůɔəɚɤɓɑůɞɡɜ ɞɟɔŬɜɞɛŮŰŬɚɚɘəɎ ůɨɛˊɚɞəŬ, ˊɞɚɡɛŮɟɐ, ůɨɛˊɚɞəŬ d ɛŮŰɎɚɚɤɜ, 

ɛŬəɟɞɛɞɟɑɤɜ əŬɘ ɢɟɤůŰɘəɩɜ ɔɘŬ laser. ȳůɞɜ ŬűɞɟɎ ůŰŬ ŬɜɧɟɔŬɜŬ ɐ ɞɟɔŬɜɘəɎ ɜŬɜɞůɨɜɗŮŰŬ ɡɚɘəɎ, 

ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ. ɆŰɖɜ ˊɟɩŰɖ, ɡűɑůŰŬɜŰŬɘ ɛɖ ɞɛɞɘɞˊɞɚɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ, Ůɜɩ ůŰɖ 

ŭŮɨŰŮɟɖ ˊŮɟɘɏɢɞɜŰŬɘ ɞɟɘůɛɏɜŮɠ ɞɛɞɘɞˊɞɚɘəɏɠ ŬɚɚɖɚŮˊɘŭɟɎůŮɘɠ. ɇŬ ɞɟɔŬɜɘəɎ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ 

ˊɞɚɡɛŮɟɐ ɜŬɜɞůɤɛŬŰɑŭɘŬ (ˊɞɚɡɔɚɡəɞɚɘəɧ ɞɝɨ, PGA), ɚɘˊɞůɩɛŬŰŬ, ɛɘəəɨɚɘŬ, ŭŮɜŭɟɘɛŮɟɐ əŬɘ 

ůŰŮɟŮɎ-ɡɔɟɎ ɜŬɜɞůɤɛŬŰɑŭɘŬ (ɛŮ ɡŭɟɧűɘɚɞ əŬɘ ɡŭɟɧűɞɓɞ ŰɛɐɛŬ). 

ȷɡŰɎ ŰŬ ɡɓɟɘŭɘəɎ ɡɚɘəɎ ˊɟɞɐɚɗŬɜ Ŭˊɧ Űɘɠ ɓɘɞɛɖɢŬɜɑŮɠ ɓŬűɩɜ əŬɘ ˊɞɚɡɛŮɟɩɜ, ɧˊɞɡ ŬɜɧɟɔŬɜɞɘ 

ˊŬɟɎɔɞɜŰŮɠ ˊɚɐɟɤůɖɠ əŬɘ ɢɟɤůŰɘəɏɠ ŭɘŬůˊŮɑɟɞɜŰŬɜ ůŮ ɞɟɔŬɜɘəɎ ɡɚɘəɎ, ɩůŰŮ ɜŬ ˊŬɟŬɢɗɞɨɜ 

ŮɛˊɞɟɘəɎ ɡɚɘəɎ ɛŮ ɓŮɚŰɘɤɛɏɜɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ. ɇŬ ɜŬɜɞůɨɜɗŮŰŬ ˊɞɚɡɛŮɟɐ (PNCs) ŬˊɞŰŮɚɞɨɜŰŬɘ 

Ŭˊɧ ŬɜɧɟɔŬɜŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ŭɘŮůˊŬɟɛɏɜŬ ůŮ ɛɘŬ ɛɐŰɟŬ ˊɞɚɡɛŮɟɞɨɠ. ɀɑŬ ůɖɛŬɜŰɘəɐ əŬŰɖɔɞɟɑŬ 

PNC ɢɟɖůɘɛɞˊɞɘŮɑ ɜŬɜɞɎɜɗɟŬəŮɠ ɤɠ ŭɘŮůˊŬɟɛɏɜɖ űɎůɖ. Ƀɘ SWNT ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŬɜ, ɏɢɞɡɜ 

ŮɝŬɘɟŮŰɘəɏɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɛŮɔɎɚɖ ŬɜŰɞɢɐ ŮűŮɚəɡůɛɞɨ, Ůɜɩ ɖ ˊɡəɜɧŰɖŰɎ Űɞɡɠ ŮɑɜŬɘ ˊŮɟɑˊɞɡ Űɞ 

1/6 ŬɡŰɐɠ Űɞɡ ɢɎɚɡɓŬ [4,5]. 
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1.3 ̒ ͎͙͋͐ͧ͛͛͌Ш͚͎͛Ш͔͈͔͖͓͈͈͑͒͑͡ 
 

 

ɇŬ ɜŬɜɞɦɚɘəɎ ŮɑɜŬɘ ɔɜɤůŰɎ ɔɘŬ Űɘɠ ɛɞɜŬŭɘəɏɠ ɛɖɢŬɜɘəɏɠ, ɢɖɛɘəɏɠ, űɡůɘəɏɠ, ɗŮɟɛɘəɏɠ, 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɏɠ, ɞˊŰɘəɏɠ, ɓɘɞɚɞɔɘəɏɠ əŬɘ ŮˊɘűŬɜŮɘŬəɏɠ ɘŭɘɧŰɖŰŮɠ. ȼ ŭɘŬűɞɟŮŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ 

ɨɚɖɠ ɝŮəɘɜɎ ɚɧɔɤ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɘŭɘɞŰɐŰɤɜ, əŬɗɩɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɤɜ ŬŰɧɛɤɜ 

ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ˊŬɟɎ ůŰɞɜ ɧɔəɞ Űɖɠ ɜŬɜɞŭɞɛɐɠ. Ⱥˊɞɛɏɜɤɠ, ŰŬ ɎŰɞɛŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ 

ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ɡɚɘəɞɨ [4]. 

ȳůɞ ˊɚɖůɘɎɕŮɘ əŬɜŮɑɠ ůŰɖ ɜŬɜɞəɚɑɛŬəŬ, ůɡɜŮɘŭɖŰɞˊɞɘŮɑ Űɘɠ ŬɚɚŬɔɏɠ ůŰɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ ɨɚɖɠ əŬɘ 

ŭɘŬˊɘůŰɩɜŮɘ ɧŰɘ ɞɘ ɜɧɛɞɘ ˊɞɡ Űɖɜ ˊŮɟɘɔɟɎűɞɡɜ ˊŬɑɟɜɞɡɜ Ɏɚɚɖ ɛɞɟűɐ. ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɖɜ əɚŬůůɘəɐ 

ɖɚŮəŰɟɞŭɡɜŬɛɘəɐ, ɖ ůəɏŭŬůɖ Rayleigh ˊŮɟɘɔɟɎűŮɘ Űɖɜ ŮɚŬůŰɘəɐ ůəɏŭŬůɖ űɤŰɧɠ Ŭˊɧ ɛɘəɟɎ 

ůɤɛŬŰɑŭɘŬ ˊɞɡ ɏɢɞɡɜ ŭɘŬůŰɎůŮɘɠ ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ Űɞɡ űɤŰɧɠ ˊɞɡ ˊɟɞůˊɑˊŰŮɘ 

ˊɎɜɤ ůô ŬɡŰɎ. ɋůŰɧůɞ, Űɖ ůəɏŭŬůɖ űɤŰɧɠ Ŭˊɧ ůɤɛŬŰɑŭɘŬ ɛŮ ŭɘŬůŰɎůŮɘɠ ůŰɖɜ ŰɎɝɖ Űɖɠ ɜŬɜɞəɚɑɛŬəŬɠ 

ˊŮɟɘɔɟɎűŮɘ ɖ ɗŮɤɟɑŬ Űɞɡ Mie. ũŮɜɘəɎ, ɧˊɤɠ ŬɜŬűɏɟŮŰŬɘ ůŰɞ ˊŮɟɘɞŭɘəɧ ūŬɘɜɧɛŮɜɞɜ (ɃəŰɩɓɟɘɞɠ 

2017), Űɞ ɢɟɩɛŬ ˊɞɡ ŮəˊɏɛˊŮŰŬɘ Ŭˊɧ ɛŮŰŬɚɚɘəɎ ɜŬɜɞůɤɛŬŰɑŭɘŬ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊɧɚɤůɖ Űɞɡ 

ɖɚŮəŰɟɞɜɘəɞɨ ɜɏűɞɡɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ˊɞɡ ŮɝŬɜŬɔəɎɕŮŰŬɘ ůŮ ŰŬɚɎɜŰɤůɖ, 

ɔɜɤůŰɐ ɤɠ ˊɚŬůɛɧɜɘɞ. ɇɞ ɛɐəɞɠ əɨɛŬŰɞɠ, ůŰɞ ɞˊɞɑɞ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůɡɜŰɞɜɘůɛɧɠ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ɛɏɔŮɗɞɠ Űɞɡ ɜŬɜɞůɤɛŬŰɘŭɑɞɡ. ȷəɧɛŬ, ɧŰŬɜ ɖ ŭɘɎɛŮŰɟɞɠ Űɞɡ ɜŬɜɞůɤɛŬŰɘŭɑɞɡ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɧŰŮɟɖ 

Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ, ɖ ůəŮŭŬɕɧɛŮɜɖ ɏɜŰŬůɖ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ ɏəŰɖɠ ŭɨɜŬɛɖɠ Űɖɠ ŭɘŬɛɏŰɟɞɡ Űɞɡ 

ɜŬɜɞůɤɛŬŰɘŭɑɞɡ. ȺɝɎɚɚɞɡ, ɚɧɔɤ əɓŬɜŰɘəɩɜ űŬɘɜɞɛɏɜɤɜ, ŰŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ɛˊɞɟɞɨɜ ɜŬ 

Ŭˊɞɟɟɞűɐůɞɡɜ ɐ ɜŬ ůəŮŭɎůɞɡɜ űɤɠ ůŮ əŬɗɞɟɘůɛɏɜŮɠ ůɡɢɜɧŰɖŰŮɠ. ɆɖɛŬɜŰɘəɧ ɟɧɚɞ ˊŬɑɕŮɘ əŬɘ ɖ 

ŬɜŬəɚŬůŰɘəɧŰɖŰŬ. ȳŰŬɜ ɖ Ŭˊɧŭɞůɖ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ ɖ ŬɜŬəɚŬůŰɘəɧŰɖŰŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ɞɘ ɑŭɘŮɠ ɔɘŬ 

ɧɚɞ Űɞ ɞˊŰɘəɧ űɎůɛŬ, ŰɧŰŮ ɧɚŬ ŰŬ ɢɟɩɛŬŰŬ ŬɜŬəɚɩɜŰŬɘ Ůɝɑůɞɡ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ Űɞ ɚŮɡəɧ-Ŭůɖɛɑ 

ɢɟɩɛŬ Űɤɜ ůŰɘɚˊɜɩɜ ŮˊɘűŬɜŮɘɩɜ Űɞɡ Ŭɟɔɨɟɞɡ ɐ Űɞɡ ůɘŭɐɟɞɡ. ɄŬɟŬŰɖɟɞɨɜŰŬɘ ŬɚɚŬɔɏɠ əŬɘ ůŮ ɎɚɚŮɠ 

ɘŭɘɧŰɖŰŮɠ ůŰɖ űɡůɘəɐ Űɖɠ ɜŬɜɞəɚɑɛŬəŬɠ, ɞɘ ɞˊɞɑŮɠ ˊɚɏɞɜ ŬˊɞəŰɞɨɜ ůɡɔəŮəɟɘɛɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ. 

ɆŰɘɠ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ ůɡɔəŬŰŬɚɏɔŮŰŬɘ Űɞ űŬɘɜɧɛŮɜɞ ůɐɟŬɔɔŬɠ ɟŮɨɛŬŰɞɠ, Ůɜɩ ɓŬůɘəɐ ɛŬɔɜɖŰɘəɐ 

ɘŭɘɧŰɖŰŬ ŮɑɜŬɘ ɖ ɡˊŮɟˊŬɟŬɛŬɔɜɖŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ. Ƀɘ ɛŬɔɜɖŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɞűŮɑɚɞɜŰŬɘ ůŮ űŬɘɜɧɛŮɜŬ 

ɛŬɔɜɖŰɘůɛɞɨ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ŰŬ ɡɚɘəɎ. ūŬɘɜɧɛŮɜŬ ɧˊɤɠ ɞ ɡˊŮɟˊŬɟŬɛŬɔɜɖŰɘůɛɧɠ, ɖ Ůɜɑůɢɡůɖ 

Űɖɠ ˊŬɟŬɛɏɜɞɡůŬɠ ɛŬɔɜɐŰɘůɖɠ, ɖ ɛŬɔɜɖŰɘəɐ ŬɜɘůɞŰɟɞˊɑŬ əŬɘ ɖ ɔɘɔŬɜŰɘŬɑŬ ɛŬɔɜɖŰɞŬɜŰɑůŰŬůɖ, 

ŮɜɘůɢɨɞɜŰŬɘ ɧŰŬɜ ɞɘ ŭɘŬůŰɎůŮɘɠ ɔɑɜɞɜŰŬɘ ůɡɔəɟɑůɘɛŮɠ ɛŮ ŰŬ ɛŬɔɜɖŰɘəɎ ɐ ŰŬ ɖɚŮəŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

ɛɐəɖ. ȯɚɚŮɠ ůɖɛŬɜŰɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɤɜ ɛŬɔɜɖŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

Űɤɜ ůŰŮɟŮɩɜ ŮɑɜŬɘ ɖ ɛŬɔɜɖŰɘəɐ ŭɘŬˊŮɟŬŰɧŰɖŰŬ, ɖ ŮˊɘŭŮəŰɘəɧŰɖŰŬ əŬɘ ɖ ɛŬɔɜɖŰɘəɐ ɟɞˊɐ [4,5].  

Ƀɘ ɢɖɛɘəɏɠ əŬɘ űɡůɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɗɞɟɑɕɞɜŰŬɘ, ŬɟɢɘəɎ, Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ, Űɞ 

ɞˊɞɑɞ ŮɑɜŬɘ ůɡɔəɟɑůɘɛɞ ɛŮ Űɖɜ ŬəŰɑɜŬ Bohr Űɤɜ ŮɝɘŰɞɜɑɤɜ. ȷɡŰɧ ɛŮŰŬɓɎɚɚŮɘ ůɖɛŬɜŰɘəɎ Űɘɠ ɘŭɘɧŰɖŰŮɠ 

ɞˊŰɘəɐɠ űɤŰŬɨɔŮɘŬɠ əŬɘ ɞɝŮɘŭɞŬɜŬɔɤɔɐɠ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ɡɚɘəɎ ɧɔəɞɡ. ɆŮ 

ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ŮɑɜŬɘ ŮɨəɞɚŬ ŬɘůɗɖŰɧ ˊɤɠ ɖ ɛŮɑɤůɖ Űɞɡ ɛŮɔɏɗɞɡɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɏɢŮɘ ɤɠ 

ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɜɎɚɞɔɖ Ŭɨɝɖůɖ ŬɜɎɛŮůŬ ůŰɖɜ ŮˊɘűŬɜŮɘŬəɐ ŮɜɏɟɔŮɘŬ əŬɘ Űɖɜ ŮɜɏɟɔŮɘŬ Űɞɡ 

ɡˊɧɚɞɘˊɞɡ ɛɏɟɞɡɠ Űɞɡ ɡɚɘəɞɨ [4]. 
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2.1 ̛ ͚͓͈͈͛ͫ͛͜Ш͓͈͖͙͌͛ͩ͘͝Ш͈͓͔ͩ͑͘͝͠ 
 

ȰɜŬ Ŭˊɧ ŰŬ ˊɘɞ Ůɡɟɏɤɠ ŬɜŬˊŰɡůůɧɛŮɜŬ ˊŮŭɑŬ ŮűŬɟɛɞɔɩɜ Űɖɠ ɜŬɜɞŰŮɢɜɞɚɞɔɑŬɠ ŮɑɜŬɘ ŰŬ ůɡůŰɐɛŬŰŬ 

ɛŮŰŬűɞɟɎɠ űŬɟɛɎəɤɜ. ɆŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ˊŬɟŬŭɞůɘŬəɎ űŬɟɛŬəŮɡŰɘəɎ ůəŮɡɎůɛŬŰŬ, ŰŬ ɞˊɞɑŬ ůɡɢɜɎ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɐ ŰɞɝɘəɧŰɖŰŬ, ɞɘ ɜŬɜɞɛɞɟűɏɠ űŬɟɛɎəɤɜ ˊɟɞůűɏɟɞɡɜ ůɖɛŬɜŰɘəɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ: ŮˊɘŰɟɏˊɞɡɜ ůŰɞɢŮɡɛɏɜɖ ŭɟɎůɖ ůŰɞɡɠ ɘůŰɞɨɠ ˊɞɡ űɏɟɞɡɜ ɓɚɎɓŮɠ əŬɘ ɛŮɘɩɜɞɡɜ Űɘɠ 

ŬɜŮˊɘɗɨɛɖŰŮɠ ŮɜɏɟɔŮɘŮɠ. ȼ ůŰɞɢŮɡɛɏɜɖ ŬɡŰɐ ɛŮŰŬűɞɟɎ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ŮɑŰŮ ˊŬɗɖŰɘəɎ, ɛɏůɤ 

űɡůɘəɞɢɖɛɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ, ŮɑŰŮ ŮɜŮɟɔɖŰɘəɎ, ɛŮ Űɖ ɢɟɐůɖ əŬŰɎɚɚɖɚɤɜ ɛɞɟɑɤɜ ŬɜŬɔɜɩɟɘůɖɠ. 

ɄŬɟɎɚɚɖɚŬ, ŬɜŬˊŰɨůůɞɜŰŬɘ əŬɘɜɞŰɧɛŮɠ ɗŮɟŬˊŮɡŰɘəɏɠ ˊɟɞůŮɔɔɑůŮɘɠ, ɧˊɤɠ ɖ ɔɞɜɘŭɘŬəɐ ɗŮɟŬˊŮɑŬ ɐ 

ɖ Ŭɝɘɞˊɞɑɖůɖ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ ɔɘŬ ɗŮɟɛɘəɎ ŮˊŬɔɧɛŮɜɖ əŬŰŬůŰɟɞűɐ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ, 

ɛɏůɤ ŮɚŮɔɢɧɛŮɜɖɠ Űɞˊɘəɐɠ Ŭɨɝɖůɖɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ [6]. 

ɇŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ɡˊŮɟŰŮɟɞɨɜ Űɤɜ ůɡɛɓŬŰɘəɩɜ ɛɞɟűɩɜ űŬɟɛɎəɤɜ ůŮ ˊɞɚɚɞɨɠ ŰɞɛŮɑɠ. ɄɟɩŰɞɜ, 

ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɡɣɖɚɐ ɓɘɞŭɘŬɗŮůɘɛɧŰɖŰŬ, ŭɖɚŬŭɐ ɘəŬɜɧŰɖŰŬ ŬˊɞŰŮɚŮůɛŬŰɘəɐɠ ɛŮŰŬűɞɟɎɠ əŬɘ 

ůŰŬŭɘŬəɐɠ ŬˊŮɚŮɡɗɏɟɤůɖɠ Űɖɠ ŭɟŬůŰɘəɐɠ ɞɡůɑŬɠ, ɛŮ ŭɘŬŰɐɟɖůɖ Űɞɡ ɛŮɔŬɚɨŰŮɟɞɡ ŭɡɜŬŰɞɨ 

ˊɞůɞůŰɞɨ Űɖɠ əŬŰɎ Űɖ ɛŮŰŬűɞɟɎ ůŰɞɜ ɞɟɔŬɜɘůɛɧ. ȷɡŰɧ ůɡɜŮˊɎɔŮŰŬɘ Ŭɡɝɖɛɏɜɖ ɓɘɞŭɟŬůŰɘəɧŰɖŰŬ əŬɘ 

ˊɟɞůŰŬůɑŬ Űɖɠ ŭɟŬůŰɘəɐɠ ɞɡůɑŬɠ Ŭˊɧ ɡˊɞɓɎɗɛɘůɖ ɚɧɔɤ ɓɘɞɚɞɔɘəɩɜ ɐ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ 

ˊŬɟŬɔɧɜŰɤɜ (ȺɘəɧɜŬ 9). 

 

ȺɘəɧɜŬ 9: ɁŬɜɞŭɞɛɏɠ əŬŰɎɚɚɖɚŮɠ ɔɘŬ ɛŮŰŬűɞɟɎ űŬɟɛɎəɤɜ (9) 

 

 

Ⱥˊɘˊɚɏɞɜ, ˊɞɚɚɎ űɎɟɛŬəŬ ŮɑɜŬɘ ɢŬɛɖɚɐɠ ŭɘŬɚɡŰɧŰɖŰŬɠ ůŰɞ ɜŮɟɧ, ɔŮɔɞɜɧɠ ˊɞɡ ˊŮɟɘɞɟɑɕŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰŬ ůŰɞɢŮɡɛɏɜɖɠ ŭɟɎůɖɠ Űɞɡɠ. ɇŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ˊŬɟɏɢɞɡɜ ɚɨůɖ ůŮ ŬɡŰɧ Űɞ ˊɟɧɓɚɖɛŬ, 
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əŬɗɩɠ ɛˊɞɟɞɨɜ ɜŬ ŮɜůɤɛŬŰɩůɞɡɜ ɡŭɟɧűɞɓŮɠ ɞɡůɑŮɠ ůŮ ŭɘˊɚɞůŰɞɘɓɎŭŮɠ ɐ ɡɓɟɘŭɘəɏɠ ŭɞɛɏɠ, ˊɞɡ 

ŭɘŬɗɏŰɞɡɜ ɡŭɟɧűɘɚɞ əŬɘ ɡŭɟɧűɞɓɞ ŰɛɐɛŬ, ŭɘŮɡəɞɚɨɜɞɜŰŬɠ ɏŰůɘ Űɖ ɛŮŰŬűɞɟɎ əŬɘ Űɖ ůŰŬŭɘŬəɐ 

ŬˊŮɚŮɡɗɏɟɤůɖ Űɞɡ űŬɟɛɎəɞɡ ůŰɞ ŮˊɘɗɡɛɖŰɧ ůɖɛŮɑɞ ŭɟɎůɖɠ [6,7]. 

 

 

 

2.2 ̎ ͈͓͖͙͊ͪ͘͝Ш͚͎͔͛Ш͎͖͔͒͌͑͛͐͑ͫ͘Ш͈͑͐Ш͈͔͚͋͐͊͛͐͑ͫ͠ 
 

ɇŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ɏɢɞɡɜ ŬɜŬŭŮɘɢɗŮɑ ůŮ ŮɝŬɘɟŮŰɘəɎ ůɖɛŬɜŰɘəɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ɧɢɘ ɛɧɜɞ ůŰɖ ɓɘɞɥŬŰɟɘəɐ, 

ŬɚɚɎ əŬɘ ůŮ ˊŮŭɑŬ ɧˊɤɠ ɖ ɖɚŮəŰɟɞɜɘəɐ əŬɘ ɖ əŬŰɎɚɡůɖ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ ɖɛɘŬɔɩɔɘɛŮɠ 

ɖɚŮəŰɟɞɜɘəɏɠ ŭɘŬŰɎɝŮɘɠ, əŬɗɩɠ əŬɘ ůŰɖɜ ŬɜɎˊŰɡɝɖ ŰɟŬɜɕɑůŰɞɟ Ůɜɧɠ ɖɚŮəŰɟɞɜɑɞɡ, ŰŮɢɜɞɚɞɔɑŬ ˊɞɡ 

ŬɝɘɞˊɞɘŮɑ Űɘɠ əɓŬɜŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ɨɚɖɠ ůŮ ɜŬɜɞəɚɑɛŬəŬ. Ⱥˊɘˊɚɏɞɜ, ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ əŬɗɞɟɘůŰɘəɧ 

ɟɧɚɞ ůŰɖɜ ˊŬɟŬɔɤɔɐ űɤŰɞɓɞɚŰŬɥəɩɜ ůŰɞɘɢŮɑɤɜ, ŰŬ ɞˊɞɑŬ ŮɛűŬɜɑɕɞɡɜ ɓŮɚŰɘɤɛɏɜɖ ŮɜŮɟɔŮɘŬəɐ 

Ŭˊɧŭɞůɖ əŬɘ ɛŮɘɤɛɏɜɞ əɧůŰɞɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ˊŬɟŬŭɞůɘŬəɏɠ ɛŮɗɧŭɞɡɠ əŬŰŬůəŮɡɐɠ. 

ɆŰɞɜ ŰɞɛɏŬ Űɖɠ əŬŰɎɚɡůɖɠ, ŰŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮəŰŮŰŬɛɏɜŬ Űɧůɞ ůŮ ɢɖɛɘəɏɠ ɧůɞ əŬɘ 

ůŮ űɤŰɞɢɖɛɘəɏɠ ŬɜŰɘŭɟɎůŮɘɠ. ȼ Ŭɡɝɖɛɏɜɖ Ůɘŭɘəɐ ŮˊɘűɎɜŮɘɎ Űɞɡɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ ɧɔəɞ Űɞɡɠ 

ɛŮɔɘůŰɞˊɞɘŮɑ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŮɜŮɟɔɩɜ ɗɏůŮɤɜ, əŬɗɘůŰɩɜŰŬɠ ŰŬ ɘŭɘŬɑŰŮɟŬ ŭɟŬůŰɘəɎ əŬŰŬɚɡŰɘəɎ ɡɚɘəɎ. 

Ⱥˊɘˊɚɏɞɜ, ɖ ŭɡɜŬŰɧŰɖŰŬ Ůɚɏɔɢɞɡ Űɞɡ ɛŮɔɏɗɞɡɠ, Űɞɡ ůɢɐɛŬŰɞɠ əŬɘ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ Űɟɞˊɞˊɞɑɖůɖɠ 

Űɤɜ ůɤɛŬŰɘŭɑɤɜ ŮˊɘŰɟɏˊŮɘ Űɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŭɟŬůŰɘəɧŰɖŰŬɠ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮˊɘɗɡɛɖŰɐ 

ŮűŬɟɛɞɔɐ. 

ȼ ɑŭɘŬ ɘŭɘɧŰɖŰŬ ŬɝɘɞˊɞɘŮɑŰŬɘ əŬɘ ůŰɖ ŭɘŬɔɜɤůŰɘəɐ ɘŬŰɟɘəɐ, ɧˊɞɡ ɜŬɜɞůɤɛŬŰɑŭɘŬ ůɢŮŭɘɎɕɞɜŰŬɘ ŮɘŭɘəɎ ɔɘŬ 

ůŰɞɢŮɡɛɏɜɖ ɛŮŰŬűɞɟɎ ůŮ ɘůŰɞɨɠ ɐ əɨŰŰŬɟŬ ŮɜŭɘŬűɏɟɞɜŰɞɠ. ɇɏŰɞɘŬ ɜŬɜɞůɡůŰɐɛŬŰŬ ɏɢɞɡɜ ŮűŬɟɛɞůŰŮɑ 

ůŮ ˊɚɖɗɩɟŬ ŰŮɢɜɘəɩɜ ŬˊŮɘəɧɜɘůɖɠ, ɧˊɤɠ ɞɘ ɡˊɏɟɖɢɞɘ, ɖ ŬəŰɘɜɞɔɟŬűɑŬ ŬəŰɑɜɤɜ ɉ, ɖ Ŭɝɞɜɘəɐ əŬɘ 

ɛŬɔɜɖŰɘəɐ ŰɞɛɞɔɟŬűɑŬ, ɖ ɞˊŰɘəɐ ŬˊŮɘəɧɜɘůɖ, ŬɚɚɎ əŬɘ ɖ Ůɜɘůɢɡɛɏɜɖ ůəɏŭŬůɖ Raman (SERS). 

ȼ ŮɜůɤɛɎŰɤůɖ ˊŬɟŬɔɧɜŰɤɜ ŬˊŮɘəɧɜɘůɖɠ ůŰɞ ŮůɤŰŮɟɘəɧ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ əŬɗɘůŰɎ ŭɡɜŬŰɐ Űɖɜ 

ˊŬɟŬəɞɚɞɨɗɖůɖ ůŮ ˊɟŬɔɛŬŰɘəɧ ɢɟɧɜɞ Űɖɠ ɛŮŰŬűɞɟɎɠ əŬɘ Űɖɠ ŬˊŮɚŮɡɗɏɟɤůɖɠ űŬɟɛɎəɤɜ, 

ŮˊɘŰɟɏˊɞɜŰŬɠ Űɞɜ ŬəɟɘɓɏůŰŮɟɞ ɏɚŮɔɢɞ əŬɘ Űɖ ůɡɜŮɢɐ ɓŮɚŰɑɤůɖ Űɤɜ ɗŮɟŬˊŮɡŰɘəɩɜ ŭɘŬŭɘəŬůɘɩɜ 

(ȺɘəɧɜŬ 10) [7,8]. 
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ȺɘəɧɜŬ 10: Ⱥɑŭɖ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ŭɘŬɔɜɤůŰɘəɞɨɠ 

ůəɞˊɞɨɠ (10) 
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3  ͖̓ ̞̘̎̊̔̊̒аШ̛̖̜̓̋̊̒̓̎Ш̛̜̎̔̎̒̎ 
 

 

3.1 ̒ ͚͖͛͐͑ͫ͘Ш͈͔͈͖͓͋ͫ͘ 
 

 

ɇɞ ȸɟŬɓŮɑɞ ɁɧɛˊŮɚ ɉɖɛŮɑŬɠ Űɞɡ 2023 ŬˊɞɜŮɛɐɗɖəŮ ůŰɞɡɠ Alexei Ekimov, Louis Brus əŬɘ Moungi 

Bawendi, ɔɘŬ Űɖ ɗŮɛŮɚɑɤůɖ əŬɘ ŬɜɎˊŰɡɝɖ Űɤɜ əɓŬɜŰɘəɩɜ əɞɡəəɑŭɤɜ (quantum dots), ɡɚɘəɩɜ ˊɞɡ 

ɎɚɚŬɝŬɜ ɟɘɕɘəɎ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ŬɜŰɘɚŬɛɓŬɜɧɛŬůŰŮ əŬɘ ŬɝɘɞˊɞɘɞɨɛŮ ŰŬ ɜŬɜɞɦɚɘəɎ. 

ɆŰŬ Űɏɚɖ Űɖɠ ŭŮəŬŮŰɑŬɠ Űɞɡ 1970, ɞ Alexei Ekimov, ŮɟɔŬɕɧɛŮɜɞɠ ŰɧŰŮ ůŰɖ ɆɞɓɘŮŰɘəɐ Ȱɜɤůɖ, ɛŮɚɏŰɖůŮ 

ɜŬɜɞəɟɡůŰɎɚɚɞɡɠ ɢɚɤɟɘɞɨɢɞɡ ɢŬɚəɞɨ ŮɜůɤɛŬŰɤɛɏɜɞɡɠ ůŮ ɡŬɚɩŭɖ ɛɐŰɟŬ. ɀɏůŬ Ŭˊɧ ŬɡŰɎ ŰŬ 

ˊŮɘɟɎɛŬŰŬ ŭɘŬˊɑůŰɤůŮ ɧŰɘ ɞɘ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ŭˊɞɟɟɧűɖůɖɠ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ŮɝŬɟŰɩɜŰŬɜ 

ɎɛŮůŬ Ŭˊɧ Űɞ ɛɏɔŮɗɧɠ Űɞɡɠ, ɔŮɔɞɜɧɠ ˊɞɡ ŬˊɞŰŮɚɞɨůŮ Űɖɜ ˊɟɩŰɖ ɏɜŭŮɘɝɖ Űɞɡ űŬɘɜɞɛɏɜɞɡ əɓŬɜŰɘəɞɨ 

ˊŮɟɘɞɟɘůɛɞɨ. ȼ ˊŬɟŬŰɐɟɖůɖ ŬɡŰɐ ŬˊɞŰɏɚŮůŮ Űɞ ɏɜŬɡůɛŬ ɔɘŬ Űɖ ɗŮɤɟɖŰɘəɐ ŬɜɎˊŰɡɝɖ Űɞɡ 

űŬɘɜɞɛɏɜɞɡ Ŭˊɧ Űɞɜ Alexander Efros, ɞ ɞˊɞɑɞɠ ŭɘŬŰɨˊɤůŮ Űɖ ɔŮɜɘəɐ ɗŮɤɟɑŬ Űɖɠ əɓɎɜŰɤůɖɠ 

ɛŮɔɏɗɞɡɠ əŬɘ Űɖɠ ŮˊɑŭɟŬůɐɠ Űɖɠ ůŰɖɜ ɞˊŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɤɜ ɖɛɘŬɔɤɔɩɜ. 

ɇɖɜ ɑŭɘŬ ˊŮɟɑˊɞɡ ˊŮɟɑɞŭɞ, ɞ Louis Brus ůŰŬ Bell Laboratories Űɤɜ ȼɜɤɛɏɜɤɜ ɄɞɚɘŰŮɘɩɜ 

ˊɟŬɔɛŬŰɞˊɞɑɖůŮ ŬɜŮɝɎɟŰɖŰŬ ˊŮɘɟɎɛŬŰŬ, ɛŮɚŮŰɩɜŰŬɠ əɞɚɚɞŮɘŭŮɑɠ ɜŬɜɞəɟɡůŰɎɚɚɞɡɠ ɗŮɘɞɨɢɞɡ 

əŬŭɛɑɞɡ (CdS). ȾŬɘ ŮəŮɑɜɞɠ ˊŬɟŬŰɐɟɖůŮ ɛŮŰŬɓɞɚɏɠ ůŰɖɜ Ŭˊɞɟɟɧűɖůɖ Űɞɡ űɤŰɧɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ 

ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ, ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ ˊŮɘɟŬɛŬŰɘəɎ Űɖɜ ɨˊŬɟɝɖ əɓŬɜŰɘəɩɜ űŬɘɜɞɛɏɜɤɜ ůŮ 

əɞɚɚɞŮɘŭɐ ɜŬɜɞɦɚɘəɎ. ɄŬɟɎɚɚɖɚŬ, ůɡɜɏɓŬɚŮ ůɖɛŬɜŰɘəɎ ůŰɖ ɗŮɤɟɖŰɘəɐ ŮɟɛɖɜŮɑŬ ŬɡŰɩɜ Űɤɜ 

ˊŬɟŬŰɖɟɐůŮɤɜ, ɗɏŰɞɜŰŬɠ ŰŬ ɗŮɛɏɚɘŬ ɔɘŬ Űɞ ˊŮŭɑɞ Űɤɜ ɜŬɜɞəɟɡůŰŬɚɚɘəɩɜ ɖɛɘŬɔɤɔɩɜ. 

ɇŬ ˊŮɘɟɎɛŬŰŬ Űɞɡ Ekimov ŮˊɘəŮɜŰɟɩɗɖəŬɜ ůŰɖ ŭɞɛɐ əŬɘ Űɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ˊɞɡ 

ŮɜůɤɛŬŰɩɜɞɜŰŬɜ ůŰŬ ɏɔɢɟɤɛŬ ɔɡŬɚɘɎ, əŬɗɩɠ əŬɘ ůŰɞɡɠ ɛɖɢŬɜɘůɛɞɨɠ ŬɜɎˊŰɡɝɐɠ Űɞɡɠ. ũɘŬ Űɞɜ 

ůəɞˊɧ ŬɡŰɧ, ɛŮɚɏŰɖůŮ Űɖɜ ŮˊɑŭɟŬůɖ Űɖɠ ɗŮɟɛɘəɐɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ɔɡŬɚɘɞɨ ŮɜŮɟɔɞˊɞɘɖɛɏɜɞɡ ɛŮ 

ɢɚɤɟɘɞɨɢɞ ɢŬɚəɧ, ɗŮɟɛŬɑɜɞɜŰɎɠ Űɞ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ 500ÁC ɏɤɠ 700ÁC ɔɘŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ 

Ŭˊɧ 1 ɏɤɠ 96 ɩɟŮɠ. ɀŮŰɎ Űɖɜ ɣɨɝɖ əŬɘ əɟɡůŰɎɚɚɤůɖ, ɖ ŬɜɎɚɡůɖ ŬəŰɑɜɤɜ ɉ ŬˊɞəɎɚɡɣŮ Űɞɜ 

ůɢɖɛŬŰɘůɛɧ ɜŬɜɞəɟɡůŰɎɚɚɤɜ ɢɚɤɟɘɞɨɢɞɡ ɢŬɚəɞɨ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɡɚɘəɞɨ. Ƀ Ekimov ŭɘŬˊɑůŰɤůŮ 

ɧŰɘ Űɧůɞ ɖ ɗŮɟɛɞəɟŬůɑŬ ɧůɞ əŬɘ ɞ ɢɟɧɜɞɠ ɗɏɟɛŬɜůɖɠ əŬɗɧɟɘɕŬɜ Űɞ ɛɏůɞ ɛɏɔŮɗɞɠ Űɤɜ əɟɡůŰɎɚɚɤɜ, 

ˊɞɡ əɡɛŬɘɜɧŰŬɜ ɛŮŰŬɝɨ 2 nm əŬɘ 30 nm. 

ȼ ŬɜɎɚɡůɖ Űɖɠ űŬůɛŬŰɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ ŬˊɞəɎɚɡɣŮ ɧŰɘ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ůɤɛŬŰɑŭɘŬ ˊŬɟɞɡůɑŬɕŬɜ 

ɘŭɘɧŰɖŰŮɠ ɧɛɞɘŮɠ ɛŮ Űɞ ɢɨŭɖɜ ɡɚɘəɧ, Ůɜɩ ŰŬ ɛɘəɟɧŰŮɟŬ ůɤɛŬŰɑŭɘŬ ŬˊɞɟɟɞűɞɨůŬɜ űɤɠ ůŮ ɛɘəɟɧŰŮɟŬ 

ɛɐəɖ əɨɛŬŰɞɠ (ɛˊɚŮ ˊŮɟɘɞɢɐ). Ƀ Ekimov, ɛŮ űɡůɘəɧ ɡˊɧɓŬɗɟɞ, ŬɜŬɔɜɩɟɘůŮ Ŭɛɏůɤɠ ɧŰɘ Űɞ 

űŬɘɜɧɛŮɜɞ ɞűŮɘɚɧŰŬɜ ůŮ əɓŬɜŰɘəɧ ˊŮɟɘɞɟɘůɛɧ, ŭɖɚŬŭɐ ůŰɖɜ ŮɝɎɟŰɖůɖ Űɤɜ ŮɜŮɟɔŮɘŬəɩɜ ůŰŬɗɛɩɜ 

Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ůɤɛŬŰɘŭɑɞɡ. 

ȿɑɔŬ ɢɟɧɜɘŬ ŬɟɔɧŰŮɟŬ, Űɞ 1993, ɞ Moungi Bawendi əŬɘ ɖ ŮɟŮɡɜɖŰɘəɐ Űɞɡ ɞɛɎŭŬ ůŰɞ MIT əŬŰɎűŮɟŬɜ 

ɜŬ ůɡɜɗɏůɞɡɜ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ ůŮɚɖɜɘɞɨɢɞɡ əŬŭɛɑɞɡ (CdSe) ɛŮ ɡɣɖɚɧ ɓŬɗɛɧ əŬɗŬɟɧŰɖŰŬɠ əŬɘ 

ɞɛɞɘɞɛɞɟűɑŬɠ. ȼ ɛɏɗɞŭɧɠ Űɞɡɠ ɓŬůɑůŰɖəŮ ůŰɖɜ ŰŬɢŮɑŬ ɏɔɢɡůɖ Űɤɜ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ ůŮ ɗŮɟɛɧ 

ŭɘŬɚɨŰɖ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞɜ ůɢɖɛŬŰɘůɛɧ ɜŬɜɞəɟɡůŰɎɚɚɤɜ. ȼ ɣɨɝɖ Űɞɡ ŭɘŬɚɨŰɖ ŬɜɏůŰŮɘɚŮ 
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ˊɟɞůɤɟɘɜɎ Űɖɜ ŬɜɎˊŰɡɝɐ Űɞɡɠ, Ůɜɩ ɛŮ Űɖɜ ŮˊŬɜɧɟɗɤůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ŮˊɘŰŮɨɢɗɖəŮ ŮɚŮɔɢɧɛŮɜɖ 

ŬɜŬɔɏɜɜɖůɖ əɟɡůŰɎɚɚɤɜ ůŰŬɗŮɟɞɨ ɛŮɔɏɗɞɡɠ əŬɘ ůɢɐɛŬŰɞɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, ɞɘ Bawendi əŬɘ ɞɘ 

ůɡɜŮɟɔɎŰŮɠ Űɞɡ, ˊɏŰɡɢŬɜ ŮˊŬɜŬɚɐɣɘɛɖ ůɨɜɗŮůɖ əɓŬɜŰɘəɩɜ əɞɡəəɑŭɤɜ, ŬɜɞɑɔɞɜŰŬɠ Űɞɜ ŭɟɧɛɞ ɔɘŬ 

Űɖɜ ŮəŰŮŰŬɛɏɜɖ Űɞɡɠ ɢɟɐůɖ ůŰɖ ůɨɔɢɟɞɜɖ ɜŬɜɞŰŮɢɜɞɚɞɔɑŬ (ȺɘəɧɜŬ 11) [9]. 

 

 

ȺɘəɧɜŬ 11: ɆɡɜɞˊŰɘəɐ ˊŬɟɞɡůɑŬůɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ Űɤɜ Űɟɘɩɜ ŮˊɘůŰɖɛɧɜɤɜ ˊɞɡ 
ɓɟŬɓŮɨŰɖəŬɜ ɛŮ Nobel  ɉɖɛŮɑŬɠ (11) 
 
 
 
 

3.2 ̌ ͔͌͐͑ͩШ͚͖͈͛͐͌͞͡Ш͔͛͠Ш͉͈͔͔͑͛͐͑ͨШ͔͛͌͒͌͐ͨ 
 

 

Ƀɘ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ (Quantum dots ɐ QDs) ŮɑɜŬɘ Ůˊɑ Űɖɠ ɞɡůɑŬɠ ɖɛɘŬɔɩɔɘɛŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ɛŮ 

ŭɘɎɛŮŰɟɞ 1-10nm. ɇŬ ůɤɛŬŰɑŭɘŬ ŬɡŰɎ ɏɢɞɡɜ ɔɑɜŮɘ ŬɜŰɘəŮɑɛŮɜɞ ŮɜŰŬŰɘəɩɜ ŮɟŮɡɜɩɜ ɔɘŬ Űɘɠ ɞˊŰɘəɏɠ 

Űɞɡɠ əŬɘ ɧɢɘ ɛɧɜɞ ɘŭɘɧŰɖŰŮɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůŰɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ˊɘɞ ɏɜŰɞɜŬ ŰŬ 

əɓŬɜŰɘəɎ űŬɘɜɧɛŮɜŬ, ɛŮ ɎɛŮůɖ ůɡɜɏˊŮɘŬ, Űɞ ɛɏɔŮɗɧɠ Űɞɡɠ ɜŬ ˊŮɟɘɞɟɑɕŮŰŬɘ ůŰɘɠ ŰɟŮɘɠ ŭɘŬůŰɎůŮɘɠ. 

ɆŰɞɡɠ ɖɛɘŬɔɤɔɞɨɠ, ŭɨɞ ůɖɛŬɜŰɘəɎ űŬɘɜɧɛŮɜŬ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ɧŰŬɜ ŰŬ ɖɚŮəŰɟɧɜɘɎ Űɞɡɠ 

ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŮ ˊɞɚɨ ɛɘəɟɏɠ ˊŮɟɘɞɢɏɠ. ȷɟɢɘəɎ, Űɞ ɢɎůɛŬ ɕɤɜɩɜ ŬɡɝɎɜŮŰŬɘ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ 

Űɘɛɐ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞɡɠ ŬŭɟɞɛŮɟŮɑɠ əɟɡůŰɎɚɚɞɡɠ. ȹŮɨŰŮɟɞɜ, ŰŬ ŮɜŮɟɔŮɘŬəɎ ŮˊɑˊŮŭŬ Űɤɜ 

ɖɚŮəŰɟɞɜɑɤɜ Űɞɡɠ ůŰŬ ŰɟɞɢɘŬəɎ LUMO (əŬɘ ɞɘ ɞˊɏɠ, ŭɖɚŬŭɐ ɖ ŬˊɞɡůɑŬ ɖɚŮəŰɟɞɜɑɤɜ ůŰŬ HOMO) 

əɓŬɜŰɑɕɞɜŰŬɘ. ɇŬ ŭɨɞ ŬɡŰɎ űŬɘɜɧɛŮɜŬ əŬɗɞɟɑɕɞɡɜ Űɘɠ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ QDs (ȺɘəɧɜŬ 12) [4,8]. 
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ȺɘəɧɜŬ 12: Ȱɝɘ ŭɘŬűɞɟŮŰɘəɎ Ůɑŭɖ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ (12) 

 

 

Ƀ əɓŬɜŰɘəɧɠ ˊŮɟɘɞɟɘůɛɧɠ (quantum confinement) ŬɜŬűɏɟŮŰŬɘ ůŰɞ űŬɘɜɧɛŮɜɞ ˊŮɟɘɞɟɘůɛɞɨ Űɤɜ 

ɖɚŮəŰɟɞɜɑɤɜ əŬɘ Űɤɜ ɞˊɩɜ ɛɏůŬ ůŮ ŮɝŬɘɟŮŰɘəɎ ɛɘəɟɏɠ ŭɘŬůŰɎůŮɘɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ŬɚɚŬɔɐ Űɤɜ 

ɖɚŮəŰɟɞɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɡɚɘəɞɨ. ȳŰŬɜ ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ ŭɘɎůŰŬůɖ Ůɜɧɠ ɖɛɘŬɔɤɔɞɨ űŰɎůŮɘ ůŮ 

Űɘɛɏɠ ůɡɔəɟɑůɘɛŮɠ ɛŮ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ de Broglie Űɤɜ űɞɟɏɤɜ űɧɟŰɘůɖɠ, ŰɧŰŮ Űɞ ŮɜŮɟɔŮɘŬəɧ ɢɎůɛŬ 

(band gap) ɛŮŰŬɓɎɚɚŮŰŬɘ: ɧůɞ ɛɘəɟɧŰŮɟɖ ŮɑɜŬɘ ɖ ŭɞɛɐ, Űɧůɞ ɛŮɔŬɚɨŰŮɟɞ ɔɑɜŮŰŬɘ Űɞ ɢɎůɛŬ ɕɤɜɩɜ 

(Eg). 

Ƀɘ ɖɚŮəŰɟɞɜɘŬəɏɠ ɛŮŰŬˊŰɩůŮɘɠ ɛŮŰŬɝɨ Űɖɠ ɕɩɜɖɠ ůɗɏɜɞɡɠ (HOMO) əŬɘ Űɖɠ ɕɩɜɖɠ ŬɔɤɔɘɛɧŰɖŰŬɠ 

(LUMO) ɞɜɞɛɎɕɞɜŰŬɘ ŭɘŬɕɤɜɘŬəɏɠ ɛŮŰŬˊŰɩůŮɘɠ (interband transitions), əŬɘ ůŰŬ əɓŬɜŰɘəɎ ůɖɛŮɑŬ 

(QDs) ŬˊŬɘŰɞɨɜ ɛŮɔŬɚɨŰŮɟɖ ŮɜɏɟɔŮɘŬ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɡɠ ɛŬəɟɞůəɞˊɘəɞɨɠ ɖɛɘŬɔɤɔɞɨɠ. ȺˊŮɘŭɐ ɖ 

ŮɜɏɟɔŮɘŬ ŬɡŰɐ ůɢŮŰɑɕŮŰŬɘ ŬɜŰɘůŰɟɧűɤɠ ɛŮ Űɞ ɛɏɔŮɗɞɠ Űɞɡ ɜŬɜɞůɤɛŬŰɘŭɑɞɡ, ɖ űɤŰŬɨɔŮɘŬ Űɤɜ QDs 

ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɘůŰŮɑ ɛŮŰŬɓɎɚɚɞɜŰŬɠ Ŭˊɚɩɠ Űɞ ɛɏɔŮɗɧɠ Űɞɡɠ. ɆɡɜŮˊɩɠ, ɛŮɔŬɚɨŰŮɟŮɠ əɓŬɜŰɘəɏɠ 

ŰŮɚŮɑŮɠ Ůəˊɏɛˊɞɡɜ əɧəəɘɜɞ űɗɞɟɘůɛɧ, Ůɜɩ ɞɘ ɛɘəɟɧŰŮɟŮɠ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ Ůəˊɞɛˊɐ ůŰɖɜ ɛˊɚŮ 

ˊŮɟɘɞɢɐ Űɞɡ űɎůɛŬŰɞɠ [4,8,9]. 

ɀɘŬ ŭŮɨŰŮɟɖ ůɖɛŬɜŰɘəɐ Ůəŭɐɚɤůɖ Űɞɡ əɓŬɜŰɘəɞɨ ˊŮɟɘɞɟɘůɛɞɨ ŮɑɜŬɘ ɧŰɘ ŰŬ əɓŬɜŰɘůɛɏɜŬ ŮɜŮɟɔŮɘŬəɎ 

ŮˊɑˊŮŭŬ ɛɏůŬ ůŰɘɠ QDs ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɖŭŮɜɘəɐ ůɡɜɘůŰŬɛɏɜɖ ɞɟɛɐ, ɔŮɔɞɜɧɠ ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ 

ɞɘ ɖɚŮəŰɟɞɜɘəɏɠ ɛŮŰŬˊŰɩůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ ůɡɛɓɞɨɜ ɢɤɟɑɠ ŬɚɚŬɔɐ ɞɟɛɐɠ. ȰŰůɘ, ɖ ˊɘɗŬɜɧŰɖŰŬ 

ɛŮŰɎˊŰɤůɖɠ ɛŮŰŬɝɨ ŭɨɞ əŬŰŬůŰɎůŮɤɜ ŮɑɜŬɘ ˊɞɚɨ ɡɣɖɚɐ, əɎŰɘ ˊɞɡ ŮɝɖɔŮɑ Űɘɠ ɏɜŰɞɜŮɠ əŬɘ ŮɡɟŮɑŮɠ 

ŬˊɞɟɟɞűɐůŮɘɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰŬ űɎůɛŬŰŬ Űɤɜ əɓŬɜŰɘəɩɜ əɞɡəəɑŭɤɜ. Ƀɘ ɛŮŰŬˊŰɩůŮɘɠ Ŭˊɧ 

əŬŰŮɘɚɖɛɛɏɜŮɠ ůŰɎɗɛŮɠ Űɖɠ ɕɩɜɖɠ ůɗɏɜɞɡɠ ˊɟɞɠ əŮɜɏɠ ůŰɎɗɛŮɠ Űɖɠ ɕɩɜɖɠ ŬɔɤɔɘɛɧŰɖŰŬɠ 

ŮɛűŬɜɑɕɞɜŰŬɘ ɛŮ ɛŮɔɎɚɖ ˊɘɗŬɜɧŰɖŰŬ, Ůɜɩ əŬɘ ɞɘ Ůɜŭɞɕɤɜɘəɏɠ ɛŮŰŬˊŰɩůŮɘɠ (ŭɖɚŬŭɐ ŮɜŰɧɠ Űɖɠ LUMO 

ɐ Űɖɠ HOMO ɕɩɜɖɠ) ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬˊɞŭɞŰɘəɏɠ. 

Ƀɘ Ůɜŭɞɕɤɜɘəɏɠ ŭɘŮɔɏɟůŮɘɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ůɡɜɐɗɤɠ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɡˊŮɟɨɗɟɞɡ, əŬɘ ŬˊɞŰŮɚɞɨɜ 

ŬɜŰɘəŮɑɛŮɜɞ ŮɜŰŬŰɘəɐɠ ɏɟŮɡɜŬɠ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ɞˊŰɞɖɚŮəŰɟɞɜɘəɩɜ ůɡůəŮɡɩɜ ɧˊɤɠ ŬɜɘɢɜŮɡŰɏɠ 

ɡˊŮɟɨɗɟɞɡ, ŬɘůɗɖŰɐɟŮɠ əŬɘ ɚɏɘɕŮɟ (ȺɘəɧɜŬ 13) [4]. 
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ȺɘəɧɜŬ 13: ȹɘŬɕɤɜɘəɏɠ əŬɘ Ůɜŭɞɕɤɜɘəɏɠ ɛŮŰŬˊŰɩůŮɘɠ ůŮ əɓŬɜŰɘəɎ ůɨɟɛŬŰŬ (ŬɟɘůŰŮɟɎ) əŬɘ 

əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ (ŭŮɝɘɎ) (13) 

 

ΟЮΟШ͈͎͖͖͖͎͚͎̓͛͊͐͗͘͡Ш͔͛͠Ш͉͈͔͔͑͛͐͑ͨШ͖͔͑͑͑͋͜͡͠ 
 

 

Ƀɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŮ ŰɟŮɘɠ ŮɡɟŮɑŮɠ əŬŰɖɔɞɟɑŮɠ: 

ĄɓɎůŮɘ Űɖɠ ůɨůŰŬůɖɠ/ŭɞɛɐɠ Űɞɡɠ (1) 

ĄɓɎůŮɘ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡɠ (2) 

ĄɓɎůŮɘ Űɞɡ ɡɚɘəɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡɠ (3) 

 

(1): ȸɎůŮɘ ŭɞɛɐɠ, ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ŰŬɝɘɜɞɛɞɨɜŰŬɘ əɡɟɑɤɠ ůŮ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ Űɨˊɞɡ ˊɡɟɐɜŬ ( 

Core Type Quantum Dots), əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ Űɨˊɞɡ ˊɡɟɐɜŬ-əŮɚɨűɞɡɠ ( Core-Shell Quantum Dots) 

əŬɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ əɟɎɛŬŰɞɠ (Alloyed Quantum Dots).  

(2): ȸɎůŮɘ ɛŮɔɏɗɞɡɠ, ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ɛŮɔɎɚŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɛŮ ŭɘɎɛŮŰɟɞ 5-6nm 

əŬɘ Ůəˊɏɛˊɞɡɜ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɛɐəɖ əɨɛŬŰɞɠ, ɛŮ Ůəˊɞɛˊɐ ůŮ ˊɞɟŰɞəŬɚɑ ɐ əɧəəɘɜɞ ɢɟɩɛŬ, əŬɗɩɠ 

əŬɘ ůŮ ɛɘəɟɏɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɛŮ ŭɘɎɛŮŰɟɞ 2-3nm əŬɘ Ůəˊɞɛˊɐ ůŮ ɛɘəɟɧŰŮɟŬ ɛɐəɖ əɨɛŬŰɞɠ ůŮ ɛˊɚŮ 

ɢɟɩɛŬ.  

(3): ȸɎůŮɘ Űɞɡ ɡɚɘəɞɨ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɞɡɠ, ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ 

ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŮ ɖɛɘŬɔɩɔɘɛŮɠ əŬɘ ůŮ ŬɜɗɟŬəɘəɏɠ [10]. 

ɆɨɛűɤɜŬ ɛŮ ɎɚɚŮɠ ɓɘɓɚɘɞɔɟŬűɘəɏɠ ˊɖɔɏɠ, ɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ ɔɑɜŮŰŬɘ ŭɘŬűɞɟŮŰɘəɎ, ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɖɜ ŮɘəɧɜŬ 14. 
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                                    ȺɘəɧɜŬ 14: ȾŬŰɖɔɞɟɑŮɠ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ (14) 

 
 

 

 

V ȼɛɘŬɔɩɔɘɛŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ 

 

ȷɜŬəŬɚɨűɗɖəŬɜ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞ 1981 əŬɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ ŰɟɘůŭɘɎůŰŬŰŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ 

ŬˊɞŰŮɚɞɨɛŮɜŬ Ŭˊɧ ŬɜɧɟɔŬɜŬ ůŰɞɘɢŮɑŬ ɧˊɤɠ ɓŬɟɏŬ əŬɘ ɛɖ ɓŬɟɏŬ ɛɏŰŬɚɚŬ(əɎŭɛɘɞ, ůŮɚɐɜɘɞ, ɗŮɘɞɨɢɞ 

ɣŮɡŭɎɟɔɡɟɞ). ɇɞ ůɢɐɛŬ Űɞɡɠ ŮɑɜŬɘ ůűŬɘɟɘəɧ ɛŮ əɟɡůŰŬɚɚɘəɐ ŭɞɛɐ əŬɘ ɏɢɞɡɜ ɛɏɔŮɗɞɠ ɛɘəɟɧŰŮɟɞ Űɤɜ 

6nm. Ƀɘ ɖɛɘŬɔɩɔɘɛŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ŮɛűŬɜɑɕɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ. ɀŮɟɘəɏɠ Ŭˊɧ ŬɡŰɏɠ 

ŮɑɜŬɘ ɖ űɤŰɞűɤŰŬɨɔŮɘŬ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ŬɡŰɩɜ, ŬɚɚɎ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɖ 

Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ ŭɘɏɔŮɟůɖɠ. Ⱥˊɑůɖɠ, ɏɢɞɡɜ ɛŮɔɎɚɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Ůəˊɞɛˊɐɠ, ůɡɜŭɡɎɕɞɡɜ Űɘɠ 

ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ɖɛɘŬɔɤɔɞɨ əŬɘ Ůɜɧɠ əɞɚɚɞŮɘŭɞɨɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ Ŭɛűɑűɡɚɖ 

űɨůɖ, ɛŮ ɛŮɔɎɚɖ ŮˊɘűɎɜŮɘŬ əŬɘ əŬɚɐ űɤŰɞůŰŬɗŮɟɧŰɖŰŬ. ɆŮ ŬɡŰɏɠ Űɘɠ ɘŭɘɧŰɖŰŮɠ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ˊɟɞůŰŮɗŮɑ əŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ Űɟɞˊɞˊɞɑɖůɖɠ Űɖɠ ŮˊɘűɎɜŮɘɎɠ Űɞɡɠ [11].  

 

 

 

V ɀŮŰŬɚɚɘəɏɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ 

 

ȷˊɞŰŮɚɞɨɛŮɜŬ Ŭˊɧ ɡɚɘəɎ ɧˊɤɠ ŮɡɔŮɜɐ ɛɏŰŬɚɚŬ, ɧˊɤɠ ɞ ɢɟɡůɧɠ ɐ Űɞ Ŭůɐɛɘ, ŬɡŰɎ ŰŬ əɓŬɜŰɘəɎ 

ůɤɛŬŰɑŭɘŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɞɜŬŭɘəɏɠ ˊɚŬůɛɞɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ŰŬ ŭɘŬəɟɑɜɞɡɜ. Ƀɘ ˊɚŬůɛɞɜɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɤɜ ɛŮŰŬɚɚɘəɩɜ əɓŬɜŰɘəɩɜ ůɤɛŬŰɘŭɑɤɜ, ŰŬ əŬɗɘůŰɞɨɜ ɘŭɘŬɑŰŮɟŬ ˊɞɚɨŰɘɛŬ ɔɘŬ ŮűŬɟɛɞɔɏɠ 

ůŰɖ ŭɘɎɔɜɤůɖ əŬɘ Űɖ ɓɘɞŬˊŮɘəɧɜɘůɖ. Ƀɘ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ɏɜŬ ůɨɜɗŮŰɞ ɖɚŮəŰɟɞŭɡɜŬɛɘəɧ űŬɘɜɧɛŮɜɞ ˊɞɡ ŮˊɖɟŮɎɕŮŰŬɘ ɘůɢɡɟɎ Ŭˊɧ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ ŭɘɖɚŮəŰɟɘəɧ ɛɏůɞ. ȼ ˊɟɧůˊŰɤůɖ űɤŰɧɠ ůŮ ɛŮŰŬɚɚɘəɎ ůɤɛŬŰɑŭɘŬ ˊɟɞəŬɚŮɑ Űɖ ŭɘɏɔŮɟůɖ 
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Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ Űɞɡɠ. Ƀ əɡɟɑŬɟɢɞɠ Űɨˊɞɠ ɖɚŮəŰɟɞɜɘŬəɐɠ ŭɘɏɔŮɟůɖɠ ˊɞɡ ůɡɛɓŬɑɜŮɘ, ŮɑɜŬɘ ɖ 

ůɡɚɚɞɔɘəɐ ŰŬɚɎɜŰɤůɖ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɖ ɕɩɜɖ ůɗɏɜɞɡɠ Űɞɡ ɛŮŰɎɚɚɞɡ. ɇɏŰɞɘɞɡ 

Ůɑŭɞɡɠ ůɡɜŮəŰɘəɏɠ ŰŬɚŬɜŰɩůŮɘɠ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ ůŰɖ ŭɘŮˊɘűɎɜŮɘŬ ɛŮŰŬɝɨ Űɞɡ ŭɘɖɚŮəŰɟɘəɞɨ 

ɛɏůɞɡ əŬɘ Űɞɡ ɛŮŰɎɚɚɞɡ, ɞɜɞɛɎɕɞɜŰŬɘ ŮˊɘűŬɜŮɘŬəɎ ˊɚŬůɛɧɜɘŬ. ɆŰŬ ŬŭɟɞɛŮɟɐ ůɤɛŬŰɑŭɘŬ, ŰŬ 

ŮˊɘűŬɜŮɘŬəɎ ˊɚŬůɛɧɜɘŬ ŮɑɜŬɘ ŭɘŬŭɘŭɧɛŮɜŬ əɨɛŬŰŬ əŬɘ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɑŬ ɞɟɛɐ. ũɘŬ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ŭɘɏɔŮɟůɖ ˊɚŬůɛɞɜɑɤɜ ɛŮ Űɖ ɢɟɐůɖ űɤŰɞɜɑɤɜ ůŮ ŬŭɟɞɛŮɟɐ ɛɏŰŬɚɚŬ, ɞɘ ɞɟɛɏɠ Űɞɡ 

űɤŰɞɜɑɞɡ əŬɘ Űɞɡ ˊɚŬůɛɞɜɑɞɡ ɗŬ ˊɟɏˊŮɘ ɜŬ ŰŬɘɟɘɎɕɞɡɜ. ȷɡŰɧ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ ɛɧɜɞ ɔɘŬ ˊɞɚɨ 

ůɡɔəŮəɟɘɛɏɜŮɠ ɔŮɤɛŮŰɟɑŮɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮŰŬɝɨ Űɞɡ űɤŰɧɠ əŬɘ Űɖɠ ɨɚɖɠ, əɘ ɏŰůɘ ɖ ůɡɜŮɘůűɞɟɎ 

Űɤɜ ˊɚŬůɛɞɜɑɤɜ ůŰɘɠ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŬŭɟɞɛŮɟɩɜ ɛŮŰɎɚɚɤɜ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɐ. ȷɜŰɘɗɏŰɤɠ, ůŰŬ 

ɜŬɜɞůɤɛŬŰɑŭɘŬ, ŰŬ ŮˊɘűŬɜŮɘŬəɎ ˊɚŬůɛɧɜɘŬ ŮɑɜŬɘ ŮɜŰɞˊɘůɛɏɜŬ əŬɘ ŭŮɜ ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɐ ɞɟɛɐ. 

ȰŰůɘ, ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ŰŬɘɟɘɎɕɞɡɜ ɞɘ ɞɟɛɏɠ ˊɚŬůɛɞɜɑɞɡ əŬɘ űɤŰɞɜɑɞɡ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ˊɚŬůɛɞɜɘəɐ 

ŭɘɏɔŮɟůɖ ɜŬ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ɏɜŰŬůɖ. ȼ ɘəŬɜɧŰɖŰɎ Űɞɡɠ ɜŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɏɜŰɞɜŬ ɛŮ 

Űɞ űɤɠ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ɛɐəɖ əɨɛŬŰɞɠ ŮɜɘůɢɨŮɘ Űɖɜ ŮɡŬɘůɗɖůɑŬ Űɞɡɠ ůŮ ŮɝɤŰŮɟɘəɎ ŮɟŮɗɑůɛŬŰŬ, 

ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖɜ Ŭəɟɘɓɐ ŬɜɑɢɜŮɡůɖ ůŮ ŮűŬɟɛɞɔɏɠ ŭɘɎɔɜɤůɖɠ. Ⱥˊɘˊɚɏɞɜ, ůŮ ŮűŬɟɛɞɔɏɠ 

ŬˊŮɘəɧɜɘůɖɠ, ɞɘ ŭɘŬəɟɘŰɏɠ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɛŮŰŬɚɚɘəɩɜ əɓŬɜŰɘəɩɜ ůɤɛŬŰɘŭɑɤɜ ɛˊɞɟɞɨɜ ɜŬ 

Ŭɝɘɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ ɡɣɖɚɐɠ ŬɜŰɑɗŮůɖɠ əŬɘ ŬɜɎɚɡůɖɠ [12-14]. 

 

 

 

V ɇɞˊɞɚɞɔɘəɞɑ ɛɞɜɤŰɏɠ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ 

 

Ƀɘ Űɞˊɞɚɞɔɘəɞɑ ɛɞɜɤŰɏɠ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ŬˊɞŰŮɚɞɨɜ ɛɘŬ ɘŭɘŬɑŰŮɟŬ ŮɜŭɘŬűɏɟɞɡůŬ əŬŰɖɔɞɟɑŬ ɡɚɘəɩɜ 

ůŰɖ ɜŬɜɞŰŮɢɜɞɚɞɔɑŬ. ɄɟɧəŮɘŰŬɘ ɔɘŬ əɓŬɜŰɘəɎ ůɡůŰɐɛŬŰŬ ˊɞɡ ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɤɠ ɛɞɜɤŰɏɠ ůŰɞ 

ŮůɤŰŮɟɘəɧ Űɞɡɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮɛűŬɜɑɕɞɡɜ ŬɔɩɔɘɛŮɠ əŬŰŬůŰɎůŮɘɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɐ ůŰŬ ɧɟɘɎ Űɞɡɠ. 

ȳˊɤɠ əŬɘ ɞɘ ůɡɛɓŬŰɘəɞɑ ɛɞɜɤŰɏɠ, ŭɘŬɗɏŰɞɡɜ ɏɜŬ ŮɜŮɟɔŮɘŬəɧ ɢɎůɛŬ ˊɞɡ ŮɛˊɞŭɑɕŮɘ Űɖ ɟɞɐ 

ɖɚŮəŰɟɞɜɑɤɜ ůŰɞ ŮůɤŰŮɟɘəɧ, ɧɛɤɠ ɖ ŮˊɘűŬɜŮɘŬəɐ Űɞɡɠ ŬɔɤɔɘɛɧŰɖŰŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ ɘŭɘŬɑŰŮɟŮɠ 

ɖɚŮəŰɟɞɜɘəɏɠ əŬŰŬůŰɎůŮɘɠ ˊɞɡ ˊŬɟŬɛɏɜɞɡɜ ɢɤɟɑɠ ŮɜŮɟɔŮɘŬəɎ əŮɜɎ. 

ȷɡŰɏɠ ɞɘ ŮˊɘűŬɜŮɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ ůŰŬɗŮɟɏɠ əŬɘ ŬɜɗŮəŰɘəɏɠ ůŮ ŬəŬɗŬɟůɑŮɠ ɐ ŭɞɛɘəɏɠ 

ŬŰɏɚŮɘŮɠ, ɚɧɔɤ Űɖɠ ůɡɛɛŮŰɟɑŬɠ ŬɜŰɘůŰɟɞűɐɠ ɢɟɧɜɞɡ, ɖ ɞˊɞɑŬ ŮɔɔɡɎŰŬɘ Űɖɜ ɨˊŬɟɝɐ Űɞɡɠ. ɆŮ ŬɜŰɑɗŮůɖ 

ɛŮ Űɞɡɠ əɞɘɜɞɨɠ ɛɞɜɤŰɏɠ, ɞɘ Űɞˊɞɚɞɔɘəɞɑ ɛɞɜɤŰɏɠ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɛɘŬ Űɞˊɞɚɞɔɘəɐ ŬɜŬɚɚɞɑɤŰɖ 

ˊɞůɧŰɖŰŬ, ɧˊɤɠ ɞ Ŭɟɘɗɛɧɠ Chern, ɖ ɞˊɞɑŬ əŬɗɞɟɑɕŮɘ Űɖ ŭɘŬűɞɟŮŰɘəɐ ɖɚŮəŰɟɞɜɘəɐ ŰɞˊɞɚɞɔɑŬ Űɞɡ 

ɡɚɘəɞɨ əŬɘ ɡˊɞŭɖɚɩɜŮɘ Űɖ ɗŮɛŮɚɘɩŭɖ ŭɘŬűɞɟɎ Űɞɡ Ŭˊɧ Űɞɡɠ ŰŮŰɟɘɛɛɏɜɞɡɠ ɛɞɜɤŰɏɠ. 

ɆŰɞɡɠ ŰɟɘůŭɘɎůŰŬŰɞɡɠ Űɞˊɞɚɞɔɘəɞɨɠ ɛɞɜɤŰɏɠ, ɖ ůɨɕŮɡɝɖ spin-orbit ˊŬɑɕŮɘ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ, 

ɚŮɘŰɞɡɟɔɩɜŰŬɠ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɛŬɔɜɖŰɘəɧ ˊŮŭɑɞ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŰŬ əɓŬɜŰɘəɎ űŬɘɜɧɛŮɜŬ Hall. ȼ 

ůɨɕŮɡɝɖ ŬɡŰɐ ɞŭɖɔŮɑ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɞˊɞɚɞɔɘəɩɜ əŬŰŬůŰɎůŮɤɜ ɛŮ ɘŭɘŬɑŰŮɟŮɠ ɘŭɘɧŰɖŰŮɠ. ɀˊɞɟŮɑ 

əŬɜŮɑɠ ɜŬ əŬŰŬɜɞɐůŮɘ Űɖ űɨůɖ ŬɡŰɩɜ Űɤɜ ɡɚɘəɩɜ Ŭɜ ɚɎɓŮɘ ɡˊɧɣɖ Űɖ ñůŰɟɘűŰɐò ŭɞɛɐ Űɤɜ 

ɖɚŮəŰɟɞɜɘəɩɜ ɕɤɜɩɜ ŰɞɡɠĿ ɖ ŭɞɛɐ ŬɡŰɐ ŭŮɜ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬŰɟŬˊŮɑ ɞɛŬɚɎ ůŮ ŮəŮɑɜɖ Ůɜɧɠ ůɡɛɓŬŰɘəɞɨ 

ɛɞɜɤŰɐ ɢɤɟɑɠ ɜŬ əɚŮɑůŮɘ Űɞ ŮɜŮɟɔŮɘŬəɧ ɢɎůɛŬ. 
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Ƀɘ ŮˊɘűŬɜŮɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ Űɤɜ Űɞˊɞɚɞɔɘəɩɜ ɛɞɜɤŰɩɜ ŭɘŬɗɏŰɞɡɜ əŬɗɞɟɘůɛɏɜɞ spin, əɎŰɘ ˊɞɡ Űɘɠ 

əŬɗɘůŰɎ ɘŭŬɜɘəɏɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ůŰɖ ůˊɘɜŰɟɞɜɘəɐ, ɧˊɞɡ ŮəɛŮŰŬɚɚŮɡɧɛŬůŰŮ Űɞ spin Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ, 

ŮəŰɧɠ Ŭˊɧ Űɞ űɞɟŰɑɞ Űɞɡɠ, ɔɘŬ Űɖ ɛŮŰŬűɞɟɎ ˊɚɖɟɞűɞɟɑŬɠ. Ƀɘ ŮɝɤŰŮɟɘəɏɠ ɖɚŮəŰɟɞɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ 

ɖ ůŰŬɗŮɟɧŰɖŰŬ ŬɡŰɩɜ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ əŬŰŬůŰɎůŮɤɜ əŬɗɘůŰɞɨɜ ŰŬ ɡɚɘəɎ ŬɡŰɎ ɘŭɘŬɑŰŮɟŬ ŮɚəɡůŰɘəɎ 

ɔɘŬ ŰŮɢɜɞɚɞɔɑŮɠ əɓŬɜŰɘəɩɜ ɡˊɞɚɞɔɘůŰɩɜ əŬɘ ˊɟɞɖɔɛɏɜɤɜ ɖɚŮəŰɟɞɜɘəɩɜ ŭɘŬŰɎɝŮɤɜ. 

ȺɜŭŮɘəŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ Űɞˊɞɚɞɔɘəɩɜ ɡɚɘəɩɜ ŬˊɞŰŮɚɞɨɜ ŰŬ əɓŬɜŰɘəɎ űɟŮɎŰɘŬ HgTe əŬɘ ŰŬ əɟɎɛŬŰŬ 

BiSb, ˊɞɡ ŬˊɞŰɏɚŮůŬɜ ŰŬ ˊɟɩŰŬ ˊŮɘɟŬɛŬŰɘəɎ ŮˊɘɓŮɓŬɘɤɛɏɜŬ ůɡůŰɐɛŬŰŬ, əŬɗɩɠ əŬɘ ŰŬ ůŮɚɖɜɑŭɘɞ 

Űɞɡ ɓɘůɛɞɡɗɑɞɡ (BiϜSeϝ) əŬɘ ŰŮɚɚɞɡɟɑŭɘɞ Űɞɡ ɓɘůɛɞɡɗɑɞɡ (BiϜTeϝ), ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ Ůɡɟɏɤɠ ɔɜɤůŰɎ ɤɠ 

ŰɟɘůŭɘɎůŰŬŰɞɘ Űɞˊɞɚɞɔɘəɞɑ ɛɞɜɤŰɏɠ [9,13]. 

 

 

 

 

V ȾɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ˊŮɟɞɓůəɑŰɖ 

 

Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ (PQDs) ŮɑɜŬɘ ɛɑŬ əŬŰɖɔɞɟɑŬ əɓŬɜŰɘəɩɜ əɞɡəəɑŭɤɜ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ 

ůŮ ɡɚɘəɎ Űɞɡ ɞɟɡəŰɞɨ ˊŮɟɞɓůəɑŰɖ. Ⱥɜɩ ŮɑɜŬɘ ůɢŮŰɘəɎ ɜɏŮɠ, ɏɢŮɘ ɐŭɖ ŬˊɞŭŮɘɢɗŮɑ ˊɤɠ ɏɢɞɡɜ ɘŭɘɧŰɖŰŮɠ 

ˊɞɡ ŰŬɘɟɘɎɕɞɡɜ ɐ ɝŮˊŮɟɜɞɨɜ ŮəŮɑɜŮɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɛŮŰŬɚɚɘəɞɨ ɢŬɚəɞɔɞɜɘŭɑɞɡ. ȺɘŭɘəɧŰŮɟŬ, 

ŮɑɜŬɘ ˊɘɞ ŬɜŮəŰɘəɏɠ ůŮ ˊɟɞůɛɑɝŮɘɠ, ɏɢɞɡɜ ŮɝŬɘɟŮŰɘəɏɠ əɓŬɜŰɘəɏɠ ŬˊɞŭɧůŮɘɠ űɤŰɞűɤŰŬɨɔŮɘŬɠ əŬɘ 

ɡɣɖɚɐ əŬɗŬɟɧŰɖŰŬ ɢɟɩɛŬŰɞɠ. ɇɏŰɞɘŮɠ ɘŭɘɧŰɖŰŮɠ, ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ əŬŰɎɚɚɖɚŮɠ ɔɘŬ ɖɚŮəŰɟɞɜɘəɏɠ əŬɘ 

ɞˊŰɞɖɚŮəŰɟɞɜɘəɏɠ ŮűŬɟɛɞɔɏɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ ˊŮɟɞɓůəɑŰɖ ɜŬ ɏɢɞɡɜ 

ůɖɛŬɜŰɘəɧ ŭɡɜŬɛɘəɧ ɔɘŬ ŮűŬɟɛɞɔɏɠ ůŰɞ ůɨɔɢɟɞɜɞ əɧůɛɞ, ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɐŭɖ ŬɜŬŭɨɞɜŰŬɘ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ ɞɗɞɜɩɜ LED əŬɘ Űɤɜ ɖɚɘŬəɩɜ əɞɡəəɑŭɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ (ȺɘəɧɜŬ 

15) [13]. 
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ȺɘəɧɜŬ 15: (a) QDs ɛŮ ɓɎůɖ CdSe. (b) QDs ɛŮ ɓɎůɖ InP. (c) PQDs. (d) ȼ ɞəŰŬŮŭɟɘəɐ ŭɞɛɐ 

əŬɘ  (e) ȼ ŭɞɛɐ Űɞɡ ˊŮɟɞɓůəɑŰɖ ABX 3. (15) 

       
 

 

 

V ɃɟɔŬɜɘəɏɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ 

 

Ƀɘ ŬɜɗɟŬəɘəɏɠ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ (Carbon Quantum Dots, CQDs) ŬɜŬəŬɚɨűɗɖəŬɜ Űɞ 2004 Ŭˊɧ 

Űɞɜ Xu əŬɘ Űɞɡɠ ůɡɜŮɟɔɎŰŮɠ Űɞɡ, əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ əŬɗŬɟɘůɛɞɨ ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ ɛɞɜɐɠ 

ŰɞɘɢɞɔɟŬűɑŬɠ (SWCNTs). ȿɑɔŬ ɢɟɧɜɘŬ ŬɟɔɧŰŮɟŬ, Űɞ 2006, ɞɘ Sun et al. ɓŮɚŰɑɤůŬɜ ůɖɛŬɜŰɘəɎ Űɘɠ 

ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ CQDs, ŮűŬɟɛɧɕɞɜŰŬɠ ŰŮɢɜɘəɐ ŬˊɞɛɎəɟɡɜůɖɠ ɛŮ ɚɏɘɕŮɟ ůŮ ɡɚɘəɧ ˊɞɡ ˊŮɟɘŮɑɢŮ 

ɛɑɔɛŬ ɔɟŬűɑŰɖ əŬɘ ŰůɘɛɏɜŰɞɡ. ȼ ɑŭɘŬ ŮɟŮɡɜɖŰɘəɐ ɞɛɎŭŬ ɐŰŬɜ ŮəŮɑɜɖ ˊɞɡ ŮɘůɐɔŬɔŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Űɞɜ 

ɧɟɞ ñcarbon quantum dotsò. 

Ƀɘ CQDs ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɜŬɜɞůɤɛŬŰɑŭɘŬ ɓŬůɘůɛɏɜŬ ůŰɞɜ ɎɜɗɟŬəŬ, ɛŮ əɟɡůŰŬɚɚɘəɐ ŭɞɛɐ sp²ïsp³ 

əŬɘ ɛɏɔŮɗɞɠ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 10 nm. ɄŬɟɞɡůɘɎɕɞɡɜ ɡŭɟɧűɘɚɞ ɢŬɟŬəŰɐɟŬ əŬɘ ɢŬɛɖɚɐ ŰɞɝɘəɧŰɖŰŬ, Ůɜɩ 

ŮɛűŬɜɑɕɞɡɜ ɘůɢɡɟɏɠ ŬˊɞɟɟɞűɐůŮɘɠ ůŰɖɜ ɡˊŮɟɘɩŭɖ ˊŮɟɘɞɢɐ (260ï350 nm) [26,30]. ȿɧɔɤ ŬɡŰɩɜ Űɤɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ůŰɖ ɓɘɞɥŬŰɟɘəɐ ŬˊŮɘəɧɜɘůɖ, ůŰɖ ɛŮŰŬűɞɟɎ űŬɟɛɎəɤɜ, 

ŬɚɚɎ əŬɘ ůŮ ŬɜŬɚɡŰɘəɏɠ ŰŮɢɜɘəɏɠ ŬˊŮɘəɧɜɘůɖɠ. 

ɆŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŮɠ əŬŰɖɔɞɟɑŮɠ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ, ɞɘ CQDs ˊŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɎ 

ˊɚŮɞɜŮəŰɐɛŬŰŬ ůŰɘɠ ɓɘɞŬˊŮɘəɞɜɘůŰɘəɏɠ ŮűŬɟɛɞɔɏɠ. ɄɟɤŰɑůŰɤɠ, ɖ ɞɟɔŬɜɘəɐ Űɞɡɠ ˊɟɞɏɚŮɡůɖ 

ˊɟɞůŭɑŭŮɘ űɡůɘəɐ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ, ˊŮɟɘɞɟɑɕɞɜŰŬɠ Űɘɠ Űɞɝɘəɏɠ ŮˊɘŭɟɎůŮɘɠ ůŮ ɓɘɞɚɞɔɘəɎ ůɡůŰɐɛŬŰŬ. ȼ 

ɢŬɛɖɚɐ ŰɞɝɘəɧŰɖŰŬ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŮˊɘűŬɜŮɘŬəɐɠ Űɟɞˊɞˊɞɑɖůɖɠ ɛŮ ɓɘɞɛɧɟɘŬ, 

ŮˊɘŰɟɏˊŮɘ ůŰɞɢŮɡɛɏɜɖ ůɨɜŭŮůɖ ůŮ ɓɘɞɚɞɔɘəɏɠ ŭɞɛɏɠ əŬɘ ŬˊŮɘəɧɜɘůɖ ɛŮɔɎɚɖɠ ŭɘɎɟəŮɘŬɠ, ɢɎɟɖ ůŰɖ 

ůŰŬɗŮɟɐ űɤŰŬɨɔŮɘɎ Űɞɡɠ. 

ȰɜŬ Ŭəɧɛɖ əŬɗɞɟɘůŰɘəɧ ˊɚŮɞɜɏəŰɖɛŬ ŮɑɜŬɘ ɖ ˊɟɞůŬɟɛɞůŰɘəɧŰɖŰŬ Űɤɜ ɞˊŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ. ȼ 

űɤŰŬɨɔŮɘŬ Űɤɜ CQDs ɛˊɞɟŮɑ ɜŬ ɟɡɗɛɘůŰŮɑ ɛŮŰŬɓɎɚɚɞɜŰŬɠ Űɞ ɛɏɔŮɗɞɠ, Űɖ ɢɖɛŮɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɐ 

Űɖ ŭɞɛɐ Űɞɡ ɜŬɜɞůɤɛŬŰɘŭɑɞɡ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ŬɜŰɑɗŮůɖɠ əŬɘ Űɖɠ 

ŮɡŬɘůɗɖůɑŬɠ əŬŰɎ Űɖ ɓɘɞŬˊŮɘəɧɜɘůɖ. 

Ⱥˊɘˊɚɏɞɜ, ɞɘ ɛɏɗɞŭɞɘ ůɨɜɗŮůɖɠ Űɞɡɠ ŮɑɜŬɘ Ŭˊɚɏɠ, ɢŬɛɖɚɞɨ əɧůŰɞɡɠ əŬɘ ůɡɢɜɎ Ŭɝɘɞˊɞɘɞɨɜ űɡůɘəɎ ɐ 

ɓɘɞɚɞɔɘəɎ ŬɜɗɟŬəɘəɎ ɡɚɘəɎ ɤɠ ˊɟɧŭɟɞɛŮɠ ɞɡůɑŮɠ, ɔŮɔɞɜɧɠ ˊɞɡ əŬɗɘůŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɎ űɘɚɘəɐ əŬɘ ůɡɛɓŬŰɐ ɛŮ Űɘɠ Ŭɟɢɏɠ Űɖɠ ˊɟɎůɘɜɖɠ ɢɖɛŮɑŬɠ. 

ɆɡɜɞɚɘəɎ, ŰŬ CQDs ɡˊŮɟŰŮɟɞɨɜ ɏɜŬɜŰɘ Űɤɜ ˊŬɟŬŭɞůɘŬəɩɜ ɖɛɘŬɔɤɔɘəɩɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ, əŬɗɩɠ 

ůɡɜŭɡɎɕɞɡɜ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ, ɢŬɛɖɚɐ ŰɞɝɘəɧŰɖŰŬ, űɤŰɞůŰŬɗŮɟɧŰɖŰŬ, ŮɡəɞɚɑŬ ɚŮɘŰɞɡɟɔɘəɐɠ 

Űɟɞˊɞˊɞɑɖůɖɠ, ˊɟɞůŬɟɛɧůɘɛŮɠ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ɞɘəɞɚɞɔɘəɧ ɢŬɟŬəŰɐɟŬ, əŬɗɘůŰɩɜŰŬɠ ŰŬ ɘŭŬɜɘəɎ 

ɜŬɜɞɦɚɘəɎ ɔɘŬ ɓɘɞŬˊŮɘəɞɜɘůŰɘəɏɠ əŬɘ ŭɘŬɔɜɤůŰɘəɏɠ ŮűŬɟɛɞɔɏɠ [13,15]. 

ɆɨɛűɤɜŬ ɛŮ ɓɘɓɚɘɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ, ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɟŮɘɠ 

ɡˊɞəŬŰɖɔɞɟɑŮɠ:(ȺɘəɧɜŬ 16). 
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ĄȾɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɔɟŬűŮɜɑɞɡ (GQDs) 

     ĄȾɓŬɜŰɘəɏɠ ɜŬɜɞŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ (CNDs) 

     ĄɄɞɚɡɛŮɟɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ (PDs) 

 

 

    

      ȺɘəɧɜŬ 16: ɈˊɞəŬŰɖɔɞɟɑŮɠ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ (16) 
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ĄȾɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɔɟŬűŮɜɑɞɡ (GQDs) 

 

Ƀɘ GQDs, ɏɜŬ Ŭˊɧ ŰŬ ˊɟɧůűŬŰŬ ŬɜŬəŬɚɡűɗɏɜŰŬ ɜŬɜɞɦɚɘəɎ ɛŮ ɓɎůɖ Űɞɜ ɎɜɗɟŬəŬ, ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ 

ŭɘůŭɘɎůŰŬŰɞ ɔɟŬűɏɜɘɞ, Űɞ ɞˊɞɑɞ ˊŮɟɘɞɟɑɕŮɘ Űɖ ɛŮŰŬűɞɟɎ ɖɚŮəŰɟɞɜɘəɩɜ əŬɘ ůŰɘɠ ŰɟŮɘɠ ɢɤɟɘəɏɠ 

ŭɘŬůŰɎůŮɘɠ. Ƀɘ GQDs ŮɑɜŬɘ ŬɟəŮŰɎ ɛɘəɟɏɠ ɔɘŬ ɜŬ ˊŮɟɘɞɟɑůɞɡɜ ŰŬ ŮɝɘŰɧɜɘŬ. Ȱɢɞɡɜ ŭɘɎɛŮŰɟɞ ɛɘəɟɧŰŮɟɖ 

Ŭˊɧ 20 ɜŬɜɧɛŮŰɟŬ əŬɘ ɏɢɞɡɜ ɏɜŬ ɛɖ ɛɖŭŮɜɘəɧ ɢɎůɛŬ ɕɩɜɖɠ ˊɞɡ ɔɑɜŮŰŬɘ űɤŰŮɘɜɧ ɧŰŬɜ ŭɘŮɔŮɑɟɞɜŰŬɘ. 

ɆŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ɜŬɜɞəɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ, ɞɘ GQDs ɏɢɞɡɜ əŬɚɎ ɢɖɛɘəɎ əŬɘ űɡůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, 

ŭɖɚŬŭɐ, ɛŮɔŬɚɨŰŮɟɖ ŬɜŬɚɞɔɑŬ ɛɐəɞɡɠ ˊɟɞɠ ŭɘɎɛŮŰɟɞ, ɛŮɔŬɚɨŰŮɟɖ ŮˊɘűɎɜŮɘŬ əŬɘ əŬɚɨŰŮɟɖ 

ŮˊɘűŬɜŮɘŬəɐ ůɨɜŭŮůɖ ɛɏůɤ Űɞɡ ŭɘˊɚɞɨ ŭɘəŰɨɞɡ ˊ-ˊ ɚɧɔɤ Űɖɠ ŭɞɛɐɠ Űɞɡɠ ůŮ ůŰɟɩɛŬ ɔɟŬűŮɜɑɞɡ. 

Ⱥˊɘˊɚɏɞɜ , ɞɘ GQDs ŮɛűŬɜɑɕɞɡɜ ɛɘŬ ŮɚəɡůŰɘəɐ ɘŭɘɧŰɖŰŬ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ űɤŰɞűɤŰŬɨɔŮɘŬ (PL), ɖ 

ɞˊɞɑŬ ŬɜŬűɏɟɗɖəŮ Ŭˊɧ Űɞɡɠ Pan et al. əŬɘ ŬˊɞŭɧɗɖəŮ ůŰɞɜ əɓŬɜŰɘəɧ ˊŮɟɘɞɟɘůɛɧ.  

ȳŰŬɜ Űɞ ɘŭŬɜɘəɧ ɔɟŬűɏɜɘɞ ɛŮŰŬůɢɖɛŬŰɑɕŮŰŬɘ ůŮ GQD ɛŮ ɖɛɘŭɘɎůŰŬŰɞ ɛɏɔŮɗɞɠ, Űɞ ŮɜŮɟɔŮɘŬəɧ ɢɎůɛŬ 

ɔɑɜŮŰŬɘ ɟɡɗɛɘɕɧɛŮɜɞ. ȼ Ŭəɟɘɓɐɠ ŭɞɛɐ Űɤɜ GQD ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ůɨɜɗŮůɖ əŬɘ Űɖɜ ˊɟɧůɛɘɝɖ ɛŮ 

ŮŰŮɟɞɎŰɞɛŬ ˊɞɡ ŮəŰŮɚŮɑŰŬɘ ɔɘŬ Űɖ ɟɨɗɛɘůɖ Űɞɡ ŮɜŮɟɔŮɘŬəɞɨ ɢɎůɛŬŰɞɠ [16]. 

 

ĄȾɓŬɜŰɘəɏɠ ɜŬɜɞŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ (CNDs) 

 

ɇɞ 1992, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ ɞ ɧɟɞɠ óônanodotsôô Ŭˊɧ Űɞɡɠ Moriarty əŬɘ Hughes, ɔɘŬ 

ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ ɛɑŬ ŬŰɏɚŮɘŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ˊɡɟɞɚɡŰɘəɞɨ ɔɟŬűɑŰɖ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ ɛɘəɟɏɠ 

ŰɎůŮɘɠ ˊŬɚɛɞɨ ɛŮ ŬŰɞɛɘəɧ ɛɏɔŮɗɞɠ. ɇɞ 1996, ɞɘ Masuda əŬɘ Satoh, ɢɟɖůɘɛɞˊɞɑɖůŬɜ Űɖ ɜŬɜɞəɞɡəəɑŭŬ 

ɢɟɡůɞɨ, ɩůŰŮ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ ŰŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ɢɟɡůɞɨ ɛŮ ŭɘɎɛŮŰɟɞ ˊŮɟɑˊɞɡ 40nm. ȷɟɔɧŰŮɟŬ, 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɜŬɜɞəɞɡəəɑŭŮɠ ɔɘŬ Űɖɜ ˊŮɟɘɔɟŬűɐ ůɡɛˊɚɧəɤɜ űɤŰŬɡɔɩɜ ŮɡɔŮɜɩɜ ɛŮŰɎɚɚɤɜ. ɇɞ 

Ůɨɟɞɠ ɛŮɔɏɗɞɡɠ Űɤɜ NDs əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 2 ɏɤɠ 20nm. ȷˊɧ Űɘɠ 20 əŬɚɨŰŮɟŮɠ ŭɖɛɞůɘŮɨůŮɘɠ ˊɞɡ ɏɢɞɡɜ 

ɔɑɜŮɘ ɛŮ əŮɜŰɟɘəɧ ɗɏɛŬ Űɘɠ ɜŬɜɞŰŮɚŮɑŮɠ, ɞɘ 11 ɛɧɜɞ ɘəŬɜɞˊɞɘɞɨɜ Űɞ Ůɨɟɞɠ ɛŮɔɏɗɞɡɠ 2-20nm, Ůɜɩ 4 ŭŮɜ 

ŬɜŬűɏɟɞɡɜ əŬɗɧɚɞɡ Űɞ ɛɏɔŮɗɞɠ. Ⱥˊɑůɖɠ, ɞɘ 11 Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŭɖɛɞůɘŮɨůŮɘɠ, ɡˊɞůŰɖɟɑɕɞɡɜ ˊɤɠ ɞɘ 

NDs ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɛɏŰŬɚɚŬ əŬɘ ŮɡɔŮɜɐ ɛɏŰŬɚɚŬ ɢɟɡůɞɨ ɐ Ŭɟɔɨɟɞɡ [17].   

 

ĄɄɞɚɡɛŮɟɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ (PDs) 

 

Ƀɘ ˊɞɚɡɛŮɟɘəɏɠ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ (CPD) ŮɑɜŬɘ ŮɡɏɚɘəŰŬ, űɤŰŬɡɔɐ ɜŬɜɞɦɚɘəɎ ɛŮ ɝŮɢɤɟɘůŰɐ ŭɞɛɐ 

ˊɡɟɐɜŬ-əŮɚɨűɞɡɠ, ˊɞɡ ŭɘŬɗɏŰɞɡɜ ɏɜŬɜ ˊɡɟɐɜŬ ɛŮ ɡɣɖɚɐ ŭɘŬůŰŬɨɟɤůɖ, ɛŮɟɘəɩɠ ŬɜɗɟŬəɤɛɏɜɞ əŬɘ 

ɏɜŬ ŮɝɤŰŮɟɘəɧ ůŰɟɩɛŬ ˊɞɚɡɛŮɟɘəɩɜ Ŭɚɡůɑŭɤɜ ɛŮ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ. ɆɡɜŰɑɗŮɜŰŬɘ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɘɎűɞɟɞɡɠ ˊɟɞŭɟɧɛɞɡɠ ˊɞɚɡɛŮɟɩɜ əŬɘ ˊɟɞůűɏɟɞɡɜ ɡɣɖɚɐ ŭɡɜŬŰɧŰɖŰŬ 

ɟɨɗɛɘůɖɠ ůŰɖ ŭɞɛɐ Űɞɡɠ, ɞŭɖɔɩɜŰŬɠ ůŮ ɘŭɘɧŰɖŰŮɠ ɧˊɤɠ ɞɘ ŮɝŬɟŰɩɛŮɜŮɠ Ŭˊɧ Űɞ ɛɐəɞɠ əɨɛŬŰɞɠ 

ŭɘɏɔŮɟůɖɠ, ɟɡɗɛɘɕɧɛŮɜŮɠ ɞˊŰɘəɏɠ Ůəˊɞɛˊɏɠ ůŮ ɧɚɞ Űɞ ɞɟŬŰɧ əŬɘ Űɞ Ůɔɔɨɠ ɡˊɏɟɡɗɟɞ 

űɎůɛŬ. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰɎ Űɞɡɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛɘŬ ɛɞɜŬŭɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ ˊɡɟɐɜŬ-

əŮɚɨűɞɡɠ, ŮɝŬɘɟŮŰɘəɐ ɞˊŰɘəɐ ůŰŬɗŮɟɧŰɖŰŬ, ɡɣɖɚɐ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ əŬɘ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ, 

əŬɗɘůŰɩɜŰŬɠ ŰŬ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜŬ ɔɘŬ ŮűŬɟɛɞɔɏɠ ůŰɖɜ ŬɜɑɢɜŮɡůɖ əŬɘ Űɖ ɓɘɞɥŬŰɟɘəɐ [13]. 
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V ȾɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ˊɡɟɘŰɑɞɡ (Si) 

 

Ƀɘ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ ˊɡɟɘŰɑɞɡ (SiQDs) ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔɎɚɞ ŮɜŭɘŬűɏɟɞɜ ŮˊŮɘŭɐ ˊɘůŰŮɨŮŰŬɘ ɧŰɘ 

ŮɑɜŬɘ ŬɓɚŬɓŮɑɠ ɔɘŬ Űɞɡɠ ɕɤɜŰŬɜɞɨɠ ɞɟɔŬɜɘůɛɞɨɠ, əɡɟɑɤɠ ɚɧɔɤ Űɖɠ ɢŬɛɖɚɐɠ ŰɞɝɘəɧŰɖŰɎɠ Űɞɡɠ. Ȱɢɞɡɜ 

ɛŮɔɎɚɞ ŭɡɜŬɛɘəɧ ɔɘŬ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ ɧˊɤɠ ůŰɖɜ ɞˊŰɞɖɚŮəŰɟɞɜɘəɐ, Űɖ űɤŰɞɜɘəɐ əŬɘ Űɖ 

űɤŰɞŭɡɜŬɛɘəɐ ɗŮɟŬˊŮɑŬ. ȾŬɗɩɠ ɞ ˊɡɟɐɜŬɠ Si ŮɑɜŬɘ ŮɡŬɑůɗɖŰɞɠ ůŰɖɜ ɞɝŮɑŭɤůɖ, ŬˊŬɘŰɞɨɜŰŬɘ 

ˊɟɞůˊɎɗŮɘŮɠ ɔɘŬ Űɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ ˊɡɟɐɜŬ ɐ Űɖɜ ˊŬɗɖŰɘəɞˊɞɑɖůɐ Űɞɡ. ȷɡŰɐ ɖ 

ˊŬɗɖŰɘəɞˊɞɑɖůɖ/ɚŮɘŰɞɡɟɔɘəɞˊɞɑɖůɖ ůŰɞɢŮɨŮɘ Űɧůɞ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ ˊɡɟɐɜŬ ɧůɞ əŬɘ ůŰɖɜ 

Ůɜɑůɢɡůɖ Űɖɠ Ůəˊɞɛˊɐɠ űɤŰɧɠ. ɀŮŰŬɝɨ Űɤɜ Űɟɧˊɤɜ ˊŬɗɖŰɘəɞˊɞɑɖůɖɠ, ŮɑɜŬɘ ɞɘ ŬɜŰɘŭɟɎůŮɘɠ 

ɡŭɟɞůɘɚɡɚɑɤůɖɠ Űɞɡ ˊɡɟɐɜŬ ˊɡɟɘŰɑɞɡ əŬɘ Űɞɡ ɎɜɗɟŬəŬ Űɤɜ Ŭɚəɡɚɘəɩɜ ɡˊɞəŬŰŬůŰŬŰɩɜ əŬɘ Űɤɜ 

ɢɟɤɛɞűɞɟɘəɩɜ ɡˊɞəŬŰŬůŰŬŰɩɜ. Ƀɘ Ŭɚəɡɚɘəɞɑ ɡˊɞəŬŰŬůŰɎŰŮɠ ˊɟɞůŰŬŰŮɨɞɡɜ Űɞɜ ˊɡɟɐɜŬ ˊɡɟɘŰɑɞɡ 

əŬɘ ˊŬɟɏɢɞɡɜ ɢɖɛɘəɐ əŬɘ űɤŰŮɘɜɐ ůŰŬɗŮɟɧŰɖŰŬ ůŰɞ ˊɡɟɑŰɘɞ. Ƀɘ ɡˊɞəŬŰŬůŰɎŰŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ 

ɢɟɤɛɞűɞɟɘəɏɠ ɞɛɎŭŮɠ ˊŬɑɕɞɡɜ Ůˊɑůɖɠ ɟɧɚɞ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ űɤŰɧɠ, ɖ ɞˊɞɑŬ ɛŮ 

Űɖ ůŮɘɟɎ Űɖɠ ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ Űɖɜ Ůəˊɞɛˊɐ űɤŰɧɠ PL (ȺɘəɧɜŬ 17) [18]. 

 

 

ȺɘəɧɜŬ 17: ɀɐŰɟŬ ɛŮ ŮɜůɤɛŬŰɤɛɏɜɞ ˊɡɟɑŰɘɞ ɔɘŬ űɤŰɞɓɞɚŰŬɥəɏɠ ŮűŬɟɛɞɔɏɠ (17) 
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ΟЮΠШͪ̕͏͖͖͋͐Ш͚͔ͤ͏͚͎͙͌Ш͉͈͔͔͑͛͐͑ͨШ͔͛͌͒͌͐ͨШ͔ͩ͏͈͈͑͘ 
 

 

 

Ƀɘ ɛɏɗɞŭɞɘ ůɨɜɗŮůɖɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ. ȼ ˊɟɞůɏɔɔɘůɖ 

top-down ( ŭɖɚŬŭɐ Ŭˊɧ ˊɎɜɤ ˊɟɞɠ ŰŬ əɎŰɤ) əŬɘ ɖ ˊɟɞůɏɔɔɘůɖ bottom-up ( ŭɖɚŬŭɐ Ŭˊɧ əɎŰɤ ˊɟɞɠ 

ŰŬ ˊɎɜɤ). ɆŰɖɜ top-down ˊɟɞůɏɔɔɘůɖ, ɖ ůɨɜɗŮůɖ ɝŮəɘɜɎŮɘ Ŭˊɧ ɏɜŬ bulk (ɞɔəɩŭŮɠ) ɡɚɘəɧ Űɞ ɞˊɞɑɞ 

ɡűɑůŰŬŰŬɘ ŬˊɞůɨɜɗŮůɖ ɔɘŬ ɜŬ űŰɎůŮɘ ŰŮɚɘəɎ ůŰɖɜ əɚɑɛŬəŬ Űɤɜ ɜŬɜɞɛɏŰɟɤɜ. ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ 

Ŭɜɐəɞɡɜ ŰŮɢɜɘəɏɠ ɧˊɤɠ ŮɑɜŬɘ ɖ ŮəűɧɟŰɘůɖ Űɧɝɞɡ əŬɘ ɖ ŬűŬɑɟŮůɖ ɛŮ ɚɏɘɕŮɟ. ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊɟɞůɏɔɔɘůɖ 

bottom-up, ɖ ůɨɜɗŮůɖ ɝŮəɘɜɎŮɘ Ŭˊɧ ŬŰɞɛɘəɧ ŮˊɑˊŮŭɞ əŬɘ əŬŰŬɚɐɔŮɘ ůŮ əɚɑɛŬəŬ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ. 

ɉŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ŰŮɢɜɘəɩɜ ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŮɑɜŬɘ ɖ ɡŭɟɞɗŮɟɛɘəɐ ɛɏɗɞŭɞɠ əŬɘ ɖ 

ɢɟɐůɖ ɛɘəɟɞəɡɛŬŰɘəɐɠ (ȺɘəɧɜŬ 18) [19]. 

 

 

ȺɘəɧɜŬ 18: ɀɏɗɞŭɞɘ ůɨɜɗŮůɖɠ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ (18) 

 

 

ȳˊɤɠ ŮɑɜŬɘ űɡůɘəɧ, ɞɘ ŭɨɞ əŬŰɖɔɞɟɑŮɠ ɛŮɗɧŭɤɜ ůɨɜɗŮůɖɠ ŭɘŬűɏɟɞɡɜ ůŮ əɎˊɞɘŬ ůɖɛŮɑŬ ɛŮŰŬɝɨ Űɞɡɠ. 

ɀŮ Űɖɜ top-down, ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ˊŬɟŬɔɤɔɐ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ 

ˊɟɞəɨˊŰɞɡɜ ɡɚɘəɎ ɛŮ əŬɚɐ ɔŮɤɛŮŰɟɘəɐ ŬəɟɑɓŮɘŬ. ȳɛɤɠ, ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ŮɛűŬɜɘůŰɞɨɜ ŬŰɏɚŮɘŮɠ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ əŬɘ ɖ ɛɏɗɞŭɞɠ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ ɢɟɞɜɞɓɧɟŬ. ȷəɧɛɖ, ɞ ɏɚŮɔɢɞɠ ůŮ 

ŬŰɞɛɘəɧ ŮˊɑˊŮŭɞ ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɞɠ. ȳůɞɜ ŬűɞɟɎ ůŰɖ bottom-up ˊɟɞůɏɔɔɘůɖ, əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɧɠ 

ɞ ɏɚŮɔɢɞɠ Űɞɡ ɛŮɔɏɗɞɡɠ əŬɘ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ˊɞɡ ůɡɜŰɑɗŮɜŰŬɘ, ɛˊɞɟɞɨɜ ɜŬ 

ˊŬɟŬɢɗɞɨɜ ŬɟəŮŰɎ ɛɘəɟɧŰŮɟŮɠ ŭɞɛɏɠ Ŭˊô ɧŰɘ ɗŬ ˊɟɞɏəɡˊŰŬɜ ɛŮ Űɖɜ top-down əŬɘ ŮɚŬɢɘůŰɞˊɞɘɞɨɜŰŬɘ 

ůɖɛŬɜŰɘəɎ ɞɘ ŬŰɏɚŮɘŮɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ůɤɛŬŰɘŭɑɤɜ. ɋůŰɧůɞ, ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ŰŮɢɜɘəɏɠ Űɖɠ 

əŬŰɖɔɞɟɑŬɠ ŬɡŰɐɠ, ˊŮɟɘɞɟɑɕɞɡɜ Űɖ ɛŬɕɘəɐ ˊŬɟŬɔɤɔɐ ůŮ ɓɘɞɛɖɢŬɜɘəɐ əɚɑɛŬəŬ əŬɘ ˊɞɚɚɏɠ Ŭˊɧ ŬɡŰɏɠ, 

ŬˊŬɘŰɞɨɜ ŬəɟɑɓŮɘŬ ůŰɘɠ ůɡɜɗɐəŮɠ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ (ɧˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ, Űɞ pH, ɞ ɢɟɧɜɞɠ Űɖɠ 

ŬɜŰɑŭɟŬůɖɠ), əŬɗɩɠ ŮˊɖɟŮɎɕɞɡɜ ůɖɛŬɜŰɘəɎ Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ɗŬ ˊɟɞəɨɣɞɡɜ ůŰɞ 

Űɏɚɞɠ [20]. 
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ĄTop-down  

 

1)Ⱥəəɏɜɤůɖ Űɧɝɞɡ: 

ȼ ɛɏɗɞŭɞɠ Ůəəɏɜɤůɖɠ Űɧɝɞɡ ŬˊɞŰɏɚŮůŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ ŰŮɢɜɘəɏɠ ˊŬɟŬůəŮɡɐɠ ɜŬɜɞɦɚɘəɩɜ 

ɎɜɗɟŬəŬ. ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɟɢɘəɎ Ŭˊɧ Űɞɜ Ijima ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɤɜ űɞɡɚŮɟŮɜɑɤɜ CϠϚ əŬɘ ɏəŰɞŰŮ 

əŬɗɘŮɟɩɗɖəŮ ɤɠ ɏɜŬɠ Ŭˊɧ Űɞɡɠ ˊɘɞ Ŭˊɚɞɨɠ əŬɘ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡɠ Űɟɧˊɞɡɠ ůɨɜɗŮůɖɠ 

ɜŬɜɞůɤɚɐɜɤɜ ɎɜɗɟŬəŬ (CNTs). 

ɆŰɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ, ŭɨɞ ɟɎɓŭɞɘ ɔɟŬűɑŰɖ ɡɣɖɚɐɠ əŬɗŬɟɧŰɖŰŬɠ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ Ɏɜɞŭɞɠ əŬɘ əɎɗɞŭɞɠ, 

ŰɞˊɞɗŮŰɖɛɏɜŮɠ ůŮ ɛɘəɟɐ ŬˊɧůŰŬůɖ ɛɏůŬ ůŮ ŬŭɟŬɜɏɠ Ŭɏɟɘɞ ˊŮɟɘɓɎɚɚɞɜ, ůɡɜɐɗɤɠ ɐɚɘɞ. ȳŰŬɜ 

ŮűŬɟɛɧɕŮŰŬɘ ɖɚŮəŰɟɘəɧ ɟŮɨɛŬ ɡɣɖɚɐɠ ɏɜŰŬůɖɠ (ˊŮɟɑˊɞɡ 100ï200 ȷ, 20 V), ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖɚŮəŰɟɘəɧ 

Űɧɝɞ ɛŮŰŬɝɨ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ, Űɞ ɞˊɞɑɞ ŮɝŬŰɛɑɕŮɘ Űɞɜ ɎɜɗɟŬəŬ Ŭˊɧ Űɖɜ Ɏɜɞŭɞ. Ƀ ŬŰɛɞˊɞɘɖɛɏɜɞɠ 

ɎɜɗɟŬəŬɠ ŬɚɚɖɚŮˊɘŭɟɎ ɛŮ Űɞ Ŭɏɟɘɞ ɖɚɑɞɡ, ůɢɖɛŬŰɑɕɞɜŰŬɠ ˊɚɎůɛŬ ɎɜɗɟŬəŬ, Űɞ ɞˊɞɑɞ ůŰɖ ůɡɜɏɢŮɘŬ 

ůɡɛˊɡəɜɩɜŮŰŬɘ ůŰɖɜ əɎɗɞŭɞ, ɞŭɖɔɩɜŰŬɠ əɡɟɑɤɠ ůŰɞ ůɢɖɛŬŰɘůɛɧ ɜŬɜɞůɤɚɐɜɤɜ ˊɞɚɚŬˊɚɞɨ 

ŰɞɘɢɩɛŬŰɞɠ (MWCNTs).  

ȼ ɛɏɗɞŭɞɠ ŬˊŬɘŰŮɑ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ (ˊŮɟɑˊɞɡ 4000ï6000 °C) əŬɘ ɘůɢɡɟɎ ɖɚŮəŰɟɘəɎ ɟŮɨɛŬŰŬ, 

ɔŮɔɞɜɧɠ ˊɞɡ əŬɗɘůŰɎ ŬɜŬɔəŬɑɞ Űɞɜ ˊɟɞůŮəŰɘəɧ ɏɚŮɔɢɞ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ůɡɜɗɖəɩɜ. ȷɜɎɚɞɔŬ ɛŮ 

Űɞɜ Űɟɧˊɞ ŮəŰɏɚŮůɖɠ, ŭɘŬəɟɑɜɞɜŰŬɘ ŭɨɞ ˊŬɟŬɚɚŬɔɏɠ: 

Ŭ)ȺɝɎŰɛɘůɖ əŬɗŬɟɞɨ ɔɟŬűɑŰɖ, əŬɘ 

ɓ) Ɇɡɜ-ŮɝɎŰɛɘůɖ (co-vaporization) ɔɟŬűɑŰɖ əŬɘ ɛŮŰɎɚɚɞɡ. 

ɆŰɖ ŭŮɨŰŮɟɖ ˊŮɟɑˊŰɤůɖ, ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ɛŮŰŬɚɚɘəɩɜ əŬŰŬɚɡŰɩɜ ɧˊɤɠ Ni/Y ɐ Co/Ni, ˊɞɡ 

ŮɘůɎɔɞɜŰŬɘ ůɡɜɐɗɤɠ ůŰɖɜ Ɏɜɞŭɞ ɐ Űɖɜ əɎɗɞŭɞ, ŮɑɜŬɘ ŭɡɜŬŰɐ ɖ ˊŬɟŬɔɤɔɐ ɜŬɜɞůɤɚɐɜɤɜ ɛɞɜɞɨ 

ŰɞɘɢɩɛŬŰɞɠ (SWCNTs). ɇŬ ˊɟɞɥɧɜŰŬ Űɖɠ ůɡɜ-ŮɝɎŰɛɘůɖɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɘɤɛɏɜɞ ˊɞůɞůŰɧ 

ŭŮɡŰŮɟɞɔŮɜɩɜ ŮɜɩůŮɤɜ, ɧˊɤɠ űɞɡɚŮɟŮɜɑɤɜ, Ɏɛɞɟűɞɡ ɎɜɗɟŬəŬ ɐ ɔɟŬűɘŰɘəɩɜ űɨɚɚɤɜ (ȺɘəɧɜŬ 19). 

 

 

 ȺɘəɧɜŬ 19: ȷɟɢɐ Űɖɠ ɖɚŮəŰɟɘəɐɠ Ůəəɏɜɤůɖɠ Űɧɝɞɡ (19) 

 

ɄŬɟɎ Űɖɜ ŬˊɚɧŰɖŰŬ əŬɘ ɢŬɛɖɚɐ ŮɜŮɟɔŮɘŬəɐ ŬˊŬɑŰɖůɖ Űɖɠ ɛŮɗɧŭɞɡ, ɖ ˊŬɟŬɔɤɔɐ ɜŬɜɞůɤɚɐɜɤɜ 

ɡɣɖɚɐɠ əŬɗŬɟɧŰɖŰŬɠ ŮɑɜŬɘ ŬˊŬɘŰɖŰɘəɐ, əŬɗɩɠ ŮˊɖɟŮɎɕŮŰŬɘ ɏɜŰɞɜŬ Ŭˊɧ ˊŬɟŬɛɏŰɟɞɡɠ ɧˊɤɠ ɖ ˊɑŮůɖ 
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Űɞɡ ŬŮɟɑɞɡ, ɖ ŬˊɧůŰŬůɖ Űɤɜ ɖɚŮəŰɟɞŭɑɤɜ əŬɘ ɖ ɏɜŰŬůɖ Űɞɡ ɟŮɨɛŬŰɞɠ. ȷɜ əŬɘ ůɐɛŮɟŬ ɖ Ůəəɏɜɤůɖ 

Űɧɝɞɡ ˊŬɟŬɛɏɜŮɘ ɛɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ɞɘəɞɜɞɛɘəɏɠ əŬɘ ŬˊɞŭɞŰɘəɏɠ ŰŮɢɜɘəɏɠ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ SWCNTs 

ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ, ŰŬ ˊɟɞɥɧɜŰŬ Űɖɠ ɡůŰŮɟɞɨɜ ůŮ əŬɗŬɟɧŰɖŰŬ ůŮ ůɨɔəɟɘůɖ ɛŮ ŮəŮɑɜŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ 

ɛɏůɤ ŬŰɛɞˊɞɑɖůɖɠ ɛŮ ɚɏɘɕŮɟ (laser ablation). 

ȺɝŬəɞɚɞɡɗŮɑ ɜŬ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ ŮɜŰŬŰɘəɐɠ ɛŮɚɏŰɖɠ, əŬɗɩɠ ɞɘ ŮɟŮɡɜɖŰɏɠ ůŰɞɢŮɨɞɡɜ ůŰɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ əŬɘ Űɞɡ ɛɖɢŬɜɘůɛɞɨ ŬɜɎˊŰɡɝɖɠ Űɤɜ ɜŬɜɞůɤɚɐɜɤɜ, ɩůŰŮ ɖ ɛɏɗɞŭɞɠ 

ɜŬ ɔɑɜŮɘ ˊɘɞ ŬˊɞŭɞŰɘəɐ əŬɘ ŮɛˊɞɟɘəɎ ɓɘɩůɘɛɖ [21]. 

 

 

2)ɀɏɗɞŭɞɠ ŬűŬɑɟŮůɖɠ ɛŮ ɚɏɘɕŮɟ: 

ȼ Ŭˊɞŭɧɛɖůɖ ɛŮ Laser, əŬŰɎ əɧɟɞɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ ɚŮˊŰɩɜ ɡɛŮɜɑɤɜ əŬɘ 

ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ɐ ɔɘŬ ɛɘəɟɞɛɖɢŬɜɞɡɟɔɑŬ. ũɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ŬˊŮɜŮɟɔɞˊɞɑɖůɖ əŬɘ ɖ ɞɝŮɑŭɤůɖ Űɤɜ 

ŮəŰɘɜŬůůɧɛŮɜɤɜ ɡɚɘəɩɜ, ɖ Ŭˊɞŭɧɛɖůɖ ɛŮ laser, ɔŮɜɘəɎ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɔɘŬ ɞɡůɑŮɠ (ůŰɧɢɞɡɠ) 

ŰɞˊɞɗŮŰɖɛɏɜŮɠ ůŮ ɏɜŬ Ŭɏɟɘɞ ɐ ůŰɞ əŮɜɧ. ȺɜŰɞɨŰɞɘɠ, Űɞ 1993 ɖ ɞɛɎŭŬ Űɞɡ Henglein ˊŬɟɞɡůɑŬůŮ ɧŰɘ 

Ŭˊɞŭɧɛɖůɖ ɛŮ laser ɛˊɞɟŮɑ ɜŬ ŭɘŮɝŬɢɗŮɑ ůŮ ůŰɧɢɞɡɠ ŰɞˊɞɗŮŰɖɛɏɜɞɡɠ ůŮ ɡɔɟɎ ɧˊɤɠ Űɞ ɜŮɟɧ əŬɘ 

ɞɟɔŬɜɘəɞɨɠ ŭɘŬɚɨŰŮɠ əŬɘ ˊŬɟɐɔŬɔŮ ɜŬɜɞůɤɛŬŰɑŭɘŬ Ŭˊɧ ŰŬ ŮəŰɞɝŮɡɛɏɜŬ ɡɚɘəɎ. ȺɑɜŬɘ ɓɏɓŬɘɞ ɧŰɘ ɖ 

ŮˊɘŰɡɢɑŬ Űɖɠ Ŭˊɞŭɧɛɖůɖɠ ɛŮ laser ůŮ ɡɔɟɎ (Laser Ablation in Liquids, LAL) ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ ˊŬɚɛɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ laser ɜŬ ŮɜŬˊɞɗɏŰŮɘ ɢɤɟɘəɎ əŬɘ ɢɟɞɜɘəɎ 

ÌůɡɛˊɡəɜɤɛɏɜŬÌ űɤŰɧɜɘŬ ůŮ ɡɚɘəɎ. ȰŰůɘ, ɡɚɘəɎ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬůˊŬůŰɞɨɜ ɐ ɜŬ ŮɝŬŮɟɤɗɞɨɜ ɢɤɟɑɠ 

ŬˊɩɚŮɘŬ ŭɘŬɚɨŰɖ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊŬɚɛɘəɐ ŬəŰɘɜɞɓɞɚɑŬ laser, ŬɜŰɑɗŮŰŬ ɛŮ ůɡɛɓŬŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ 

ɗɏɟɛŬɜůɖɠ (ȺɘəɧɜŬ 20).  

 

ȺɘəɧɜŬ 20: ȷɟɢɐ Űɖɠ ɛŮɗɧŭɞɡ ŬűŬɑɟŮůɖɠ ɛŮ ɚɏɘɕŮɟ (20) 

 

ɀɑŬ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ ŮɡɔŮɜɩɜ ɛŮŰŬɚɚɘəɩɜ ɜŬɜɞəɟɡůŰɎɚɚɤɜ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Pt, Au, Ag, Cu, Ni 

əŬɘ Co ɏɢɞɡɜ ůɡɜŰŮɗŮɑ ɛŮ ŭɘɎűɞɟŮɠ ŰŮɢɜɘəɏɠ ɄŬɚɛɘəɐɠ ȷˊɞŭɧɛɖůɖɠ ɛŮ Laser ɛŮŰŬɚɚɘəɩɜ ůŰɧɢɤɜ ůŮ 

ˊŮɟɘɓɎɚɚɞɜŰŬ ɡɔɟɩɜ. Ɇɡɜɐɗɤɠ, ŰŬ ɛŮɔɏɗɖ Ŭˊɧ Űɞɡɠ ɜŬɜɞəɟɡůŰɎɚɚɞɡɠ ˊɞɡ ɏɢɞɡɜ ůɡɜŰŮɗŮɑ 

ɓɟɑůəɞɜŰŬɘ ůŰɞ Ůɨɟɞɠ Űɤɜ 2-60 nm əŬɘ ŰŬ ůɢɐɛŬŰŬ ŮɑɜŬɘ ůűŬɘɟɞŮɘŭɐ. ɇŬ ˊŮɘɟŬɛŬŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŮˊɘŭŮɘəɜɨɞɡɜ ɧŰɘ ɖ ɟɞɐ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ laser ɏɢŮɘ ɛŮɔɎɚɖ ŮˊɑŭɟŬůɖ ůŰɞ ůɢɐɛŬ Űɤɜ 
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ɜŬɜɞəɟɡůŰɎɚɚɤɜ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ůɢŮŰɘəɎ ÌɐˊɘŬÌ ŬəŰɘɜɞɓɧɚɖůɖ Ŭˊɧ laser Űɤɜ ɛŮŰŬɚɚɘəɩɜ 

ůŰɧɢɤɜ ŮɡɜɞŮɑ Űɞ ůɢɖɛŬŰɘůɛɧ ŭɘůəɞŮɘŭɩɜ ůɢɖɛɎŰɤɜ, əŬɗɩɠ ɖ ůɢŮŰɘəɎ ɛŮɔɎɚɖ ůŰŬɗŮɟɧŰɖŰŬ ŬɡŰɩɜ 

Űɤɜ əɞɚɚɞŮɘŭɩɜ ůɡůŰɖɛɎŰɤɜ ɛŮ ŬˊɞɡůɑŬ ŮˊɘűŬɜŮɘɞŭɟŬůŰɘəɩɜ ɞɡůɘɩɜ əŬɘ ɘɞɜŰɞŬɜŰŬɚɚŬəŰɘəɩɜ 

ɞɡůɘɩɜ (counter-ions) ˊɞɡ ɤűŮɚŮɑ ɖ ɢŬɛɖɚɐ ɟɞɐ ŮɜɏɟɔŮɘŬɠ Űɞɡ laser, ˊŬɟɏɢŮɘ ɏɜŬ ɓɞɚɘəɧ ˊŮɟɘɓɎɚɚɞɜ 

ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ ŭɑůəɤɜ. Ⱥˊɑůɖɠ, ɏɜŬɠ ɛŮɔɎɚɞɠ ɓŬɗɛɧɠ Ůɚɏɔɢɞɡ ˊɎɜɤ ůŰɞ ɛɏɔŮɗɞɠ Űɤɜ 

ˊŬɟŬɔɧɛŮɜɤɜ ɜŬɜɞəɟɡůŰɎɚɚɤɜ ɛˊɞɟŮɑ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ Ůˊɘɚɞɔɐ ˊŬɟŬɛɏŰɟɤɜ Űɖɠ 

ˊŬɚɛɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ Űɞɡ laser ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɖɠ ɟɞɐɠ ŮɜɏɟɔŮɘŬɠ, Űɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ 

əŬɘ Űɞɡ ɟɡɗɛɞɨ ŮˊŬɜɎɚɖɣɖɠ.  

ȹɨɞ ˊŬɟɎɔɞɜŰŮɠ, ɞ ɢɟɧɜɞɠ ˊɡɟɖɜɞˊɞɑɖůɖɠ əŬɘ ɞ ɢɟɧɜɞɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ ˊɡɟɐɜɤɜ, əŬɗɞɟɑɕɞɡɜ Űɞ 

ŰŮɚɘəɧ ɛɏɔŮɗɞɠ Űɤɜ ɜŬɜɞəɟɡůŰɎɚɚɤɜ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɛŮ Ŭˊɞŭɧɛɖůɖ ɛŮ Laser ůŮ ɡɔɟɎ. Ƀɘ ŭɨɞ 

ˊŬɟɎɔɞɜŰŮɠ əɡɟɑɤɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ ɗŮɟɛɞŭɡɜŬɛɘəɏɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɞɡ ɗɡůɎɜɞɡ ˊɚɎůɛŬŰɞɠ 

ɧˊɤɠ ɖ ɗŮɟɛɞəɟŬůɑŬ, ɖ ˊɑŮůɖ əŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ Ůɘŭɩɜ Ŭˊɧ Űɖɜ Ŭ́ ɞŭɧɛɖůɖ ɛŮ 

Laser. Ƀɘ ˊŬɟɎɛŮŰɟɞɘ Űɖɠ Ŭ́ ɞŭɧɛɖůɖɠ ɛŮ Laser ůɑɔɞɡɟŬ ŮˊɖɟŮɎɕɞɡɜ Űɞ ɛɏɔŮɗɞɠ Űɤɜ 

ɜŬɜɞəɟɡůŰɎɚɚɤɜ, ŮɜŰɞɨŰɞɘɠ, ɞ ɏɚŮɔɢɞɠ Űɞɡ ɛŮɔɏɗɞɡɠ Űɞɡ ɜŬɜɞəɟɡůŰɎɚɚɞɡ ŮɑɜŬɘ ůɨɜɗŮŰɞɠ ůŰɖɜ 

ˊŮɘɟŬɛŬŰɘəɐ ůɨɜɗŮůɖ [19]. 

 

 

3)ɃɝŮɑŭɤůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɞɝɏɞɠ: 

ȼ Ŭˊɞűɞɚɑŭɤůɖ əŬɘ ɖ ŬˊɞůɨɜɗŮůɖ Űɞɡ ɢɨŭɖɜ ɎɜɗɟŬəŬ ůŮ ɜŬɜɞůɤɛŬŰɑŭɘŬ ɛŮ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ  

ŮɘůŬɔɤɔɐ ɡŭɟɧűɘɚɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ɧˊɤɠ ɡŭɟɞɝɡɚɞɛɎŭŮɠ ɐ 

əŬɟɓɞɝɡɚɞɛɎŭŮɠ, ŬˊɞŰŮɚŮɑ ɛɘŬ əɞɘɜɐ ɛɏɗɞŭɞ. ȼ ůɨɜɗŮůɖ CQDs ɛŮ ˊɟɧůɛɘɝɖ ŮŰŮɟɞŬŰɧɛɤɜ ůŮ 

ɛŮɔɎɚɖ əɚɑɛŬəŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɧɝɘɜɖ ɞɝŮɑŭɤůɖ əŬɘ ɡŭɟɞɗŮɟɛɘəɐ ŬɜŬɔɤɔɐ ŬɜŬűɏɟɗɖəŮ ɔɘŬ ˊɟɩŰɖ 

űɞɟɎ Űɞ 2014 (ȺɘəɧɜŬ 21).  

 

ȺɘəɧɜŬ 21: ȳɝɘɜɖ ɞɝŮɑŭɤůɖ ɔɘŬ ůɨɜɗŮůɖ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ C,N,S (21) 

 

ȷɟɢɘəɎ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɜŬɠ ůɡɜŭɡŬůɛɧɠ HNO3, H2SO4 əŬɘ NaClO3 ɔɘŬ Űɖɜ ɞɝŮɑŭɤůɖ 

ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ɎɜɗɟŬəŬ ˊɞɡ ŮɚɐűɗɖůŬɜ Ŭˊɧ əɘɜŮɕɘəɧ ɛŮɚɎɜɘ. Ƀɘ ɞɝŮɘŭɤɛɏɜŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ 
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ɎɜɗɟŬəŬ, ůŰɖ ůɡɜɏɢŮɘŬ, ɡˊɞɓɚɐɗɖəŬɜ ůŮ ɡŭɟɞɗŮɟɛɘəɐ ɛɏɗɞŭɞ əŬɘ ŬɜŰɏŭɟŬůŬɜ ɛŮ ˊɖɔɏɠ ŬɕɩŰɞɡ, 

ɗŮɑɞɡ əŬɘ ůŮɚɖɜɑɞɡ. ȷɜŰɑůŰɞɘɢŬ, ŭɘɛŮɗɡɚɞűɞɟɛŬɛɑŭɘɞ (DMF), ɡŭɟɞůɞɡɚűɑŭɘɞ Űɞɡ ɜŬŰɟɑɞɡ (NaHS) əŬɘ 

ɡŭɟɞůŮɚɖɜɑŭɘɞ Űɞɡ ɜŬŰɟɑɞɡ (NaHSe) ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ˊɟɧŭɟɞɛɞɘ. ɆŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ 

əŬɗŬɟɏɠ CQDs, ɞɘ ˊŬɟŬɔɧɛŮɜŮɠ N-CQDs, S-CQDs, əŬɘ Se-CQDs ɏɢɞɡɜ ŮˊɘŭŮɑɝŮɘ ɟɡɗɛɘɕɧɛŮɜɖ 

ɛŮɔŬɚɨŰŮɟɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ űɗɞɟɘůɛɞɨ, əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ űɤŰɞűɤŰŬɨɔŮɘŬɠ, (PL)  əŬɘ əŬɚɐ əɓŬɜŰɘəɐ 

Ŭˊɧŭɞůɖ (QY). ɇŬ ɏɜŰɞɜŬ ˊɟɞůɛɘɔɛɏɜŬ ŮŰŮɟɞɎŰɞɛŬ ɛˊɞɟɞɨɜ ɜŬ ŬɚɚɎɝɞɡɜ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ PL 

ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ŮɡɜɞɥəɎ ɛŮ Űɘɠ ɖɚŮəŰɟŬɟɜɖŰɘəɧŰɖŰŮɠ Űɤɜ N, S əŬɘ Se, ůɨɛűɤɜŬ ɛŮ ŰŬ ŮɡɟɐɛŬŰŬ. ȳŰŬɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ɖɚŮəŰɟɞəŬŰŬɚɨŰŮɠ, Űɞ ɖɚŮəŰɟɞɜɘəɧ ˊɚŬɑůɘɞ Űɤɜ ůɢŮŰɘəɩɜ CQDs ɗŬ ɎɚɚŬɕŮ Ŭˊɧ 

ŰŬ ŮɜŮɟɔɎ ŮŰŮɟɞɎŰɞɛŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ŰŬ ɞˊɞɑŬ ˊŬɟŮɑɢŬɜ əŬɚɐ ɖɚŮəŰɟɞəŬŰŬɚɡŰɘəɐ ŭɟɎůɖ.  ɋůŰɧůɞ, 

ɞɘ ɏɜŰɞɜŬ ˊɟɞůɛɘɔɛɏɜŮɠ CQDs ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬɚɚɖɚŮˊɘŭɟɎůɞɡɜ ɛŮ ɛŮŰŬɚɚɘəɎ ɘɧɜŰŬ ɞɛɎŭŬɠ 

3 ɏɤɠ 12 ůŰɞɜ ˊŮɟɘɞŭɘəɧ ˊɑɜŬəŬ, əŬɘ ɞɘ N-CQDs, S-CQDs əŬɘ Se-CQDs ɛˊɞɟŮɑ ɜŬ ɏɢɞɡɜ Űɖɜ 

ɘəŬɜɧŰɖŰŬ ɜŬ ˊɟɞůŮɚəɨɞɡɜ ɛŮɟɘəɎ Ůˊɘˊɚɏɞɜ ɛŮŰŬɚɚɘəɎ ɘɧɜŰŬ, ɧˊɤɠ Fe3+, Co2+ əŬɘ Ni2+, ɔɘŬ ɜŬ 

ˊŬɟɎɔɞɡɜ ɛɞɜɞŬŰɞɛɘəɞɨɠ əŬŰŬɚɨŰŮɠ (SAC). Ƀɘ Feng et al. ůɡɜɏɗŮůŬɜ CQDs Ŭˊɧ əɤə 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŬɡŰɐɜ Űɖ ɛɏɗɞŭɞ, ɖ ɞˊɞɑŬ ɏŭŮɘɝŮ 9,2% QY. Ƀɛɞɑɤɠ, ɞɘ Iannazzo et al. 

ˊŬɟŬůəŮɨŬůŬɜ GQDs Ŭˊɧ ɜŬɜɞůɤɚɐɜŮɠ ɎɜɗɟŬəŬ ˊɞɚɚŬˊɚɩɜ ŰɞɘɢɤɛɎŰɤɜ (MWNT) ɛɏůɤ Űɖɠ 

ŰŮɢɜɘəɐɠ ɧɝɘɜɖɠ ɞɝŮɑŭɤůɖɠ ɔɘŬ ůŰɞɢŮɡɛɏɜɖ ɗŮɟŬˊŮɑŬ, űŬɟɛŬəŮɡŰɘəɐ Ŭɔɤɔɐ əŬɘ ɢɞɟɐɔɖůɖ HIV. ũɘŬ 

Űɞɜ ůəɞˊɧ Űɖɠ ůŰɧɢŮɡůɖɠ, ɞɘ ŬɜŬůŰɞɚŮɑɠ Űɖɠ ŬɜŰɑůŰɟɞűɖɠ ɛŮŰŬɔɟŬűɎůɖɠ (RTIs) ŰɟɞˊɞˊɞɘɐɗɖəŬɜ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ GQDs. Ƀɘ Tang et al. ŬɜɏűŮɟŬɜ ɛɘŬ ɧɝɘɜɖ ŭɘŬŭɘəŬůɑŬ ɞɝŮɑŭɤůɖɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ ɜŬ ˊŬɟŬɢɗɞɨɜ GQDs Ŭˊɧ ɞɝŮɑŭɘɞ Űɞɡ ɔɟŬűŮɜɑɞɡ (GO). Ƀɘ ɚɖűɗŮɑůŮɠ GQDs 

ɏŭŮɘɝŬɜ əŬŰŬɚɡŰɘəɐ ŭɟɎůɖ Űɨˊɞɡ ɡˊŮɟɞɝŮɘŭɎůɖɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ H2O2 ɛŮ 

ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ 87 nM. Ƀɘ CQDs ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůˊɑůɖɠ ɔɘŬ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ ɖɚŮəŰɟɞɢɖɛɘəɩɜ 

ŬɘůɗɖŰɐɟɤɜ əŬɘ ŮűŬɟɛɞɔɩɜ ɢɞɟɐɔɖůɖɠ űŬɟɛɎəɤɜ Ŭűɞɨ ˊŬɟŬɢɗɞɨɜ ɛŮ Űɖɜ ŰŮɢɜɘəɐ ɧɝɘɜɖɠ 

ɞɝŮɑŭɤůɖɠ. ȼ ɛɏɗɞŭɞɠ ɧɝɘɜɖɠ ɞɝŮɑŭɤůɖɠ ŮɑɜŬɘ Ŭˊɚɐ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ CQDs 

ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ. ɋůŰɧůɞ, ůŮ ŬɡŰɐ Űɖ ɛɏɗɞŭɞ, ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɞɟɘůɛɏɜŬ ɘůɢɡɟɎ 

ɞɝŮɘŭɤŰɘəɎ, ŰŬ ɞˊɞɑŬ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ əŬɨůɖ ɐ ɏəɟɖɝɖ, əŬɘ ɖ ɛŮŰɏˊŮɘŰŬ ŮˊŮɝŮɟɔŬůɑŬ 

əŬɗɑůŰŬŰŬɘ ŬɟəŮŰɎ ˊŮɟɑˊɚɞəɖ [21,22]. 

 

 

ĄBottom -up 

 

1)Ʉɡɟɧɚɡůɖ: 

ȼ ɛɏɗɞŭɞɠ əŬɨůɖɠ ŮɑɜŬɘ ɛɘŬ Ŭˊɚɐ ŰŮɢɜɘəɐ ɛŮ Ůɨəɞɚɖ əɚɘɛɎəɤůɖ, Ŭəɟɘɓɐ əŬɘ ŮɚŮɔɢɧɛŮɜɞ ůɢŮŭɘŬůɛɧ 

Űɤɜ Ŭɟɢɘəɩɜ ɛɞɟɑɤɜ, űɗɖɜɐ əŬɘ űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ ŭɘŬŭɘəŬůɑŬ əŬɘ ɔɘŬ ŬɡŰɧ ɏɢŮɘ ɚɎɓŮɘ ɛŮɔɎɚɖ 

ˊɟɞůɞɢɐ ůŰɖ ɓŮɚŰɑɤůɖ Űɤɜ ůŰɟŬŰɖɔɘəɩɜ bottom-up ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ CQD. ȼ ɛɏɗɞŭɞɠ əŬɨůɖɠ 

ɏɢŮɘ ˊɟɞŰŬɗŮɑ ɔɘŬ Űɖ ůɨɜɗŮůɖ Űɤɜ CQDs, ɖ ɞˊɞɑŬ əŬɘ ɡɘɞɗŮŰɐɗɖəŮ ɔɟɐɔɞɟŬ Ŭˊɧ ˊɞɚɚɞɨɠ ŮɟŮɡɜɖŰɏɠ 

(ȺɘəɧɜŬ 22). 
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ȺɘəɧɜŬ 22: ȯˊɞɣɖ ŬɜŰɑŭɟŬůɖɠ ˊɡɟɧɚɡůɖɠ (22) 

 

 

ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, űɤŰŬɡɔŮɑɠ əɧəəɞɘ ɔɟŬűɏɜɘɞɡ (GQDs) ˊŬɟɐɢɗɖůŬɜ ɛŮ Űɖɜ əŬɨůɖ əɘŰɟɘəɞɨ ɞɝɏɞɠ əŬɘ 

ůŰɖ ůɡɜɏɢŮɘŬ ɚŮɘŰɞɡɟɔɘəɞˊɞɘɐɗɖəŬɜ ɛŮ ɞɛɎŭŮɠ əŬɟɓɞɝɡɚɑɞɡ ɛɏůɤ ůɡɔəɧɚɚɖůɖɠ ɛɞɟɑɤɜ ɞɝɘəɞɨ 

ɞɝɏɞɠ ůŮ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ɄŬɟɐɢɗɖůŬɜ GQDs ɛŮ ɞɛɞɔŮɜɏɠ ɛɏɔŮɗɞɠ 8,5nm ɛŮ ɎűɗɞɜŮɠ ɞɛɎŭŮɠ 

əŬɟɓɞɝɡɚɑɞɡ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. Ƀɘ ŰɟɞˊɞˊɞɘɖɛɏɜŮɠ CQDs ɛŮ N/S, ́ ŬɟŬůəŮɡɎůŰɖəŬɜ ŬˊɞŭɞŰɘəɎ ɛɏůɤ 

ɛɘŬɠ ŮɜɘŬɑŬɠ əŬɨůɖɠ Ŭˊɧ ɓɘɞɚɞɔɘəɎ ŬˊɧɓɚɖŰŬ əɡŰŰŬɟɑɜɖɠ Űɞɡ ɗɨɚŬəŬ Űɖɠ ɘŰɘɎɠ (Salix gracilistyla). Ƀɘ 

ɜŮɞůɡɜŰɘɗɏɛŮɜŮɠ CQDs ɏɢɞɡɜ ɞɛɞɔŮɜɐ əŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ əŬɘ ɛŮɔɎɚɞ Ŭɟɘɗɛɧ ɞɛɎŭɤɜ əŬɟɓɞɝɡɚɑɞɡ 

ˊŬɟɧɜŰɤɜ ůŰɖ ŭɞɛɐ Űɞɡɠ. ȼ ɛɏɗɞŭɞɠ əŬɨůɖɠ ˊŬɟɐɔŬɔŮ ɛɘəɟɞɨɠ ˊɞɚɡəɡəɚɘəɞɨɠ ŬɟɤɛŬŰɘəɞɨɠ 

ɡŭɟɞɔɞɜɎɜɗɟŬəŮɠ (PAHs) ˊɞɡ ŬˊɞŰŮɚɞɨɜ ɞɚɞɏɜŬ əŬɘ ŬɡɝŬɜɧɛŮɜɞ əɑɜŭɡɜɞ ɔɘŬ Űɞ ˊŮɟɘɓɎɚɚɞɜ. Ƀɘ 

Xiang et al. ŬɜɏűŮɟŬɜ Űɖ ɗŮɟɛɘəɐ ˊɡɟɧɚɡůɖ (əŬɨůɖ) ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ˊɞɚɡɢɟɤɛɘəɩɜ 

ŮəˊŮɛˊɧɛŮɜɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ (CDs) Ŭˊɧ əɘŰɟɘəɧ ɞɝɨ əŬɘ ɞɡɟɑŬ. ɇɞ ˊɞůɞůŰɧ űɤŰŬɨɔŮɘŬɠ QY Űɤɜ 

ɛˊɚŮ, ˊɟɎůɘɜɤɜ əŬɘ əɧəəɘɜɤɜ Ůəˊɞɛˊɩɜ űŰɎɜŮɘ Űɞ 52,6%, 35,1% əŬɘ 12,9% ŬɜŰɑůŰɞɘɢŬ, ůŰɘɠ CDs. 

Ƀɘ CDs ɛˊɞɟɞɨɜ, Ůˊɑůɖɠ, ɜŬ ŭɘŬůˊŬɟɗɞɨɜ ɞɛɞɘɧɛɞɟűŬ ůŮ ŮˊɞɝŮɘŭɘəɏɠ ɟɖŰɑɜŮɠ əŬɘ ɜŬ ˊŬɟŬɢɗɞɨɜ 

ɤɠ ŭɘŬɡɔŮɑɠ ůɨɜɗŮŰŮɠ ɟɖŰɑɜŮɠ/CDs ɔɘŬ ůɡůŰɐɛŬŰŬ ˊɞɡ ˊŬɟɎɔɞɡɜ ŭɘŬűɞɟŮŰɘəɎ ɢɟɩɛŬŰŬ əŬɘ ɚŮɡəɧ 

űɤɠ. ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ Ŭˊɚɐ, ɖ ůɨɜɗŮůɖ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůŮ ɛŮɔɎɚɖ əɚɑɛŬəŬ, əŬɘ ɞɘ CDs 

ˊŬɟɞɡůɑŬůŬɜ ɡɣɖɚɐ QY əŬɘ əŬɚɐ ɏɜŰŬůɖ űɗɞɟɘůɛɞɨ. Ƀɘ CQDs ˊɞɡ ŬˊɞəŰɐɗɖəŬɜ Ŭˊɧ ŬɡŰɐ Űɖ 

ɛɏɗɞŭɞ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ ɓɘɞŬˊŮɘəɞɜɑůŮɘɠ əŬɘ ɞˊŰɞɖɚŮəŰɟɞɜɘəɏɠ ŮűŬɟɛɞɔɏɠ 

[23]. 

 

2)ɀɘəɟɞəɡɛŬŰɘəɐ ˊɡɟɧɚɡůɖ: 

ȼ ˊɡɟɧɚɡůɖ ɛŮ ɛɘəɟɞəɨɛŬŰŬ ŮɑɜŬɘ ɛɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ɔɜɤůŰɏɠ ŰŮɢɜɘəɏɠ bottom-up,  ɚɧɔɤ Űɖɠ ŬˊɚɧŰɖŰŬɠ 

əŬɘ Űɖɠ Ůɛˊɞɟɘəɐɠ ɓɘɤůɘɛɧŰɖŰɎɠ Űɖɠ. Ƀɘ CQDs ˊŬɟɎɔɞɜŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ 

ɛɘəɟɞəɡɛɎŰɤɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ Űɟɞˊɞˊɞɘɖɛɏɜɞ Ůɛˊɞɟɘəɧ űɞɨɟɜɞ ɛɘəɟɞəɡɛɎŰɤɜ. ȼ 

ŬəŰɘɜɞɓɞɚɑŬ ɛɘəɟɞəɡɛɎŰɤɜ ˊɟɞəŬɚŮɑ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ˊɞɚɘəɩɜ ɛɞɟɑɤɜ ůŰɞ ŭɘŬɚɨŰɖ ɛŮ ŬɜŰɑɗŮŰŬ 

ɖɚŮəŰɟɘəɎ əŬɘ ɛŬɔɜɖŰɘəɎ ˊŮŭɑŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɗɏɟɛŬɜůɖ ůŮ ŬŰɞɛɘəɧ ŮˊɑˊŮŭɞ. ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ ŮɑɜŬɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ, ŭɘɧŰɘ ɖ ɡɣɖɚɐ ůɡɢɜɧŰɖŰŬ ŮɜɏɟɔŮɘŬɠ ˊɞɡ ˊŬɟɎɔŮŰŬɘ Ŭˊɧ Űɖɜ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐ 

ŬəŰɘɜɞɓɞɚɑŬ ŮűŬɟɛɧɕŮŰŬɘ ɎɛŮůŬ ůŰɘɠ ŬɜŰɘŭɟɎůŮɘɠ ɢɤɟɑɠ űɡůɘəɐ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɐ ɛɏůɞ. ȷɡŰɐ ɖ 

ɛɏɗɞŭɞɠ ɞŭɐɔɖůŮ ůŮ ŰŬɢɨŰŮɟɖ ŬɜŰɑŭɟŬůɖ ɛŮ ɡɣɖɚɧŰŮɟɖ ŮˊɘɚŮəŰɘəɐ Ŭˊɧŭɞůɖ əŬɘ ŮɜɏɟɔŮɘŬ. ɋɠ 
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ŬˊɞŰɏɚŮůɛŬ, ůŮ ůɨɔəɟɘůɖ ɛŮ ɎɚɚŮɠ ɡˊɎɟɢɞɡůŮɠ ɛŮɗɧŭɞɡɠ ɗɏɟɛŬɜůɖɠ, ŬɡŰɐ ɖ ɛɏɗɞŭɞɠ ˊɟɞůɏűŮɟŮ 

ŰŬɢŮɑŬ ůɨɜɗŮůɖ, űɘɚɘəɧŰɖŰŬ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ, Ůɝɞɘəɞɜɧɛɖůɖ ŮɜɏɟɔŮɘŬɠ əŬɘ ɢɟɧɜɞɡ, ŮɚɎɢɘůŰŮɠ 

ŬəŬɗŬɟůɑŮɠ, ɟɨɗɛɘůɖ ɛŮɔɏɗɞɡɠ əŬɘ ɗŮɟɛɞəɟŬůɑŬɠ ɛŮ ɓŮɚŰɘɤɛɏɜɖ ŬůűɎɚŮɘŬ, əŬɚɐ 

ŬɜŬˊŬɟŬɔɤɔɘɛɧŰɖŰŬ əŬɘ ŮɝŬɘɟŮŰɘəɧ ɏɚŮɔɢɞ Űɤɜ ůɡɜɗɖəɩɜ ŬɜŰɑŭɟŬůɖɠ ˊɞɡ ɧɚŬ ɞŭɐɔɖůŬɜ ůŮ 

ŮɜŰɡˊɤůɘŬəɐ ůɨɜɗŮůɖ CQDs. ȷɜŬűɏɟɗɖəŮ ɛɘŬ Ŭˊɚɐ ɛɏɗɞŭɞɠ ˊɡɟɧɚɡůɖɠ ɛŮ ɛɘəɟɞəɨɛŬŰŬ ɔɘŬ Űɖɜ 

ˊŬɟŬɔɤɔɐ CQDs ɛŮ Űɖɜ ŬɜɎɛŮɘɝɖ ˊɞɚɡ(ɘůɞˊɟɞˊɡɚŮɜŮɟɔɞɚɑɞɡ) əŬɘ Ůɜɧɠ ůŬəɢŬɟɑŰɖ ůŮ ɜŮɟɧ, ˊɞɡ 

ůɢɖɛɎŰɘůŮ ɛɘŬ əŬɗŬɟɐ ɚɨůɖ ˊɞɡ ŬɟɔɧŰŮɟŬ ɗŮɟɛɎɜɗɖəŮ ůŮ űɞɨɟɜɞ ɛɘəɟɞəɡɛɎŰɤɜ Ŭˊɧ Űɞɡɠ Zhu et 

al. Űɞ 2009 [24].  

Ƀɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ˊŬɟŬɔɧɛŮɜɤɜ CQDs ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ŭɘɏɔŮɟůɖ. Ƀɘ CQDs ˊɞɡ 

ŬˊɞəŰɐɗɖəŬɜ ɛŮ ɞɛɎŭŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɞɝɡɔɧɜɞ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɚŮɘŰɞɡɟɔɐůɞɡɜ ɤɠ ɞɛɎŭŮɠ 

ůɡɜŰɞɜɘůɛɞɨ ɘɧɜŰɤɜ ɛŮŰɎɚɚɞɡ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɖɚŮəŰɟɞəŬŰŬɚɡŰɩɜ ɛŮ ɓɎůɖ Űɞɜ ɎɜɗɟŬəŬ. Ƀɘ Zhu et 

al. ŬɜɏűŮɟŬɜ Űɖɜ QY Űɤɜ ůɡɜɗŮŰɘəɩɜ CQDs ɤɠ 82,7%. ɀŮŰɎ Ŭˊɧ ŭɘŬˊɑŭɡůɖ ɛɏůɤ Ůɘŭɘəɐɠ 

ɛŮɛɓɟɎɜɖɠ, ˊɏűŰŮɘ ůŰɞ 45,1% əŬɘ ɛŮŰɎ Ŭˊɧ ŭɘɐɗɖůɖ ɛŮŰŬűɞɟɎɠ űɎůɖɠ, ˊɏűŰŮɘ ůŰɞ 57,5%. ȼ 

ɡɣɖɚɧŰŮɟɖ QY ˊɞɡ ˊŬɟŬŰɖɟɐɗɖəŮ ɐŰŬɜ 61,3% ɔɘŬ N-S CQDs ˊɞɡ ůɡɜŰɏɗɖəŬɜ ɛŮ Űɖ ɛɏɗɞŭɞ ɛŮ 

ɛɘəɟɞəɨɛŬŰŬ. Ƀɘ Nakano et al. ŬɜɏűŮɟŬɜ N-CQDs ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ H2O2, ŰŬ ɞˊɞɑŬ ůɡɜŰɏɗɖəŬɜ Ŭˊɧ 

əɘŰɟɘəɧ ɞɝɨ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ ŰŮɢɜɘəɐ ɓɞɐɗŮɘŬɠ ɛɘəɟɞəɡɛɎŰɤɜ ɛŮ ɛɑŬ ŭɘɎŰŬɝɖ. Ƀɘ Arsalani et al. 

ŬɜɏűŮɟŬɜ Űɖɜ ŰŮɢɜɘəɐ ˊɡɟɧɚɡůɖɠ ɛɘəɟɞəɡɛɎŰɤɜ ɔɘŬ Űɖɜ ůɨɜɗŮůɖ űɤŰŮɘɜɩɜ ůɖɛŮɑɤɜ ɎɜɗɟŬəŬ 

ůɡɜŭŮŭŮɛɏɜɤɜ ɛŮ ˊɞɚɡŬɘɗɡɚŮɜɞɔɚɡəɧɚɖ (PEG-CDs) Ŭˊɧ ɕŮɚŬŰɑɜɖ ɔɘŬ ŮűŬɟɛɞɔɐ ůŮ ɛŮŰŬűɞɟɎ 

űŬɟɛɎəɤɜ. ȿɧɔɤ Űɖɠ Ůɜɘůɢɡɛɏɜɖɠ ˊɡɟɖɜɘəɐɠ ˊŬɟɎŭɞůɖɠ in vitro, ɞɘ PEG-CDs ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ 

ɜŬɜɞűɞɟŮɑɠ ɔɘŬ ɏɜŬ ŬɜŰɘəŬɟəɘɜɘəɧ űɎɟɛŬəɞ, Űɖɠ ɛŮɗɞŰɟŮɝɎŰɖɠ (MTX), Űɞ ɞˊɞɑɞ ɏŭŮɘɝŮ əŬɚɨŰŮɟɖ 

ŬɜŰɘəŬɟəɘɜɘəɐ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Ŭˊɧ Űɖɜ ŮɚŮɨɗŮɟɖ MTX, əŬɘ ŮɑɢŮ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŮɝŬɘɟŮŰɘəɎ 

ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬɜŬůŰɞɚɐ Űɖɠ ŬɜɎˊŰɡɝɖɠ ɧɔəɞɡ əŬɘ Ůɜɘůɢɡɛɏɜɖ ůŰɞɢŮɡɛɏɜɖ əŬɟəɘɜɘəɐ ɗŮɟŬˊŮɑŬ 

[40]. 

Ƀɘ Shejale et al. ŬɜɏűŮɟŬɜ Ůˊɑůɖɠ Űɖ ɛɏɗɞŭɞ ˊɡɟɧɚɡůɖɠ ɛɘəɟɞəɡɛɎŰɤɜ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ N-CQDs. 

ȷɡŰɏɠ ɞɘ NCQDs ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ əŬŰŬůəŮɡɐ ɖɚɘŬəɩɜ əɡɣŮɚɩɜ (DSSC) ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ 

Űɖɠ Ŭˊɧŭɞůɖɠ Űɖɠ ůɡůəŮɡɐɠ. ȼ ɢɟɐůɖ Űɤɜ NCQDs ɤɠ ŮˊɘˊɟɧůɗŮŰɖɠ űɤŰɞŮɜŮɟɔɞɨɠ ůŰɟɩůɖɠ ŮɑɢŮ 

ɤɠ ŬˊɞŰɏɚŮůɛŬ ɛɘŬ ɡɣɖɚɐ Ŭˊɧŭɞůɖ űɤŰɞɛŮŰŬŰɟɞˊɐɠ 8,75% əŬɘ ˊɡəɜɧŰɖŰŬ űɤŰɞɟŮɨɛŬŰɞɠ 18,13 

mA/cm2 ɡˊɧ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ. ɋɠ ůɡɜ-ŮɡŬɘůɗɖŰɞˊɞɘɖŰɐɠ əŬɘ ŮɡŬɘůɗɖŰɞˊɞɘɖŰɐɠ, ɖ ŮˊɘŰŮɡɢɗŮɑůŬ 

Ŭˊɧŭɞůɖ ɛŮŰŬŰɟɞˊɐɠ ŮɜɏɟɔŮɘŬɠ əɡɛŬɘɜɧŰŬɜ Ŭˊɧ 55% ɏɤɠ 99%, ˊɞɡ ɐŰŬɜ əŬɚɨŰŮɟɖ Ŭˊɧ ŰŬ NCQDs. 

ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ ˊŬɟɐɔŬɔŮ CQDs ɛŮ əŬɚɏɠ űɡůɘəɞɢɖɛɘəɏɠ əŬɘ ɞˊŰɘəɏɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɖɠ Űɖɠ ŮɡɟŮɑŬɠ Ŭˊɞɟɟɧűɖůɖɠ űɎůɛŬŰɞɠ, Űɖɠ ɡɣɖɚɐɠ ŮɝŬɔɤɔɐɠ űɞɟŰɑɤɜ, Űɖɠ 

ŰŬɢŮɑŬɠ ɛŮŰŬűɞɟɎɠ űɞɟŰɑɤɜ əŬɘ Űɖɠ ɟɡɗɛɘɕɧɛŮɜɖɠ Ůəˊɞɛˊɐɠ. ɄŬɟɧɚɞ ˊɞɡ ŮɑɜŬɘ ɛɘŬ ŮɨɢɟɖůŰɖ 

ɛɏɗɞŭɞɠ ɛɑŬɠ űɎůɖɠ əŬɘ űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ, Űɞ ɛɏɔŮɗɞɠ Űɤɜ CQDs ŭŮɜ ɛˊɞɟŮɑ ɜŬ ŮɚŮɔɢɗŮɑ 

[22]. 
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ȺɘəɧɜŬ 23: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɖɠ ɛɘəɟɞəɡɛŬŰɘəɐɠ ɛŮɗɧŭɞɡ ɛŮ ɢɟɐůɖ ɚŮɛɞɜɘɞɨ əŬɘ 

əɟŮɛɛɡŭɘɞɨ ɤɠ ˊɖɔɏɠ ɎɜɗɟŬəŬ (23) 

 

 

 

 

3)ɈŭɟɞɗŮɟɛɘəɐ ɛɏɗɞŭɞɠ: 

ȾŬŰɎ Űɖɜ ɡŭɟɞɗŮɟɛɘəɐ ŭɘŬŭɘəŬůɑŬ, ŰŬ ůɤɛŬŰɑŭɘŬ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ɏɢɞɡɜ ɞɛɞɘɧɛɞɟűɞ ɛɏɔŮɗɞɠ ɛŮ 

ɛŮɔɎɚɖ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ. ȼ ɡŭɟɞɗŮɟɛɘəɐ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɛɑŬ Ŭˊɧ Űɘɠ ˊɘɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ 

ŭɘŬŭɘəŬůɑŮɠ ůŰɖ ůɨɜɗŮůɖ CQDs. ũɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŬɜŰɑŭɟŬůɖ, ŰŬ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ, 

ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ ɛɘəɟɞɨ ɛŮɔɏɗɞɡɠ ŭɘŬɚɨɞɜŰŬɘ ůŮ ɜŮɟɧ ɐ ůŮ ɞɟɔŬɜɘəɧ ŭɘŬɚɨŰɖ. ɆŰɖ ůɡɜɏɢŮɘŬ, 

ɛŮŰŬűɏɟɞɜŰŬɘ ůŮ ŬɡŰɧəɚŮɘůŰɞ ŬɜɞɝŮɑŭɤŰɞ ɢɎɚɡɓŬ ɛŮ Ůˊɏɜŭɡůɖ Teflon (ȺɘəɧɜŬ 24). 

 

 

ȺɘəɧɜŬ 24: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ŬɜŰɘŭɟŬůŰɐɟŬ Teflon  (24) 

 

ɆŮ ůɢŮŰɘəɎ ɡɣɖɚɐ ɗŮɟɛɞəɟŬůɑŬ, ɞɘ ɞɟɔŬɜɘəɏɠ ɛɞɟɘŬəɏɠ ŮɜɩůŮɘɠ ůɡɜŮɜɩɜɞɜŰŬɘ ɔɘŬ ɜŬ ˊŬɟŬɔɎɔɞɡɜ 

ˊɡɟɐɜŮɠ Ŭˊɧ ɎɜɗɟŬəŬ, ɞɘ ɞˊɞɑɞɘ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŮ CQDs ɛŮ ɛɏɔŮɗɞɠ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 10nm. ȼ 

ɡɣɖɚɧŰŮɟɖ Ŭˊɧŭɞůɖ QY Űɤɜ CQDs ɐŰŬɜ ˊŮɟɑˊɞɡ 80%, ˊɞɡ ɐŰŬɜ ůɢŮŭɧɜ ɑůɖ ɛŮ ŬɡŰɐ Űɞɡ űɗɞɟɘůɛɞɨ 

ɢɟɤůŰɘəɩɜ. ȼ ɡŭɟɞɗŮɟɛɘəɐ ůɨɜɗŮůɖ ŮɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ˊɘɞ ůɡɢɜɎ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ɛŮɗɧŭɞɡɠ ɔɘŬ 

Űɖɜ ˊŬɟŬůəŮɡɐ ɜŬɜɞɦɚɘəɩɜ. ȺɑɜŬɘ, ɞɡůɘŬůŰɘəɎ, ɛɘŬ ˊɟɞůɏɔɔɘůɖ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ŬɜŰɑŭɟŬůɖ 

ŭɘŬɚɨɛŬŰɞɠ. ɆŰɖɜ ɡŭɟɞɗŮɟɛɘəɐ ůɨɜɗŮůɖ, ɞ ůɢɖɛŬŰɘůɛɧɠ ɜŬɜɞɦɚɘəɩɜ ɛˊɞɟŮɑ ɜŬ ůɡɛɓŮɑ ůŮ ɏɜŬ Ůɡɟɨ 

űɎůɛŬ ɗŮɟɛɞəɟŬůɘɩɜ, Ŭˊɧ Űɖ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ɏɤɠ ˊɞɚɨ ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ũɘŬ Űɞɜ 

ɏɚŮɔɢɞ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ Űɤɜ ɡɚɘəɩɜ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ ˊŬɟŬůəŮɡŬůŰɞɨɜ, ɛˊɞɟɞɨɜ ɜŬ 
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ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůɡɜɗɐəŮɠ ɢŬɛɖɚɐɠ ɐ ɡɣɖɚɐɠ ˊɑŮůɖɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŰɎůɖ ŬŰɛɩɜ Űɖɠ əɨɟɘŬɠ 

ůɨɜɗŮůɖɠ ůŰɖɜ ŬɜŰɑŭɟŬůɖ. Ʉɞɚɚɞɑ Űɨˊɞɘ ɜŬɜɞɦɚɘəɩɜ ɏɢɞɡɜ ůɡɜŰŮɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ɛŮ Űɖ ɢɟɐůɖ ŬɡŰɐɠ 

Űɖɠ ˊɟɞůɏɔɔɘůɖɠ. ɈˊɎɟɢɞɡɜ ůɖɛŬɜŰɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ ɡŭɟɞɗŮɟɛɘəɐɠ ůɨɜɗŮůɖɠ ɏɜŬɜŰɘ 

Ɏɚɚɤɜ. ȼ ɡŭɟɞɗŮɟɛɘəɐ ůɨɜɗŮůɖ ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɜŬɜɞɦɚɘəɎ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ůŰŬɗŮɟɎ ůŮ 

ɡɣɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ. ɁŬɜɞɦɚɘəɎ ɛŮ ɡɣɖɚɏɠ ˊɘɏůŮɘɠ ŬŰɛɩɜ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟŬɢɗɞɨɜ ɛŮ Űɖɜ 

ɡŭɟɞɗŮɟɛɘəɐ ɛɏɗɞŭɞ ɛŮ ŮɚɎɢɘůŰɖ ŬˊɩɚŮɘŬ ɡɚɘəɩɜ. Ƀɘ ůɡɜɗɏůŮɘɠ Űɤɜ ɜŬɜɞɦɚɘəɩɜ ˊɞɡ ˊɟɧəŮɘŰŬɘ ɜŬ 

ůɡɜŰŮɗɞɨɜ ɛˊɞɟɞɨɜ ɜŬ ŮɚŮɔɢɗɞɨɜ əŬɚɎ ůŰɖ ůɨɜɗŮůɖ ŬɡŰɐ ɛɏůɤ ɡɔɟɐɠ űɎůɖɠ ɐ ˊɞɚɡűŬůɘəɩɜ 

ɢɖɛɘəɩɜ ŬɜŰɘŭɟɎůŮɤɜ. ȷɟəŮŰɏɠ ŮɟɔŬůɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɡŭɟɞɗŮɟɛɘəɐ ůɨɜɗŮůɖ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ, 

ɜŬɜɞɟɎɓŭɤɜ, ɜŬɜɞůɤɚɐɜɤɜ, əɞɑɚɤɜ ɜŬɜɞůűŬɘɟɩɜ əŬɘ ɜŬɜɞűɨɚɚɤɜ ɔɟŬűŮɜɑɞɡ ɏɢɞɡɜ ŭɖɛɞůɘŮɡŰŮɑ, 

ŬɚɚɎ əŬɘ ɜɏŮɠ ɛɏɗɞŭɞɘ ůɨɜɗŮůɖɠ, ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ ɡŭɟɞɗŮɟɛɘəɐ ůɨɜɗŮůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ 

ɛɘəɟɞəɡɛɎŰɤɜ əŬɘ ɖ ŬɡŰɞůɡɜŬɟɛɞɚɞɔɞɨɛŮɜɖ əŬŰŬɚɡŰɘəɐ ůɨɜɗŮůɖ ɢɤɟɑɠ ˊɟɧŰɡˊɞ [17]. 

ȳŰŬɜ ůɡɔəɟɑɜɞɡɛŮ ŰŬ ɞűɏɚɖ ɧɚɤɜ Űɤɜ ɛŮɗɧŭɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ CQDs, ɖ 

ɡŭɟɞɗŮɟɛɘəɐ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ɛɘŬ Ŭˊɚɐ ɛɏɗɞŭɞɠ əŬɘ ˊŬɟɎɔŮɘ CQDs ɛŮ ɡɣɖɚɐ QY, ŮɚŮɔɢɧɛŮɜɞ ɛɏɔŮɗɞɠ 

ůɤɛŬŰɘŭɑɤɜ əŬɘ ɢɤɟɑɠ ŬɜɎɔəɖ ɔɘŬ Ŭəɟɘɓɏɠ ɢɖɛɘəɏɠ ɞɡůɑŮɠ. ɇŬ CQDs ˊɞɡ ŬˊɞəŰɐɗɖəŬɜ Ŭˊɧ Űɖɜ 

ɡŭɟɞɗŮɟɛɘəɐ ɛɏɗɞŭɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, Ůˊɑůɖɠ, ůŰɖ ɓɘɞŬˊŮɘəɧɜɘůɖ, Űɖ ɢɞɟɐɔɖůɖ űŬɟɛɎəɤɜ, Űɖɜ 

ŬɜɎˊŰɡɝɖ ŬɘůɗɖŰɐɟɤɜ, ŰŬ ɖɚɘŬəɎ əɨŰŰŬɟŬ əŬɘ Űɞɡɠ ɡˊŮɟəŬŰŬůəŮɡŬůŰɏɠ. ȼ ɡŭɟɞɗŮɟɛɘəɐ ɛɏɗɞŭɞɠ 

ŮɑɜŬɘ ɞɘəɞɜɞɛɘəɎ ŬˊɞŰŮɚŮůɛŬŰɘəɐ, ɞɘəɞɚɞɔɘəɐ əŬɘ ɛɖ Űɞɝɘəɐ. ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ ɛˊɞɟŮɑ ɜŬ ˊŬɟɎɔŮɘ CQDs 

ɛŮ ŭɘɎűɞɟŬ ɛŮɔɏɗɖ ɛŮ ɢŬɛɖɚɐ QY [20]. 

 

4)ȼɚŮəŰɟɞɢɖɛɘəɐ ůɨɜɗŮůɖ: 

ȼ ɖɚŮəŰɟɞɢɖɛɘəɐ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ ɛɘŬ Ŭˊɚɐ əŬɘ ɓɞɚɘəɐ ɛɏɗɞŭɞɠ ˊɟɞŮŰɞɘɛŬůɑŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ɗŮɟɛɞəɟŬůɑŬ əŬɘ ˊɑŮůɖ. ȼ ɖɚŮəŰɟɞɢɖɛɘəɐ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖ 

ůɨɜɗŮůɖ CQD ŬɜŬűɏɟŮŰŬɘ, Ůɡɟɏɤɠ, ɚɧɔɤ Űɖɠ ŮɡəɞɚɑŬɠ ůŰɖɜ Űɟɞˊɞˊɞɑɖůɖ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɤɜ 

ůɤɛŬŰɘŭɑɤɜ əŬɘ Űɖɠ Ŭˊɧŭɞůɐɠ Űɞɡɠ ůŰɖ űɤŰɞűɤŰŬɨɔŮɘŬ. ȼ ɖɚŮəŰɟɞɢɖɛɘəɐ ˊɡɟɞŭɧŰɖůɖ Űɞɡ əɘŰɟɘəɞɨ 

ɜŬŰɟɑɞɡ əŬɘ Űɖɠ ɞɡɟɑŬɠ ůŮ Ŭˊɘɞɜɘůɛɏɜɞ (DI) ɜŮɟɧ ˊŬɟɐɔŬɔŮ CQD ɛŮ ɛˊɚŮ Ůəˊɞɛˊɐ (ɛɏɔŮɗɞɠ ~2,4nm) 

ˊɞɡ ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɤɠ ŮɝŬɘɟŮŰɘəɎ ŮɡŬɑůɗɖŰɞɘ ŬɜɘɢɜŮɡŰɏɠ ɔɘŬ Űɞ Hg2+ ůŮ ɜŮɟɧ 

ŬˊɞɓɚɐŰɤɜ. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ɖ ɘŭɏŬ Űɞɡ ůɡɜŭɡŬůɛɞɨ Űɖɠ ůɨɜɗŮůɖɠ CQD əŬɘ Űɖɠ əŬŰŬůəŮɡɐɠ 

ɖɚŮəŰɟɞəŬŰŬɚɨŰɖ ůŮ ɛɘŬ ŮɜɘŬɑŬ ɖɚŮəŰɟɞɢɖɛɘəɐ ŭɘŬŭɘəŬůɑŬ űŬɑɜŮŰŬɘ ŮɚəɡůŰɘəɐ. Ƀɘ CQD 

ˊŬɟŬůəŮɡɎɕɞɜŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɛɘŬ ŮɔəŬŰɎůŰŬůɖ Űɟɘɩɜ ɖɚŮəŰɟɞŭɑɤɜ ɛŮ Űɞ ɖɚŮəŰɟɧŭɘɞ ŮɟɔŬůɑŬɠ 

(WE) ɜŬ ŮɑɜŬɘ ɖɚŮəŰɟɧŭɘɞ Ŭˊɧ ɔɟŬűɑŰɖ, Űɞ ŬɜŰɑ- ɖɚŮəŰɟɧŭɘɞ (CE) ɜŬ ŮɑɜŬɘ űɨɚɚɞ Ŭˊɧ ˊɚŬŰɑɜŬ ɐ ůɨɟɛŬ 

Pt, əŬɘ Űɞ ɖɚŮəŰɟɧŭɘɞ ŬɜŬűɞɟɎɠ (RE) ɜŬ ŮɑɜŬɘ ɖɚŮəŰɟɧŭɘɞ Ag/AgCl. ȼ ŭɘŬůˊɞɟɎ CQD ɛˊɞɟŮɑ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ŮűŬɟɛɧɕɞɜŰŬɠ ɛɘŬ ůŰŬɗŮɟɐ ŭɡɜŬɛɘəɐ ŰɎůɖ (V) ůŰɞ ɖɚŮəŰɟɧŭɘɞ ɔɟŬűɑŰɖ (ɖɚŮəŰɟɧŭɘɞ 

ŮɟɔŬůɑŬɠ) ɔɘŬ əɎˊɞɘŮɠ ɩɟŮɠ ůŮ ɧɝɘɜɞ ɐ ɓŬůɘəɧ ˊŮɟɘɓɎɚɚɞɜ (ȺɘəɧɜŬ 25). 
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ȺɘəɧɜŬ 25: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ ɖɚŮəŰɟɞɢɖɛɘəɐɠ ŬɜŰɑŭɟŬůɖɠ ɛŮ ůɡɔəŮəɟɘɛɏɜŮɠ 

ůɡɜɗɐəŮɠ ůŮ ŬɚəŬɚɘəɧ ˊŮɟɘɓɎɚɚɞɜ (25) 

 

ȷɡŰɐ ɖ ɛɏɗɞŭɞɠ, ˊŬɟɧŰɘ ŮɑɜŬɘ űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ, ˊŬɟɏɢŮɘ əŬəɧ ɏɚŮɔɢɞ ɛŮɔɏɗɞɡɠ. Ƀɘ CQDs 

ˊɞɡ ŬˊɞəŰɩɜŰŬɘ ɛŮ ɖɚŮəŰɟɞɢɖɛɘəɐ ɛɏɗɞŭɞ, űŬɑɜŮŰŬɘ ɜŬ ŭŮɑɢɜɞɡɜ ɡɣɖɚɧ ŮˊɑˊŮŭɞ ůŰŬɗŮɟɧŰɖŰŬɠ əŬɘ 

ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ [17].  

ɀŮ ɎɚɚŬ ɚɧɔɘŬ, ɖ ɖɚŮəŰɟɞɢɖɛɘəɐ ůɨɜɗŮůɖ ˊŮɟɘɚŬɛɓɎɜŮɘ ŬɜŰɘŭɟɎůŮɘɠ ɞɝŮɘŭɞŬɜŬɔɤɔɐɠ ˊɞɡ 

ůɡɛɓŬɑɜɞɡɜ ůŮ ɖɚŮəŰɟɧŭɘŬ ˊɞɡ ɓɡɗɑɕɞɜŰŬɘ ůŮ ŭɘɎɚɡɛŬ Ůɜɧɠ ɖɚŮəŰɟɞɚɨŰɖ. ɇɡˊɘəɎ, ɛɑŬ Ɏɜɞŭɞɠ, 

ŭɖɚŬŭɐ ɛɑŬ ɗɏůɖ ɞɝŮɑŭɤůɖɠ, əŬɘ ɛɑŬ əɎɗɞŭɞɠ, ŭɖɚŬŭɐ ɛɑŬ ɗɏůɖ ŬɜŬɔɤɔɐɠ, ŭɘŮɡəɞɚɨɜɞɡɜ Űɖ 

ɛŮŰŬűɞɟɎ ɖɚŮəŰɟɞɜɑɤɜ, Ůɜɩ ɏɜŬ ɘɞɜŰɞŬɔɩɔɘɛɞ ɛɏůɞ ɞɚɞəɚɖɟɩɜŮɘ Űɞ əɨəɚɤɛŬ. ɄŬɟɏɢŮɘ Űɖɜ 

ŬˊŬɘŰɞɨɛŮɜɖ ŭɘŬűɞɟɎ ŭɡɜŬɛɘəɞɨ ɔɘŬ ɜŬ ɞŭɖɔɐůŮɘ Űɖɜ ŬɜŰɑŭɟŬůɖ ŮɑŰŮ ŬˊŮɡɗŮɑŬɠ ɛŮ ɛŮŰŬűɞɟɎ 

ɖɚŮəŰɟɞɜɑɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ɖɚŮəŰɟɞŭɑɞɡ, ŮɑŰŮ ɛŮ ɛŮůɞɚɎɓɖůɖ ɖɚŮəŰɟɞəŬŰŬɚɡŰɩɜ. ȼ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ əŬɘ ɖ ŮˊɘɚŮəŰɘəɧŰɖŰŬ Űɖɠ ŬɜŰɑŭɟŬůɖɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ Űɞ 

ɡɚɘəɧ Űɞɡ ɖɚŮəŰɟɞŭɑɞɡ, ɖ ŮűŬɟɛɞɕɧɛŮɜɖ ŰɎůɖ, ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɟŮɨɛŬŰɞɠ əŬɘ ɖ ůɨɜɗŮůɖ Űɞɡ 

ɖɚŮəŰɟɞɚɨŰɖ. ȼ ɖɚŮəŰɟɞɢɖɛɘəɐ ůɨɜɗŮůɖ ɏɢŮɘ ŮɡɟŮɑŮɠ ŮűŬɟɛɞɔɏɠ ůŮ ŭɘɎűɞɟɞɡɠ ŰɞɛŮɑɠ, ŮˊɖɟŮɎɕɞɜŰŬɠ 

ůɖɛŬɜŰɘəɎ Űɞɡɠ ɓɘɞɛɖɢŬɜɘəɞɨɠ əŬɘ ŮɟŮɡɜɖŰɘəɞɨɠ ŰɞɛŮɑɠ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɛɑŬ ˊɟɎůɘɜɖ ŮɜŬɚɚŬəŰɘəɐ 

ůɨɜɗŮůɖ ˊɞɡ űŬɑɜŮŰŬɘ ɜŬ ɓɞɖɗɎ ůŰɖɜ ˊŬɟŬɔɤɔɐ ŭɟŬůŰɘəɩɜ űŬɟɛŬəŮɡŰɘəɩɜ ůɡůŰŬŰɘəɩɜ ɛŮ ɡɣɖɚɐ 

Ŭˊɧŭɞůɖ əŬɘ ɚɘɔɧŰŮɟŬ ˊŬɟŬˊɟɞɥɧɜŰŬ [24].  
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3.5 Dopping ͓ ͌Ш͖͖͓͈͌͛͌ͩ͛͘ 
 

 

ȼ ˊɟɞůɗɐəɖ ŮŰŮɟɞŬŰɧɛɤɜ ůŮ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ (CDs) ɏɢŮɘ ɔɑɜŮɘ ŬˊɧɚɡŰɖ ŬɜŬɔəŬɘɧŰɖŰŬ ůŰɖɜ 

ŮˊɘůŰɐɛɖ Űɤɜ ɡɚɘəɩɜ ɚɧɔɤ Űɤɜ ɓŮɚŰɘɤɛɏɜɤɜ ɘŭɘɞŰɐŰɤɜ əŬɘ ŮűŬɟɛɞɔɩɜ Űɞɡɠ. ȼ ŬɜŬůəɧˊɖůɖ Űɖɠ 

ɓɘɓɚɘɞɔɟŬűɑŬɠ ŬˊɞəŬɚɨˊŰŮɘ ɧŰɘ ŰŬ CDs ɛŮ ˊɟɞůɛɑɝŮɘɠ N əŬɘ N,S ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ɤɠ 

ŬɜŬůŰɞɚŮɑɠ ŭɘɎɓɟɤůɖɠ. ɇŬ ŮŰŮɟɞɎŰɞɛŬ ůɡɛɛŮŰɏɢɞɡɜ ɎɛŮůŬ ůŮ ŭŮůɛɞɨɠ ůɡɜŬɟɛɞɔɐɠ ɛŮ ŰŬ ɛŮŰŬɚɚɘəɎ 

ɡˊɞůŰɟɩɛŬŰŬ ɐ/əŬɘ ŬɡɝɎɜɞɡɜ Űɘɠ ɘəŬɜɧŰɖŰŮɠ ˊɟɞůɗɐəɖɠ əŬɘ ŬűŬɑɟŮůɖɠ ɖɚŮəŰɟɞɜɑɤɜ Űɤɜ CDs. ɇŬ 

ŮŰŮɟɞɎŰɞɛŬ ˊŬɟɏɢɞɡɜ ɘůɢɡɟɧ ŭŮůɛɧ ɛŮ Űɘɠ ɛŮŰŬɚɚɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɓŮɚŰɘɩɜɞɜŰŬɠ  Űɞ ɢŬɟŬəŰɖɟɘůŰɘəɧ 

əŬŰŬɜɞɛɐɠ ɖɚŮəŰɟɞɜɑɤɜ (űɞɟŰɑɞɡ) Űɤɜ CD əŬɘ ŮɜɘůɢɨɞɜŰŬɠ Űɘɠ ɛŮŰŬŰɞˊɑůŮɘɠ ɛŮŰŬɝɨ HOMO əŬɘ LUMO 

Űɤɜ CDs. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ɓɘɓɚɘɞɔɟŬűɑŬɠ, ɡˊɞŭŮɘəɜɨɞɡɜ ɛɘŬ ůɢɏůɖ ɛŮŰŬɝɨ Űɖɠ ˊɟɞůɗɐəɖɠ əŬɘ 

Űɖɠ ɛŮɑɤůɖɠ Űɞɡ ůɡɜɞɚɘəɞɨ ŮɜŮɟɔŮɘŬəɞɨ ɢɎůɛŬŰɞɠ (ȹE:E LUMO -E HOMO ), ŬɡɝɎɜɞɜŰŬɠ Űɖ 

ŭɟŬůŰɘəɧŰɖŰŬ əŬɘ Űɞ ŬɜŬůŰŬɚŰɘəɧ ŭɡɜŬɛɘəɧ. ȼ ˊŬɟɞɡůɑŬ d-ŰɟɞɢɘŬəɩɜ ůŰŬ ɛɏŰŬɚɚŬ ŬɜŬɛɏɜŮŰŬɘ ɜŬ 

ɞŭɖɔɐůŮɘ ůŮ ůɖɛŬɜŰɘəɎ əŬɚɨŰŮɟɖ ŭɘŬůˊɞɟɎ ɖɚŮəŰɟɞɜɑɤɜ, ŬɡɝɎɜɞɜŰŬɠ Űɞ ŭɡɜŬɛɘəɧ ŬɜŬůŰɞɚɐɠ 

ŭɘɎɓɟɤůɖɠ Űɤɜ CDs ɛŮ ˊɟɞůɛɑɝŮɘɠ ɛŮŰɎɚɚɤɜ. ɇŬ ɛŮŰŬɚɚɘəɎ ŮŰŮɟɞɎŰɞɛŬ ɛˊɞɟɞɨɜ ɜŬ ˊŬɟɏɢɞɡɜ 

ˊɟɧůɗŮŰɖ ŬɜŰɘŭɘŬɓɟɤŰɘəɐ ˊɟɞůŰŬůɑŬ ˊŬɗɖŰɘəɞˊɞɘɩɜŰŬɠ Űɖɜ ɛŮŰŬɚɚɘəɐ ŮˊɘűɎɜŮɘŬ. ȼ Ŭˊɧŭɞůɖ 

ŬɜŬůŰɞɚɐɠ Űɤɜ HDCD(əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŮŰŮɟɞŬŰɧɛɤɜ) ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰŬ ɑŭɘŬ ŰŬ 

ŮŰŮɟɞɎŰɞɛŬ ˊɞɡ ˊɟɞůɛɘɔɜɨɞɜŰŬɘ, ŰŬ ůɢŮŰɘəɎ ˊɞůɞůŰɎ Űɞɡɠ, Űɖ űɨůɖ Űɞɡ ɛŮŰɎɚɚɞɡ əŬɘ Űɞɡ 

ɖɚŮəŰɟɞɚɨŰɖ, Űɞɜ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ əŬɘ Űɞɜ ɢɟɧɜɞ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖ űɨůɖ Űɤɜ ˊɟɞŭɟɧɛɤɜ.  

ɇɞ ɜŰɧˊɘɜɔə ɛŮ ŮŰŮɟɞɎŰɞɛŬ ŮɑɜŬɘ ɛɘŬ ŮɝŬɘɟŮŰɘəɎ ŬˊɞŭɞŰɘəɐ əŬɘ ɓɞɚɘəɐ ˊɟɞůɏɔɔɘůɖ ɔɘŬ Űɖ ɟɨɗɛɘůɖ Űɤɜ 

ɞˊŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ əŬɘ Űɖɜ ˊŬɗɖŰɘəɞˊɞɑɖůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ CQDs. ȰɢŮɘ ŬˊɞŭŮɘɢɗŮɑ ɧŰɘ Űɞ 

ɜŰɧˊɘɜɔə Űɤɜ CQDs ɞŭɖɔŮɑ ůŰɖɜ Ůɜɑůɢɡůɖ Űɖɠ űɤŰŬɨɔŮɘŬɠ əŬɘ ůŰɖɜ ɛŮŰŬŰɧˊɘůɖ Űɤɜ ŮəˊŮɛˊɧɛŮɜɤɜ 

űŬůɛɎŰɤɜ. ȹɘŬűɞɟŮŰɘəɎ əɏɜŰɟŬ Ůəˊɞɛˊɐɠ əŬɘ ˊŬɔɑŭŮɠ ɛˊɞɟɞɨɜ ɜŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ 

ɜŰɞˊɘəɩɜ ŬŰɧɛɤɜ ůŰŬ CQDs. ɋɠ ŬˊɞŰɏɚŮůɛŬ, ŰŬ ŮəˊŮɛˊɧɛŮɜŬ űɎůɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ɟɡɗɛɘůŰɞɨɜ 

ůŮ ɛˊɚŮ əŬɘ Ŭəɧɛɖ əŬɘ əɧəəɘɜŬ űɎůɛŬŰŬ. ɋůŰɧůɞ, ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ŰŬ ɜŰɞˊŬɟɘůɛɏɜŬ 

ůŰɞɘɢŮɑŬ ɓɟɑůəɞɜŰŬɘ ɛɧɜɞ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ CQDs (ȺɘəɧɜŬ 26) [25,26].  

 

 ȺɘəɧɜŬ 26: ɄŬɟŬŭŮɑɔɛŬŰŬ ɜŰɧˊɘɜɔə əŬɘ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ Űɞɡɠ (26) 
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ĄɁŰɧˊɘɜɔə ɛŮ ɎɕɤŰɞ: 

ȼ ˊɟɞůɗɐəɖ ŬɕɩŰɞɡ ŰɟɞˊɞˊɞɘŮɑ Űɖ ɢɖɛŮɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, Űɖ ŭɞɛɐ Űɖɠ ɖɚŮəŰɟɞɜɘŬəɐɠ ɕɩɜɖɠ əŬɘ Űɖɜ 

əɟɡůŰŬɚɚɘəɐ ŭɞɛɐ Űɤɜ CQDs. ɇŬ ɎŰɞɛŬ ŬɕɩŰɞɡ ɛˊɞɟɞɨɜ ɜŬ ŮɜůɤɛŬŰɤɗɞɨɜ ůŰɖ ŭɞɛɐ CQD ɛŮ 

ŭɘŬűɞɟŮŰɘəɞɨɠ Űɟɧˊɞɡɠ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ Űɞɡ ɔɟŬűɘŰɘəɞɨ ŬɕɩŰɞɡ (ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ ɏɜŬ ɎŰɞɛɞ 

ɎɜɗɟŬəŬ ůŰɞ ɔɟŬűɘŰɘəɧ ˊɚɏɔɛŬ) əŬɘ Űɞɡ ˊɡɟɘŭɘɜɘəɞɨ ŬɕɩŰɞɡ (ůɢɖɛŬŰɑɕɞɜŰŬɠ ɏɜŬɜ ŭŬəŰɨɚɘɞ ɛŮ ɎŰɞɛŬ 

ɎɜɗɟŬəŬ), ɔŮɔɞɜɧɠ ˊɞɡ ɛŮŰŬɓɎɚɚŮɘ Űɘɠ ɖɚŮəŰɟɞɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ Űɖɜ ɞˊŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ. Ƀɘ 

ŮˊɘűŬɜŮɘŬəɏɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɎɕɤŰɞ ˊŬɑɕɞɡɜ, Ůˊɑůɖɠ, ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ůɡɜɞɚɘəɐɠ űɤŰŬɨɔŮɘŬɠ əŬɘ űɤŰɞůŰŬɗŮɟɧŰɖŰŬɠ Űɤɜ N-QDs. Ʉɘɞ ŮɘŭɘəɎ, ɖ 

ˊɟɞůɗɐəɖ ŬɕɩŰɞɡ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɩůŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ (űɤŰŮɘɜɧŰɖŰŬ) əŬɘ Űɖ 

ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ űɗɞɟɘůɛɞɨ Űɤɜ CQDs əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɐ ŮˊɘɚŮəŰɘəɧŰɖŰŬ əŬɘ ŮɡŬɘůɗɖůɑŬ 

ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ űɗɞɟɑɕɞɜŰŮɠ ŬɜɘɢɜŮɡŰɏɠ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ŭɘŬűɧɟɤɜ ŬɜŬɚɡŰɩɜ, ɧˊɤɠ 

ɛŮŰŬɚɚɘəɎ ɘɧɜŰŬ əŬɘ ɓɘɞɚɞɔɘəɎ ɛɧɟɘŬ. ȼ ŮɜůɤɛɎŰɤůɖ ŬɕɩŰɞɡ ɛˊɞɟŮɑ ɜŬ ŮɜɘůɢɨůŮɘ Űɖ ɛŮŰŬűɞɟɎ 

űɞɟŰɑɞɡ əŬɘ ɜŬ ŮɘůŬɔɎɔŮɘ ɗɏůŮɘɠ Ŭɔəɨɟɤůɖɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ŮɡŮɟɔŮŰɘəɏɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ɧˊɤɠ ɖ 

əŬŰɎɚɡůɖ əŬɘ ɖ ŬˊɞɗɐəŮɡůɖ ŮɜɏɟɔŮɘŬɠ . ȷəɧɛɖ, ɞɘ N-QDs ɛˊɞɟɞɨɜ ɜŬ ŮɜůɤɛŬŰɤɗɞɨɜ ůŮ ɎɚɚŬ 

ɡɚɘəɎ, ɧˊɤɠ ˊɞɚɡɛŮɟɐ əŬɘ ɞɝŮɑŭɘŬ ɛŮŰɎɚɚɤɜ, ɔɘŬ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ɚŮɘŰɞɡɟɔɘəɎ ůɨɜɗŮŰŬ ɡɚɘəɎ ɛŮ 

ŬɜɩŰŮɟɖ Ŭˊɧŭɞůɖ. ȷɟəŮŰɏɠ ɏɟŮɡɜŮɠ ɏɢɞɡɜ ɔɑɜŮɘ ɛŮ ůəɞˊɧ Űɖɜ ŬɜɎŭŮɘɝɖ Űɖɠ ˊɚɖɗɩɟŬɠ ŮűŬɟɛɞɔɩɜ 

Űɞɡ. ɄɟɩŰɞɜ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Ůɜɧɠ Ůɡɟɏɞɠ űɎůɛŬŰɞɠ ŬɜŬɚɡŰɩɜ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬŰɘɧɜŰɤɜ, ŬɜɘɧɜŰɤɜ əŬɘ ˊŬɗɞɔɧɜɤɜ ɛɘəɟɞɞɟɔŬɜůɘɛɩɜ, ɔɘŬ Űɖɜ 

Ŭˊɞɘəɞŭɧɛɖůɖ ɞɟɔŬɜɘəɩɜ ɢɟɤůŰɘəɩɜ ɚɧɔɤ Űɖɠ ɘůɢɡɟɐɠ űɤŰɞűɤŰŬɡɔɞɨɠ ŭɟɎůɖɠ Űɞɡɠ əŬɘ Űɖɠ 

Ůɜɘůɢɡɛɏɜɖɠ əŬŰŬɚɡŰɘəɐɠ Űɞɡɠ ŭɟɎůɖɠ, ůŮ ɡˊŮɟˊɡəɜɤŰɏɠ əŬɘ ɛˊŬŰŬɟɑŮɠ ɔɘŬ ɓŮɚŰɘɤɛɏɜɖ ŬˊɞɗɐəŮɡůɖ 

ŮɜɏɟɔŮɘŬɠ, Ůɜɩ ɖ ɢŬɛɖɚɐ ŰɞɝɘəɧŰɖŰɎ Űɞɡɠ, ɖ ɓɘɞůɡɛɓŬŰɧŰɖŰɎ Űɞɡɠ əŬɘ ɞɘ ɛɞɜŬŭɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

űɗɞɟɘůɛɞɨ ŰŬ əŬɗɘůŰɞɨɜ əŬŰɎɚɚɖɚŬ ɔɘŬ ɓɘɞɥŬŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ [27]. 

 

ĄɁŰɧˊɘɜɔə ɛŮ ɓɧɟɘɞ: 

ɇɞ ɓɧɟɘɞ, ɛŮ ɛɧɜɞ ŰɟɑŬ ɖɚŮəŰɟɧɜɘŬ ůɗɏɜɞɡɠ, ŭɟŬ ɛŮ ˊɟɧůɛɘɝɖ Űɨˊɞɡ p, ŮɘůɎɔɞɜŰŬɠ ɞˊɏɠ əŬɘ 

ŮˊɖɟŮɎɕɞɜŰŬɠ Űɖ ŭɞɛɐ Űɖɠ ɖɚŮəŰɟɞɜɘəɐɠ ɕɩɜɖɠ Űɖɠ əɓŬɜŰɘəɐɠ əɞɡəəɑŭŬɠ. ȼ ˊɟɞůɗɐəɖ ɓɞɟɑɞɡ 

ɛˊɞɟŮɑ ɜŬ ůɢɖɛŬŰɑůŮɘ ɜɏŮɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ, ɧˊɤɠ ŭŮůɛɞɨɠ C-B, əŬɘ ɜŬ ŮɘůŬɔɎɔŮɘ ɎɚɚŬ 

ŮŰŮɟɞɎŰɞɛŬ, ŬɚɚɎɕɞɜŰŬɠ ůɖɛŬɜŰɘəɎ Űɖ ɢɖɛŮɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ əɓŬɜŰɘəɐɠ əɞɡəəɑŭŬɠ əŬɘ 

ŬɡɝɎɜɞɜŰŬɠ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ ɧˊɤɠ Űɞ ɎɕɤŰɞ əŬɘ Űɞ ɞɝɡɔɧɜɞ. ɇɞ ɓɧɟɘɞ əŬɘ Űɞ 

ɎɕɤŰɞ ɏɢɞɡɜ ŬŰɞɛɘəɏɠ ŬəŰɑɜŮɠ ˊŬɟɧɛɞɘŮɠ ɛŮ Űɞɜ ɎɜɗɟŬəŬ, ɔŮɔɞɜɧɠ ˊɞɡ Űɞɡɠ ŮˊɘŰɟɏˊŮɘ ɜŬ 

ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ůŰɞ ˊɚɏɔɛŬ ɎɜɗɟŬəŬ Űɤɜ əɓŬɜŰɘəɩɜ əɞɡəəɑŭɤɜ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɞɜ 

Ŭəɟɘɓɐ ɏɚŮɔɢɞ Űɤɜ űɡůɘəɞɢɖɛɘəɩɜ Űɞɡɠ ɘŭɘɞŰɐŰɤɜ. Ƀɘ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɧůɛɘɝɖ 

ɓɞɟɑɞɡ (B-CQDs) ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ŬɜɘɢɜŮɡŰɏɠ űɗɞɟɘůɛɞɨ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɘɧɜŰɤɜ ɧˊɤɠ Fe³ϕ 

əŬɘ pH, əŬɘ ɤɠ ˊŬɟɎɔɞɜŰŮɠ ůŰɧɢŮɡůɖɠ ůŰɖɜ əɡŰŰŬɟɘəɐ ŬˊŮɘəɧɜɘůɖ ɚɧɔɤ Űɞɡ Ůɜɘůɢɡɛɏɜɞɡ űɗɞɟɘůɛɞɨ 

Űɞɡɠ əŬɘ Űɤɜ Ůɘŭɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɩɜ Űɞɡɠ ɛŮ ɓɘɞɚɞɔɘəɏɠ ŭɞɛɏɠ. ȺˊɘˊɟɧůɗŮŰŬ, ɓŮɚŰɘɩɜɞɡɜ Űɖɜ 

Ŭˊɧŭɞůɖ Űɤɜ ɖɚɘŬəɩɜ əɡɣŮɚɩɜ ˊŮɟɞɓůəɑŰɖ ˊŬɗɖŰɘəɞˊɞɘɩɜŰŬɠ ŰŬ ɧɟɘŬ Űɤɜ əɧəəɤɜ, ŮɜɘůɢɨɞɜŰŬɠ 

Űɖɜ əɟɡůŰŬɚɚɘəɧŰɖŰŬ əŬɘ ŬɡɝɎɜɞɜŰŬɠ Űɖ ɛŮŰŬűɞɟɎ űɞɟŰɑɞɡ əŬɘ Űɖɜ ŮɝŬɔɤɔɐ ɞˊɩɜ , ɞŭɖɔɩɜŰŬɠ ůŮ 

ɡɣɖɚɧŰŮɟŮɠ ŬˊɞŭɧůŮɘɠ ɛŮŰŬŰɟɞˊɐɠ ɘůɢɨɞɠ. ɇŬ ɡɚɘəɎ ɛŮ ˊɟɞůɛɑɝŮɘɠ ɓɞɟɑɞɡ ɛˊɞɟɞɨɜ ɜŬ 
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ɚŮɘŰɞɡɟɔɐůɞɡɜ ɤɠ əŬŰŬɚɨŰŮɠ, ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŰɖɜ űɤŰɞəŬŰŬɚɡŰɘəɐ Ŭˊɞɘəɞŭɧɛɖůɖ ɞɟɔŬɜɘəɩɜ 

ɟɨˊɤɜ.  ȷəɧɛɖ, ɏɢɞɡɜ ŮˊɘŭŮɑɝŮɘ ɡɣɖɚɐ ŮɡŬɘůɗɖůɑŬ əŬɘ ŮˊɘɚŮəŰɘəɧŰɖŰŬ ůŮ ŮűŬɟɛɞɔɏɠ ŬɜɑɢɜŮɡůɖɠ 

ŬŮɟɑɤɜ ɔɘŬ ŬɏɟɘŬ ɧˊɤɠ Űɞ NOϜ. ȼ ˊɟɞůɗɐəɖ ɓɞɟɑɞɡ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɩůŮɘ Űɖ ɛɖɢŬɜɘəɐ əŬɘ ɗŮɟɛɘəɐ 

ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ əɓŬɜŰɘəɩɜ əɞɡəəɑŭɤɜ, ɧˊɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮ Űɘɠ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ ɔɟŬűŮɜɑɞɡ 

[28]. 

 

ĄɁŰɧˊɘɜɔə ɛŮ ˊɡɟɑŰɘɞ: 

ȼ ˊɟɞůɗɐəɖ ˊɟɞůɛɑɝŮɤɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŮˊŬűɩɜ p-n(positive-negative) əŬɘ 

Ɏɚɚɤɜ ŮɜŮɟɔɩɜ ůŰɟɤɛɎŰɤɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ ůɡůəŮɡɏɠ, ɘŭɘŬɑŰŮɟŬ ůŮ ɖɚɘŬəɎ əɨŰŰŬɟŬ ˊɞɡ 

ɓŬůɑɕɞɜŰŬɘ ůŮ Si-QD. ȼ ˊɟɞůɗɐəɖ ɞɡůɘɩɜ ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊɟɞůŬɟɛɞɔɐ Űɤɜ ɖɚŮəŰɟɞɜɘəɩɜ əŬɘ ɞˊŰɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ, Űɖ ŭɖɛɘɞɡɟɔɑŬ ůɡůəŮɡɩɜ ɛŮ ůɡɔəŮəɟɘɛɏɜŬ ŮɜŮɟɔŮɘŬəɎ əŮɜɎ əŬɘ ůɡɔəŮɜŰɟɩůŮɘɠ 

űɞɟɏɤɜ. ɄɏɟŬ Ŭˊɧ ŰŬ ɖɚɘŬəɎ əɨŰŰŬɟŬ, ɞɘ ˊɟɞůɛɘɔɛɏɜŮɠ əɓŬɜŰɘəɏɠ ŭɘŬəɡɛɎɜůŮɘɠ ˊɡɟɘŰɑɞɡ, 

ˊŬɟɞɡůɘɎɕɞɡɜ ŭɡɜŬŰɧŰɖŰŮɠ ůŮ ɖɚŮəŰɟɞűɤŰŬɡɔŮɑɠ ůɡůəŮɡɏɠ , ɞˊŰɞɖɚŮəŰɟɞɜɘəɏɠ 

ůɡůəŮɡɏɠ əŬɘ ɤɠ ˊɖɔɏɠ ůɡɜŮəŰɘəɩɜ ŮˊɘűŬɜŮɘŬəɩɜ ˊɚŬůɛɞɜɑɤɜ . ɇŬ ůŰɞɘɢŮɑŬ Űɖɠ ɞɛɎŭŬɠ 13, ɧˊɤɠ 

Űɞ ɓɧɟɘɞ (B), ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊɟɞůɗɐəɖ ˊɟɧůɛɘɝɖɠ Űɨˊɞɡ p (ŭɖɛɘɞɡɟɔɑŬ ɞˊɩɜ), Ůɜɩ ŰŬ 

ůŰɞɘɢŮɑŬ Űɖɠ ɞɛɎŭŬɠ 15, ɧˊɤɠ ɞ űɩůűɞɟɞɠ (P), ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊɟɞůɗɐəɖ ˊɟɧůɛɘɝɖɠ 

Űɨˊɞɡ n (ˊɟɞůɗɐəɖ Ůˊɘˊɚɏɞɜ ɖɚŮəŰɟɞɜɑɤɜ). Ƀɘ ɛɏɗɞŭɞɘ ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɖɜ 

ŮɜůɤɛɎŰɤůɖ ˊɟɞůɛɑɝŮɤɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ əɓŬɜŰɘəɩɜ ŭɘŬɓŬɗɛɑůŮɤɜ 

Űɞɡ Si, ɧˊɤɠ ɖ ŰŬɡŰɧɢɟɞɜɖ ŮɜŬˊɧɗŮůɖ Si ɛŮ Ŭɏɟɘɞɡɠ ˊɟɞŭɟɧɛɞɡɠ ˊɟɞůɛɑɝŮɤɜ ɧˊɤɠ Űɞ B2H6 əŬɘ Űɞ 

PH3 ŮɜŰɧɠ ˊɞɚɡůŰɟɤɛŬŰɘəɩɜ ŭɞɛɩɜ. Ƀɘ ˊɟɞůɛɑɝŮɘɠ ɛˊɞɟɞɨɜ Ůˊɑůɖɠ ɜŬ ŮɘůŬɢɗɞɨɜ ůŮ ɡˊɎɟɢɞɜŰŬ 

əɓŬɜŰɘəɎ ůɖɛŮɑŬ ŭɘŬɢɤɟɘůɛɞɨ Si ɛɏůɤ ŰŮɢɜɘəɩɜ ɧˊɤɠ  ɖ ˊŬɗɖŰɘəɞˊɞɑɖůɖ ɛŮ 

ɡŭɟɞɔɧɜɞ, ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ ŬɜɧˊŰɖůɖ . ȼ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɞɡ ˊɟɞůɛɑəŰɖ ŮɝŬɟŰɎŰŬɘ ůŮ 

ɛŮɔɎɚɞ ɓŬɗɛɧ Ŭˊɧ Űɖ ɗɏůɖ Űɞɡ. Ƀɘ ˊɟɞůɛɑɝŮɘɠ ˊɟɏˊŮɘ ɜŬ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŰɞ əɟɡůŰŬɚɚɘəɧ ˊɚɏɔɛŬ 

Űɖɠ əɓŬɜŰɘəɐɠ Ŭˊɧəɚɘůɖɠ Si ( c-doping ) ɔɘŬ ɜŬ ŮɑɜŬɘ ɖɚŮəŰɟɘəɎ ŮɜŮɟɔɏɠ, ŬɜŰɑ ɜŬ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖɜ 

ˊŮɟɘɓɎɚɚɞɡůŬ ɛɐŰɟŬ. ɇɞ ɛɏɔŮɗɞɠ Űɖɠ əɓŬɜŰɘəɐɠ əɞɡəəɑŭŬɠ əŬɘ ɖ ŮűŬɟɛɞɕɧɛŮɜɖ ŰɎůɖ ŮˊɖɟŮɎɕɞɡɜ 

Űɖ ŭɞɛɘəɐ ůŰŬɗŮɟɧŰɖŰŬ, ŰŬ ŮɜŮɟɔŮɘŬəɎ əŮɜɎ əŬɘ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ űɞɟɏɤɜ, ŬˊŬɘŰɩɜŰŬɠ ˊɟɞůŮəŰɘəɐ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ. ȼ ˊŬɗɖŰɘəɞˊɞɑɖůɖ Űɞɡ ɡŭɟɞɔɧɜɞɡ ˊŬɑɕŮɘ ɟɧɚɞ ůŰɖ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ Űɘɠ 

ɖɚŮəŰɟɞɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ əɓŬɜŰɘəɩɜ ŭɘŬəɡɛɎɜůŮɤɜ Si, ɛŮ ŰŬ ŮˊŬəɧɚɞɡɗŬ ɓɐɛŬŰŬ ˊɟɧůɛɘɝɖɠ əŬɘ 

ŮˊŮɝŮɟɔŬůɑŬɠ ɜŬ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɡɜ ɡˊɧɣɖ ŬɡŰɐɜ Űɖɜ ˊŬɗɖŰɘəɞˊɞɑɖůɖ. ɄŬɟɎɛŮŰɟɞɘ ɧˊɤɠ ɞɘ 

ɟɡɗɛɞɑ ɟɞɐɠ ŬŮɟɑɞɡ əŬŰɎ Űɖɜ ŮɜŬˊɧɗŮůɖ əŬɘ ɞɘ ɗŮɟɛɞəɟŬůɑŮɠ ŬɜɧˊŰɖůɖɠ ŮɑɜŬɘ əɟɑůɘɛŮɠ ɔɘŬ Űɞɜ 

ɏɚŮɔɢɞ Űɖɠ ŮɜůɤɛɎŰɤůɖɠ ˊɟɞůɛɑɝŮɤɜ əŬɘ Űɖɜ ŮˊɑŰŮɡɝɖ Űɤɜ ŮˊɘɗɡɛɖŰɩɜ ɘŭɘɞŰɐŰɤɜ Űɖɠ ɛŮɛɓɟɎɜɖɠ 

[29]. 

 

ĄɁŰɧˊɘɜɔə ɛŮ ɗŮɑɞ: 

ȼ ˊɟɞůɗɐəɖ ɗŮɑɞɡ ɛˊɞɟŮɑ ɜŬ ŬɡɝɐůŮɘ Űɘɠ əɓŬɜŰɘəɏɠ ŬˊɞŭɧůŮɘɠ əŬɘ Űɖ űɤŰŮɘɜɧŰɖŰŬ Űɤɜ əɞɡəəɑŭɤɜ 

ɎɜɗɟŬəŬ, əŬɗɘůŰɩɜŰŬɠ ŰŮɠ ˊɘɞ ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ ɔɘŬ űɗɞɟɑɕɞɜŰŮɠ ŬɜɘɢɜŮɡŰɏɠ əŬɘ ŬˊŮɘəɧɜɘůɖ. ɇɞ ɗŮɑɞ 

ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɛŮŰŬŰɧˊɘůɖ ˊɟɞɠ Űɞ Ůɟɡɗɟɧ ůŰŬ űɎůɛŬŰŬ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ůəˊɞɛˊɐɠ Űɤɜ 

əɞɡəəɑŭɤɜ ɎɜɗɟŬəŬ, ˊŬɟɏɢɞɜŰŬɠ ɟɡɗɛɘɕɧɛŮɜŬ ɛɐəɖ əɨɛŬŰɞɠ ɔɘŬ ůɡɔəŮəɟɘɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ 
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ŬɜɑɢɜŮɡůɖɠ ɐ ŬˊŮɘəɧɜɘůɖɠ. ȷəɧɛŬ, ɖ ŮɘůŬɔɤɔɐ ɗŮɑɞɡ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůŮɘ ůŮ ˊɘɞ űɤŰɞůŰŬɗŮɟɏɠ 

əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ, əɎŰɘ ˊɞɡ ŮɑɜŬɘ əɟɑůɘɛɞ ɔɘŬ ŮűŬɟɛɞɔɏɠ ˊɞɡ ŬˊŬɘŰɞɨɜ ɛŬəɟɞˊɟɧɗŮůɛɖ Ŭˊɧŭɞůɖ, 

ɧˊɤɠ ɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɐ ˊŬɟŬəɞɚɞɨɗɖůɖ ɐ ɖ ɓɘɞɚɞɔɘəɐ ŬˊŮɘəɧɜɘůɖ. ɇŬ ŭɘŬűɞɟŮŰɘəɎ ɖɚŮəŰɟɞɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɗŮɑɞɡ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞɜ ɎɜɗɟŬəŬ ɛŮŰŬɓɎɚɚɞɡɜ Űɞ ŮɜŮɟɔŮɘŬəɧ ɢɎůɛŬ Űɤɜ 

əɞɡəəɑŭɤɜ ɎɜɗɟŬəŬ, ŮˊɖɟŮɎɕɞɜŰŬɠ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ ůŰɖ űɤŰɞűɤŰŬɨɔŮɘŬ əŬɘ ŮˊɘŰɟɏˊɞɜŰŬɠ 

ɚŮɘŰɞɡɟɔɑŮɠ ɧˊɤɠ ɖ ůɨɚɚɖɣɖ ŭɘŮɔŮɟɛɏɜɤɜ ɖɚŮəŰɟɞɜɑɤɜ. ȼ ˊɟɞůɗɐəɖ ɗŮɑɞɡ ŭɖɛɘɞɡɟɔŮɑ 

ůɡɔəŮəɟɘɛɏɜŮɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ůɜɘůɢɨůɞɡɜ Űɖɜ ŮˊɘɚŮəŰɘəɧŰɖŰŬ əŬɘ Űɖɜ 

ŮɡŬɘůɗɖůɑŬ Űɤɜ əɞɡəəɑŭɤɜ ɎɜɗɟŬəŬ ɏɜŬɜŰɘ Űɤɜ ůŰɞɢŮɡɧɛŮɜɤɜ ŬɜŬɚɡŰɩɜ, ɘŭɘŬɑŰŮɟŬ ɞɟɘůɛɏɜɤɜ 

ɛŮŰŬɚɚɘəɩɜ ɘɧɜŰɤɜ ɧˊɤɠ Co2+, Cr3+ əŬɘ Fe3+. ȷəɧɛɖ, ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ɖ ˊɟɞůɗɐəɖ ɗŮɑɞɡ 

ɛˊɞɟŮɑ ɜŬ ˊɟɞůŭɩůŮɘ ůŰɘɠ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ, ŭɟŬůŰɘəɧŰɖŰŬ ˊŬɟɧɛɞɘŬ ɛŮ Űɖɜ 

ɡˊŮɟɞɝŮɘŭɎůɖ, ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖ ɛŮŰŬűɞɟɎ ˊɟɤŰɞɜɑɤɜ əŬɘ Űɖɜ ŬˊɞůɨɜŭŮůɖ Űɞɡ H2O2 , ɏɜŬɜ 

ɛɖɢŬɜɘůɛɧ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ Ůɜɧɠ ŬŰɧɛɞɡ ɛŮ ˊɟɞůɗɐəɖ ɗŮɑɞɡ [30]. 

 

ĄɁŰɧˊɘɜɔə ɛŮ űɩůűɞɟɞ: 

ȼ ˊɟɞůɗɐəɖ űɤůűɧɟɞɡ ɛˊɞɟŮɑ ɜŬ ŮɘůŬɔɎɔŮɘ ɜɏŬ ɞˊŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ɛɞɜŬŭɘəɐ űɤŰŬɨɔŮɘŬ, 

ɧˊɤɠ ɞ űɗɞɟɘůɛɧɠ ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖ ŭɘɏɔŮɟůɖ. ȼ ˊɟɞůɗɐəɖ ˊɟɧůɛɘɝɖɠ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɩůŮɘ 

Űɖɜ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ Űɖɠ űɤŰɞűɤŰŬɨɔŮɘŬɠ , əŬɗɘůŰɩɜŰŬɠ Űɘɠ CD űɤŰŮɘɜɧŰŮɟŮɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ 

ŬˊŮɘəɧɜɘůɖɠ əŬɘ ŬɜɑɢɜŮɡůɖɠ. Ƀɘ CD ɛŮ ˊɟɞůɛɑɝŮɘɠ űɤůűɧɟɞɡ ŭɘŮɟŮɡɜɩɜŰŬɘ ɤɠ ŬˊɞŰŮɚŮůɛŬŰɘəɎ 

ŮˊɘɓɟŬŭɡɜŰɘəɎ űɚɧɔŬɠ ɔɘŬ ˊɞɚɡɛŮɟɐ, ˊŬɟɏɢɞɜŰŬɠ ɏɜŬɜ ůɡɜŭɡŬůɛɧ ɞˊŰɘəɩɜ əŬɘ ŬɜɗŮəŰɘəɩɜ ůŰɖ 

űɚɧɔŬ ɘŭɘɞŰɐŰɤɜ, Ůɜɩ űŬɑɜŮŰŬɘ ɜŬ ɓŮɚŰɘɩɜŮɘ Űɖ űɤŰɞəŬŰŬɚɡŰɘəɐ ŭɟɎůɖ Űɤɜ CD ɔɘŬ Űɖɜ 

Ŭˊɞɘəɞŭɧɛɖůɖ ɟɨˊɤɜ. ȷəɧɛɖ, ɖ ŮɘůŬɔɤɔɐ űɤůűɧɟɞɡ ɓŮɚŰɘɩɜŮɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ ɛŮŰŬűɞɟɎɠ űɞɟŰɑɞɡ ůŮ 

ɡɚɘəɎ ɧˊɤɠ  ɞɘ ɖɚɘŬəɏɠ əɡɣɏɚŮɠ ˊŮɟɞɓůəɑŰɖ , ůɡɛɓɎɚɚɞɜŰŬɠ ůŰɖɜ əŬɚɨŰŮɟɖ Ŭˊɧŭɞůɖ Űɖɠ 

ůɡůəŮɡɐɠ. ũŮɜɘəɎ, ŰŬ ɎŰɞɛŬ űɤůűɧɟɞɡ ŮɘůɎɔɞɜŰŬɘ ůŰɖ ŭɞɛɐ Űɞɡ ɎɜɗɟŬəŬ əŬɘ ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ 

ˊɘɗŬɜɏɠ ŮɜŮɟɔɏɠ ɗɏůŮɘɠ ɔɘŬ ŮɛˊɚɞɡŰɘůɛɧ ɢɖɛɘəɩɜ ŭɟŬůŰɖɟɘɞŰɐŰɤɜ. ȼ ŰŬɡŰɧɢɟɞɜɖ ˊɟɞůɗɐəɖ ŬɕɩŰɞɡ 

əŬɘ űɤůűɧɟɞɡ ɛˊɞɟŮɑ ɜŬ ɓŮɚŰɘɩůŮɘ Űɖ ŭɘŬůˊɞɟɎ Űɞɡ ɜŮɟɞɨ əŬɘ Űɖ ůɡɜɞɚɘəɐ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ 

əɞɡəəɑŭɤɜ ɎɜɗɟŬəŬ. ɇɏɚɞɠ, ɞɘ CD ɛŮ ˊɟɞůɛɑɝŮɘɠ űɤůűɧɟɞɡ ŮɑɜŬɘ ˊɞɚɚɎ ɡˊɞůɢɧɛŮɜŮɠ ɔɘŬ Űɖɜ 

ŮˊɘɚŮəŰɘəɐ əŬɘ ŮɡŬɑůɗɖŰɖ ŬɜɑɢɜŮɡůɖ ɟɨˊɤɜ ɧˊɤɠ ŰŬ ɘɧɜŰŬ Fe(III) əŬɘ ɞ Ůɜɘůɢɡɛɏɜɞɠ űɗɞɟɘůɛɧɠ əŬɘ ɖ 

ɓɘɞůɡɛɓŬŰɧŰɖŰŬ, əŬɗɘůŰɞɨɜ Űɘɠ CD ɛŮ ́ ɟɞůɛɑɝŮɘɠ P əŬŰɎɚɚɖɚŬ ɔɘŬ ɢɟɐůɖ ɤɠ űɗɞɟɑɕɞɜŰŮɠ ŬɜɘɢɜŮɡŰɏɠ 

ůŰɖɜ ŬˊŮɘəɧɜɘůɖ əɡŰŰɎɟɤɜ [31]. 

 

 

 

 

  

https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPZDs7gH8M7Ruevgc1aBIZ1Frt8Ww%3A1754856945816&q=peroxidase-like+activity&sa=X&ved=2ahUKEwiKiIrHh4GPAxXu9bsIHeugI0EQxccNegQIFxAB&mstk=AUtExfBLf8I6FVTY94YZFko_jqNAei_YjsvadlyELBK2FMgf21TXBKuNFozUBKcLVx_hDoQE1TnRUisgX2FmDz4FDkwRzjcmdY8HxnjRL9ATUEZUBgmugZ6uSEUbJoODPBUVyAZ6lCByLOTsjPLQUds0ka3mZqFWdcyx47kLV9PI6vQ3BF9mEeTcWLsbvfe8aWvGsx0XjI554DfT_qG9-HIcR6WVIuL2afky2K-6TgqXaFW8fX4j0-kfJSni47Gjayk8ITkQsar9F9TqpZx-jP8RXUxd&csui=3
https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPZDs7gH8M7Ruevgc1aBIZ1Frt8Ww%3A1754856945816&q=peroxidase-like+activity&sa=X&ved=2ahUKEwiKiIrHh4GPAxXu9bsIHeugI0EQxccNegQIFxAB&mstk=AUtExfBLf8I6FVTY94YZFko_jqNAei_YjsvadlyELBK2FMgf21TXBKuNFozUBKcLVx_hDoQE1TnRUisgX2FmDz4FDkwRzjcmdY8HxnjRL9ATUEZUBgmugZ6uSEUbJoODPBUVyAZ6lCByLOTsjPLQUds0ka3mZqFWdcyx47kLV9PI6vQ3BF9mEeTcWLsbvfe8aWvGsx0XjI554DfT_qG9-HIcR6WVIuL2afky2K-6TgqXaFW8fX4j0-kfJSni47Gjayk8ITkQsar9F9TqpZx-jP8RXUxd&csui=3
https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPZDs7gH8M7Ruevgc1aBIZ1Frt8Ww%3A1754856945816&q=proton+transfer+and+H2O2+dissociation&sa=X&ved=2ahUKEwiKiIrHh4GPAxXu9bsIHeugI0EQxccNegQIFxAC&mstk=AUtExfBLf8I6FVTY94YZFko_jqNAei_YjsvadlyELBK2FMgf21TXBKuNFozUBKcLVx_hDoQE1TnRUisgX2FmDz4FDkwRzjcmdY8HxnjRL9ATUEZUBgmugZ6uSEUbJoODPBUVyAZ6lCByLOTsjPLQUds0ka3mZqFWdcyx47kLV9PI6vQ3BF9mEeTcWLsbvfe8aWvGsx0XjI554DfT_qG9-HIcR6WVIuL2afky2K-6TgqXaFW8fX4j0-kfJSni47Gjayk8ITkQsar9F9TqpZx-jP8RXUxd&csui=3
https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPK6aq5_lw6HKQ8yI_7xK1EPPLozw%3A1754857098743&q=photoluminescence+quantum+yield&sa=X&ved=2ahUKEwjVrYCQiIGPAxXu9bsIHeugI0EQxccNegQIIRAB&mstk=AUtExfAP1KM0YXyTHYzADnfIePup2mcN2t1tXnyTd8DBa-qtm5scjEhD_UdOclFyh9n-Q-c2mVOag0uNqixdGWnv77dMuwEcdxJqDn_h053kpvc_kqWRKw071FEOcS4uXOCDQxPnv8KjAIgLXnfVxGkKwm7PuzwzeO6VeBgz3mJFA30yyW87w4Qc4ZxhDy4bVTPqYDTyG3yTdotAVMtWz2eRwbOO7jmWYJ72mATpxBxqVQd3shTEWFLa0VdjQMhu79MHHGpPl4IjJv1m2IqAjtVL1XUB&csui=3
https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPK6aq5_lw6HKQ8yI_7xK1EPPLozw%3A1754857098743&q=photocatalytic+activity&sa=X&ved=2ahUKEwjVrYCQiIGPAxXu9bsIHeugI0EQxccNegQIOhAB&mstk=AUtExfAP1KM0YXyTHYzADnfIePup2mcN2t1tXnyTd8DBa-qtm5scjEhD_UdOclFyh9n-Q-c2mVOag0uNqixdGWnv77dMuwEcdxJqDn_h053kpvc_kqWRKw071FEOcS4uXOCDQxPnv8KjAIgLXnfVxGkKwm7PuzwzeO6VeBgz3mJFA30yyW87w4Qc4ZxhDy4bVTPqYDTyG3yTdotAVMtWz2eRwbOO7jmWYJ72mATpxBxqVQd3shTEWFLa0VdjQMhu79MHHGpPl4IjJv1m2IqAjtVL1XUB&csui=3
https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPK6aq5_lw6HKQ8yI_7xK1EPPLozw%3A1754857098743&q=charge+transport+properties&sa=X&ved=2ahUKEwjVrYCQiIGPAxXu9bsIHeugI0EQxccNegQINxAB&mstk=AUtExfAP1KM0YXyTHYzADnfIePup2mcN2t1tXnyTd8DBa-qtm5scjEhD_UdOclFyh9n-Q-c2mVOag0uNqixdGWnv77dMuwEcdxJqDn_h053kpvc_kqWRKw071FEOcS4uXOCDQxPnv8KjAIgLXnfVxGkKwm7PuzwzeO6VeBgz3mJFA30yyW87w4Qc4ZxhDy4bVTPqYDTyG3yTdotAVMtWz2eRwbOO7jmWYJ72mATpxBxqVQd3shTEWFLa0VdjQMhu79MHHGpPl4IjJv1m2IqAjtVL1XUB&csui=3
https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPK6aq5_lw6HKQ8yI_7xK1EPPLozw%3A1754857098743&q=perovskite+solar+cells&sa=X&ved=2ahUKEwjVrYCQiIGPAxXu9bsIHeugI0EQxccNegQINxAC&mstk=AUtExfAP1KM0YXyTHYzADnfIePup2mcN2t1tXnyTd8DBa-qtm5scjEhD_UdOclFyh9n-Q-c2mVOag0uNqixdGWnv77dMuwEcdxJqDn_h053kpvc_kqWRKw071FEOcS4uXOCDQxPnv8KjAIgLXnfVxGkKwm7PuzwzeO6VeBgz3mJFA30yyW87w4Qc4ZxhDy4bVTPqYDTyG3yTdotAVMtWz2eRwbOO7jmWYJ72mATpxBxqVQd3shTEWFLa0VdjQMhu79MHHGpPl4IjJv1m2IqAjtVL1XUB&csui=3
https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPK6aq5_lw6HKQ8yI_7xK1EPPLozw%3A1754857098743&q=water+dispersion&sa=X&ved=2ahUKEwjVrYCQiIGPAxXu9bsIHeugI0EQxccNegQIORAB&mstk=AUtExfAP1KM0YXyTHYzADnfIePup2mcN2t1tXnyTd8DBa-qtm5scjEhD_UdOclFyh9n-Q-c2mVOag0uNqixdGWnv77dMuwEcdxJqDn_h053kpvc_kqWRKw071FEOcS4uXOCDQxPnv8KjAIgLXnfVxGkKwm7PuzwzeO6VeBgz3mJFA30yyW87w4Qc4ZxhDy4bVTPqYDTyG3yTdotAVMtWz2eRwbOO7jmWYJ72mATpxBxqVQd3shTEWFLa0VdjQMhu79MHHGpPl4IjJv1m2IqAjtVL1XUB&csui=3
https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPK6aq5_lw6HKQ8yI_7xK1EPPLozw%3A1754857098743&q=Fe%28III%29+ions&sa=X&ved=2ahUKEwjVrYCQiIGPAxXu9bsIHeugI0EQxccNegQIExAB&mstk=AUtExfAP1KM0YXyTHYzADnfIePup2mcN2t1tXnyTd8DBa-qtm5scjEhD_UdOclFyh9n-Q-c2mVOag0uNqixdGWnv77dMuwEcdxJqDn_h053kpvc_kqWRKw071FEOcS4uXOCDQxPnv8KjAIgLXnfVxGkKwm7PuzwzeO6VeBgz3mJFA30yyW87w4Qc4ZxhDy4bVTPqYDTyG3yTdotAVMtWz2eRwbOO7jmWYJ72mATpxBxqVQd3shTEWFLa0VdjQMhu79MHHGpPl4IjJv1m2IqAjtVL1XUB&csui=3
https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPK6aq5_lw6HKQ8yI_7xK1EPPLozw%3A1754857098743&q=fluorescent+probes+in+cell+imaging&sa=X&ved=2ahUKEwjVrYCQiIGPAxXu9bsIHeugI0EQxccNegQIJBAB&mstk=AUtExfAP1KM0YXyTHYzADnfIePup2mcN2t1tXnyTd8DBa-qtm5scjEhD_UdOclFyh9n-Q-c2mVOag0uNqixdGWnv77dMuwEcdxJqDn_h053kpvc_kqWRKw071FEOcS4uXOCDQxPnv8KjAIgLXnfVxGkKwm7PuzwzeO6VeBgz3mJFA30yyW87w4Qc4ZxhDy4bVTPqYDTyG3yTdotAVMtWz2eRwbOO7jmWYJ72mATpxBxqVQd3shTEWFLa0VdjQMhu79MHHGpPl4IjJv1m2IqAjtVL1XUB&csui=3
https://www.google.com/search?sca_esv=db6c98fd308e1745&cs=1&sxsrf=AE3TifPK6aq5_lw6HKQ8yI_7xK1EPPLozw%3A1754857098743&q=fluorescent+probes+in+cell+imaging&sa=X&ved=2ahUKEwjVrYCQiIGPAxXu9bsIHeugI0EQxccNegQIJBAB&mstk=AUtExfAP1KM0YXyTHYzADnfIePup2mcN2t1tXnyTd8DBa-qtm5scjEhD_UdOclFyh9n-Q-c2mVOag0uNqixdGWnv77dMuwEcdxJqDn_h053kpvc_kqWRKw071FEOcS4uXOCDQxPnv8KjAIgLXnfVxGkKwm7PuzwzeO6VeBgz3mJFA30yyW87w4Qc4ZxhDy4bVTPqYDTyG3yTdotAVMtWz2eRwbOO7jmWYJ72mATpxBxqVQd3shTEWFLa0VdjQMhu79MHHGpPl4IjJv1m2IqAjtVL1XUB&csui=3


   

 52 

4  ͖̓ ̞̘̎̊̔̊̒: ̎ ̛̞̘̊̌̎̚̕ ̜ ̡ ̖̓ ̡̖̜̖̋̊̒̓ ̜ ̡̖̎̔̎̒  
 

 

 

4.1 ̎ ͈͓͖͙͊ͪ͘͝ ͚ ͖͛ ͗ ͉͖͔͌͐ͩ͒͒͘ 
 

 

Ƀɘ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ (CQDs) ˊɟɞůűɏɟɞɡɜ ůɖɛŬɜŰɘəɧ ŭɡɜŬɛɘəɧ ůŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ 

ŮűŬɟɛɞɔɏɠ ɛɏůɤ ŬɜɑɢɜŮɡůɖɠ ɛɘəɟɞˊɚŬůŰɘəɩɜ əŬɘ ɓŬɟɏɤɜ ɛŮŰɎɚɚɤɜ, ɚŮɘŰɞɡɟɔɞɨɜ ɤɠ 

űɤŰɞəŬŰŬɚɨŰŮɠ ɔɘŬ Űɖɜ ŬˊɞɚɨɛŬɜůɖ Űɞɡ ɜŮɟɞɨ əŬɘ ɤɠ ˊɟɞůɟɞűɖŰɘəɎ ɔɘŬ ɟɨˊɞɡɠ. Ƀɘ 

ɛɞɜŬŭɘəɏɠ űɗɞɟɑɕɞɡůŮɠ ɘŭɘɧŰɖŰɏɠ Űɞɡɠ ŮɑɜŬɘ Űɞ əɚŮɘŭɑ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ, Ůɜɩ ɖ ɘəŬɜɧŰɖŰɎ Űɞɡɠ ɜŬ 

ˊŬɟɎɔɞɡɜ ŮɚŮɨɗŮɟŮɠ ɟɑɕŮɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɤɜ ɟɨˊɤɜ. ȼ ɛŮɚɚɞɜŰɘəɐ ŬɜɎˊŰɡɝɖ Űɤɜ 

ŮűŬɟɛɞɔɩɜ Űɞɡɠ, ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŮ ɛŮɗɧŭɞɡɠ ˊɟɎůɘɜɖɠ ůɨɜɗŮůɖɠ, 

ɓŮɚŰɘɤɛɏɜɖ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ ŬɜŰɘɛŮŰɩˊɘůɖ ˊɘɗŬɜɐɠ ŰɞɝɘəɧŰɖŰɎɠ Űɞɡɠ , ɩůŰŮ ɜŬ əŬŰŬůŰɞɨɜ ŭɡɜŬŰɏɠ 

ɓɘɩůɘɛŮɠ ɚɨůŮɘɠ ɛŮɔɎɚɖɠ əɚɑɛŬəŬɠ ɔɘŬ Űɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ˊɟɞəɚɐůŮɘɠ Űɖɠ ůɨɔɢɟɞɜɖɠ Ůˊɞɢɐɠ. 

ȷəɞɚɞɡɗɞɨɜ ŮˊɘůŰɖɛɞɜɘəɏɠ ɛŮɚɏŰŮɠ əŬɘ ɏɟŮɡɜŮɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɖ ɢɟɐůɖ Űɤɜ əɓŬɜŰɘəɩɜ əɞɡəəɑŭɤɜ 

ɎɜɗɟŬəŬ ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ɕɖŰɖɛɎŰɤɜ ˊɞɡ ŬˊŬɘŰɞɨɜ Űɖɜ ɎɛŮůɖ ˊŬɟɏɛɓŬůɖ 

Űɖɠ ŮˊɘůŰɐɛɖɠ [32-45]. 

 

ȼ ɚŮɘŰɞɡɟɔɘəɞˊɞɑɖůɖ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŮŰŮɟɞŬŰɧɛɤɜ, ɏɢŮɘ ŬˊɞŭŮɘɢɗŮɑ 

ɘŭɘŬɑŰŮɟŬ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɤɜ ɞˊŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ əŬɘ Űɖɠ ɘɞɜŰɘəɐɠ Űɞɡɠ 

ŮˊɘɚŮəŰɘəɧŰɖŰŬɠ, əŬɗɘůŰɩɜŰŬɠ ŰŮɠ əŬŰɎɚɚɖɚŮɠ ɔɘŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ŬɜɑɢɜŮɡůɖɠ ɟɨˊɤɜ. 

ɆŮ ůɢŮŰɘəɏɠ ɛŮɚɏŰŮɠ, əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ ɗŮɑɞɡ, ůɡɜŰɏɗɖəŬɜ ɛŮ 

ɡŭɟɞɗŮɟɛɘəɏɠ əŬɘ ɛɘəɟɞəɡɛŬŰɘəɏɠ ɛŮɗɧŭɞɡɠ əŬɘ ŰɟɞˊɞˊɞɘɐɗɖəŬɜ ɛŮ ŮɜɩůŮɘɠ ɧˊɤɠ ɖ L-əɡůŰŮɥɜɖ, ɖ 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ əŬɘ ɖ ŭɘŬɘɗɡɚŮɜɞŰɟɘŬɛɑɜɖ. Ƀɘ ŭɞɛɘəɏɠ əŬɘ űɗɞɟɑɕɞɡůŮɠ ɘŭɘɧŰɖŰɏɠ Űɞɡɠ, 

ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɛŮ ŰŮɢɜɘəɏɠ ɧˊɤɠ FT-IR, UV-vis əŬɘ űŬůɛŬŰɞůəɞˊɑŬ űɗɞɟɘůɛɞɨ, ŬˊɞŭŮɘəɜɨɞɜŰŬɠ 

ɧŰɘ ɖ ˊŬɟɞɡůɑŬ ŮŰŮɟɞŬŰɧɛɤɜ, ŬɡɝɎɜŮɘ Űɖɜ ɏɜŰŬůɖ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Ůəˊɞɛˊɐɠ, ɔŮɔɞɜɧɠ ˊɞɡ Űɘɠ 

əŬɗɘůŰɎ ɘŭŬɜɘəɏɠ ɔɘŬ ɢɟɐůɖ ɤɠ ŬɘůɗɖŰɐɟŮɠ. ȼ ŬˊɧůɓŮůɖ Űɞɡ űɗɞɟɘůɛɞɨ ůŮ ˊŬɟɞɡůɑŬ ɘɧɜŰɤɜ 

ɓŬɟɏɤɜ ɛŮŰɎɚɚɤɜ, ŬˊɞəɎɚɡɣŮ ɡɣɖɚɐ ŮˊɘɚŮəŰɘəɧŰɖŰŬ ɔɘŬ ɘɧɜŰŬ Hg2+ əŬɘ Cd2+, ɚɧɔɤ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ 

əŬɘ ɞɛɞɘɞˊɞɚɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ ɛŮŰŬɝɨ Űɤɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ Űɤɜ 

ɘɧɜŰɤɜ ɡŭɟŬɟɔɨɟɞɡ [32].  

ȷɜŰɑůŰɞɘɢŬ, əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ ˊɞɡ ˊɟɞɐɚɗŬɜ Ŭˊɧ űɚɞɨŭŮɠ 

ɟɞŭŬəɘɜɘɎɠ ŰɟɞˊɞˊɞɘɐɗɖəŬɜ ɛŮ L-əɡůŰŮȶɜɖ ɛɏůɤ ŬɜŰɑŭɟŬůɖɠ ůɨɕŮɡɝɖɠ Ŭɛɘŭɑɞɡ. Ƀ ůɢɖɛŬŰɘůɛɧɠ 

ɢɖɛɘəɩɜ ŭŮůɛɩɜ ŮˊɘɓŮɓŬɘɩɗɖəŮ ɛŮ FT-IR əŬɘ XPS, Ůɜɩ ˊŬɟŬŰɖɟɐɗɖəŮ ůɖɛŬɜŰɘəɐ ŬˊɧůɓŮůɖ Űɞɡ 

űɗɞɟɘůɛɞɨ ůŮ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɘɧɜŰɤɜ HgĮϕ, ɛŮ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ 0,19 ɛɀ. ȼ ɡɣɖɚɐ ůɡɔɔɏɜŮɘŬ 

Űɤɜ ɗŮɘɞɚɘəɩɜ ɞɛɎŭɤɜ ˊɟɞɠ ŰŬ ɘɧɜŰŬ ɡŭɟŬɟɔɨɟɞɡ ŮɝɖɔŮɑ Űɖɜ Ŭɡɝɖɛɏɜɖ ŮəɚŮəŰɘəɧŰɖŰŬ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ [33]. ɄŬɟɧɛɞɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɏɢɞɡɜ ŬɜŬűŮɟɗŮɑ ɔɘŬ N-əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ ˊɞɡ 

ůɡɜŰɏɗɖəŬɜ Ŭˊɧ L-űŬɘɜɡɚŬɚŬɜɑɜɖ əŬɘ űɞɟɛŬɚŭŮɒŭɖ, ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ŮˊɘɚŮəŰɘəɧŰɖŰŬ ɏɜŬɜŰɘ ɘɧɜŰɤɜ 

https://www.google.com/search?cs=1&sca_esv=f5680b47e71e92a2&sxsrf=AE3TifMvmk6CbF6ovG2iKs_kDH5pLFoAgA%3A1754910327330&q=fluorescent+properties&sa=X&ved=2ahUKEwim8a61zoKPAxVl_gIHHUGrNboQxccNegQIBBAB&mstk=AUtExfC3EkOq9HcGgWLdwoqCsRD871-r7b_U-y6l-NKhSCBnzAjf-MH7HuWlLNOS9CLYm_dLNj7OijkRD3cCqggihoUHJlty6Bgp8VhHM1-33CdjmYcTK3eKPhEA6Q_O7AcQZ05xt5hgQDjRXbyV2iK9DdGwFO7-HTeNOPmg2AHKAY1Li4c&csui=3
https://www.google.com/search?cs=1&sca_esv=f5680b47e71e92a2&sxsrf=AE3TifMvmk6CbF6ovG2iKs_kDH5pLFoAgA%3A1754910327330&q=free+radicals&sa=X&ved=2ahUKEwim8a61zoKPAxVl_gIHHUGrNboQxccNegQIBBAC&mstk=AUtExfC3EkOq9HcGgWLdwoqCsRD871-r7b_U-y6l-NKhSCBnzAjf-MH7HuWlLNOS9CLYm_dLNj7OijkRD3cCqggihoUHJlty6Bgp8VhHM1-33CdjmYcTK3eKPhEA6Q_O7AcQZ05xt5hgQDjRXbyV2iK9DdGwFO7-HTeNOPmg2AHKAY1Li4c&csui=3
https://www.google.com/search?cs=1&sca_esv=f5680b47e71e92a2&sxsrf=AE3TifMvmk6CbF6ovG2iKs_kDH5pLFoAgA%3A1754910327330&q=stability&sa=X&ved=2ahUKEwim8a61zoKPAxVl_gIHHUGrNboQxccNegQICRAB&mstk=AUtExfC3EkOq9HcGgWLdwoqCsRD871-r7b_U-y6l-NKhSCBnzAjf-MH7HuWlLNOS9CLYm_dLNj7OijkRD3cCqggihoUHJlty6Bgp8VhHM1-33CdjmYcTK3eKPhEA6Q_O7AcQZ05xt5hgQDjRXbyV2iK9DdGwFO7-HTeNOPmg2AHKAY1Li4c&csui=3
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CrϜOϡ²ϖ, ɛŮ ɛɖɢŬɜɘůɛɧ ŬˊɧůɓŮůɖɠ ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ůŰɞ űŬɘɜɧɛŮɜɞ ŮůɤŰŮɟɘəɞɨ űɘɚŰɟŬɟɑůɛŬŰɞɠ (IFE) 

əŬɘ ɔɟŬɛɛɘəɐ Ŭˊɧəɟɘůɖ ůŰɞ Ůɨɟɞɠ ůɡɔəɏɜŰɟɤůɖɠ 0ï300 ɛL (ȺɘəɧɜŬ 27) [34]. 

   

 ȺɘəɧɜŬ 27: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ Ůɜ ɚɧɔɤ ˊŮɘɟɎɛŬŰɞɠ (27) 

 

ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕɞɡɜ, Ůˊɑůɖɠ, əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ N, P əŬɘ S, ɞɘ ɞˊɞɑŮɠ 

ŮɛűɎɜɘůŬɜ ɏɜŰɞɜɖ űɤŰɞűɤŰŬɨɔŮɘŬ ɛŮ Ůəˊɞɛˊɐ ůŰŬ 546 nm əŬɘ ɡɣɖɚɐ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ ɑůɖ ɛŮ 

23,2%. ɇŬ ůɡůŰɐɛŬŰŬ ŬɡŰɎ ŬˊɞŭŮɑɢɗɖəŬɜ ɘŭɘŬɑŰŮɟŬ ŮɡŬɑůɗɖŰŬ əŬɘ ŮˊɘɚŮəŰɘəɎ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ 

ɘɧɜŰɤɜ Cu²ϕ əŬɘ Fe³ϕ ůŮ ŭŮɑɔɛŬŰŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ɜŮɟɞɨ, ůɡɜŭɡɎɕɞɜŰŬɠ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ əŬɘ ɡɣɖɚɐ 

Ŭˊɧŭɞůɖ [35]. ɄŬɟɎɚɚɖɚŬ, ɏɢŮɘ ŬɜŬűŮɟɗŮɑ ɖ ɢɟɐůɖ CQDs ɤɠ űɗɞɟɘɕɧɜŰɤɜ ŬɜɘɢɜŮɡŰɩɜ ɔɘŬ Űɖɜ 

ŬɜɑɢɜŮɡůɖ ŬɜŰɘɓɘɞŰɘəɩɜ əŬɘ ɓŬɟɏɤɜ ɛŮŰɎɚɚɤɜ, ɧˊɤɠ ŰŮŰɟŬəɡəɚɑɜŮɠ, əɘɜɞɚɧɜŮɠ, ɓ-ɚŬəŰɎɛŮɠ, əŬɗɩɠ 

əŬɘ ɘɧɜŰŬ Cd²ϕ, Cr ϕ, Fe³ϕ, Hg²ϕ əŬɘ Pb²ϕ. Ƀɘ ɛŮŰŬɓɞɚɏɠ ůŰɞɜ űɗɞɟɘůɛɧ (ɛŮɑɤůɖ ɐ Ůɜɑůɢɡůɖ) 

ŮˊɘŰɟɏˊɞɡɜ Űɖɜ ˊɞůɞŰɘəɐ ŬɜɑɢɜŮɡůɖ ŬɡŰɩɜ Űɤɜ ɟɨˊɤɜ ůŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɎ əŬɘ ŭɘŬŰɟɞűɘəɎ ŭŮɑɔɛŬŰŬ 

[36]. 

ɄɟɎůɘɜŮɠ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ ɏɢɞɡɜ Ůˊɑůɖɠ 

ɛŮɚŮŰɖɗŮɑ ɤɠ űɗɞɟɞɛŮŰɟɘəɞɑ ŬɘůɗɖŰɐɟŮɠ çŬˊŮɜŮɟɔɞˊɞɑɖůɖɠè ɔɘŬ ɘɧɜŰŬ Fe³ϕ, ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɡɣɖɚɐ 

ŮəɚŮəŰɘəɧŰɖŰŬ əŬɘ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ 0,11 ɛM [37]. ɄŬɟɎɚɚɖɚŬ, əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ ɓŬůɘůɛɏɜŮɠ ůŮ 

ɜɞɡəɚŮɞɕɑŰŮɠ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ ŮɛűɎɜɘůŬɜ ɡɣɖɚɐ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ űɗɞɟɘůɛɞɨ 

(53,72%) əŬɘ ɛɖɢŬɜɘůɛɧ Ŭˊɧəɟɘůɖɠ Űɨˊɞɡ çonïoffïonè ɔɘŬ Fe³ϕ əŬɘ Fϖ, Ůɜɩ ŮˊɏŰɟŮɣŬɜ əŬɘ Űɖɜ 

ŬɜɑɢɜŮɡůɖ MnOϞϖ ůŮ ˊɞɚɨ ɢŬɛɖɚɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ, Ŭəɧɛɖ əŬɘ ůŮ ŭŮɑɔɛŬŰŬ ˊŮɟɘɓŬɚɚɞɜŰɘəɞɨ ɜŮɟɞɨ 

əŬɘ ɓŬəŰɖɟɑɤɜ [38]. 

ȺəŰɧɠ Ŭˊɧ Űɖɜ ŬɜɑɢɜŮɡůɖ ɟɨˊɤɜ, ɞɘ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ 

űɤůűɧɟɞɡ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ůŮ űɤŰɞəŬŰŬɚɡŰɘəɏɠ ŮűŬɟɛɞɔɏɠ. ɆɡɔəŮəɟɘɛɏɜŬ, N,P-CQDs 

ŮɛűɎɜɘůŬɜ Ůɜɘůɢɡɛɏɜɖ űɤŰɞəŬŰŬɚɡŰɘəɐ ŭɟɎůɖ ɏɜŬɜŰɘ Űɖɠ ɢɟɤůŰɘəɐɠ ɛˊɚŮ Űɞɡ ɛŮɗɡɚŮɜɑɞɡ, ɛŮ 

Ůəˊɞɛˊɐ ůŰŬ 620 nm əŬɘ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ 3%, ɔŮɔɞɜɧɠ ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ůŰɖ ůɡɜŮɟɔɘůŰɘəɐ ŭɟɎůɖ 

Űɤɜ ŮŰŮɟɞŬŰɧɛɤɜ [39]. ȷɜŰɑůŰɞɘɢŬ, N,P-CDs ˊɞɡ ůɡɜŰɏɗɖəŬɜ Ŭˊɧ Ɏɛɡɚɞ əŬɚŬɛˊɞəɘɞɨ 

ˊŬɟɞɡůɑŬůŬɜ ŮɝŬɘɟŮŰɘəɎ ɡɣɖɚɐ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ ɏɤɠ 76,5% əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ŬɘůɗɖŰɐɟŮɠ 

ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ ɘɧɜŰɤɜ Feįϕ ɛŮ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ 0,1 ɛmol Lϖ¹ (ȺɘəɧɜŬ 28) [40]. 
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ȺɘəɧɜŬ 28: ɆɢɖɛŬŰɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŭɘŬɚɡŰɞɗŮɟɛɘəɐɠ ŬɜŰɑŭɟŬůɖɠ (28) 

 

Ⱥˊɘˊɚɏɞɜ, N,P-CQDs ŬɝɘɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŰŬɢŮɑŬ ŬɜɑɢɜŮɡůɖ Űɞɡ űɡŰɞűŬɟɛɎəɞɡ chlorpyrifos ůŮ 

ŭŮɑɔɛŬŰŬ űŬůɞɚɘɩɜ, ɛŮ ɛɖɢŬɜɘůɛɧ ŬˊɧůɓŮůɖɠ űɗɞɟɘůɛɞɨ ɛɏůɤ űŬɘɜɞɛɏɜɞɡ ŮůɤŰŮɟɘəɞɨ 

űɘɚŰɟŬɟɑůɛŬŰɞɠ əŬɘ ˊɞɚɨ ɢŬɛɖɚɧ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ [41]. 

ɇɏɚɞɠ, ůɖɛŬɜŰɘəɐ ˊɟɧɞŭɞɠ ɏɢŮɘ ůɖɛŮɘɤɗŮɑ əŬɘ ůŰɞɜ ŰɞɛɏŬ Űɖɠ űɤŰɞəŬŰŬɚɡŰɘəɐɠ Ŭˊɞɘəɞŭɧɛɖůɖɠ 

ɓɘɞˊɞɚɡɛŮɟɩɜ. ȾɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ, ůŮ ůɡɜŭɡŬůɛɧ 

ɛŮ g-CϝNϞ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ Ŭˊɞɘəɞŭɧɛɖůɖ Űɖɠ ɚɘɔɜɑɜɖɠ ɛɏůɤ ɗɟŬɨůɖɠ ŬɘɗŮɟɘəɩɜ əŬɘ Cï

C ŭŮůɛɩɜ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ˊɞůɞůŰɎ Ŭˊɞɘəɞŭɧɛɖůɖɠ ɏɤɠ əŬɘ 95,5% əŬɘ ˊŬɟɎɔɞɜŰŬɠ ˊɞɚɨŰɘɛŮɠ 

ɞɟɔŬɜɘəɏɠ ŮɜɩůŮɘɠ ɧˊɤɠ ɓŮɜɕŬɚŭŮɒŭɖ əŬɘ ɓŮɜɕɞɥəɧ ɞɝɨ, ŬɜɞɑɔɞɜŰŬɠ ɜɏŮɠ ˊɟɞɞˊŰɘəɏɠ ɔɘŬ ɓɘɩůɘɛŮɠ 

ŰŮɢɜɞɚɞɔɑŮɠ Ŭɝɘɞˊɞɑɖůɖɠ ɓɘɞɛɎɕŬɠ [42]. ɄŬɟɎɚɚɖɚŬ, N-CQDs ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɜŬɜɞůɤɛŬŰɑŭɘŬ 

ɢɟɡůɞɨ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ŭɘˊɚɧɠ ŬɘůɗɖŰɐɟŬɠ (űɗɞɟɘůɛɞɨ əŬɘ ɢɟɤɛŬŰɞɛŮŰɟɘəɧɠ) ɔɘŬ Űɖɜ 

ŬɜɑɢɜŮɡůɖ Űɖɠ ŬɜŰɘɓɘɞŰɘəɐɠ ɞɡůɑŬɠ ɛŮɟɞˊŮɜɏɛɖɠ ůŮ űŬɟɛŬəŮɡŰɘəɎ ŭŮɑɔɛŬŰŬ əŬɘ Ŭɜɗɟɩˊɘɜɞ ˊɚɎůɛŬ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɡɣɖɚɐ ŬɝɘɞˊɘůŰɑŬ ɏɜŬɜŰɘ ůɡɛɓŬŰɘəɩɜ ŬɜŬɚɡŰɘəɩɜ ŰŮɢɜɘəɩɜ [43]. 
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ȾɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ (CQDs) ŭɟɞɡɜ ɤɠ űɤŰɞŮɡŬɘůɗɖŰɞˊɞɘɖŰɏɠ (PSs) ůŰɖ űɤŰɞŭɡɜŬɛɘəɐ 

ɗŮɟŬˊŮɑŬ (PDT), ˊŬɟɎɔɞɜŰŬɠ ŭɟŬůŰɘəɎ Ůɑŭɖ ɞɝɡɔɧɜɞɡ (ROS) ɧŰŬɜ ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ Űɞ űɤɠ, 

ɞŭɖɔɩɜŰŬɠ ůŮ əɡŰŰŬɟɞŰɞɝɘəɏɠ ŮˊɘŭɟɎůŮɘɠ ůŮ ůŰɞɢŮɡɛɏɜŬ əŬɟəɘɜɘəɎ əŬɘ ɓŬəŰɖɟɘŬəɎ əɨŰŰŬɟŬ. ɇŬ 

ˊɚŮɞɜŮəŰɐɛŬŰɎ Űɞɡɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ əŬɚɐ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ, ɢŬɛɖɚɐ ŰɞɝɘəɧŰɖŰŬ, ɡŭŬŰɞŭɘŬɚɡŰɧŰɖŰŬ 

əŬɘ ɟɡɗɛɘɕɧɛŮɜŮɠ ɞˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, əŬɗɘůŰɩɜŰŬɠ ŰŬ əŬŰɎɚɚɖɚŬ ɔɘŬ Űɖ ɗŮɟŬˊŮɑŬ ŭɘŬűɧɟɤɜ 

ŬůɗŮɜŮɘɩɜ. Ƀɘ CQDs ɛˊɞɟɞɨɜ ɜŬ Űɟɞˊɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ůŰɞɢŮɨůɞɡɜ ůɡɔəŮəɟɘɛɏɜŬ əɨŰŰŬɟŬ, 

ŮɜɘůɢɨɞɜŰŬɠ Űɖɜ ɗŮɟŬˊŮɡŰɘəɐ Űɞɡɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ əŬɘ ŭɟɩɜŰŬɠ ɤɠ ůɡůŰŬŰɘəɎ ůŮ ůɡɜŮɟɔɘůŰɘəɏɠ 

ɗŮɟŬˊŮɑŮɠ ɔɘŬ ɓŮɚŰɘɤɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ [44,45-50]. 

ȼ űɤŰɞŭɡɜŬɛɘəɐ ɗŮɟŬˊŮɑŬ (PDT) ŮɑɜŬɘ ɛɘŬ ɗŮɟŬˊŮɡŰɘəɐ ɛɏɗɞŭɞɠ ˊɞɡ ůɡɜŭɡɎɕŮɘ Űɖɜ ŮűŬɟɛɞɔɐ ɛɑŬɠ 

ɞɡůɑŬɠ, Űɞɡ űɤŰɞŮɡŬɘůɗɖŰɞˊɞɘɖŰɐ, ɛŮ Űɖɜ ɏəɗŮůɖ ůŮ űɤɠ ůɡɔəŮəɟɘɛɏɜɞɡ ɛɐəɞɡɠ əɨɛŬŰɞɠ, ɧˊɤɠ 

ɛˊɚŮ ɐ əɧəəɘɜɞ, ɔɘŬ Űɖɜ əŬŰŬůŰɟɞűɐ ˊŬɗɞɚɞɔɘəɩɜ əɡŰŰɎɟɤɜ. ȺűŬɟɛɧɕŮŰŬɘ ůŮ ŭɘɎűɞɟŮɠ 

əŬŰŬůŰɎůŮɘɠ, ɧˊɤɠ ŭŮɟɛŬŰɘəɏɠ ˊŬɗɐůŮɘɠ (Ŭəɛɐ, ˊɟɞ-əŬɟəɘɜɘəɏɠ ɓɚɎɓŮɠ, ɟɞŭɧɢɟɞɡɠ Ŭəɛɐ), 

ɞűɗŬɚɛɘəɏɠ ˊŬɗɐůŮɘɠ (ɖɚɘəɘŬəɐ Ůəűɨɚɘůɖ ɤɢɟɎɠ əɖɚɑŭŬɠ) əŬɘ əɎˊɞɘŮɠ ɛɞɟűɏɠ əŬɟəɑɜɞɡ ˊɞɡ 

ůŰɞɢŮɨɞɡɜ ˊŮɟɘůůɧŰŮɟɞ ůŮ ˊɟɤŰŬɟɢɘəɎ ůŰɎŭɘŬ. ȷəɞɚɞɡɗɞɨɜ ɞɟɘůɛɏɜŮɠ Ŭˊɧ Űɘɠ ɛŮɚɏŰŮɠ ˊɞɡ ɏɢɞɡɜ 

ɔɑɜŮɘ ůɢŮŰɘəɎ ɛŮ Űɖɜ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ Ůɑŭɞɠ ɗŮɟŬˊŮɑŬɠ 

[45]. 

ɆŮ ůɢŮŰɘəɏɠ ɛŮɚɏŰŮɠ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůɨɜɗŮůɖ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ 

ŮŰŮɟɞŬŰɧɛɤɜ ɛɏůɤ ɡŭɟɞɗŮɟɛɘəɩɜ ɛŮɗɧŭɤɜ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ PEG ɤɠ ˊɖɔɐ ɎɜɗɟŬəŬ, ŬɛɛɤɜɑŬ 

əŬɘ ɘɛɘŭŬɕɧɚɖ ɤɠ ˊɖɔɏɠ ŬɕɩŰɞɡ əŬɘ űɤůűɞɟɘəɧ ɞɝɨ ɤɠ ˊɖɔɐ űɤůűɧɟɞɡ, ůŮ ɗŮɟɛɞəɟŬůɑŬ 150 ÁC 

ɔɘŬ 1 h, ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ˊŬɟŬɔɤɔɐ NP-CQDs. Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ˊŬɟɞɡůɑŬůŬɜ 

ɘůɢɡɟɧ űɗɞɟɘůɛɧ ůŰɘɠ ˊŮɟɘɞɢɏɠ Űɞɡ ɛˊɚŮ (450ï500 nm), Űɞɡ ˊɟɎůɘɜɞɡ (500ï570 nm) əŬɘ Űɞɡ 

əɧəəɘɜɞɡ (610ï750 nm), ɛŮ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ ˊŮɟɑˊɞɡ 9%. ȼ ŬɜŰɘəŬɟəɘɜɘəɐ Űɞɡɠ ŭɟɎůɖ 

ŬɝɘɞɚɞɔɐɗɖəŮ ɛɏůɤ ŭɞəɘɛŬůɘɩɜ ɓɘɤůɘɛɧŰɖŰŬɠ, ɛɞɟűɞɚɞɔɘəɐɠ ˊŬɟŬŰɐɟɖůɖɠ, ŭɞəɘɛɩɜ ɕɤɜŰŬɜɩɜ-

ɜŮəɟɩɜ əɡŰŰɎɟɤɜ, ɛɏŰɟɖůɖɠ Űɞɡ ɛɘŰɞɢɞɜŭɟɘŬəɞɨ ŭɡɜŬɛɘəɞɨ, ˊŬɟŬɔɤɔɐɠ ŭɟŬůŰɘəɩɜ Ůɘŭɩɜ 

ɞɝɡɔɧɜɞɡ, əŬɗɩɠ əŬɘ ɛɞɟɘŬəɩɜ ŬɜŬɚɨůŮɤɜ RT-PCR əŬɘ western blot, ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ ɧŰɘ 

ˊɟɞəŬɚɞɨɜ ŬɜŬůŰɞɚɐ Űɞɡ ˊɞɚɚŬˊɚŬůɘŬůɛɞɨ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ ɛŮɚŬɜɩɛŬŰɞɠ B16F10 əŬɘ 

ŮˊɎɔɞɡɜ ŬˊɧˊŰɤůɖ ɛŮŰɎ Ŭˊɧ 24 ɩɟŮɠ ɏəɗŮůɖɠ [44]. 

ɄŬɟɎɚɚɖɚŬ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ 

ɛɏůɤ ɡŭɟɞɗŮɟɛɘəɐɠ ůɨɜɗŮůɖɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ 200 ÁC ɔɘŬ 10 h, ɛŮ ɢɟɐůɖ əɘŰɟɘəɞɨ ɞɝɏɞɠ, ɞɡɟɑŬɠ əŬɘ 

ŭɘůɧɝɘɜɞɡ űɤůűɞɟɘəɞɨ ɜŬŰɟɑɞɡ. Ƀɘ əɓŬɜŰɘəɏɠ ŬɡŰɏɠ ŰŮɚŮɑŮɠ, ŮɛűɎɜɘůŬɜ ɛɏɔɘůŰŬ Ůəˊɞɛˊɐɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ 488ï700 nm əŬɘ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ ˊŮɟɑˊɞɡ 30%. ȷɝɘɞɚɞɔɐɗɖəŬɜ ɤɠ űɞɟŮɑɠ űŬɟɛɎəɞɡ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɘəŬɜɧŰɖŰŬ űɧɟŰɤůɖɠ ŭɞɝɞɟɞɡɓɘəɑɜɖɠ 39,11%, ɢŬɛɖɚɐ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬ, 

ˊŬɟŬŰŮŰŬɛɏɜɖ ŬˊŮɚŮɡɗɏɟɤůɖ əŬɘ pH-ŮɝŬɟŰɩɛŮɜɖ ůŰɧɢŮɡůɖ. ȼ ŬˊŮɚŮɡɗɏɟɤůɖ Űɞɡ űŬɟɛɎəɞɡ 

ŬəɞɚɞɨɗɖůŮ Űɞ ɛɞɜŰɏɚɞ Weibull əŬɘ Űɖ ŭɘɎɢɡůɖ Fick, Ůɜɩ ŮˊɘɓŮɓŬɘɩɗɖəŮ ɖ ŮˊɘŰɡɢɐɠ ɛŮŰŬűɞɟɎ Űɖɠ 

ŭɞɝɞɟɞɡɓɘəɑɜɖɠ ůŮ əɨŰŰŬɟŬ SH-SY5Y ɛɏůɤ ŬˊŮɘəɧɜɘůɖɠ Ůɜɧɠ əŬɘ ŭɨɞ űɤŰɞɜɑɤɜ [46] 

https://www.google.com/search?sca_esv=13c2871c93da831a&cs=1&sxsrf=AE3TifOZXyZggNOzfcf4KaXeEUek6_1hFQ%3A1754925032222&q=synergistic+therapies&sa=X&ved=2ahUKEwjmkfyYhYOPAxWHgv0HHUUKLF4QxccNegQICBAB&mstk=AUtExfB2e6y5ML8f_JrPIfya-Oi2DOe_sVgMy1lVYmyn33UMTcJvwZYtS50eOpRKwx4bUi36a0goxOrLM5pYnj0Um5lvDc138B2hSpGPd4G0jXjLLcUxUnF9WHbLtzoJKfRLGAefdtXK7eSlJnLm1IqM9ep_fUdIuAaUYy48qKqD2W2Mfyh_E01hYcaRcNj4FZ1XaHtFAl-Pr6GZpVw2GBYUV97CBSHUUHTQSOaXVQ7fIPuunmzZ_t6utNfCKz09b6nO4azhWbRAW6RmT81AEszcmShM&csui=3
https://www.google.com/search?sca_esv=13c2871c93da831a&cs=1&sxsrf=AE3TifOZXyZggNOzfcf4KaXeEUek6_1hFQ%3A1754925032222&q=synergistic+therapies&sa=X&ved=2ahUKEwjmkfyYhYOPAxWHgv0HHUUKLF4QxccNegQICBAB&mstk=AUtExfB2e6y5ML8f_JrPIfya-Oi2DOe_sVgMy1lVYmyn33UMTcJvwZYtS50eOpRKwx4bUi36a0goxOrLM5pYnj0Um5lvDc138B2hSpGPd4G0jXjLLcUxUnF9WHbLtzoJKfRLGAefdtXK7eSlJnLm1IqM9ep_fUdIuAaUYy48qKqD2W2Mfyh_E01hYcaRcNj4FZ1XaHtFAl-Pr6GZpVw2GBYUV97CBSHUUHTQSOaXVQ7fIPuunmzZ_t6utNfCKz09b6nO4azhWbRAW6RmT81AEszcmShM&csui=3
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ɆŮ ɎɚɚŮɠ ˊɟɞůŮɔɔɑůŮɘɠ, ůɡɜŰɏɗɖəŬɜ ŭɨɞ Űɨˊɞɘ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛɏůɤ ɡŭɟɞɗŮɟɛɘəɐɠ 

ɛŮɗɧŭɞɡ ůŰɞɡɠ 170 ÁC ɔɘŬ 75 ɚŮˊŰɎ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əɘŰɟɘəɧ ɞɝɨ ɤɠ ˊɖɔɐ ɎɜɗɟŬəŬ, ɞ-

űŬɘɜɡɚɞŭɘŬɛɑɜɖ ɤɠ ˊɖɔɐ ŬɕɩŰɞɡ əŬɘ űɤůűɞɟɘəɧ ɞɝɨ ɤɠ ˊɖɔɐ űɤůűɧɟɞɡ. ȼ ˊɟɧůɛɘɝɖ ɛɧɜɞ ŬɕɩŰɞɡ 

ɞŭɐɔɖůŮ ůŮ əɑŰɟɘɜŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ, Ůɜɩ ɖ ůɡɜŭɡŬůɛɏɜɖ ˊɟɧůɛɘɝɖ ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ 

ˊŬɟɐɔŬɔŮ əɧəəɘɜŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɛŮ ɛɏɔɘůŰŬ Ůəˊɞɛˊɐɠ ůŰɖɜ ˊŮɟɘɞɢɐ 600ï720 nm. Ƀɘ ŭɨɞ Űɨˊɞɘ 

ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɛŮ ŮˊɘŰɡɢɑŬ ɔɘŬ ŬˊŮɘəɧɜɘůɖ əɡŰŰɎɟɤɜ in vitro, Ůɜɩ ŰŬ əɧəəɘɜŬ 

ŭŮɑɔɛŬŰŬ ŮˊɏŭŮɘɝŬɜ ɡɣɖɚɐ ɘəŬɜɧŰɖŰŬ əŬŰŬůŰɟɞűɐɠ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ əŬɘ ŬɜŬůŰɞɚɐɠ Űɖɠ 

ŬɜɎˊŰɡɝɖɠ ɧɔəɞɡ ɡˊɧ ŬəŰɘɜɞɓɧɚɖůɖ ɛŮ ɚɏɘɕŮɟ 532 nm, ɔŮɔɞɜɧɠ ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ůŰɘɠ ŮˊɘűŬɜŮɘŬəɏɠ 

əŬŰŬůŰɎůŮɘɠ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ űɤůűɧɟɞɡ (ȺɘəɧɜŬ 29) [47]. 

 

ȺɘəɧɜŬ 29: ɆɢɖɛŬŰɘəɐ ŬɜŬˊŬɟɎůŰŬůɖ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ (29) 

 

Ⱥˊɘˊɚɏɞɜ, ɖ ŮɜůɤɛɎŰɤůɖ ɛŮŰŬɚɚɘəɩɜ ɘɧɜŰɤɜ, ɧˊɤɠ Űɞ ɜɘəɏɚɘɞ, ůŮ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ˊɞɡ 

ůɡɜŰɏɗɖəŬɜ ɡŭɟɞɗŮɟɛɘəɎ ůŰɞɡɠ 200 ÁC ɔɘŬ 10 h Ŭˊɧ əɘŰɟɘəɧ ɞɝɨ əŬɘ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ, ɞŭɐɔɖůŮ ůŮ 

Ŭɡɝɖɛɏɜɞ ɓŬɗɛɧ ɔɟŬűɘŰɞˊɞɑɖůɖɠ ɛɏůɤ ŭŮůɛɩɜ NiïN əŬɘ ůŮ Ůɜɑůɢɡůɖ Űɖɠ űɤŰɞűɤŰŬɨɔŮɘŬɠ, ɛŮ 

əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ ɏɤɠ 54,7%. Ƀɘ Ni-CQDs ˊŬɟɞɡůɑŬůŬɜ ŮɝŬɘɟŮŰɘəɐ ɓɘɞůɡɛɓŬŰɧŰɖŰŬ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ űɗɞɟɑɕɞɡůŬ ŬˊŮɘəɧɜɘůɖ əɡŰŰɎɟɤɜ HeLa, Ůɜɩ Ůˊɘˊɚɏɞɜ ŬɝɘɞˊɞɘɐɗɖəŬɜ ɤɠ 

űɗɞɟɑɕɞɜŰŬ ɛŮɚɎɜɘŬ ɔɘŬ ŮűŬɟɛɞɔɏɠ ŬɜŰɘəŬŰɎůŰŬůɖɠ ˊɚŬůŰɩɜ əɤŭɘəɩɜ [48]. 

ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕɞɡɜ, Ůˊɑůɖɠ, ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ 

űɤůűɧɟɞɡ ˊɞɡ ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ ůŮ ɧɝɘɜɞ pH. Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ ŰŮɚŮɑŮɠ ůɡɜŰɏɗɖəŬɜ ɡŭɟɞɗŮɟɛɘəɎ 

ůŰɞɡɠ 160 ÁC ɔɘŬ 5 h ɛŮ ɢɟɐůɖ ɞ-űŬɘɜɡɚɞŭɘŬɛɑɜɖɠ əŬɘ űɤůűɞɟɘəɞɨ ɞɝɏɞɠ əŬɘ ŮɛűɎɜɘůŬɜ ɛɏɔɘůŰɞ 

Ůəˊɞɛˊɐɠ ůŰŬ 622 nm ɛŮ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ 15%. Ƀ űɗɞɟɘůɛɧɠ Űɞɡɠ ŮɑɜŬɘ ŬůɗŮɜɐɠ ůŮ űɡůɘɞɚɞɔɘəɧ 

pH, ŬɚɚɎ ŮɜɘůɢɨŮŰŬɘ ůɖɛŬɜŰɘəɎ ůŮ ɧɝɘɜɞ ˊŮɟɘɓɎɚɚɞɜ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮˊɘɚŮəŰɘəɐ 

ŬˊŮɘəɧɜɘůɖ ɧɔəɤɜ. ɄŮɘɟɎɛŬŰŬ ůŮ əɨŰŰŬɟŬ HeLa ɏŭŮɘɝŬɜ űɗɞɟɘůɛɧ ŰŮŰɟŬˊɚɎůɘɞ ůŮ ůɢɏůɖ ɛŮ 

űɡůɘɞɚɞɔɘəɎ əɨŰŰŬɟŬ, Ůɜɩ ůŮ ˊŮɘɟŬɛŬŰɧɕɤŬ əŬŰɏůŰɖ ŭɡɜŬŰɐ ɖ ŬˊŮɘəɧɜɘůɖ ɧɔəɤɜ ŮɜŰɧɠ ɛɑŬɠ ɩɟŬɠ 

əŬɘ ɖ ˊɚɐɟɖɠ əɎɗŬɟůɖ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ůŮ 24 ɩɟŮɠ [49]. 

ɇɏɚɞɠ, ɖ ůɡɜŭɡŬůŰɘəɐ ɢɟɐůɖ űɤŰɞŭɡɜŬɛɘəɐɠ əŬɘ űɤŰɞɗŮɟɛɘəɐɠ ɗŮɟŬˊŮɑŬɠ ŬˊɞŰŮɚŮɑ ɛɘŬ ˊɞɚɚɎ 

ɡˊɞůɢɧɛŮɜɖ ůŰɟŬŰɖɔɘəɐ ůŰɖ ɜŬɜɞɥŬŰɟɘəɐ, əŬɗɩɠ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŰŬɡŰɧɢɟɞɜɖ ˊŬɟŬɔɤɔɐ ŭɟŬůŰɘəɩɜ 

Ůɘŭɩɜ ɞɝɡɔɧɜɞɡ əŬɘ Űɖɜ Űɞˊɘəɐ Ŭɨɝɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɞŭɖɔɩɜŰŬɠ ůŮ Ůɜɘůɢɡɛɏɜɖ ŬɜŰɘəŬɟəɘɜɘəɐ 

ŭɟɎůɖ ɛɏůɤ ůɡɜŮɟɔɘůŰɘəɩɜ ɛɖɢŬɜɘůɛɩɜ (ȺɘəɧɜŬ 30) [50]. 
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ȺɘəɧɜŬ 30: ūɤŰɞŭɡɜŬɛɘəɐ əŬɘ űɤŰɞɗŮɟɛɘəɐ ɗŮɟŬˊŮɑŬ (30) 

 

 

4.3 ̎ ͈͓͖͙͊ͪ͘͝Ш͓͌Ш͈͔͉͈͎͈͛͐͑͛͐͑ͫ͘Ш͚͎͋ͩ͘ 
 

 
 
ɇŬ ŬɜŰɘɓŬəŰɖɟɘŬəɎ ɓɘɞɦɚɘəɎ ɛŮ ɓɎůɖ Űɘɠ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ (CDs) ˊɟɞůűɏɟɞɡɜ ɛŮɔɎɚŮɠ 

ŭɡɜŬŰɧŰɖŰŮɠ ůŰɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ůɞɓŬɟɐɠ ŬˊŮɘɚɐɠ Űɤɜ ŬɜɗŮəŰɘəɩɜ ůŰŬ ŬɜŰɘɓɘɞŰɘəɎ ɓŬəŰɖɟɑɤɜ ɔɘŬ 

Űɖ ŭɖɛɧůɘŬ ɡɔŮɑŬ. Ƀɘ ɗŮŰɘəɎ űɞɟŰɘůɛɏɜŮɠ CDs ůɡɜɐɗɤɠ ˊɟɞůəɞɚɚɩɜŰŬɘ ůŰɘɠ ɓŬəŰɖɟɘŬəɏɠ ɛŮɛɓɟɎɜŮɠ 

ɛɏůɤ ɖɚŮəŰɟɞůŰŬŰɘəɩɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ , ɤůŰɧůɞ, ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůɞɡɜ Ŭɘɛɧɚɡůɖ əŬɘ 

əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬ, əŬɘ ɖ ɛɖ ɘəŬɜɞˊɞɘɖŰɘəɐ Ůəˊɞɛˊɐ űɗɞɟɘůɛɞɨ ˊŮɟɘɞɟɑɕŮɘ Űɘɠ ŮűŬɟɛɞɔɏɠ Űɞɡɠ ůŰɖ 

ɓɘɞŬˊŮɘəɧɜɘůɖ. ɄŬɟŬəɎŰɤ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əɎˊɞɘŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ɛŮɚŮŰɩɜ ůŰɘɠ ɞˊɞɑŮɠ ɔɑɜŮŰŬɘ ɚɧɔɞɠ 

ɔɘŬ Űɖɜ ŬɜŰɘɓŬəŰɖɟɘŬəɐ ŭɟɎůɖ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ [51,52]. 

ɆŮ ůɡɔəŮəɟɘɛɏɜŮɠ ɛŮɚɏŰŮɠ, ůɡɜŰɏɗɖəŬɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ 

űɤůűɧɟɞɡ ɛɏůɤ ɛɘəɟɞəɡɛŬŰɘəɐɠ ˊɟɞůɏɔɔɘůɖɠ ɡˊɞɓɞɖɗɞɨɛŮɜɖɠ Ŭˊɧ ɡˊŮɟɐɢɞɡɠ əŬɘ ɢɟɧɜɞ 

ɗɏɟɛŬɜůɖɠ 10 ɚŮˊŰɩɜ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ űɚɞɨŭŬ ɛɎɜɔəɞ ɤɠ ˊɖɔɐ ɎɜɗɟŬəŬ əŬɘ ŬɕɩŰɞɡ əŬɘ 

űɤůűɞɟɘəɧ ɞɝɨ ɤɠ ˊɖɔɐ űɤůűɧɟɞɡ. Ƀɘ ˊŬɟŬɔɧɛŮɜŮɠ N,P-CQDs ˊŬɟɞɡůɑŬůŬɜ ɛɏɔɘůŰɞ ɛɐəɞɠ 

əɨɛŬŰɞɠ Ůəˊɞɛˊɐɠ ůŰŬ 499 nm əŬɘ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ 14,3%. ɇŬ ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜŬ 

ɜŬɜɞůɤɛŬŰɑŭɘŬ ŮɛűɎɜɘůŬɜ ŮɔɔŮɜɐ ŬɜŰɘɓŬəŰɖɟɘŬəɐ ŭɟɎůɖ ɏɜŬɜŰɘ Űɤɜ ůŰŮɚŮɢɩɜ Escherichia coli əŬɘ 

Staphylococcus aureus. ȼ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɛɖɢŬɜɘůɛɩɜ ŭɟɎůɖɠ ɛŮ RT-qPCR ŬˊɞəɎɚɡɣŮ ɧŰɘ ɏɜŬɜŰɘ 

Űɞɡ E. coli ɖ ŬɜŰɘɓŬəŰɖɟɘŬəɐ ŭɟɎůɖ ůɢŮŰɑɕŮŰŬɘ əɡɟɑɤɠ ɛŮ Űɖɜ ŬɜŬůŰɞɚɐ Űɖɠ ŭɡŬŭɘəɐɠ ůɢɎůɖɠ əŬɘ Űɖɠ 

ɛŮŰŬɔɟŬűɐɠ ɔŮɜŮŰɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ, ɞŭɖɔɩɜŰŬɠ ůŮ ˊŬɟŮɛˊɧŭɘůɖ Űɖɠ ŬɜɎˊŰɡɝɖɠ əŬɘ ŰŮɚɘəɎ ůŮ 

əɡŰŰŬɟɘəɧ ɗɎɜŬŰɞ. ȷɜŰɑɗŮŰŬ, ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ S. aureus, ɞɘ N,P-CQDs űŬɑɜŮŰŬɘ ɧŰɘ ˊŬɟŮɛɓŬɑɜɞɡɜ 

ůŰɞ ůɨůŰɖɛŬ ŬɜɑɢɜŮɡůɖɠ ŬˊŬɟŰɑŬɠ (quorum sensing), ŬɜŬůŰɏɚɚɞɜŰŬɠ Űɞɜ ůɢɖɛŬŰɘůɛɧ ɓɘɞűɑɚɛ, Űɖɜ 

ŬɜŰɘɔɟŬűɐ Űɞɡ DNA, Űɖɜ əɡŰŰŬɟɘəɐ ŭɘŬɑɟŮůɖ əŬɘ Űɖ ŭɘŬəɡŰŰŬɟɘəɐ ůɖɛŬŰɞŭɧŰɖůɖ (ȺɘəɧɜŬ 31) [51,52]. 

 

https://www.sciencedirect.com/topics/physics-and-astronomy/carbon-dot
https://www.sciencedirect.com/topics/chemistry/electrostatic-interaction
https://www.sciencedirect.com/topics/chemistry/fluorescence-emission
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ȺɘəɧɜŬ 31: ȺɘəɞɜŮɠ SEM Űɞɡ S.Aureus  ůɡɕŮɡɔɛɏɜɞ ɛŮ Űɘɠ N,P-CQDs ůŮ ŭɘɎůŰɖɛŬ 

0h(a),2h(b),4h(c),6h(d) ŬɜŰɑůŰɞɘɢŬ (31) 

 

4.4 ̢ ͙͒͒͌Ш͈͓͖͙͌͊ͪ͘͝ 
 

Ƀɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ ɏɢɞɡɜ ɛŮɚŮŰɖɗŮɑ ŮəŰŮɜɩɠ əŬɘ ůŮ 

ɎɚɚŮɠ ŮűŬɟɛɞɔɏɠ ˊɏɟŬɜ Űɤɜ ŬɜŰɘɓŬəŰɖɟɘŬəɩɜ əŬɘ űɤŰɞŭɡɜŬɛɘəɩɜ, ɧˊɤɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ 

ɜŬɜɞŬɘůɗɖŰɐɟɤɜ əŬɘ ůŰɖ ɓɘɞŬˊŮɘəɧɜɘůɖ. ȺɘŭəɧŰŮɟŬ, ŬɜŬˊŰɨɢɗɖəŬɜ ŬɘůɗɖŰɐɟŮɠ ɔɚɡəɧɕɖɠ əŬɘ 

ɔŬɚŬəŰɘəɞɨ ɞɝɏɞɠ ɓŬůɘůɛɏɜɞɘ ůŮ N,P-əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ, ɞɘ ɞˊɞɑŮɠ ůɡɜŰɏɗɖəŬɜ ɛŮ 

ɛɘəɟɞəɡɛŬŰɘəɐ ɛɏɗɞŭɞ ůŰɞɡɠ 180 ÁC ɔɘŬ 5 ɚŮˊŰɎ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɔɚɡəɧɕɖ ɤɠ ˊɖɔɐ ɎɜɗɟŬəŬ, 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ ɤɠ ˊɖɔɐ ŬɕɩŰɞɡ əŬɘ űɤůűɞɟɘəɧ ɞɝɨ ɤɠ ˊɖɔɐ űɤůűɧɟɞɡ. ȼ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ 

űɗɞɟɘůɛɞɨ ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ ɔɚɡəɧɕɖɠ ŬɜɐɚɗŮ ůŰɞ 95%, Ůɜɩ ɔɘŬ Űɞ ɔŬɚŬəŰɘəɧ ɞɝɨ ůŰɞ 80%. 

ɄŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɞɘ NPCQDs ŮɛűɎɜɘůŬɜ ɓŮɚŰɘɤɛɏɜɖ Ŭˊɧəɟɘůɖ ɟŮɨɛŬŰɞɠ ɛɏůɤ əɡəɚɘəɐɠ 

ɓɞɚŰŬɛɛŮŰɟɑŬɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ CQDs, NCQDs əŬɘ PCQDs, ɔŮɔɞɜɧɠ ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ɏɔɢɡůɖ 

Ůˊɘˊɚɏɞɜ ɖɚŮəŰɟɞɜɑɤɜ ɚɧɔɤ Űɤɜ ˊɟɞůɛɑɝŮɤɜ. Ⱥˊɘˊɚɏɞɜ, ɞ ŬɘůɗɖŰɐɟŬɠ Űɤɜ NPCQDs ˊŬɟɞɡůɑŬůŮ 

ɡɣɖɚɐ ůŰŬɗŮɟɧŰɖŰŬ Ɏɜɤ Űɤɜ 5000s, ɢŬɟŬəŰɖɟɘůŰɘəɧ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ɔɘŬ ˊɟŬəŰɘəɏɠ ŮűŬɟɛɞɔɏɠ 

[53]. 

ɄŬɟɎɚɚɖɚŬ, ůɡɜŰɏɗɖəŬɜ N,P-əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ɡɣɖɚɐ űɤŰɞűɤŰŬɨɔŮɘŬ ɛɏůɤ 

ɡŭɟɞɗŮɟɛɘəɐɠ ɛŮɗɧŭɞɡ ůŰɞɡɠ 180 ÁC əŬɘ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ 10 h, ɛŮ ɢɟɐůɖ 1,4-
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ɜŬűɗŬɚɘɜɞŭɘəŬɟɓɞɝɡɚɘəɞɨ ɞɝɏɞɠ ɤɠ ˊɖɔɐ ɎɜɗɟŬəŬ, ɞɡɟɑŬɠ ɤɠ ˊɖɔɐ ŬɕɩŰɞɡ əŬɘ űɤůűɞɟɘəɞɨ ɞɝɏɞɠ 

ɤɠ ˊɖɔɐ űɤůűɧɟɞɡ. ɇŬ ˊŬɟŬɔɧɛŮɜŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ˊŬɟɞɡůɑŬůŬɜ ɛɏɔɘůŰɞ ɛɐəɞɠ əɨɛŬŰɞɠ 

Ůəˊɞɛˊɐɠ ůŰɖɜ ˊŮɟɘɞɢɐ 535ï615 nm əŬɘ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ űɗɞɟɘůɛɞɨ 89,9%. Ƀ ůɡɜŭɡŬůɛɧɠ Űɖɠ 

ɡɣɖɚɐɠ əɓŬɜŰɘəɐɠ Ŭˊɧŭɞůɖɠ əŬɘ Űɞɡ ɡɣɖɚɞɨ ŬɟɜɖŰɘəɞɨ ŮˊɘűŬɜŮɘŬəɞɨ űɞɟŰɑɞɡ (ī41,9 mV) əŬɗɘůŰɎ 

Űɘɠ N,P-CDs əŬŰɎɚɚɖɚŮɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ɛɘəɟɞɓɘŬəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ. ɆŮ ůɨɔəɟɘůɖ ɛŮ Űɘɠ Ůɛˊɞɟɘəɏɠ 

ɢɟɤůŰɘəɏɠ ɞɡůɑŮɠ, ɞɘ ůɡɔəŮəɟɘɛɏɜŮɠ əɞɡəəɑŭŮɠ ɎɜɗɟŬəŬ ŮɛűŬɜɑɕɞɡɜ ɛŮɔŬɚɨŰŮɟɖ ůŰŬɗŮɟɧŰɖŰŬ, 

ɢŬɛɖɚɧŰŮɟɞ əɧůŰɞɠ əŬɘ ŭɡɜŬŰɧŰɖŰŬ ŰŬɢɨŰŮɟɖɠ əŬɘ ˊɘɞ ŮɝŮɘŭɘəŮɡɛɏɜɖɠ ŭɘɎəɟɘůɖɠ ɛŮŰŬɝɨ ɕɤɜŰŬɜɩɜ 

əŬɘ ɜŮəɟɩɜ ɛɘəɟɞɞɟɔŬɜɘůɛɩɜ [54]. 

Ⱥˊɘˊɚɏɞɜ, ɏɢɞɡɜ ŬɜŬˊŰɡɢɗŮɑ ˊɞɟŰɞəŬɚɑ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ 

űɤůűɧɟɞɡ ɛɏůɤ ɡŭɟɞɗŮɟɛɘəɐɠ ɛŮɗɧŭɞɡ ůŰɞɡɠ 180 ÁC ɔɘŬ 6 h, ɛŮ ɢɟɐůɖ əɘŰɟɘəɞɨ ɞɝɏɞɠ ɤɠ ˊɖɔɐ 

ɎɜɗɟŬəŬ, űɞɟɛŬɛɘŭɑɞɡ ɤɠ ˊɖɔɐ ŬɕɩŰɞɡ əŬɘ űɤůűɞɟɘəɞɨ ɞɝɏɞɠ ɤɠ ˊɖɔɐ űɤůűɧɟɞɡ. ɇɞ ɛɏɔɘůŰɞ 

ɛɐəɞɠ əɨɛŬŰɞɠ Ůəˊɞɛˊɐɠ űɗɞɟɘůɛɞɨ əŬŰŬɔɟɎűɖəŮ ůŰŬ 587 nm əŬɘ ɖ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ ŬɜɐɚɗŮ ůŰɞ 

47%. Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ N,P-CDs ŮɛűɎɜɘůŬɜ ɛɖŭŬɛɘɜɐ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬ əŬɘ ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ɔɘŬ əɡŰŰŬɟɘəɐ ŬˊŮɘəɧɜɘůɖ, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ Űɖ 

ŭɡɜŬŰɧŰɖŰɎ Űɞɡɠ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ɤɠ ŬɜɘɢɜŮɡŰɏɠ ɓɘɞŬˊŮɘəɧɜɘůɖɠ [55]. 

ɇɏɚɞɠ, ŬɜŬˊŰɨɢɗɖəŬɜ N,P-əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛɏůɤ ɡŭɟɞɗŮɟɛɘəɐɠ ůɨɜɗŮůɖɠ ůŰɞɡɠ 200 ÁC 

ɔɘŬ 10 h, ɛŮ ɢɟɐůɖ űɗŬɚɘəɞɨ ɞɝɏɞɠ ɤɠ ˊɖɔɐ ɎɜɗɟŬəŬ, ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖɠ ɤɠ ˊɖɔɐ ŬɕɩŰɞɡ əŬɘ 

űɤůűɞɟɘəɞɨ ɞɝɏɞɠ ɤɠ ˊɖɔɐ űɤůűɧɟɞɡ, ɛŮ ůŰɧɢɞ Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊɞɚɡɚŮɘŰɞɡɟɔɘəɩɜ 

ɜŬɜɞŬɘůɗɖŰɐɟɤɜ. ɇŬ ˊŬɟŬɔɧɛŮɜŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ˊŬɟɞɡůɑŬůŬɜ ɛɏɔɘůŰɞ ɛɐəɞɠ əɨɛŬŰɞɠ Ůəˊɞɛˊɐɠ 

ůŰŬ 478 nm əŬɘ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ űɗɞɟɘůɛɞɨ 15%. ȹɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ŰŬ ɘɧɜŰŬ Mn(VII) ŮɑɜŬɘ ɘəŬɜɎ 

ɜŬ ˊɟɞəŬɚɞɨɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ŬˊɧůɓŮůɖ Űɞɡ űɗɞɟɘůɛɞɨ Űɤɜ N,P-CDs ɛɏůɤ Űɞɡ űŬɘɜɞɛɏɜɞɡ 

ŮůɤŰŮɟɘəɞɨ űɑɚŰɟɞɡ, ɚɧɔɤ ŮˊɘəɎɚɡɣɖɠ Űɤɜ ɕɤɜɩɜ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ Mn(VII) ɛŮ ŰŬ ɛɐəɖ əɨɛŬŰɞɠ 

ŭɘɏɔŮɟůɖɠ əŬɘ Ůəˊɞɛˊɐɠ Űɤɜ N,P-CDs. ɇɞ ůɨůŰɖɛŬ ˊŬɟɞɡůɑŬůŮ ɡɣɖɚɐ ŮəɚŮəŰɘəɧŰɖŰŬ ɏɜŬɜŰɘ Űɞɡ 

Mn(VII), ɛŮ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ 48,3 nM əŬɘ ɔɟŬɛɛɘəɧ Ůɨɟɞɠ Ŭˊɧ 10 ɛM ɏɤɠ 200 ɛM. Ⱥˊɘˊɚɏɞɜ, ŰŬ N,P-

CDs ŮűŬɟɛɧůŰɖəŬɜ ŮˊɘŰɡɢɩɠ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ Űɞɡ Mn(VII) ůŮ ɕɤɜŰŬɜɎ əɨŰŰŬɟŬ, ɚɧɔɤ Űɖɠ Ůɡɜɞɥəɐɠ 

ɓɘɞůɡɛɓŬŰɧŰɖŰŬɠ əŬɘ Űɖɠ ŬɛŮɚɖŰɏŬɠ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬɠ. ɄŬɟɎɚɚɖɚŬ, ˊŬɟŬŰɖɟɐɗɖəŮ ɔɟŬɛɛɘəɐ əŬɘ 

ŬɜŬůŰɟɏɣɘɛɖ ɛŮŰŬɓɞɚɐ Űɖɠ ɏɜŰŬůɖɠ Ůəˊɞɛˊɐɠ ůŮ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɑŬɠ Ŭˊɧ 25 ɏɤɠ 80 ÁC, ɛŮ 

ŮɡŬɘůɗɖůɑŬ ī1,79% ŬɜɎ ÁC [56]. 

 

ɆŰɞɜ ɄɑɜŬəŬ 1 ŬɜŬűɏɟɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ŮűŬɟɛɞɔɏɠ Űɤɜ CQDs.  
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ɄɑɜŬəŬɠ 1: ɆɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ ɛŮ Űɘɠ ŮűŬɟɛɞɔɏɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɛŮ Űɘɠ 

ŮəɎůŰɞŰŮ ůɡɜɗɐəŮɠ 
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4.5 ̎ ͈͓͖͙͊ͪ͘͝Ш͓͌Ш͚͎ͫ͘͞Ш͓͎͔͒͌͐͢ ͖͑ͤШ͖͕͖͙ͪШ͙͠Ш͎͗͊ͫШ͔ͩ͏͈͈͑͘ 
 

 

 

 

ɇɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ, Ůˊɑůɖɠ ɔɜɤůŰɧ ɤɠ cis-ɓɞɡŰŮɜɞŭɘɞɥəɧ ɞɝɨ , ŮɑɜŬɘ ɛɘŬ ɞɟɔŬɜɘəɐ ɏɜɤůɖ ɛŮ Űɞɜ ɢɖɛɘəɧ 

Űɨˊɞ HOϜCCH=CHCOϜH. ɄɟɧəŮɘŰŬɘ ɔɘŬ ŭɘəŬɟɓɞɝɡɚɘəɧ ɞɝɨ, ˊɞɡ ůɖɛŬɑɜŮɘ ɧŰɘ ɏɢŮɘ ŭɨɞ əŬɟɓɞɝɡɚɘəɏɠ 

ɞɛɎŭŮɠ (ȺɘəɧɜŬ 32). ɇɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ ŮɑɜŬɘ Űɞ cis ɘůɞɛŮɟɏɠ Űɞɡ ɓɞɡŰŮɜɞŭɘɞɥəɞɨ ɞɝɏɞɠ , Ůɜɩ Űɞ 

űɞɡɛŬɟɘəɧ ɞɝɨ ŮɑɜŬɘ Űɞ trans ɘůɞɛŮɟɏɠ. ȷəɧɛɖ, ŮɑɜŬɘ ɏɜŬ Ɏɢɟɤɛɞ, əɟɡůŰŬɚɚɘəɧ ůŰŮɟŮɧ ˊɞɡ ŮɑɜŬɘ 

ɘŭɘŬɑŰŮɟŬ ŭɘŬɚɡŰɧ ůŰɞ ɜŮɟɧ əŬɘ ŮɑɜŬɘ ɏɜŬ ɘůɢɡɟɧ ɞɟɔŬɜɘəɧ ɞɝɨ ɧŰŬɜ ɡűɑůŰŬŰŬɘ ŭɘɎɚɡůɖ [57]. 

 

 

ȺɘəɧɜŬ 32: ɀɖɚŮɥɜɘəɧ ɞɝɨ (32) 

 

ɇŬ əŬɟɓɞɝɡɚɘəɎ ɞɝɏŬ ɏɢɞɡɜ ŮɡɟŮɑŬ ɢɟɐůɖ ůŰɖɜ ˊŬɟŬɔɤɔɐ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛŮ ůɡɢɜɧŰŮɟɞ 

ˊŬɟɎŭŮɘɔɛŬ Űɖ ɢɟɐůɖ Űɞɡ əɘŰɟɘəɞɨ ɞɝɏɞɠ. ȺɘŭɘəɧŰŮɟŬ, ŬˊɞŰŮɚɞɨɜ ˊɖɔɐ ɎɜɗɟŬəŬ əŬɘ ɞɝɡɔɧɜɞɡ əŬɘ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ űɗɖɜɏɠ, ɓɘɞůɡɛɓŬŰɏɠ ˊɟɩŰŮɠ ɨɚŮɠ. ȾŬŰɎ Űɖ ɗŮɟɛɘəɐ ŬˊɞůɨɜɗŮůɖ ɐ ˊɡɟɧɚɡůɖ, 

ɞɘ ŭŮůɛɞɑ CïC əŬɘ CïH ŬɜŬŭɘɞɟɔŬɜɩɜɞɜŰŬɘ, ůɢɖɛŬŰɑɕɞɜŰŬɠ Űɞɜ ˊɡɟɐɜŬ Űɤɜ CQDs. ɇŬɡŰɧɢɟɞɜŬ, 

ɛɏɟɞɠ Űɤɜ ɞɛɎŭɤɜ ïCOOH ɛŮŰŬŰɟɏˊŮŰŬɘ ůŮ ŮˊɘűŬɜŮɘŬəɏɠ ɞɝɡɔɞɜɤɛɏɜŮɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ. Ƀɘ 

ɞɛɎŭŮɠ ïCOOH Űɤɜ əŬɟɓɞɝɡɚɘəɩɜ ɞɝɏɤɜ ˊŬɟŬɛɏɜɞɡɜ ɛŮɟɘəɩɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ CQDs ɛŮŰɎ Űɖ 

ůɨɜɗŮůɖ. ȷɡŰɏɠ ɞɘ ɡŭɟɧűɘɚŮɠ ɞɛɎŭŮɠ əɎɜɞɡɜ Űɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ŭɘŬɚɡŰɏɠ ůŰɞ ɜŮɟɧ əŬɘ ŮɨəɞɚŮɠ ɜŬ 

Űɟɞˊɞˊɞɘɖɗɞɨɜ ɢɖɛɘəɎ. ȾŬŰɎ Űɖɜ ɡŭɟɞɗŮɟɛɘəɐ ɐ ɗŮɟɛɘəɐ ɛɏɗɞŭɞ, ŰŬ əŬɟɓɞɝɡɚɘəɎ ɞɝɏŬ ɛˊɞɟɞɨɜ ɜŬ 

ŭɟɎůɞɡɜ ɤɠ ɐˊɘŬ ůŰŬɗŮɟɞˊɞɘɖŰɘəɎ, ŮˊɘɓɟŬŭɨɜɞɜŰŬɠ Űɖɜ ɡˊŮɟɓɞɚɘəɐ ŬɜɎˊŰɡɝɖ Űɤɜ ůɤɛŬŰɘŭɑɤɜ. ȼ 

ˊŬɟɞɡůɑŬ ɞɝɡɔɧɜɞɡ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŭɖɛɘɞɡɟɔŮɑ ŮɜŮɟɔŮɘŬəɏɠ ůŰɎɗɛŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ 

űɗɞɟɘůɛɞɛŮŰɟɘəɐ Ůəˊɞɛˊɐ. ɇɏɚɞɠ, ˊɞɚɚɎ əŬɟɓɞɝɡɚɘəɎ ɞɝɏŬ (ˊ.ɢ. əɘŰɟɘəɧ, ɞɝŬɚɘəɧ) ŮɑɜŬɘ ɛɖ ŰɞɝɘəɎ, 

űɗɖɜɎ əŬɘ ɓɘɞŭɘŬůˊɩɛŮɜŬ, ɞˊɧŰŮ ɖ ɢɟɐůɖ Űɞɡɠ ŰŬɘɟɘɎɕŮɘ ůŮ ˊɟɎůɘɜŮɠ ɛŮɗɧŭɞɡɠ ůɨɜɗŮůɖɠ [58]. 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ ˊɖɔɐ ɎɜɗɟŬəŬ, Űɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ. 

 

ɆŮ ůŮɘɟɎ ɛŮɚŮŰɩɜ ˊɞɡ Ŭɝɘɞˊɞɘɞɨɜ Űɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ ɤɠ ˊɟɧŭɟɞɛɞ ɡɚɘəɧ, ɏɢŮɘ əŬŰŬŭŮɘɢɗŮɑ ɖ ŮɡŮɚɘɝɑŬ 

Űɤɜ əɓŬɜŰɘəɩɜ əɞɡəəɑŭɤɜ ɎɜɗɟŬəŬ ůŮ ŮűŬɟɛɞɔɏɠ ŬɜɑɢɜŮɡůɖɠ, ŬˊŮɘəɧɜɘůɖɠ əŬɘ ɗŮɟŬˊŮɑŬɠ. ȷɟɢɘəɎ, 

ůɡɜŰɏɗɖəŬɜ ˊɟɎůɘɜŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ůɡɜ-ɜŰɞˊŬɟɘůɛɏɜɞ ɎɕɤŰɞ əŬɘ űɩůűɞɟɞ ɛɏůɤ 

ɡŭɟɞɗŮɟɛɘəɐɠ ɛŮɗɧŭɞɡ ůŰɞɡɠ 230 ÁC ɔɘŬ 6 h, ɛŮ ˊɟɧŭɟɞɛŬ Űɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ, Űɞ űɤůűɞɟɘəɧ ɞɝɨ əŬɘ 

Űɖɜ p-űŬɘɜɡɚŮɜɞŭɘŬɛɑɜɖ. Ƀɘ ˊŬɟŬɔɧɛŮɜŮɠ N,P-CQDs ˊŬɟɞɡůɑŬůŬɜ űŬɘɜɧɛŮɜɞ ŮůɤŰŮɟɘəɞɨ űɑɚŰɟɞɡ 

(IFE) əŬŰɎ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɐ Űɞɡɠ ɛŮ Űɖɜ ŰŬɕŮŰɑɜɖ, ɏɜŬ ŬɚəŬɚɞŮɘŭɏɠ űɡŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ, 

https://www.google.com/search?sca_esv=08bd8e8cec846723&sxsrf=AE3TifOOChI9hR1YO0aSWquVWqb2tD7KhQ%3A1755006586955&q=cis-butenedioic+acid&sa=X&ved=2ahUKEwjoncaBtYWPAxUJnf0HHYYYLPQQxccNegQIDxAB&mstk=AUtExfCbIR8MsRpAqYxPoOxLvFcD6aWoSOtCVAH3WB5VIA6Q8WxMxajorTOmGaQvyJDpIm3MTu7rpSZWxrbH8mZTk53sxDf2nerTPS-_N6RjiM38Xd6vK0ajBxA-kW6JO6TuK4bhhMh7QiShYOWqP-gSp25hs1n1de7IOrLDQllcDnTNrFXt2hHcjc_P04rjvcJIEvizRFf1LYgE_G6_B46yH37P7GYZB__pDEcOF9tOdeSGdyn58xhAM4CY3L9EZXbNX_IoOyI7VIF-fWiZwVj20DOy&csui=3
https://www.google.com/search?sca_esv=08bd8e8cec846723&sxsrf=AE3TifOOChI9hR1YO0aSWquVWqb2tD7KhQ%3A1755006586955&q=butenedioic+acid&sa=X&ved=2ahUKEwjoncaBtYWPAxUJnf0HHYYYLPQQxccNegQIFBAB&mstk=AUtExfCbIR8MsRpAqYxPoOxLvFcD6aWoSOtCVAH3WB5VIA6Q8WxMxajorTOmGaQvyJDpIm3MTu7rpSZWxrbH8mZTk53sxDf2nerTPS-_N6RjiM38Xd6vK0ajBxA-kW6JO6TuK4bhhMh7QiShYOWqP-gSp25hs1n1de7IOrLDQllcDnTNrFXt2hHcjc_P04rjvcJIEvizRFf1LYgE_G6_B46yH37P7GYZB__pDEcOF9tOdeSGdyn58xhAM4CY3L9EZXbNX_IoOyI7VIF-fWiZwVj20DOy&csui=3
https://www.google.com/search?sca_esv=08bd8e8cec846723&sxsrf=AE3TifOOChI9hR1YO0aSWquVWqb2tD7KhQ%3A1755006586955&q=fumaric+acid&sa=X&ved=2ahUKEwjoncaBtYWPAxUJnf0HHYYYLPQQxccNegQIFBAC&mstk=AUtExfCbIR8MsRpAqYxPoOxLvFcD6aWoSOtCVAH3WB5VIA6Q8WxMxajorTOmGaQvyJDpIm3MTu7rpSZWxrbH8mZTk53sxDf2nerTPS-_N6RjiM38Xd6vK0ajBxA-kW6JO6TuK4bhhMh7QiShYOWqP-gSp25hs1n1de7IOrLDQllcDnTNrFXt2hHcjc_P04rjvcJIEvizRFf1LYgE_G6_B46yH37P7GYZB__pDEcOF9tOdeSGdyn58xhAM4CY3L9EZXbNX_IoOyI7VIF-fWiZwVj20DOy&csui=3
https://www.google.com/search?sca_esv=08bd8e8cec846723&sxsrf=AE3TifOOChI9hR1YO0aSWquVWqb2tD7KhQ%3A1755006586955&q=fumaric+acid&sa=X&ved=2ahUKEwjoncaBtYWPAxUJnf0HHYYYLPQQxccNegQIFBAC&mstk=AUtExfCbIR8MsRpAqYxPoOxLvFcD6aWoSOtCVAH3WB5VIA6Q8WxMxajorTOmGaQvyJDpIm3MTu7rpSZWxrbH8mZTk53sxDf2nerTPS-_N6RjiM38Xd6vK0ajBxA-kW6JO6TuK4bhhMh7QiShYOWqP-gSp25hs1n1de7IOrLDQllcDnTNrFXt2hHcjc_P04rjvcJIEvizRFf1LYgE_G6_B46yH37P7GYZB__pDEcOF9tOdeSGdyn58xhAM4CY3L9EZXbNX_IoOyI7VIF-fWiZwVj20DOy&csui=3
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ɞŭɖɔɩɜŰŬɠ ůŮ ŬˊɧůɓŮůɖ űɗɞɟɘůɛɞɨ əŬɘ ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ŬɜɎˊŰɡɝɖ ŬɜŬɚɞɔɘəɞɨ űɗɞɟɑɕɞɜŰɞɠ 

ŬɜɘɢɜŮɡŰɐ ɛŮ ɔɟŬɛɛɘəɧ Ůɨɟɞɠ 0,01ï30 ɛmol/L əŬɘ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ 0,002 ɛmol/L [59]. 

ɄŬɟɎɚɚɖɚŬ, ŬɜŬˊŰɨɢɗɖəŬɜ ɡɓɟɘŭɘəɎ ɛɘəəɨɚɘŬ Ŭˊɧ ůɡɕŮɨɔɛŬŰŬ əɓŬɜŰɘəɩɜ əɞɡəəɑŭɤɜ ɎɜɗɟŬəŬ əŬɘ 

ŭɞɝɞɟɞɡɓɘəɑɜɖɠ, ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ůɡɜŭŮŰɘəɎ ɛɧɟɘŬ Űɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ (cis-ɓɞɡŰŮɜɞŭɘɞɥəɧ 

ɞɝɨ) əŬɘ Űɞ űɞɡɛŬɟɘəɧ ɞɝɨ (trans-ɓɞɡŰŮɜɞŭɘɞɥəɧ ɞɝɨ). ɇɞ trans-ůɡɕɡɔɏɠ ɛŮ űɞɡɛŬɟɘəɧ ɞɝɨ ŮɛűɎɜɘůŮ 

ɛŮɔŬɚɨŰŮɟɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ űɎɟɛŬəɞ, ŮɡɜɞɥəɧŰŮɟɖ ůɡɛˊŮɟɘűɞɟɎ ŬˊŮɚŮɡɗɏɟɤůɖɠ əŬɘ ɘůɢɡɟɧŰŮɟɖ 

ŬɜŬůŰɞɚɐ əŬɟəɘɜɘəɩɜ əɡŰŰɎɟɤɜ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ cis-ůɡɕɡɔɏɠ ɛŮ ɛɖɚŮɥɜɘəɧ ɞɝɨ [60]. 

ɆŮ Ɏɚɚɖ ˊɟɞůɏɔɔɘůɖ, ˊŬɟŬůəŮɡɎůŰɖəŬɜ ɜŰɞˊŬɟɘůɛɏɜŮɠ ɛŮ ɎɕɤŰɞ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛɏůɤ 

Űɟɘɩɜ ŭɘŬűɞɟŮŰɘəɩɜ ůɡɜɗŮŰɘəɩɜ ɞŭɩɜ (ɡŭɟɞɗŮɟɛɘəɐ ɛɏɗɞŭɞɠ, ɛɘəɟɞəɨɛŬŰŬ əŬɘ ŬɜŰɑŭɟŬůɖ 

ŮˊŬɜŬɟɞɐɠ), ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ˊɖɔɏɠ ɎɜɗɟŬəŬ ɛɖɚŮɥɜɘəɧ, űɞɡɛŬɟɘəɧ əŬɘ Ŭŭɘˊɘəɧ ɞɝɨ əŬɘ 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ ɤɠ ˊɖɔɐ ŬɕɩŰɞɡ. Ƀɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɜ ɡŭɟɞɗŮɟɛɘəɐ 

ɛɏɗɞŭɞ ˊŬɟɞɡůɑŬůŬɜ Űɖɜ ɡɣɖɚɧŰŮɟɖ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ űɗɞɟɘůɛɞɨ əŬɘ ɚŮɘŰɞɨɟɔɖůŬɜ ɤɠ ŮəɚŮəŰɘəɞɑ 

əŬɘ ŮɡŬɑůɗɖŰɞɘ ɜŬɜɞŬɜɘɢɜŮɡŰɏɠ ɔɘŬ ɘɧɜŰŬ Fe³ϕ ɛŮ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ 35 nM [61]. 

ȷɜŰɑůŰɞɘɢŬ, ůɡɜŰɏɗɖəŬɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ɓɎůɖ Űɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ əŬɘ Űɖɜ Ŭɟɔɘɜɑɜɖ, ɞɘ 

ɞˊɞɑŮɠ ˊŬɟɞɡůɑŬůŬɜ ɡɣɖɚɐ ŭɘŬɚɡŰɧŰɖŰŬ ůŰɞ ɜŮɟɧ, əŬɚɐ ŬɜŰɞɢɐ ůŰɖ űɤŰɞɚŮɨəŬɜůɖ əŬɘ ůŰŬɗŮɟɧŰɖŰŬ 

ůŮ űɡůɘɞɚɞɔɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ȷˊɧ ŰŬ űɎůɛŬŰŬ Ŭˊɞɟɟɧűɖůɖɠ əŬɘ Űɘɠ ɛŮŰɟɐůŮɘɠ ɢɟɞɜɘəɎ 

ŭɘŬɢɤɟɘůɛɏɜɞɡ űɗɞɟɘůɛɞɨ ˊɟɞɏəɡɣŮ ɖ ɨˊŬɟɝɖ ŭɨɞ űɤŰŮɘɜɩɜ əɏɜŰɟɤɜ, ɛŮ Űɞ ŭŮɨŰŮɟɞ ɜŬ ŮɛűŬɜɑɕŮɘ 

ɛŮɔɎɚɞ ɢɟɧɜɞ ɕɤɐɠ űɗɞɟɘůɛɞɨ (25,76 ns). ɇŬ ɡɚɘəɎ ŬɡŰɎ ŬɝɘɞˊɞɘɐɗɖəŬɜ Űɧůɞ ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ 

ɘɧɜŰɤɜ ůɘŭɐɟɞɡ ůŮ Ůɡɟɨ ɔɟŬɛɛɘəɧ Ůɨɟɞɠ ɧůɞ əŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ůɨɜɗŮŰɤɜ ɛŮɛɓɟŬɜɩɜ 

ˊɞɚɡɓɘɜɡɚɘəɐɠ Ŭɚəɞɧɚɖɠ (PVA) [62]. 

Ⱥˊɘˊɚɏɞɜ, ɛŮ ɢɟɐůɖ ɛɖɚŮɥɜɘəɞɨ ɞɝɏɞɠ əŬɘ əɡůŰŮȶɜɖɠ ɤɠ ˊɟɞŭɟɧɛɤɜ, ˊŬɟŬůəŮɡɎůŰɖəŬɜ əɓŬɜŰɘəɏɠ 

ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɜŰɞˊŬɟɘůɛɏɜŮɠ ɛŮ ɎɕɤŰɞ, ɗŮɑɞ əŬɘ űɩůűɞɟɞ, ɞɘ ɞˊɞɑŮɠ ŮűŬɟɛɧůŰɖəŬɜ ɤɠ 

űɗɞɟɑɕɞɡůŮɠ ɛɐŰɟŮɠ ɔɘŬ Űɖɜ ɎɛŮůɖ ŬɜɑɢɜŮɡůɖ Űɖɠ ɡŭɟɞəɘɜɧɜɖɠ, Ůɜɧɠ ůɖɛŬɜŰɘəɞɨ ɞɟɔŬɜɘəɞɨ ɟɨˊɞɡ 

ɡŭɎŰɘɜɤɜ ɞɘəɞůɡůŰɖɛɎŰɤɜ. Ƀ ŬɜŬˊŰɡɔɛɏɜɞɠ ŬɘůɗɖŰɐɟŬɠ ŮɛűɎɜɘůŮ ɧɟɘɞ ŬɜɑɢɜŮɡůɖɠ 50 nM, 

ɔɟŬɛɛɘəɧ Ůɨɟɞɠ 12,0ï57,5 ɛM əŬɘ ɡɣɖɚɐ ŮəɚŮəŰɘəɧŰɖŰŬ Ŭəɧɛɖ əŬɘ ˊŬɟɞɡůɑŬ ˊŬɟŮɛɓŬɚɚɧɛŮɜɤɜ 

ɞɡůɘɩɜ, ɛŮ ˊɞůɞůŰɎ ŬɜɎəŰɖůɖɠ 98ï102% ůŮ ˊɟŬɔɛŬŰɘəɎ ŭŮɑɔɛŬŰŬ ɜŮɟɞɨ [63]. 

ɆŮ ŭɘŬűɞɟŮŰɘəɐ ůŰɟŬŰɖɔɘəɐ, ɛɖɚŮɥɜɘəɧ ɞɝɨ əŬɘ m-űŬɘɜɡɚŮɜɞŭɘŬɛɑɜɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ɔɟɐɔɞɟɖ 

ɛŮŰŬŰɟɞˊɐ əɞɘɜɩɜ ˊɟɞŭɟɧɛɤɜ ůŮ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ, ɛɏůɤ 

ŭɘŮɟɔŬůɘɩɜ ŬűɡŭɎŰɤůɖɠïůɡɛˊɨəɜɤůɖɠ ůŮ ŭɘŬɚɨŰŮɠ űɞɟɛŬɛɑŭɘɞ ɐ ŭɘɛŮɗɡɚɞűɞɟɛŬɛɑŭɘɞ. Ƀɘ 

ˊŬɟŬɔɧɛŮɜŮɠ ɛˊɚŮ əŬɘ ˊɟɎůɘɜŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ˊŬɟɞɡůɑŬůŬɜ ɢŬɛɖɚɐ ŰɞɝɘəɧŰɖŰŬ, ŭɡɜŬŰɧŰɖŰŬ 

əɡŰŰŬɟɘəɐɠ ŬˊŮɘəɧɜɘůɖɠ əŬɘ ɘəŬɜɧŰɖŰŬ űɗɞɟɑɕɞɡůŬɠ ŬɜɑɢɜŮɡůɖɠ Űɖɠ ŰŮŰɟŬəɡəɚɑɜɖɠ ɛŮ ɧɟɘɞ 

ŬɜɑɢɜŮɡůɖɠ 25 nM, Ůɜɩ ŬɝɘɞˊɞɘɐɗɖəŬɜ əŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ůɡůəŮɡɩɜ LED [64]. 

ɄŬɟɎɚɚɖɚŬ, ɡŭɟɞɗŮɟɛɘəɎ ůɡɜŰɘɗɏɛŮɜŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ Ŭˊɧ ɛɖɚŮɥɜɘəɧ əŬɘ ɓŮɜɕɞɥəɧ ɞɝɨ 

ˊŬɟɞɡůɑŬůŬɜ ɛˊɚŮ űɗɞɟɘůɛɧ əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŬɜɎˊŰɡɝɖ ůɡůŰɐɛŬŰɞɠ ŮůɤŰŮɟɘəɞɨ 

űɑɚŰɟɞɡ ɛŮ ɞɡɟɘəɧ ɞɝɨ ɤɠ ŬˊɞɟɟɞűɖŰɘəɧ ɡɚɘəɧ. ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ŮˊɏŰɟŮɣŮ Űɞɜ űɗɞɟɑɕɞɜŰŬ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɞɡɟɘəɞɨ ɞɝɏɞɠ ůŮ ŬɜɗɟɩˊɘɜŬ ɡɔɟɎ ɛŮ ɔɟŬɛɛɘəɧ Ůɨɟɞɠ 5,0ï400 ɛM əŬɘ ɧɟɘɞ 

ŬɜɑɢɜŮɡůɖɠ 2,26 ɛM [65]. 
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ɇɏɚɞɠ, ůɡɜŰɏɗɖəŬɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɜŰɞˊŬɟɘůɛɏɜŮɠ ɛŮ ɎɕɤŰɞ ɛɏůɤ ɡŭɟɞɗŮɟɛɘəɐɠ 

ŬɜŰɑŭɟŬůɖɠ Ůɜɧɠ ůŰŬŭɑɞɡ ɛŮ ˊɟɧŭɟɞɛŬ, Űɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ əŬɘ Űɖɜ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ, ɞɘ ɞˊɞɑŮɠ 

ŮɛűɎɜɘůŬɜ ɛˊɚŮ Ůəˊɞɛˊɐ ɛŮ əɓŬɜŰɘəɐ Ŭˊɧŭɞůɖ 45% əŬɘ ůŰŬɗŮɟɧŰɖŰŬ ůŮ Ůɡɟɨ űɎůɛŬ pH (1ï13). ȼ 

ŬˊɧůɓŮůɖ Űɞɡ űɗɞɟɘůɛɞɨ ɞűŮɑɚŮŰŬɘ ŮˊɘɚŮəŰɘəɎ ůŰɖɜ p-ɜɘŰɟɞűŬɘɜɧɚɖ ɛɏůɤ ɛɖɢŬɜɘůɛɞɨ ɛŮŰŬűɞɟɎɠ 

ɖɚŮəŰɟɞɜɑɤɜ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ ɞˊŰɘəɐ ŬɜɑɢɜŮɡůɖ Űɞɡ ɟɨˊɞɡ ŬɡŰɞɨ ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ 0,10ï11 ɛg 

mLϖĭ, ɔŮɔɞɜɧɠ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ ɚɧɔɤ Űɖɠ ŰɞɝɘəɧŰɖŰŬɠ Űɖɠ p-ɜɘŰɟɞűŬɘɜɧɚɖɠ ůŮ ɡŭɎŰɘɜŬ ůɡůŰɐɛŬŰŬ 

[66]. 
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̙̜̘̎̒̊̊̒̓̚̕Ш̛̘̎̕̚ 
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× ̛͖͙͑͗ͧ 
 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ůɨɜɗŮůɖ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ 

ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ ɛŮ ůŰɧɢɞ Űɖ ɓɘɞɚɞɔɘəɐ Ŭɝɘɞɚɧɔɖůɐ Űɞɡɠ ɤɠ ˊɟɞɠ Űɖɜ ŬɜŰɘəŬɟəɘɜɘəɐ Űɞɡɠ 

ŭɟɎůɖ. ȷűɞɨ ɏɔɘɜŮ ɖ ůɨɜɗŮůɖ, ŬəɞɚɞɨɗɖůŮ ůŮ ˊɟɩŰɖ űɎůɖ, ɞ ɢŬɟŬəŰɖɟɘůɛɧɠ Űɤɜ əɓŬɜŰɘəɩɜ 

ŰŮɚŮɘɩɜ ɛɏůɤ űɡůɘəɞɢɖɛɘəɩɜ, ŭɞɛɘəɩɜ əŬɘ ɛɞɟűɞɚɞɔɘəɩɜ ŰŮɢɜɘəɩɜ. ɆŮ ŭŮɨŰŮɟɖ űɎůɖ, ɛŮɚŮŰɐɗɖəŮ 

ɖ ɓɘɞɚɞɔɘəɐ Űɞɡɠ ŭɟɎůɖ, ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɖ ŭɞəɘɛɐ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬɠ ɏɜŬɜŰɘ Űɤɜ əŬɟəɘɜɘəɩɜ 

ůŮɘɟɩɜ HeLa əŬɘ Űɤɜ ɡɔɘɩɜ Ŭɜɗɟɩˊɘɜɤɜ ŮˊɘŭŮɟɛɘəɩɜ əŮɟŬŰɘɜɞəɡŰŰɎɟɤɜ HaCaT, Űɖ ɛɏɗɞŭɞ 

woundhealing, Űɖ ɛɏɗɞŭɞ MTT, əŬɗɩɠ əŬɘ Űɖ ŭɞəɘɛɐ ůɡɛɓŬŰɧŰɖŰŬɠ ɛŮ Űɞ Ŭɜɗɟɩˊɘɜɞ ŬɑɛŬ ɛɏůɤ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ Ŭɘɛɧɚɡůɖɠ.  

ɇŬ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ˊŬɟŬůəŮɡɐ Űɤɜ ɜŮɞůɡɜŰɘɗɏɛŮɜɤɜ əɓŬɜŰɘəɩɜ 

ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ-űɤůűɧɟɞɡ ɐŰŬɜ Űɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ (maleic acid), ɖ 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ (ethylenediamine) əŬɘ Űɞ űɤůűɞɟɘəɧ ɞɝɨ (phosphoric acid). ɇɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ˊɖɔɐ ɎɜɗɟŬəŬ, ɖ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ ɤɠ ˊɖɔɐ ŬɕɩŰɞɡ əŬɘ Űɞ űɤůűɞɟɘəɧ ɞɝɨ ɤɠ 

ˊɖɔɐ űɤůűɧɟɞɡ (ȺɘəɧɜŬ 33). 

 
 

 

 
ȺɘəɧɜŬ 33: ɄɟɧŭɟɞɛŬ ɛɧɟɘŬ (33) 
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× ͔͈͚͈̊͛͐͋͛ͫ͐͘͘-͈͙̍͐͒ͤ͛͌ 

 

ɇŬ ŬɜŰɘŭɟŬůŰɐɟɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ, ˊɟɞɛɖɗŮɨŰɖəŬɜ Ŭˊɧ 

Ůɛˊɞɟɘəɏɠ ˊɖɔɏɠ. ȺɘŭɘəɧŰŮɟŬ, Űɞ ɛɖɚŮɥɜɘəɧ ɞɝɨ ŬɔɞɟɎůŰɖəŮ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ ICN Biomedicals, Inc., 

ɛŮ ɛɞɟɘŬəɧ ɓɎɟɞɠ M.W.=116,07,  ɖ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ ůŮ ˊɞůɞůŰɧ əŬɗŬɟɧŰɖŰŬɠ ɛŮɔŬɚɨŰŮɟɞ ɐ ɑůɞ Űɞɡ 

98% Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ Fluka AG. Buchs SG əŬɘ Űɞ ɞ-űɤůűɞɟɘəɧ ɞɝɨ ůŮ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 85% Ŭˊɧ Űɖ 

ŮŰŬɘɟŮɑŬ Penta Chemicals s.r.o.. ɋɠ ŭɘŬɚɨŰɖɠ ůŰɖ ůɨɜɗŮůɖ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ˊɟɞůŰɏɗɖəŮ 

ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ Milli-Q Ŭˊɧ Űɖ Merck Millipore, ŮɟɔŬůŰɖɟɘŬəɐɠ ˊɞɘɧŰɖŰŬɠ, ɛŮ Ůɘŭɘəɐ ŬɜŰɑůŰŬůɖ 18,2 

ɀɋ.cm ůŮ ɗŮɟɛɞəɟŬůɑŬ 25oC. Ƀ əŬɗŬɟɘůɛɧɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɏɔɘɜŮ ůŮ Ůɘŭɘəɧ ůɎəɞ ŭɘŬˊɑŭɡůɖɠ 

(dialysis membrane) ɢɤɟɖŰɘəɧŰɖŰŬɠ 1kD Űɖɠ ŮŰŬɘɟŮɑŬɠ Spectra/Pro 6. 

ũɘŬ Űɘɠ ɓɘɞɚɞɔɘəɏɠ ɛŮɚɏŰŮɠ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɨɞ əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ. ȼ ůŮɘɟɎ HaCaT ŬˊɞŰŮɚɞɨɛŮɜɖ 

Ŭˊɧ ɡɔɘɐ ŬɜɗɟɩˊɘɜŬ ŮˊɘŭŮɟɛɘəɎ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ əŬɘ ɖ ůŮɘɟɎ HeLa ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ əŬɟəɘɜɘəɎ 

əɨŰŰŬɟŬ Űɞɡ ŰɟŬɢɐɚɞɡ Űɖɠ ɛɐŰɟŬɠ Űɖɠ  Henrietta Lacks. ɇɞ ɗɟŮˊŰɘəɧ ɡɚɘəɧ ɔɘŬ Űɖɜ əŬɚɚɘɏɟɔŮɘŬ Űɤɜ 

əɡŰŰɎɟɤɜ űɏɟŮɘ Űɖɜ ɞɜɞɛŬůɑŬ DMEM ( Dulbeccoôs Modified Eagle Medium) High Glucose w/L-

Glutamine w/Sodium Pyruvate Űɖɠ ŮŰŬɘɟŮɑŬɠ Biosera. ɇɞ ɟɡɗɛɘůŰɘəɧ ŭɘɎɚɡɛŬ DPBS ( Dulbeccoôs 

Phosphate-Buffered Saline) without Ca & Mg, without Phenol Red ˊɟɞɛɖɗŮɨŰɖəŮ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ 

Capricorn Scientific,  Űɞ (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) Ŭˊɧ Űɖɜ 

ŮŰŬɘɟŮɑŬ Sigma Aldrich, Űɞ ŭɘɛɏɗɡɚɞ ůɞɡɚűɞɝŮɑŭɘɞ (DMSO) Ŭˊɧ Űɖɜ Panreac Quimica Sau.  
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× ̦͈͔͈͊͘ 
 

 

 

ũɘŬ Űɖɜ ɡŭɟɞɗŮɟɛɘəɐ ŬɜŰɑŭɟŬůɖ: ȼ ůɨɜɗŮůɖ ɏɔɘɜŮ ůŮ űɞɨɟɜɞ ŭɘŬˊɨɟɤůɖɠ Űɖɠ ŮŰŬɘɟŮɑŬɠ Lac, sro ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɞ ŮɚŮɔəŰɐ ȼɇ40Ʌ ɛŮ ŭɡɜŬŰɧŰɖŰŬ ŬˊɞɗɐəŮɡůɖɠ ɏɤɠ əŬɘ 10 

ˊɟɞɔɟŬɛɛɎŰɤɜ ůŮ 15 ɓɐɛŬŰŬ əŬɘ ɟɞɚɧɘ ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ.  

 

ũɘŬ Űɖ ɚɐɣɖ űŬůɛɎŰɤɜ ɡˊŮɟɨɗɟɞɡ (IR): ȷɝɘɞˊɞɘɐɗɖəŮ Űɞ ɧɟɔŬɜɞ IRTracer-100 Űɞɡ əŬŰŬůəŮɡŬůŰɐ 

Shimadzu, Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ŮɝɎɟŰɖɛŬ diamond ATR, Űɨˊɞɡ QATR 10 Single-Reflection, ɛŮ 

əŮűŬɚɐ ŭɘŬɛɏŰɟɞɡ ŭ=1,8mm əŬɘ Ůɨɟɞɠ ɛɏŰɟɖůɖɠ 4000-400cm-1. 

 

ũɘŬ Űɖ ɚɐɣɖ űŬůɛɎŰɤɜ ɡˊŮɟɘɩŭɞɡɠ-ɞɟŬŰɞɨ (UV-vis): ȰɔɘɜŮ ɢɟɐůɖ Űɞɡ űŬůɛŬŰɞűɤŰɞɛɏŰɟɞɡ UV-

1900i Űɞɡ əŬŰŬůəŮɡŬůŰɐ Shimadzu ɛŮ ɞˊŰɘəɧ ůɨůŰɖɛŬ ŭɘˊɚɐɠ ŭɏůɛɖɠ əŬɘ əɡɣŮɚɑŭŬɠ ɢŬɚŬɕɑŬ 

ɞˊŰɘəɐɠ ŭɘŬŭɟɞɛɐɠ ɑůɖɠ ɛŮ 10 mm ůŮ ɗŮɟɛɞəɟŬůɑŬ 25oC. 

 

ũɘŬ Űɖ ɚɐɣɖ űŬůɛɎŰɤɜ űɗɞɟɘůɛɞɨ (PL): ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ űɗɞɟɘůɛɧɛŮŰɟɞ RF-5310PC Űɞɡ 

əŬŰŬůəŮɡŬůŰɐ Shimadzu ɛŮ əɡɣŮɚɑŭŬ űɗɞɟɘůɛɞɨ Ŭˊɧ ɢŬɚŬɕɑŬ, ɞˊŰɘəɐɠ ŭɘŬŭɟɞɛɐɠ 10mm ůŮ 

ɗŮɟɛɞəɟŬůɑŬ 25oC. 

 

ũɘŬ Űɖ ɚɐɣɖ űɎůɛŬŰɞɠ ˊŮɟɑɗɚŬůɖɠ ȷəŰɑɜɤɜ-ɉ ůəɧɜɖɠ (pXRD): ȰɔɘɜŮ ɢɟɐůɖ Űɞɡ ˊŮɟɘɗɚŬůɑɛŮŰɟɞɡ 

D8 Advance Űɖɠ Brucker AXS, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŮɔəŬŰŮůŰɖɛɏɜɞ ůŰɞ Core Facility Űɖɠ Ɇɢɞɚɐɠ ŪŮŰɘəɩɜ 

ȺˊɘůŰɖɛɩɜ Űɞɡ Ⱥɗɜɘəɞɨ əŬɘ ȾŬˊɞŭɘůŰɟɘŬəɞɨ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ, ɛŮ ˊɖɔɐ ɢŬɚəɞɨ Cu 

(ɚ=1,5418Å) əŬɘ ɔɤɜɘɧɛŮŰɟɞ ɔŮɤɛŮŰɟɑŬɠ Bragg Brentano. 

 

ũɘŬ Űɖ ɛɏŰɟɖůɖ ɡŭɟɞŭɡɜŬɛɘəɐɠ ŭɘŬɛɏŰɟɞɡ əŬɘ Űɞɡ ɕ-ŭɡɜŬɛɘəɞɨ (DLS, z-potential): Ƀɘ ŬɜɎɚɞɔŮɠ 

ɛŮŰɟɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ɧɟɔŬɜɞ Malvern Instruments Zetasizer Nano Series ɛŮ 

ˊɞɚɡɢɟɖůŰɘəɧ ŰɘŰɚɞŭɧŰɖ. ɇɞ Ůɜ ɚɧɔɤ ɧɟɔŬɜɞ ɓɟɑůəŮŰŬɘ ůŰɞ Ⱥɗɜɘəɧ ȾɏɜŰɟɞ ȰɟŮɡɜŬɠ ūɡůɘəɩɜ 

ȺˊɘůŰɖɛɩɜ óôȹɖɛɧəɟɘŰɞɠôô. ȾɎɗŮ ɛɏŰɟɖůɖ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɖ ɛɏůɖ Űɘɛɐ 3 ɝŮɢɤɟɘůŰɩɜ ɛŮŰɟɐůŮɤɜ, 

ɛŮ 20 ŮˊŬɜŬɚɐɣŮɘɠ ŬɜɎ ɛɏŰɟɖůɖ ůɡɜɞɚɘəɎ.  

 

ũɘŬ Űɖ űɡɔɞəɏɜŰɟɖůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ: ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ űɡɔɧəŮɜŰɟɞɠ Frontier 5714, Űɖɠ ŮŰŬɘɟŮɑŬɠ 

OHAUS, ɛŮ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ ůŰɟɞűɩɜ 14000rpm, ɛɏɔɘůŰɖ əɘɜɖŰɘəɐ ŮɜɏɟɔŮɘŬ 5595Nm əŬɘ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɘůɢɨɞɠ, 230V~1,1A 50/60Hz 0,24KW. 

 

ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɞɡ űɗɞɟɘůɛɞɨ: ȰɔɘɜŮ ɢɟɐůɖ Űɖɠ ɚɎɛˊŬɠ UV-ECX-20.M, Űɖɠ ŮŰŬɘɟŮɑŬɠ Vilber Lourmat 

ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ, 6x8W-312nm Tube, Power 55W. 
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ũɘŬ Űɖ ɗŮɟɛɞɓŬɟɡɛŮŰɟɘəɐ ŬɜɎɚɡůɖ (TGA): Ƀɘ ɛŮŰɟɐůŮɘɠ ɏɔɘɜŬɜ ůŰɞ ɧɟɔŬɜɞ TGA/DSC 1, STAR 

System Űɖɠ ŮŰŬɘɟŮɑŬɠ Mettler Toledo ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɖ Hellamco. 

 

ũɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ əɟɡɞɝɐɟŬɜůɖɠ (freeze drying): ɇɞ ɧɟɔŬɜɞ űɏɟŮɘ Űɞɜ Űɨˊɞ EZL-FDF101 Űɖɠ 

ŮŰŬɘɟŮɑŬɠ Moulas scientific ɛŮ ɗŮɟɛɞəɟŬůɑŬ ůɡɛˊɨəɜɤůɖɠ ɑůɖ ɛŮ -80oC. 

 

ũɘŬ Űɖ ŭɞəɘɛŬůɑŬ MTT: ȼ Ŭˊɞɟɟɧűɖůɖ Űɞɡ əɎɗŮ ŭɘŬɚɨɛŬŰɞɠ űɟŮŬŰɑɞɡ Űɤɜ Űɟɡɓɚɑɤɜ ˊɞɡ 

ˊŬɟŬůəŮɡɎůŰɖəŬɜ ůŰɖ ŭɞəɘɛŬůɑŬ ɀɇɇ əŬɘ ůŰɖ ŭɘŬŭɘəŬůɑŬ Ŭɘɛɧɚɡůɖɠ, ɛŮŰɟɐɗɖəŮ ůŮ ɏɜŬ 

űŬůɛŬŰɞűɤŰɧɛŮŰɟɞ Eliza Microplate Reader Biobase, ɛŮ ɛɐəɞɠ əɨɛŬŰɞɠ ɛŮŰɟɐůŮɤɜ ɚ=540nm əŬɘ 

ɛɐəɞɠ əɨɛŬŰɞɠ ŬɜŬűɞɟɎɠ ɚô=620nm. 

 

ũɘŬ Űɖ ɛŮɚɏŰɖ Űɤɜ Űɟɡɓɚɑɤɜ əŬɘ Űɤɜ ŬɜŰɘəŮɘɛŮɜɞűɧɟɤɜ ˊɚŬəɩɜ:  ȼ ɛŮɚɏŰɖ ɏɔɘɜŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɞˊŰɘəɞɨ 

ɛɘəɟɞůəɞˊɑɞɡ Oxion inverso microscope Űɖɠ ŮŰŬɘɟŮɑŬɠ Euromex, ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

100V~240V~30VA~5060Hz T3.15A 250V, ɛŮ űɤŰŮɘɜɧ ˊŮŭɑɞ Ŭɚɞɔɧɜɞɡ 50W ɘůɢɡɟɐɠ ŬɜŰɑɗŮůɖɠ. 
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× ̜͔͙͌͐͑ͪ͞-̙͖͈͛ͧ͑͒͒͘͠Ш͚͔ͤ͏͚͎͙͌ 
 

 

 

ũɘŬ Űɞ ůɨɜɞɚɞ Űɤɜ ůɡɜɗɏůŮɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ, ŬəɞɚɞɡɗɐɗɖəŮ ɏɜŬ ɔŮɜɘəɧ 

ˊɚŬɑůɘɞ əŬɘ ɛɑŬ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɗɞŭɞɚɞɔɑŬ əŬŰȭŮˊŬɜɎɚɖɣɖ. ȺɘŭɘəɧŰŮɟŬ, ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ 

ůɡɜŰɏɗɖəŬɜ ɛɏůɤ ɛɑŬɠ bottom-up ˊɟɞůɏɔɔɘůɖɠ, Űɖɠ ɡŭɟɞɗŮɟɛɘəɐɠ ɛŮɗɧŭɞɡ. ȼ ɛɏɗɞŭɞɠ ŬɡŰɐ ŮɑɜŬɘ 

óôˊɟɎůɘɜɖôô, űɘɚɘəɐ ˊɟɞɠ Űɞ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ŭɘŮɝɎɔŮŰŬɘ ůŮ əɚŮɘůŰɎ ŭɞɢŮɑŬ (ŬɡŰɧəɚŮɘůŰŬ) Teflon ɡˊɧ 

ɡɣɖɚɐ ˊɑŮůɖ əŬɘ ɗŮɟɛɞəɟŬůɑŬ, ůŮ ŭɘŬɚɨŰɖ ɜŮɟɧ. Ƀɘ ɜŬɜɞəɟɨůŰŬɚɚɞɘ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɏɢɞɡɜ ɛŮɔɎɚɖ 

Ŭˊɧŭɞůɖ, ŮɚŮɔɢɧɛŮɜɞ ɛɏɔŮɗɞɠ əŬɘ ɡɣɖɚɐ əɟɡůŰŬɚɚɘəɧŰɖŰŬ, ɖ ɞˊɞɑŬ ɓŬůɑɕŮŰŬɘ əŬɘ ůŰɖ ɗŮɟɛɞəɟŬůɑŬ 

ŭɘŮɝŬɔɤɔɐɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ. ɆŰɘɠ ˊŬɟɞɨůŮɠ ůɡɜɗɏůŮɘɠ, ɖ ɗŮɟɛɞəɟŬůɑŬ ŬɜŰɑŭɟŬůɖɠ ůŰɞɜ űɞɨɟɜɞ 

ŭɘŬˊɨɟɤůɖɠ ɐŰŬɜ 230oC əŬɘ ŰŬ ŬɡŰɧəɚŮɘůŰŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, ŮɑɢŬɜ ɛɏɔɘůŰɖ ɢɤɟɖŰɘəɧŰɖŰŬ 

20mL.  

ȳůɞɜ ŬűɞɟɎ ůŰɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɤɜ ŬɜŰɘŭɟŬůŰɖɟɑɤɜ, ŰŬ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ, ŭɖɚŬŭɐ, Űɞ ɛɖɚŮɥɜɘəɧ 

ɞɝɨ, ɖ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ əŬɘ Űɞ űɤůűɞɟɘəɧ ɞɝɨ, ɓɟɑůəɞɜŰŬɜ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ. ȼ ˊɟɞůɗɐəɖ 

Űɖɠ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖɠ ɏɔɘɜŮ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ůŰɞɜ ŬˊŬɔɤɔɧ, ɚɧɔɤ Űɖɠ ˊŰɖŰɘəɧŰɖŰɎɠ Űɖɠ əŬɘ ŰŬ 

ɡˊɧɚɞɘˊŬ ˊɟɧŭɟɞɛŬ ŮəŰɧɠ ŬˊŬɔɤɔɞɨ. ȰˊŮɘŰŬ Ŭˊɧ əɎɗŮ ˊɟɞůɗɐəɖ ɞɟɘůɛɏɜɖɠ ˊɞůɧŰɖŰŬɠ 

ˊɟɞŭɟɧɛɤɜ, Űɞ ŭɘɎɚɡɛŬ ŬɜŬŭŮɡɧŰŬɜ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊŮɟɐɢɤɜ. Ƀ ŭɘŬɚɨŰɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ, 

ɐŰŬɜ ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ.  

Ƀ əŬɗŬɟɘůɛɧɠ Űɤɜ ɜŮɞůɡɜŰɘɗɏɛŮɜɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ŬəɞɚɞɡɗɞɨůŮ ŰŬ Ůɝɐɠ ɓɐɛŬŰŬ: ȷɛɏůɤɠ ɛŮŰɎ 

Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɖɠ ɡŭɟɞɗŮɟɛɘəɐɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ŭɘɎɚɡɛŬ-ŮɜŬɘɩɟɖɛŬ ŰɞˊɞɗŮŰɞɨɜŰŬɜ ɔɘŬ 

űɡɔɞəɏɜŰɟɖůɖ ůŰɘɠ 12000rpm (ůŰɟɞűɏɠ Űɞ ɚŮˊŰɧ) ɔɘŬ 15 ɚŮˊŰɎ əŬɘ ɛŮŰɎ ůŮ ŭɘŬŭɘəŬůɑŬ əŬɗŬɟɘůɛɞɨ 

ɛɏůɤ Ůɜɧɠ ůɎəɞɡ ŭɘŬˊɑŭɡůɖɠ (dialysis bag) 1KD ůŮ 1000mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ ɛŮ ůɡɢɜɏɠ ŬɚɚŬɔɏɠ 

Űɞɡ ŰŮɚŮɡŰŬɑɞɡ, ɔɘŬ ŭɘɎůŰɖɛŬ 4 ɏɤɠ əŬɘ 24 ɤɟɩɜ. ɇɏɚɞɠ, Űɞ ŭɘɎɚɡɛŬ Űɤɜ óəŬɗŬɟɘůɛɏɜɤɜô əɓŬɜŰɘəɩɜ 

ŰŮɚŮɘɩɜ ɛŮŰŬűŮɟɧŰŬɜ ɔɘŬ əɟɡɞɝɐɟŬɜůɖ 24 ɤɟɩɜ, ɩůŰŮ ɜŬ ˊŬɟŬɚɖűɗɞɨɜ ůŰŮɟŮɏɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ 

ɛŮ ůŰɧɢɞ Űɞɜ ˊŮɟŬɘŰɏɟɤ ɢŬɟŬəŰɖɟɘůɛɧ Űɞɡɠ. 

 

                         

ȺɘəɧɜŮɠ 34,35: ȷɜŬˊŬɟɎůŰŬůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ dialysis  (34),(35) 
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× ̛͔͜͏͚͙ͪ͌͐ 
 

 

 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůɡɜɞɚɘəɎ 11 ůɡɜɗɏůŮɘɠ, Ůə Űɤɜ ɞˊɞɑɤɜ ɞɘ ŭɨɞ ɛɧɜɞ ˊɟɞɢɩɟɖůŬɜ ůŮ ˊŮɟŬɘŰɏɟɤ 

űɡůɘəɞɢɖɛɘəɞɨɠ, ŭɞɛɘəɞɨɠ əŬɘ ɛɞɟűɞɚɞɔɘəɞɨɠ ɢŬɟŬəŰɖɟɘůɛɞɨɠ, əŬɗɩɠ əŬɘ ůŮ ɓɘɞɚɞɔɘəɏɠ ɛŮɚɏŰŮɠ, 

ɚɧɔɤ ŮˊŬɟəɞɨɠ ˊɞůɧŰɖŰŬɠ. Ƀɘ ˊɟɩŰŮɠ 6 ůɡɜɗɏůŮɘɠ ŭɘŬűɞɟɞˊɞɘɐɗɖəŬɜ ɤɠ ˊɟɞɠ Űɞɜ ɢɟɧɜɞ 

əŬɗŬɟɘůɛɞɨ dialysis əŬɘ ɞɘ ůɡɜɗɏůŮɘɠ 9,10,11 ɓɟɑůəɞɜŰŬɘ ůŮ ŭɞəɘɛŬůŰɘəɧ ůŰɎŭɘɞ, ůŰɞɢŮɨɞɜŰŬɠ ůŰɖɜ 

ŬɚɚŬɔɐ Űɞɡ ɢɟɧɜɞɡ ŬɜŰɑŭɟŬůɖɠ Űɖɠ ɡŭɟɞɗŮɟɛɘəɐɠ ɛŮɗɧŭɞɡ. ũɘŬ ˊɟŬəŰɘəɞɨɠ ɚɧɔɞɡɠ, ɗŬ ŭɞɗŮɑ ɖ 

ɞɜɞɛŬůɑŬ N,P-CQDs(1) əŬɘ N,P-CQDs(7) ɔɘŬ Űɖɠ ůɡɜɗɏůŮɘɠ 1 əŬɘ 7 ŬɜŰɑůŰɞɘɢŬ ˊɞɡ ˊɟɞɢɩɟɖůŬɜ ůŮ 

ŮˊɧɛŮɜŬ ůŰɎŭɘŬ.  

 

1ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 80mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 50mg 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ əŬɘ 0,8mL űɤůűɞɟɘəɧ ɞɝɨ ɡˊɧ ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ 

ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ 

ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 6 ɩɟŮɠ. ɀŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ŭɘɎɚɡɛŬ,  ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ 

ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ ɔɘŬ 15 ɚŮˊŰɎ ůŮ 12000rpm, ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ 

ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ůɎəɞ ŭɘŬˊɑŭɡůɖɠ (dialysis bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ 

ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 4 ɤɟɩɜ. ɇɞ ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ˊɟɎůɘɜɞ űɗɞɟɘůɛɧ ůŰɖ ɚɎɛˊŬ UV. ɆŰɖ 

ůɡɜɏɢŮɘŬ, Űɞ óôəŬɗŬɟɧôô Ŭˊɧ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ əŬɘ ˊŬɟŬˊɟɞɥɧɜŰŬ ŭɘɎɚɡɛŬ, ɛŮŰŬűɏɟɗɖəŮ ɔɘŬ 24ɤɟɖ 

əɟɡɞɝɐɟŬɜůɖ (freeze drying), ɩůŰŮ ɜŬ ˊŬɟŬɚŮɘűɗɞɨɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ůŮ ůŰŮɟŮɐ ɛɞɟűɐ. ȼ 

ˊɞůɧŰɖŰŬ ˊɞɡ ŬɜŬəŰɐɗɖəŮ ɐŰŬɜ 100mg. N,P-CQDs(1) 

 

                                 

  ȺɘəɧɜŮɠ 36,37: ɄɟɎůɘɜɞɠ űɗɞɟɘůɛɧɠ ůŰɖ ɚɎɛˊŬ UV-1ɖ ůɨɜɗŮůɖ (36),(37) 

 

2ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 80mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 50mg 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ əŬɘ 0,8mL űɤůűɞɟɘəɧ ɞɝɨ ɡˊɧ ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ 

ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ 

ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 6 ɩɟŮɠ. ɀŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ŭɘɎɚɡɛŬ ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ 

ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ ɔɘŬ 15 ɚŮˊŰɎ ůŮ 12000rpm, ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ 
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ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ůɎəɞ ŭɘŬˊɑŭɡůɖɠ (dialysis bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ 

ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 24 ɤɟɩɜ. ɆŰɞ ŭɘɎůŰɖɛŬ ŬɡŰɧ, ɏɔɘɜŬɜ 3 ŬɚɚŬɔɏɠ ɜŮɟɞɨ ɔɘŬ ɜŬ 

ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ŭɘŬˊŮɟɎůŮɘ Űɖ ɛŮɛɓɟɎɜɖ. ɇɞ ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ɟɞɕ űɗɞɟɘůɛɧ 

ůŰɖ ɚɎɛˊŬ UV. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ óôəŬɗŬɟɧôô Ŭˊɧ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ əŬɘ ˊŬɟŬˊɟɞɥɧɜŰŬ ŭɘɎɚɡɛŬ, 

ɛŮŰŬűɏɟɗɖəŮ ɔɘŬ 24ɤɟɖ əɟɡɞɝɐɟŬɜůɖ (freeze drying), ɩůŰŮ ɜŬ ˊŬɟŬɚŮɘűɗɞɨɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ůŮ 

ůŰŮɟŮɐ ɛɞɟűɐ. ȷˊɧ Űɖɜ əɟɡɞɝɐɟŬɜůɖ ŭŮɜ ŬɜŬəŰɐɗɖəŮ ˊɞůɧŰɖŰŬ ůŰŮɟŮɩɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ.  

 

                                      

ȺɘəɧɜŮɠ 38,39: Ʌɞɕ űɗɞɟɘůɛɧɠ ůŰɖ ɚɎɛˊŬ UV-2ɖ ůɨɜɗŮůɖ (38),(39) 

 

3ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 80mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 100mg 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ (ŭɘˊɚɎůɘŬ ˊɞůɧŰɖŰŬ Ŭˊɧ Űɖɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ůɡɜɗɏůŮɘɠ) əŬɘ 0,8mL űɤůűɞɟɘəɧ ɞɝɨ 

ɡˊɧ ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 6 ɩɟŮɠ. ɀŮŰɎ Űɞ 

Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ŭɘɎɚɡɛŬ ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ ɔɘŬ 15 ɚŮˊŰɎ ůŮ 

12000rpm, ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ůɎəɞ ŭɘŬˊɑŭɡůɖɠ 

(dialysis bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 8 ɤɟɩɜ. ɆŰɞ ŭɘɎůŰɖɛŬ 

ŬɡŰɧ, ɏɔɘɜŬɜ ŭɨɞ ŬɚɚŬɔɏɠ ɜŮɟɞɨ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ŭɘŬˊŮɟɎůŮɘ Űɖ ɛŮɛɓɟɎɜɖ. 

ɇɞ ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ɛˊɚŮ űɗɞɟɘůɛɧ ůŰɖ ɚɎɛˊŬ UV. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ óôəŬɗŬɟɧôô Ŭˊɧ ˊɟɧŭɟɞɛŬ 

ɛɧɟɘŬ əŬɘ ˊŬɟŬˊɟɞɥɧɜŰŬ ŭɘɎɚɡɛŬ, ɛŮŰŬűɏɟɗɖəŮ ɔɘŬ 24ɤɟɖ əɟɡɞɝɐɟŬɜůɖ (freeze drying), ɩůŰŮ ɜŬ 

ˊŬɟŬɚŮɘűɗɞɨɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ůŮ ůŰŮɟŮɐ ɛɞɟűɐ. ȼ ˊɞůɧŰɖŰŬ ˊɞɡ ŬɜŬəŰɐɗɖəŮ ɐŰŬɜ 11,5mg.  

 

                                             

ȺɘəɧɜŬ 40: ɀˊɚŮ űɗɞɟɘůɛɧɠ ɛŮŰɎ Űɞ dialysis  ůŰɖ ɚɎɛˊŬ UV-3ɖ ůɨɜɗŮůɖ (40) 
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4ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 80mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 100mg 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ (ŭɘˊɚɎůɘŬ ˊɞůɧŰɖŰŬ Ŭˊɧ Űɖɠ ŭɨɞ ˊɟɩŰŮɠ ůɡɜɗɏůŮɘɠ) əŬɘ 0,8mL űɤůűɞɟɘəɧ ɞɝɨ 

ɡˊɧ ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 6 ɩɟŮɠ. ɀŮŰɎ Űɞ 

Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ŭɘɎɚɡɛŬ ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ ɔɘŬ 15 ɚŮˊŰɎ ůŮ 

12000rpm, ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ůɎəɞ ŭɘŬˊɑŭɡůɖɠ 

(dialysis bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 12 ɤɟɩɜ. ɆŰɞ ŭɘɎůŰɖɛŬ 

ŬɡŰɧ, ɏɔɘɜŬɜ 4 ŬɚɚŬɔɏɠ ɜŮɟɞɨ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ŭɘŬˊŮɟɎůŮɘ Űɖ ɛŮɛɓɟɎɜɖ. ɇɞ 

ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ɛˊɚŮ űɗɞɟɘůɛɧ ůŰɖ ɚɎɛˊŬ UV. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ óôəŬɗŬɟɧôô Ŭˊɧ ˊɟɧŭɟɞɛŬ 

ɛɧɟɘŬ əŬɘ ˊŬɟŬˊɟɞɥɧɜŰŬ ŭɘɎɚɡɛŬ, ɛŮŰŬűɏɟɗɖəŮ ɔɘŬ 24ɤɟɖ əɟɡɞɝɐɟŬɜůɖ (freeze drying), ɩůŰŮ ɜŬ 

ˊŬɟŬɚŮɘűɗɞɨɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ůŮ ůŰŮɟŮɐ ɛɞɟűɐ. ȼ ˊɞůɧŰɖŰŬ ˊɞɡ ŬɜŬəŰɐɗɖəŮ ɐŰŬɜ 4mg.   

 

 

ȺɘəɧɜŬ 41: ɀˊɚŮ űɗɞɟɘůɛɧɠ ɛŮŰɎ Űɞ dialysis  ůŰɖ ɚɎɛˊŬ UV-4ɖ ůɨɜɗŮůɖ (41) 

 

5ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 80mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 100mg 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ (ŭɘˊɚɎůɘŬ ˊɞůɧŰɖŰŬ Ŭˊɧ Űɖɠ ŭɨɞ ˊɟɩŰŮɠ ůɡɜɗɏůŮɘɠ) əŬɘ 0,8mL űɤůűɞɟɘəɧ ɞɝɨ 

ɡˊɧ ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 6 ɩɟŮɠ. ɀŮŰɎ Űɞ 

Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ŭɘɎɚɡɛŬ ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ ɔɘŬ 15 ɚŮˊŰɎ ůŮ 

12000rpm, ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ůɎəɞ ŭɘŬˊɑŭɡůɖɠ 

(dialysis bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 16 ɤɟɩɜ. ɆŰɞ ŭɘɎůŰɖɛŬ 

ŬɡŰɧ, ɏɔɘɜŬɜ 4 ŬɚɚŬɔɏɠ ɜŮɟɞɨ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ŭɘŬˊŮɟɎůŮɘ Űɖ ɛŮɛɓɟɎɜɖ. ɇɞ 

ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ɛˊɚŮ űɗɞɟɘůɛɧ ůŰɖ ɚɎɛˊŬ UV. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ óôəŬɗŬɟɧôô Ŭˊɧ ˊɟɧŭɟɞɛŬ 

ɛɧɟɘŬ əŬɘ ˊŬɟŬˊɟɞɥɧɜŰŬ ŭɘɎɚɡɛŬ, ɛŮŰŬűɏɟɗɖəŮ ɔɘŬ 24ɤɟɖ əɟɡɞɝɐɟŬɜůɖ (freeze drying), ɩůŰŮ ɜŬ 

ˊŬɟŬɚŮɘűɗɞɨɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ůŮ ůŰŮɟŮɐ ɛɞɟűɐ. ȼ ˊɞůɧŰɖŰŬ ˊɞɡ ŬɜŬəŰɐɗɖəŮ ɐŰŬɜ 2mg.   
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ȺɘəɧɜŬ 42: ɀˊɚŮ űɗɞɟɘůɛɧɠ ůŰɖ ɚɎɛˊŬ UV-5ɖ ůɨɜɗŮůɖ (42) 

 

 

6ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 80mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 100mg 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ (ŭɘˊɚɎůɘŬ ˊɞůɧŰɖŰŬ Ŭˊɧ Űɖɠ ŭɨɞ ˊɟɩŰŮɠ ůɡɜɗɏůŮɘɠ) əŬɘ 0,8mL űɤůűɞɟɘəɧ ɞɝɨ 

ɡˊɧ ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 6 ɩɟŮɠ. ɀŮŰɎ Űɞ 

Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ŭɘɎɚɡɛŬ ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ ɔɘŬ 15 ɚŮˊŰɎ ůŮ 

12000rpm, ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ůɎəɞ ŭɘŬˊɑŭɡůɖɠ 

(dialysis bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 20 ɤɟɩɜ. ɆŰɞ ŭɘɎůŰɖɛŬ 

ŬɡŰɧ, ɏɔɘɜŬɜ 4 ŬɚɚŬɔɏɠ ɜŮɟɞɨ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ŭɘŬˊŮɟɎůŮɘ Űɖ ɛŮɛɓɟɎɜɖ. ɇɞ 

ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ɛˊɚŮ űɗɞɟɘůɛɧ ůŰɖ ɚɎɛˊŬ UV. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ óôəŬɗŬɟɧôô Ŭˊɧ ˊɟɧŭɟɞɛŬ 

ɛɧɟɘŬ əŬɘ ˊŬɟŬˊɟɞɥɧɜŰŬ ŭɘɎɚɡɛŬ, ɛŮŰŬűɏɟɗɖəŮ ɔɘŬ 24ɤɟɖ əɟɡɞɝɐɟŬɜůɖ (freeze drying), ɩůŰŮ ɜŬ 

ˊŬɟŬɚŮɘűɗɞɨɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ůŮ ůŰŮɟŮɐ ɛɞɟűɐ. ȷˊɧ Űɖɜ əɟɡɞɝɐɟŬɜůɖ ŭŮɜ ŬɜŬəŰɐɗɖəŮ ˊɞůɧŰɖŰŬ 

ůŰŮɟŮɩɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ.  

 

 

ȺɘəɧɜŬ 43: ɇɞ ŮɜŬɘɩɟɖɛŬ ɛŮŰɎ Űɖɜ ɡŭɟɞɗŮɟɛɘəɐ ŬɜŰɑŭɟŬůɖ (43) 
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7ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 150mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 120mg 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ əŬɘ 1,25mL űɤůűɞɟɘəɧ ɞɝɨ (ŬɜŬəŬŰŬɜɞɛɐ Űɤɜ ˊɞůɞŰɐŰɤɜ ɛŮ ŭɘŬŰɐɟɖůɖ Űɖɠ 

ŬɜŬɚɞɔɑŬɠ Űɤɜ ˊɟɞŭɟɧɛɤɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊɟɩŰɖ ůɨɜɗŮůɖ) ɡˊɧ ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ 

ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ 

ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 6 ɩɟŮɠ. ɀŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ 

ŭɘɎɚɡɛŬ ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ ɔɘŬ 15 ɚŮˊŰɎ ůŮ 12000rpm, 

ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ůɎəɞ ŭɘŬˊɑŭɡůɖɠ (dialysis 

bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 8 ɤɟɩɜ. ɆŰɞ ŭɘɎůŰɖɛŬ ŬɡŰɧ, 

ɏɔɘɜŬɜ 2 ŬɚɚŬɔɏɠ ɜŮɟɞɨ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ŭɘŬˊŮɟɎůŮɘ Űɖ ɛŮɛɓɟɎɜɖ. ɇɞ 

ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ɛˊɚŮ űɗɞɟɘůɛɧ ůŰɖ ɚɎɛˊŬ UV. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ óôəŬɗŬɟɧôô Ŭˊɧ ˊɟɧŭɟɞɛŬ 

ɛɧɟɘŬ əŬɘ ˊŬɟŬˊɟɞɥɧɜŰŬ ŭɘɎɚɡɛŬ, ɛŮŰŬűɏɟɗɖəŮ ɔɘŬ 24ɤɟɖ əɟɡɞɝɐɟŬɜůɖ (freeze drying), ɩůŰŮ ɜŬ 

ˊŬɟŬɚŮɘűɗɞɨɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ůŮ ůŰŮɟŮɐ ɛɞɟűɐ. ȼ ˊɞůɧŰɖŰŬ ˊɞɡ ŬɜŬəŰɐɗɖəŮ ɐŰŬɜ 36mg. N,P-

CQDs(7) 

 

 

ȺɘəɧɜŬ 44: ɇɞ ŮɜŬɘɩɟɖɛŬ ˊɟɘɜ Űɞ dialysis  (44) 

 

8ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 150mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 120mg 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ əŬɘ 1,25mL űɤůűɞɟɘəɧ ɞɝɨ (ŬɜŬəŬŰŬɜɞɛɐ Űɤɜ ˊɞůɞŰɐŰɤɜ ɛŮ ŭɘŬŰɐɟɖůɖ Űɖɠ 

ŬɜŬɚɞɔɑŬɠ Űɤɜ ˊɟɞŭɟɧɛɤɜ ůɨɛűɤɜŬ ɛŮ Űɖɜ ˊɟɩŰɖ ůɨɜɗŮůɖ) ɡˊɧ ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ 

ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ 

ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 6 ɩɟŮɠ. ɀŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ 

ŭɘɎɚɡɛŬ ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ ɔɘŬ 15 ɚŮˊŰɎ ůŮ 12000rpm, 

ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ůɎəɞ ŭɘŬˊɑŭɡůɖɠ (dialysis 

bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 24 ɤɟɩɜ. ɆŰɞ ŭɘɎůŰɖɛŬ ŬɡŰɧ, 

ɏɔɘɜŬɜ 3 ŬɚɚŬɔɏɠ ɜŮɟɞɨ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ ŭɘŬˊŮɟɎůŮɘ Űɖ ɛŮɛɓɟɎɜɖ. ɇɞ 

ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ɛˊɚŮ űɗɞɟɘůɛɧ ůŰɖ ɚɎɛˊŬ UV. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ óôəŬɗŬɟɧôô Ŭˊɧ ˊɟɧŭɟɞɛŬ 

ɛɧɟɘŬ əŬɘ ˊŬɟŬˊɟɞɥɧɜŰŬ ŭɘɎɚɡɛŬ, ɛŮŰŬűɏɟɗɖəŮ ɔɘŬ 24ɤɟɖ əɟɡɞɝɐɟŬɜůɖ (freeze drying), ɩůŰŮ ɜŬ 

ˊŬɟŬɚŮɘűɗɞɨɜ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ůŮ ůŰŮɟŮɐ ɛɞɟűɐ. ȷˊɧ Űɖɜ əɟɡɞɝɐɟŬɜůɖ ŭŮɜ ŬɜŬəŰɐɗɖəŮ ˊɞůɧŰɖŰŬ 

ůŰŮɟŮɩɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ.  
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ȺɘəɧɜŬ 45: ɇɞ ŮɜŬɘɩɟɖɛŬ ɏŰɞɘɛɞ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ əŬɗŬɟɘůɛɞɨ dialysis  (45) 

 

 

9ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 150mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 120mg 

ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ əŬɘ 1,25mL űɤůűɞɟɘəɧ ɞɝɨ (ɑŭɘŬ ůɡɜɗŮŰɘəɐ ˊɞɟŮɑŬ ɛŮ Űɖɜ 7ɖ ůɨɜɗŮůɖ) ɡˊɧ 

ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 8 ɩɟŮɠ ŬɡŰɐ Űɖ 

űɞɟɎ. ɀŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ŭɘɎɚɡɛŬ ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ 

ɔɘŬ 15 ɚŮˊŰɎ ůŮ 12000rpm, ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ 

ůɎəɞ ŭɘŬˊɑŭɡůɖɠ (dialysis bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 8 

ɤɟɩɜ. ɆŰɞ ŭɘɎůŰɖɛŬ ŬɡŰɧ, ɏɔɘɜŬɜ 2 ŬɚɚŬɔɏɠ ɜŮɟɞɨ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ 

ŭɘŬˊŮɟɎůŮɘ Űɖ ɛŮɛɓɟɎɜɖ. ɇɞ ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ɛˊɚŮ űɗɞɟɘůɛɧ ůŰɖ ɚɎɛˊŬ UV. ȹŮɜ ŬəɞɚɞɨɗɖůŮ 

Űɞ ůŰɎŭɘɞ Űɖɠ 24ɤɟɖɠ əɟɡɞɝɐɟŬɜůɖɠ.   

 

10ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 150mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 

120mg ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ əŬɘ 1,25mL űɤůűɞɟɘəɧ ɞɝɨ (ɑŭɘŬ ůɡɜɗŮŰɘəɐ ˊɞɟŮɑŬ ɛŮ Űɖɜ 7ɖ ůɨɜɗŮůɖ) ɡˊɧ 

ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 10 ɩɟŮɠ ŬɡŰɐ Űɖ 

űɞɟɎ. ɀŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ŭɘɎɚɡɛŬ ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ 

ɔɘŬ 15 ɚŮˊŰɎ ůŮ 12000rpm, ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ 

ůɎəɞ ŭɘŬˊɑŭɡůɖɠ (dialysis bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 8 

ɤɟɩɜ. ɆŰɞ ŭɘɎůŰɖɛŬ ŬɡŰɧ, ɏɔɘɜŬɜ 2 ŬɚɚŬɔɏɠ ɜŮɟɞɨ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ 

ŭɘŬˊŮɟɎůŮɘ Űɖ ɛŮɛɓɟɎɜɖ. ɇɞ ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ɛˊɚŮ űɗɞɟɘůɛɧ ůŰɖ ɚɎɛˊŬ UV. ȹŮɜ ŬəɞɚɞɨɗɖůŮ 

Űɞ ůŰɎŭɘɞ Űɖɠ 24ɤɟɖɠ əɟɡɞɝɐɟŬɜůɖɠ.   
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11ɖ ůɨɜɗŮůɖ: ɆŮ ˊɞŰɐɟɘ ɕɏůŮɤɠ ˊɟɞůŰɏɗɖəŬɜ 10mL ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ, 150mg ɛɖɚŮɥɜɘəɧ ɞɝɨ, 

120mg ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ əŬɘ 1,25mL űɤůűɞɟɘəɧ ɞɝɨ (ɑŭɘŬ ůɡɜɗŮŰɘəɐ ˊɞɟŮɑŬ ɛŮ Űɖɜ 7ɖ ůɨɜɗŮůɖ) ɡˊɧ 

ŬɜɎŭŮɡůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɡˊŮɟɐɢɤɜ. ɇɞ ˊŮɟɘŮɢɧɛŮɜɞ ɛŮŰŬűɏɟɗɖəŮ ůŮ ŬɡŰɧəɚŮɘůŰɞ Teflon əŬɘ 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ űɞɨɟɜɞ ŭɘŬˊɨɟɤůɖɠ ůŰɞɡɠ 230oC ɛŮ ɢɟɧɜɞ ŬɜŰɑŭɟŬůɖɠ ɑůɞ ɛŮ 12 ɩɟŮɠ ŬɡŰɐ Űɖ 

űɞɟɎ. ɀŮŰɎ Űɞ Űɏɚɞɠ Űɖɠ ŬɜŰɑŭɟŬůɖɠ, Űɞ ŭɘɎɚɡɛŬ ɛŮ Űɖɜ ˊɚɏɞɜ ˊɞɟŰɞəŬɚɑ ɢɟɞɘɎ, űɡɔɞəŮɜŰɟɐɗɖəŮ 

ɔɘŬ 15 ɚŮˊŰɎ ůŮ 12000rpm, ŬˊɞɛŬəɟɨɜɗɖəŬɜ Űɡɢɧɜ ɘɕɐɛŬŰŬ əŬɘ Űɞ ɡˊŮɟəŮɑɛŮɜɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ 

ůɎəɞ ŭɘŬˊɑŭɡůɖɠ (dialysis bag) 1KD ɔɘŬ ɜŬ əŬɗŬɟɘůŰŮɑ ɡˊɧ ɛŬɔɜɖŰɘəɐ ŬɜɎŭŮɡůɖ ɔɘŬ ŭɘɎůŰɖɛŬ 8 

ɤɟɩɜ. ɆŰɞ ŭɘɎůŰɖɛŬ ŬɡŰɧ, ɏɔɘɜŬɜ 2 ŬɚɚŬɔɏɠ ɜŮɟɞɨ ɔɘŬ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ɛɧɟɘŬ ˊɞɡ ɏɢɞɡɜ 

ŭɘŬˊŮɟɎůŮɘ Űɖ ɛŮɛɓɟɎɜɖ. ɇɞ ŭɘɎɚɡɛŬ ˊŬɟɞɡůɑŬůŮ ɛˊɚŮ űɗɞɟɘůɛɧ ůŰɖ ɚɎɛˊŬ UV. ȹŮɜ ŬəɞɚɞɨɗɖůŮ 

Űɞ ůŰɎŭɘɞ Űɖɠ 24ɤɟɖɠ əɟɡɞɝɐɟŬɜůɖɠ.   

 

ɆŰɞɜ ɄɑɜŬəŬ 2  ŬɜŬűɏɟɞɜŰŬɘ ůɡɜɞˊŰɘəɎ ɞɘ ůɡɜɗɏůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ. 

 

ɄɑɜŬəŬɠ 2: ɆɡɔəŮɜŰɟɤŰɘəɧɠ ˊɑɜŬəŬɠ ɛŮ Űɘɠ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɜɗɏůŮɘɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ 

ɛŮ Űɘɠ ŮəɎůŰɞŰŮ ůɡɜɗɐəŮɠ 

 

  

Ą1͎͚͔ͤ͏͚͎͌Ą4h dialysis/ 100mg ͚ ͔͎͑ͧ

Ą2͎͚͔ͤ͏͚͎͌Ą24h dialysis/ 0

Ą3͎͚͔ͤ͏͚͎͌Ą8h dialysis/1:2 11,5mg ͚ ͔͎͑ͧ

Ą4͎͚͔ͤ͏͚͎͌Ą12h dialysis/1:2 4mg͚͔͎͑ͧ

Ą5͎͚͔ͤ͏͚͎͌Ą16h dialysis/1:2 2mg͚͔͎͑ͧ

Ą6͎͚ ͔ͤ͏͚͎͌Ą20h dialysis/1:2 0

Ą7͎͚͔ͤ͏͚͎͌Ą8h dialysis/ 36mg ͚ ͔͎͑ͧ

Ą8͎͚͔ͤ͏͚͎͌Ą24h dialysis/ 0

Ą9͎͚͔ͤ͏͚͎͌Ą8h dialysis/8h ͈ ͔͈͚͎͛͋͘͡ШШШШШШШШШШШШШШШШШШШШШШШШ͗ͧ͜Ш͈͔͚͎ͩ͒͜

Ą10͎͚͔ͤ͏͚͎͌Ą8h dialysis/10h͈͔͈͚͎͛͋͘͡ШШШШШШШШШШШШШШШШШШШ͗ͧ͜Ш͈͔͚͎ͩ͒͜

Ą11͎͚͔ͤ͏͚͎͌Ą8h dialysis/12h ͈ ͔͈͚͎͛͋͘͡ШШШШШШШШШШШШШШШШШШШ͗ͧ͜Ш͈͔͚͎ͩ͒͜



   

 78 

× ̟͈͈͎͚͓͖͑͛͐͘͘͡ 

 
ĄūŬůɛŬŰɞůəɞˊɑŬ ɡˊŮɟɨɗɟɞɡ (IR): 

 

ȼ űŬůɛŬŰɞůəɞˊɑŬ ɡˊŮɟɨɗɟɞɡ ŬˊɞŰŮɚŮɑ ɛɑŬ ŬɜŬɚɡŰɘəɐ ŰŮɢɜɘəɐ ŬɟəŮŰɎ ɢɟɐůɘɛɖ ɔɘŬ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ, 

əŬɗɩɠ əŬɘ Űɖ ɛŮɚɏŰɖ ɢɖɛɘəɩɜ ɞɡůɘɩɜ ɛɏůɤ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɐɠ Űɖɠ ɛŮ Űɖɜ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ. 

Ƀ ŭɘŬűɞɟŮŰɘəɧɠ ɞɟɘůɛɧɠ Űɖɠ ŮɑɜŬɘ ɖ óôűŬůɛŬŰɞůəɞˊɑŬ ŭɧɜɖůɖɠôô. ɃɜɞɛɎɕŮŰŬɘ ɏŰůɘ, ŭɘɧŰɘ Űɞ űɤŰɧɜɘɞ 

ˊɟɞəŬɚŮɑ ɛŮŰŬˊŰɩůŮɘɠ Űɤɜ ɖɚŮəŰɟɞɜɑɤɜ ŬɜɎɛŮůŬ ůŰɘɠ ŮɜŮɟɔŮɘŬəɏɠ ůŰɎɗɛŮɠ ŭɧɜɖůɖɠ Űɤɜ ɛɞɟɑɤɜ 

ˊɞɡ ŮɝŮŰɎɕɞɜŰŬɘ. ȳŰŬɜ ŰŬ ɛɧɟɘŬ ŮəŰŮɗɞɨɜ ůŰɖɜ ɡˊɏɟɡɗɟɖ ŬəŰɘɜɞɓɞɚɑŬ, Ŭˊɞɟɟɞűɞɨɜ ŮɜɏɟɔŮɘŬ ˊɞɡ 

ˊɟɞəŬɚŮɑ ŭɞɜɐůŮɘɠ Űɤɜ ɢɖɛɘəɩɜ ŭŮůɛɩɜ. ȾɎɗŮ ɢɖɛɘəɧɠ ŭŮůɛɧɠ ˊŬɟɞɡůɘɎɕŮɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ 

ůɡɢɜɧŰɖŰŮɠ ŭɧɜɖůɖɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ɛɐəɖ əɨɛŬŰɞɠ ɡˊɏɟɡɗɟɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ. ɇɞ 

Ůɨɟɞɠ ɛɐəɞɡɠ əɨɛŬŰɞɠ əɡɛŬɑɜŮŰŬɘ ŬɜɎɛŮůŬ ůŰŬ 0,3mm-0,74ɛm. ũɘŬ Űɖɠ ɛŮŰɟɐůŮɘɠ Űɤɜ űŬůɛɎŰɤɜ, 

ɔɑɜŮŰŬɘ ɢɟɐůɖ Űɞɡ Ůɘŭɘəɞɨ ɧɟɞɡ óôəɡɛŬŰɎɟɘɗɛɞɠôô ɛŮ ɛɞɜɎŭŮɠ ɛɏŰɟɖůɖɠ (cm-1) əŬɘ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŰɘɠ 

Ůɝɐɠ ˊŮɟɘɞɢɏɠ:  

-Ůɔɔɨɠ ɡˊɏɟɡɗɟɞ ůŰŬ 14000-4000 cm-1 

-ɛɏůɞ ɡˊɏɟɡɗɟɞ ůŰŬ 4000-400 cm-1 

-Ɏˊɤ ɡˊɏɟɡɗɟɞ ɔɘŬ <400 cm-1 

ȼ ŰŮɢɜɘəɐ ŬˊŬɘŰŮɑ ŬɟəŮŰɎ ɛɘəɟɐ ˊɞůɧŰɖŰŬ ŭŮɑɔɛŬŰɞɠ, ɏɢŮɘ ɢŬɛɖɚɧ əɧůŰɞɠ əŬɘ ŭŮɜ ŮɑɜŬɘ əŬŰŬůŰɟŮˊŰɘəɐ. 

ȼ ŰŬɡŰɞˊɞɑɖůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɞɛɎŭɤɜ ˊɞɡ ŮɜŭɏɢŮŰŬɘ ɜŬ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɞ ŮəɎůŰɞŰŮ 

ŮɝŮŰŬɕɧɛŮɜɞ ɛɧɟɘɞ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɚɧɔɤ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ Űɞɡ ɡˊɏɟɡɗɟɞɡ űɤŰɧɠ ɛŮ Űɖɜ 

ɏɜɤůɖ əŬɘ ˊɟɞəŬɚŮɑ ɛŮŰŬɓɞɚɏɠ ůŰɖ ŭɘˊɞɚɘəɐ ɟɞˊɐ Űɞɡ ɛɞɟɑɞɡ, ŭɖɛɘɞɡɟɔɩɜŰŬɠ ŭɞɜɐůŮɘɠ ůŮ ŬɡŰɐ. 

ũɘŬ ɜŬ ŮɑɜŬɘ ɛɑŬ ŭɞɜɖŰɘəɐ ɛŮŰɎˊŰɤůɖ ŮɜŮɟɔɐ ůŰɖɜ Ŭˊɞɟɟɧűɖůɖ ɐ Ůəˊɞɛˊɐ ŬəŰɘɜɞɓɞɚɑŬɠ, ɗŬ ˊɟɏˊŮɘ 

ɜŬ ŬəɞɚɞɡɗŮɑ Űɞɡɠ əŬɜɧɜŮɠ Ůˊɘɚɞɔɐɠ, ŭɖɚŬŭɐ ɜŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ɖ ŭɘˊɞɚɘəɐ ɟɞˊɐ əŬŰɎ Űɖ ŭɧɜɖůɖ Űɞɡ 

ɛɞɟɑɞɡ əŬɘ ɜŬ ɘůɢɨŮɘ ɧŰɘ ȹɜ=Ñ1 [67-69]. ɄŬɟŬəɎŰɤ ŭɑɜŮŰŬɘ ɞ ůɢŮŰɘəɧɠ ˊɑɜŬəŬɠ ɛŮ Űɖɠ ŰŬɘɜɑŮɠ ˊɞɡ 

ŮɛűŬɜɑɕɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɞɛɎŭŮɠ ůŮ ůɡɔəŮəɟɘɛɏɜŬ ɛɐəɖ əɨɛŬŰɞɠ: 

 

 

ȺɘəɧɜŬ 46: ɇŬɘɜɑŮɠ Ŭˊɞɟɟɧűɖůɖɠ ɔɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɞɛɎŭŮɠ (46) 
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ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ůəɞˊɧɠ Űɖɠ Ŭɝɘɞˊɞɑɖůɖɠ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ ɡˊŮɟɨɗɟɞɡ (IR) 

ɐŰŬɜ ɜŬ ŮɝŮŰŬůŰŮɑ əŬɘ ɜŬ ɛŮɚŮŰɖɗŮɑ ɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬ Űɤɜ ɞɛɎŭɤɜ əŬɘ Űɖɠ ŮˊɘűŬɜŮɘŬəɐɠ ɢɖɛŮɑŬɠ Űɤɜ 

əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ˊɞɡ ůɡɜŰɏɗɖəŬɜ. ɀɏůɤ Űɖɠ ůɨɔəɟɘůɖɠ Űɤɜ űŬůɛɎŰɤɜ Űɤɜ ˊɟɧŭɟɞɛɤɜ 

ŮɜɩůŮɤɜ, ŭɖɚŬŭɐ Űɞɡ ɛɖɚŮɥɜɘəɞɨ ɞɝɏɞɠ, Űɖɠ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖɠ əŬɘ Űɞɡ űɤůűɞɟɘəɞɨ ɞɝɏɞɠ, ɛŮ Űɞ 

űɎůɛŬ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ, 

əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɐ ɖ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɢɖɛɘəɩɜ ɛŮŰŬɓɞɚɩɜ ˊɞɡ ɚŬɛɓɎɜɞɡɜ ɢɩɟŬ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ 

Űɖɠ ůɨɜɗŮůɖɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ FT-IR, ŮˊɘŰɟɏˊŮɘ Űɖɜ ŰŬɡŰɞˊɞɑɖůɖ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŭɞɜɐůŮɤɜ 

ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ ɞɛɎŭŮɠ Űɖɠ -Ƀȼ, -Ɂȼ2, C=O, C-N əŬɘ P-O, ˊŬɟɏɢɞɜŰŬɠ ˊɚɖɟɞűɞɟɑŮɠ Űɧůɞ ɔɘŬ 

Űɖ ŭɞɛɐ Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊɡɟɐɜŬ, ɧůɞ əŬɘ ɔɘŬ Űɖɠ ŮˊɘűŬɜŮɘŬəɏɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ. ȼ ˊŬɟɞɡůɑŬ 

ŭŮůɛɩɜ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɎɕɤŰɞ əŬɘ űɩůűɞɟɞ ůŰɞ űɎůɛŬ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ, ŮˊɘɓŮɓŬɘɩɜŮɘ 

Ůˊɘˊɚɏɞɜ Űɖɜ ŮˊɘŰɡɢɐ ŮɜůɤɛɎŰɤůɖ-ˊɟɧůɛɘɝɖ Űɤɜ ŮŰŮɟɞŬŰɧɛɤɜ ůŰɞ ɡɚɘəɧ. ȷəɞɚɞɡɗɞɨɜ ŰŬ űɎůɛŬŰŬ 

IR Űɤɜ ˊɟɧŭɟɞɛɤɜ ŮɜɩůŮɤɜ əŬɘ Űɤɜ ɜŮɞůɡɜŰɘɗɏɛŮɜɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɛŮ Űɖɜ ŬɜɎɚɡůɐ Űɖɠ.  

 

 

 

ȹɘɎɔɟŬɛɛŬ 1: ūɎůɛŬ IR Űɞɡ ɛɖɚŮɥɜɘəɞɨ ɞɝɏɞɠ  
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ȹɘɎɔɟŬɛɛŬ 2: ūɎůɛŬ IR Űɖɠ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖɠ  
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ȹɘɎɔɟŬɛɛŬ 5: ūɎůɛŬ IR Űɤɜ N,P-CQDs(7)  

 

 
ɆɡɔəɟɑɜɞɜŰŬɠ ŰŬ űɎůɛŬŰŬ FT-IR Űɤɜ ˊɟɧŭɟɞɛɤɜ ŮɜɩůŮɤɜ ɛŮ Űɞ űɎůɛŬ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ 

ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŬɕɩŰɞɡ əŬɘ űɤůűɧɟɞɡ N,P-CQDs(1), ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɖɛŬɜŰɘəɏɠ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ˊɞɡ ɡˊɞŭɖɚɩɜɞɡɜ Űɖɠ ɢɖɛɘəɏɠ ɛŮŰŬɓɞɚɏɠ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ůɨɜɗŮůɖɠ. 

ȺɘŭɘəɧŰŮɟŬ, ůŰŬ űɎůɛŬŰŬ Űɤɜ ˊɟɞŭɟɧɛɤɜ, ŮɛűŬɜɑɕɞɜŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ɕɩɜŮɠ ˊɞɡ ŬˊɞŭɑŭɞɜŰŬɘ 

ůŰɘɠ ɞɛɎŭŮɠ -COOH,-NH2 əŬɘ Ʌ-Ƀ ŬɜŰɑůŰɞɘɢŬ (ɛɖɚŮɥɜɘəɧ ɞɝɨ, ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ, űɤůűɞɟɘəɧ ɞɝɨ). ɆŰɞ 

űɎůɛŬ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ, ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɕɩɜŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮŰŬŰɧˊɘůɖ əŬɘ ɛŮɑɤůɖ Űɖɠ 

ɏɜŰŬůɐɠ Űɖɠ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŮɛűŬɜɑɕŮŰŬɘ ɛɑŬ ŮɡɟŮɑŬ ɕɩɜɖ ůŰɖɜ ˊŮɟɘɞɢɐ 3200-3500cm-1, ɖ ɞˊɞɑŬ 

ŬˊɞŭɑŭŮŰŬɘ ůŮ ŭɞɜɐůŮɘɠ Ƀ-ȼ əŬɘ Ɂ-ȼ, ɡˊɞŭɖɚɩɜɞɜŰŬɠ Űɖɜ ˊŬɟɞɡůɑŬ ŭɖɚŬŭɐ, ɡŭɟɞɝɡɚɘəɩɜ ɞɛɎŭɤɜ 

əŬɘ ŬɛɘɜɞɛɎŭɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ. Ⱥˊɘˊɚɏɞɜ, ŰŬɘɜɑŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ 1650-1550 

cm-1, ŬˊɞŭɑŭɞɜŰŬɘ ůŮ ŭɞɜɐůŮɘɠ Űɞɡ ŭŮůɛɞɨ C=O əŬɘ C=C Űɞɡ ŬɜɗɟŬəɘəɞɨ ůəŮɚŮŰɞɨ, Ůɜɩ ɞɘ ɕɩɜŮɠ 

ůŰɖɜ ˊŮɟɘɞɢɐ 1400-1300 cm-1 əŬɘ 1200-1100 cm-1 ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŭɞɜɐůŮɘɠ ŰɎůɖɠ Űɤɜ ŭŮůɛɩɜ C-N 

əŬɘ  P-O ŬɜŰɑůŰɞɘɢŬ. Ƀɘ ˊŬɟŬŰɖɟɞɨɛŮɜŮɠ ŬɡŰɏɠ ɛŮŰŬɓɞɚɏɠ, ŮˊɘɓŮɓŬɘɩɜɞɡɜ Űɞɜ ůɢɖɛŬŰɘůɛɧ 

əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛŮ ŮˊɘűŬɜŮɘŬəɏɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŰŬ 

ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ əŬɘ űɡůɘəɎ ŬˊɞŰŮɚɞɨɜ ɛɑŬ ɏɜŭŮɘɝɖ ˊɤɠ ɏɢŮɘ ɔɑɜŮɘ ŮˊɘŰɡɢɐɠ ŮɜůɤɛɎŰɤůɖ ŬɕɩŰɞɡ əŬɘ 

űɤůűɧɟɞɡ ůŰɞ ɡɚɘəɧ.  

ɇɞ űɎůɛŬ FT-IR Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ N,P-CQDs(7), ˊŬɟɞɡůɘɎɕŮɘ ˊŬɟɧɛɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮ 

ŮəŮɑɜɞ Űɖɠ ˊɟɩŰɖɠ ůɨɜɗŮůɖɠ, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ Űɞɜ ůɢɖɛŬŰɘůɛɧ ɡɚɘəɞɨ ɛŮ ˊŬɟɧɛɞɘŬ ɢɖɛɘəɐ 

ŭɞɛɐ əŬɘ ŮˊɘűŬɜŮɘŬəɐ ůɨůŰŬůɖ. ɄŬɟŬŰɖɟɞɨɜŰŬɘ, ŭɖɚŬŭɐ, ŬɜŰɑůŰɞɘɢŮɠ ŮɡɟŮɑŮɠ ŰŬɘɜɑŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ 

3200-3500 cm-1, ŬˊɞŭɘŭɧɛŮɜŮɠ ůŮ ŭɞɜɐůŮɘɠ Ƀ-ȼ əŬɘ Ɂ-ȼ, əŬɗɩɠ əŬɘ ɕɩɜŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ 1650-1550 

cm-1 ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŭɞɜɐůŮɘɠ C=O əŬɘ C=C Űɞɡ ŬɜɗɟŬəɘəɞɨ ůəŮɚŮŰɞɨ. Ƀɘ ŰŬɘɜɑŮɠ ˊɞɡ 
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ŬˊɞŭɑŭɞɜŰŬɘ ůŮ ŭɞɜɐůŮɘɠ C-N əŬɘ P-O ůŰɖɜ ˊŮɟɘɞɢɐ 1400-1000 cm-1, ŮɛűŬɜɑɕɞɡɜ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ 

ɤɠ ́ɟɞɠ Űɖɜ ɏɜŰŬůɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɟɩŰɖ ůɨɜɗŮůɖ, ɔŮɔɞɜɧɠ ˊɞɡ ˊɘɗŬɜɧɜ ɡˊɞŭɖɚɩɜŮɘ 

ŭɘŬűɞɟŮŰɘəɧ ɓŬɗɛɧ ˊɟɧůɛɘɝɖɠ ɐ ŮˊɘűŬɜŮɘŬəɐɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ɛŮ ɎɕɤŰɞ əŬɘ űɩůűɞɟɞ. Ƀɘ 

ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ŬɡŰɏɠ ŭŮɜ ŮˊɖɟŮɎɕɞɡɜ Űɞ ɔŮɜɘəɧ űŬůɛŬŰɘəɧ ˊɟɞűɑɚ, ŮˊɘɓŮɓŬɘɩɜɞɜŰŬɠ Űɞɜ 

ůɢɖɛŬŰɘůɛɧ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ.  

 
 
 
 
ĄūŬůɛŬŰɞůəɞˊɑŬ ɡˊŮɟɘɩŭɞɡɠ-ɞɟŬŰɞɨ (UV-vis ): 
 
 

ȼ űŬůɛŬŰɞůəɞˊɑŬ ɡˊŮɟɘɩŭɞɡɠ-ɞɟŬŰɞɨ (UV-vis) ŮɑɜŬɘ ɛɑŬ ŬɟəŮŰɎ ɢɟɐůɘɛɖ ŰŮɢɜɘəɐ ɔɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ 

Űɖɠ ŭɞɛɐɠ Űɤɜ ŮɜɩůŮɤɜ ůŮ ůŰŮɟŮɐ ɐ ɡɔɟɐ ɛɞɟűɐ. ȷˊɞŰŮɚŮɑ ɛɑŬ ŬɜŬɚɡŰɘəɐ ŰŮɢɜɘəɐ ɛŮ ŮɡɟŮɑŬ ɢɟɐůɖ 

ůŰɖ ɉɖɛŮɑŬ, Űɖ ȸɘɞɚɞɔɑŬ əŬɘ ŰŬ ɈɚɘəɎ, ůŰŬ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ˊɞɘɞŰɘəɐ əŬɘ ˊɞůɞŰɘəɐ ŬɜɎɚɡůɖ. 

ȼ Ŭˊɞɟɟɧűɖůɖ Űɖɠ ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɐɠ ŬəŰɘɜɞɓɞɚɑŬɠ ɔɑɜŮŰŬɘ ůŮ ɛɐəɖ əɨɛŬŰɞɠ ɛŮŰŬɝɨ 200-1100nm 

əŬɘ ŬűɞɟɎ ŮɜŮɟɔŮɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ ˊɞɡ ůɡɛɓŬɑɜɞɡɜ ůŰɖɜ ɖɚŮəŰɟɞɜɘŬəɐ ŭɞɛɐ Űɤɜ ɛɞɟɑɤɜ. ȹɖɚŬŭɐ ɖ 

ŮɜɏɟɔŮɘŬ ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ, ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ ˊɞůɧŰɖŰŬ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖ ɛŮŰɎˊŰɤůɖ Űɖɠ 

ɖɚŮəŰɟɞɜɑɞɡ Ŭˊɧ ɏɜŬ ŰɟɞɢɘŬəɧ ůŮ ɏɜŬ Ɏɚɚɞ. ȼ ɡˊŮɟɘɩŭɖɠ ˊŮɟɘɞɢɐ (UV) ɓɟɑůəŮŰŬɘ ůŰŬ 100-400nm 

əŬɘ ɖ ɞɟŬŰɐ ˊŮɟɘɞɢɐ ůŰŬ 400-700nm. ȼ űŬůɛŬŰɞůəɞˊɑŬ UV-vis ŮɑɜŬɘ ŬɟəŮŰɎ ɔɟɐɔɞɟɖ, Ůɨəɞɚɖ əŬɘ 

ɛɖ əŬŰŬůŰɟŮˊŰɘəɐ ŰŮɢɜɘəɐ ɤɠ ˊɟɞɠ Űɞ ŭŮɑɔɛŬ. ɇŬ űŬůɛŬŰɞűɤŰɧɛŮŰɟŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Ŭˊɚɐɠ ŭɏůɛɖɠ, 

ŭɘˊɚɐɠ ŭɏůɛɖɠ əŬɘ ˊŬɟɎŰŬɝɖɠ űɤŰɞŭɘɧŭɤɜ. 

ȼ Ŭˊɞɟɟɧűɖůɖ ŬəŰɘɜɞɓɞɚɑŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ UV-vis Ŭˊɧ Űɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ, ůɢŮŰɑɕɞɜŰŬɘ 

ɛŮ ɖɚŮəŰɟɞɜɘŬəɏɠ ɛŮŰŬˊŰɩůŮɘɠ ɛŮŰŬɝɨ ŮɜŮɟɔŮɘŬəɩɜ ůŰŬɗɛɩɜ Űɞɡ ɡɚɘəɞɨ. Ƀɘ ɛŮŰɟɐůŮɘɠ Ŭˊɞɟɟɧűɖůɖɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŭɘŬɚɨɛŬŰŬ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɛŮ ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ ɤɠ ŭɘŬɚɨŰɖ. Ƀɘ ɕɩɜŮɠ 

Ŭˊɞɟɟɧűɖůɖɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůɡɜɐɗɤɠ ůŰɖɜ ˊŮɟɘɞɢɐ 200-300nm, ŬˊɞŭɑŭɞɜŰŬɘ ůŮ ɛŮŰŬˊŰɩůŮɘɠ 

Ą́ˊ* Űɤɜ ŬɟɤɛŬŰɘəɩɜ ɐ ůɡɕɡɔɘŬəɩɜ ŭɞɛɩɜ C=C Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊɡɟɐɜŬ, Ůɜɩ ɕɩɜŮɠ ůŮ 

ɛŮɔŬɚɨŰŮɟŬ ɛɐəɖ əɨɛŬŰɞɠ, ŬˊɞŭɑŭɞɜŰŬɘ ůŮ ɛŮŰŬˊŰɩůŮɘɠ nĄˊ*, ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ɛɖ ŭŮůɛɘəɎ 

ɖɚŮəŰɟɧɜɘŬ ŮˊɘűŬɜŮɘŬəɩɜ ɞɛɎŭɤɜ, Űɖɠ əŬɟɓɞɜɨɚɘŬ əŬɘ ŬɛɘɜɞɛɎŭŮɠ. Ƀɘ ɛŮŰŬˊŰɩůŮɘɠ ŬɡŰɏɠ, 

ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ űŬɘɜɧɛŮɜŬ əɓŬɜŰɘəɞɨ ˊŮɟɘɞɟɘůɛɞɨ, əŬɗɩɠ əŬɘ Ŭˊɧ Űɖ ɢɖɛɘəɐ Űɟɞˊɞˊɞɑɖůɖ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ ɛɏůɤ ˊɟɧůɛɘɝɖɠ ŮŰŮɟɞŬŰɧɛɤɜ ɔŮɔɞɜɧɠ ˊɞɡ əŬɗɘůŰɎ Űɖ űŬůɛŬŰɞůəɞˊɑŬ UV-vis ɤɠ ɏɜŬ 

ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖ ɛŮɚɏŰɖ ɞˊŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ.  

ȷˊɧ ŰŬ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ ˊɞɡ ŬɜŰɏŭɟŬůŬɜ, ɖ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ ŮɛűŬɜɑɕŮɘ ɛŮŰɟɐůɘɛɖ Ŭˊɞɟɟɧűɖůɖ 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ UV ůŮ ɛɐəɖ əɨɛŬŰɞɠ ɛɘəɟɧŰŮɟŬ Űɤɜ 250nm, ɚɧɔɤ Űɤɜ ɖɚŮəŰɟɞɜɘŬəɩɜ 

ɛŮŰŬˊŰɩůŮɤɜ nĄů*. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɜɤɗŮɑ ɤɠ ɡˊɞəŬŰŬůŰɎŰɖɠ ůŮ əɎˊɞɘŬ ɏɜɤůɖ, ŰɧŰŮ 

ˊɟɞəŬɚŮɑ ŰŬɘɜɑŮɠ ɛŮŰŬűɞɟɎɠ űɞɟŰɑɞɡ ˊɞɡ əɡɛŬɑɜɞɜŰŬɘ ůŮ ɛɐəɖ əɨɛŬŰɞɠ Ŭˊɧ 240-390nm. ɇɞ 

ɛɖɚŮɥɜɘəɧ ɞɝɨ əŬɘ Űɞ űɤůűɞɟɘəɧ ɞɝɨ ŭŮɜ ˊŬɟɞɡůɘɎɕɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ŰŬɘɜɑŮɠ Ŭˊɞɟɟɧűɖůɖɠ ůŰɞ 

ŮɝŮŰŬɕɧɛŮɜɞ űŬůɛŬŰɘəɧ Ůɨɟɞɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ɞűŮɑɚŮŰŬɘ ůŰɖ ɢɖɛɘəɐ Űɞɡɠ ŭɞɛɐ. ȼ ŬɘɗɡɚŮɜɞŭɘŬɛɑɜɖ 

ˊŮɟɘɏɢŮɘ ŬɛɘɜɞɛɎŭŮɠ ɛŮ ɛɖ ŭŮůɛɘəɎ ɖɚŮəŰɟɧɜɘŬ, ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ůɡɛɛŮŰɎůɢɞɡɜ ůŮ 

ɖɚŮəŰɟɞɜɘŬəɏɠ ɛŮŰŬˊŰɩůŮɘɠ Űɨˊɞɡ nĄů* ɐ nĄˊ*, ŭɑɜɞɜŰŬɠ ŰŬɘɜɑŮɠ Ŭˊɞɟɟɧűɖůɖɠ ůŰɞ ɡˊŮɟɘɩŭŮɠ. 

ȷɜŰɘɗɏŰɤɠ, ŰŬ ɞɝɏŬ, ɛɖɚŮɥɜɘəɧ əŬɘ űɤůűɞɟɘəɧ ɞɝɨ, ŭŮɜ ŭɘŬɗɏŰɞɡɜ ŮəŰŮŰŬɛɏɜŬ ůɡɕɡɔɘŬəɎ ůɡůŰɐɛŬŰŬ 
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ɐ ɢɟɤɛɞűɧɟŮɠ ɞɛɎŭŮɠ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ɖɚŮəŰɟɞɜɘŬəɏɠ ɛŮŰŬˊŰɩůŮɘɠ Űɖɠ, ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ˊɞɚɨ 

ɛɘəɟɎ ɛɐəɖ əɨɛŬŰɞɠ, ŮəŰɧɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛɏŰɟɖůɖɠ Űɖɠ űŬůɛŬŰɞůəɞˊɑŬɠ ɡˊŮɟɘɩŭɞɡɠ-ɞɟŬŰɞɨ. ȯɟŬ, 

ɖ ŬˊɞɡůɑŬ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ Ŭˊɞɟɟɧűɖůɖɠ ɔɘŬ ŬɡŰɎ ŰŬ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ ɗŮɤɟŮɑŰŬɘ ŬɜŬɛŮɜɧɛŮɜɖ. 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ űɎůɛŬŰŬ UV-vis Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ˊɞɡ ůɡɜŰɏɗɖəŬɜ [70,71]. 

 

 

ȹɘɎɔɟŬɛɛŬ 6: ūɎůɛŬ UV-vis  Űɤɜ N,P-CQDs(1) ůŮ ŭɘɎɚɡɛŬ ɛŮ ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ ɤɠ ŭɘŬɚɨŰɖ 
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ȹɘɎɔɟŬɛɛŬ 7: ūɎůɛŬ UV-vis  Űɤɜ N,P-CQDs(7) ůŮ ŭɘɎɚɡɛŬ ɛŮ ɡˊŮɟəɎɗŬɟɞ ɜŮɟɧ ɤɠ ŭɘŬɚɨŰɖ  
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ɇŬ űɎůɛŬŰŬ UV-vis Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɘɠ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ 

ůɡɜɗɏůŮɘɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ ŰŬɘɜɑŮɠ Ŭˊɞɟɟɧűɖůɖɠ ˊɞɡ ŬˊɞŭɑŭɞɜŰŬɘ ůŰɘɠ 

ɖɚŮəŰɟɞɜɘŬəɏɠ ɛŮŰŬˊŰɩůŮɘɠ Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊɡɟɐɜŬ əŬɘ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ. 

ȾŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɏɜŰɞɜɖ ŰŬɘɜɑŬ Ŭˊɞɟɟɧűɖůɖɠ ˊŮɟɑˊɞɡ ůŰŬ 230nm, ɖ ɞˊɞɑŬ 

ŬˊɞŭɑŭŮŰŬɘ ůŮ ɛŮŰŬˊŰɩůŮɘɠ Űɨˊɞɡ  ˊĄˊ* Űɤɜ ůɡɕɡɔɘŬəɩɜ ŭɞɛɩɜ C=C Űɞɡ ŬɜɗɟŬəɘəɞɨ ůəŮɚŮŰɞɨ. 

ȷəɧɛɖ, ŮɛűŬɜɑɕŮŰŬɘ ɩɛɞɠ (shoulder) ůŰɖɜ ˊŮɟɘɞɢɐ 320-350nm, ɞ ɞˊɞɑɞɠ ŬˊɞŭɑŭŮŰŬɘ ůŮ ɛŮŰŬˊŰɩůŮɘɠ 

nĄˊ* əŬɘ ůɢŮŰɑɕŮŰŬɘ ɛŮ ŮˊɘűŬɜŮɘŬəɏɠ ɞɛɎŭŮɠ, ɧˊɤɠ əŬɟɓɞɜɨɚɘŬ əŬɘ ŬɛɘɜɞɛɎŭŮɠ.  

ɆŰɞ űɎůɛŬ Űɖɠ ˊɟɩŰɖɠ ůɨɜɗŮůɖɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ Ůˊɘˊɚɏɞɜ ŬůɗŮɜŮɑɠ ŬˊɞɟɟɞűɐůŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ 

400-600nm ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞŭɞɗɞɨɜ ůŮ ŮˊɘűŬɜŮɘŬəɏɠ ŮɜŮɟɔŮɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ɐ ůŮ 

ɡˊɞɚŮɑɛɛŬŰŬ ɞɟɔŬɜɘəɩɜ ŮɜɩůŮɤɜ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ŬˊɞɛŬəɟɡɜɗŮɑ ˊɚɐɟɤɠ əŬŰɎ Űɖ ŭɘŬŭɘəŬůɑŬ Űɞɡ 

əŬɗŬɟɘůɛɞɨ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ. ȷɜŰɑɗŮŰŬ, ůŰɞ űɎůɛŬ Űɖɠ ŭŮɨŰŮɟɖɠ ůɨɜɗŮůɖɠ, ɖ ɞˊɞɑŬ 

ɡˊŮɓɚɐɗɖ, ɧˊɤɠ ɏɢŮɘ ɐŭɖ ŬɜŬűŮɟɗŮɑ ɜɤɟɑŰŮɟŬ, ůŮ ŮəŰŮɜɏůŰŮɟɞ ɢɟɧɜɞ əŬɗŬɟɘůɛɞɨ ůɡɔəɟɘŰɘəɎ ɛŮ Űɖɜ 

ˊɟɩŰɖ ůɨɜɗŮůɖ, ŭɖɚŬŭɐ ůŮ 8 ɩɟŮɠ dialysis ɏɜŬɜŰɘ Űɤɜ 4 ɤɟɩɜ ŬɟɢɘəɎ, ɖ ɕɩɜɖ ůŰŬ 230nm ŮɛűŬɜɑɕŮɘ 

ůɖɛŬɜŰɘəɎ Ŭɡɝɖɛɏɜɖ ɏɜŰŬůɖ. Ƀɘ ŬůɗŮɜŮɑɠ ŬˊɞɟɟɞűɐůŮɘɠ ůŰɖɜ ˊŮɟɘɞɢɐ 400-500nm ŮɑɜŬɘ ɛŮɘɤɛɏɜŮɠ 

ŬɟəŮŰɎ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ, ɡˊɞŭɖɚɩɜŮɘ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ ɛɏɟɞɡɠ Űɤɜ ŬˊɞɟɟɞűɖŰɘəɩɜ ˊɟɞůɛɑɝŮɤɜ 

əŬɘ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ ůɡɛɓɞɚɐɠ Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊɡɟɐɜŬ ůŰɖɜ Ŭˊɞɟɟɧűɖůɖ. ȰŰůɘ, ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ ɖ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ əŬɗŬɟɘůɛɞɨ əŬɘ ɖ ˊŬɟŬɔɤɔɐ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɡɣɖɚɧŰŮɟɖɠ 

əŬɗŬɟɧŰɖŰŬɠ. ɇɏɚɞɠ, ɖ Ŭɨɝɖůɖ Űɖɠ ɏɜŰŬůɖɠ Űɖɠ əɨɟɘŬɠ ɕɩɜɖɠ Ŭˊɞɟɟɧűɖůɖɠ ůŰɖ ŭŮɨŰŮɟɖ ůɨɜɗŮůɖ, 

ˊɘɗŬɜɧɜ ɜŬ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɐ ɛŮ Űɖ ɛŮɘɤɛɏɜɖ 

ˊŬɟɞɡůɑŬ ŬˊɞɟɟɞűɖŰɘəɩɜ ˊɟɞůɛɑɝŮɤɜ/ɢɟɤɛɞűɧɟɤɜ.  

 

 

 

 

ĄūŬůɛŬŰɞůəɞˊɑŬ űɗɞɟɘůɛɞɨ/űɤŰŬɨɔŮɘŬɠ: 

 

ȼ űŬůɛŬŰɞůəɞˊɑŬ űɤŰɞűɤŰŬɨɔŮɘŬɠ (Photoluminescence, PL), ŬˊɞŰŮɚŮɑ ɓŬůɘəɐ ŰŮɢɜɘəɐ ɔɘŬ Űɖ 

ɛŮɚɏŰɖ Űɤɜ ɞˊŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ. Ƀ űɗɞɟɘůɛɧɠ Űɤɜ ŰŮɚŮɡŰŬɑɤɜ 

ŬˊɞŭɑŭŮŰŬɘ ůŰɖ ŭɘɏɔŮɟůɖ ɖɚŮəŰɟɞɜɑɤɜ ůŮ ɡɣɖɚɧŰŮɟŬ ŮɜŮɟɔŮɘŬəɎ ŮˊɑˊŮŭŬ ɛŮŰɎ Ŭˊɧ Ŭˊɞɟɟɧűɖůɖ 

ŬəŰɘɜɞɓɞɚɑŬɠ əŬɘ ůŰɖɜ ŮˊŬəɧɚɞɡɗɖ ŬəŰɘɜɞɓɧɚɞ ŬˊɞŭɘɏɔŮɟůɐ Űɞɡɠ. Ƀɘ Ůəˊɞɛˊɏɠ ˊɞɡ ˊŬɟŬŰɖɟɞɨɜŰŬɘ, 

ůɢŮŰɑɕɞɜŰŬɘ Űɧůɞ ɛŮ Űɞɜ ŬɜɗɟŬəɘəɧ ˊɡɟɐɜŬ, ɧůɞ əŬɘ ɛŮ ŮˊɘűŬɜŮɘŬəɏɠ ŮɜŮɟɔŮɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ, ɞɘ 

ɞˊɞɑŮɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ əŬɘ ŰŬ ŮŰŮɟɞɎŰɞɛŬ, ŭɖɚŬŭɐ Űɞ ɎɕɤŰɞ əŬɘ Űɞ 

űɩůűɞɟɞ, ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ɡɚɘəɩɜ ŬɡŰɩɜ.  

ȼ ɗɏůɖ əŬɘ ɖ ɏɜŰŬůɖ Űɤɜ ŰŬɘɜɘɩɜ Ůəˊɞɛˊɐɠ ŮˊɖɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ, 

Űɞɜ ɓŬɗɛɧ ůɡɕɡɔɑŬɠ Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊɡɟɐɜŬ, əŬɗɩɠ əŬɘ Ŭˊɧ Űɖ űɨůɖ əŬɘ Űɖɜ ˊɡəɜɧŰɖŰŬ Űɤɜ 

ŮˊɘűŬɜŮɘŬəɩɜ ɞɛɎŭɤɜ. ȺˊɘˊɟɧůɗŮŰŬ, ɖ ˊɟɧůɛɘɝɖ ɛŮ ŮŰŮɟɞɎŰɞɛŬ, ɛˊɞɟŮɑ ɜŬ ŮɘůɎɔŬɔŮɘ ɜɏŮɠ 

ŮɜŮɟɔŮɘŬəɏɠ ůŰɎɗɛŮɠ, ŮˊɖɟŮɎɕɞɜŰŬɠ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ űɤŰɞűɤŰŬɨɔŮɘŬɠ. ɆɡɜŮˊɩɠ, ɖ 

űŬůɛŬŰɞůəɞˊɑŬ PL, ŬˊɞŰŮɚŮɑ ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ˊɞɘɧŰɖŰŬɠ əŬɘ Űɖɠ 



   

 86 

ŮˊɘűŬɜŮɘŬəɐɠ ɢɖɛŮɑŬɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ, əŬɗɩɠ əŬɘ ɔɘŬ Űɖ ůɨɔəɟɘůɖ ŭɘŬűɞɟŮŰɘəɩɜ ůɡɜɗɏůŮɤɜ 

ɤɠ ́ɟɞɠ Űɘɠ űɤŰɞűɡůɘəɏɠ Űɞɡɠ ɘŭɘɧŰɖŰŮɠ. 

ȾŬŰɎ Űɖ ɛɏŰɟɖůɖ Űɤɜ űŬůɛɎŰɤɜ űɤŰɞűɤŰŬɨɔŮɘŬɠ, ɏɔɘɜŮ ɢɟɐůɖ Űɞɡ űɑɚŰɟɞɡ 39, Űɞ ɞˊɞɑɞ ŬɜŰɘůŰɞɘɢŮɑ 

ůŮ ˊŮɟɘɞɢɐ ŭɘɏɔŮɟůɖɠ 450ï490 nm əŬɘ Ůəˊɞɛˊɐɠ Ɏɜɤ Űɤɜ 515 nm, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ əŬŰŬɔɟŬűɐ 

űɗɞɟɘůɛɞɨ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ˊɟɎůɘɜɞɡ. ůŰɞ ɛɞɜɞˊɎŰɘ Űɖɠ ŮəˊŮɛˊɧɛŮɜɖɠ ŬəŰɘɜɞɓɞɚɑŬɠ, ɩůŰŮ ɜŬ 

ŬˊɞəɞˊŮɑ ɖ ˊŮɟɘɞɢɐ Űɤɜ ɛɖəɩɜ əɨɛŬŰɞɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖ ŭɘŮɔŮɑɟɞɡůŬ ŬəŰɘɜɞɓɞɚɑŬ əŬɘ ɜŬ ɛŮɘɤɗŮɑ 

ɖ ůəɏŭŬůɖ Rayleigh [72,73]. ȷəɞɚɞɡɗɞɨɜ ŰŬ űɎůɛŬŰŬ űɗɞɟɘůɛɞɨ ɔɘŬ Űɖɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ N,P-

CQDs(1) əŬɘ N,P-CQDs(7).  

 

 

ȹɘɎɔɟŬɛɛŬ 8: ūɎůɛŬ PL Űɤɜ N,P-CQDs(1)  
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ȹɘɎɔɟŬɛɛŬ 9: ūɎůɛŬ PL Űɤɜ N,P-CQDs(7)  

 

ȼ ůɨɔəɟɘůɖ Űɤɜ űŬůɛɎŰɤɜ űɤŰɞűɤŰŬɨɔŮɘŬɠ Űɤɜ ŭɨɞ ůɡɜɗɏůŮɤɜ N,P-CQDs(1) əŬɘ N,P-CQDs(7), 

ŬˊɞəŬɚɨˊŰŮɘ əɞɘɜɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŬɚɚɎ əŬɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖ ůɨɜɗŮůɖ əŬɘ Űɖɜ 

ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ɡɚɘəɩɜ.  

ȷɟɢɘəɎ, əŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɏɜŰɞɜɖ űɤŰɞűɤŰŬɨɔŮɘŬ ůŰɖɜ ɞɟŬŰɐ ˊŮɟɘɞɢɐ Űɞɡ 

űɎůɛŬŰɞɠ, ɛŮ ɛɏɔɘůŰŬ Ůəˊɞɛˊɐɠ ɔɨɟɤ ůŰŬ 500nm. ȺɘŭɘəɧŰŮɟŬ, ɔɘŬ Űɖ ůɨɜɗŮůɖ N,P-CQDs(1), Űɞ 

ɛɏɔɘůŰɞ Ůəˊɞɛˊɐɠ ŮɛűŬɜɑɕŮŰŬɘ ůŰŬ 500nm ɔɘŬ ɛɐəɞɠ əɨɛŬŰɞɠ ŭɘɏɔŮɟůɖɠ ɚex=420nm, Ůɜɩ ɔɘŬ Űɖ 

ůɨɜɗŮůɖ N,P-CQDs(7), Űɞ ɛɏɔɘůŰɞ Ůəˊɞɛˊɐɠ ŮɜŰɞˊɑɕŮŰŬɘ ůŰŬ 495nm ɔɘŬ ɚex=440nm. ȼ ɛɘəɟɐ 

ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɛŮɔɑůŰɞɡ Ůəˊɞɛˊɐɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ůɡɜɗɏůŮɤɜ, ɡˊɞŭɖɚɩɜŮɘ ŭɘŬűɞɟɞˊɞɑɖůɖ ůŰɘɠ 

ŮɜŮɟɔŮɘŬəɏɠ ůŰɎɗɛŮɠ Ůəˊɞɛˊɐɠ, ɖ ɞˊɞɑŬ ŬˊɞŭɑŭŮŰŬɘ ůŮ ŭɘŬűɞɟɏɠ ůŰɞ ɛɏɔŮɗɞɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ 

ɐ ůŰɖ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɞɛɎŭɤɜ.  

Ⱦɞɘɜɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ əŬɘ Űɤɜ ŭɨɞ ůɡůŰɖɛɎŰɤɜ ŬˊɞŰŮɚŮɑ ɖ ŮɝɎɟŰɖůɖ Űɖɠ Ůəˊɞɛˊɐɠ Ŭˊɧ Űɞ ɛɐəɞɠ 

əɨɛŬŰɞɠ ŭɘɏɔŮɟůɖɠ (excitation-dependent photoluminescence). ȼ ˊŬɟŬŰɖɟɞɨɛŮɜɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ 

ɛŮɔɑůŰɞɡ Ůəˊɞɛˊɐɠ ɛŮ Űɖ ɛŮŰŬɓɞɚɐ Űɞɡ ɚex, ɡˊɞŭɖɚɩɜŮɘ Űɖɜ ɨˊŬɟɝɖ ˊɞɚɚŬˊɚɩɜ ŮˊɘűŬɜŮɘŬəɩɜ 

ŮɜŮɟɔŮɘŬəɩɜ əŬŰŬůŰɎůŮɤɜ ŬɜɞɛɞɘɞɔɏɜŮɘŬɠ ůŰɞ ɛɏɔŮɗɞɠ əŬɘ ůŰɖ ŭɞɛɐ Űɤɜ ɡɚɘəɩɜ, űŬɘɜɧɛŮɜɞ ˊɞɡ 

ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɔɘŬ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ɛŮ ˊɟɞůɛɑɝŮɘɠ ŮŰŮɟɞŬŰɧɛɤɜ.  

ɆŮ ŮˊɑˊŮŭɞ ɏɜŰŬůɖɠ Ůəˊɞɛˊɐɠ, ɞɘ ŭɨɞ ůɡɜɗɏůŮɘɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɡɣɖɚɐ űɤŰɞűɤŰŬɨɔŮɘŬ, ɔŮɔɞɜɧɠ 

ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ ŬəŰɘɜɞɓɧɚŮɠ ɛŮŰŬˊŰɩůŮɘɠ əŬɘ ˊŮɟɘɞɟɘůɛɏɜŮɠ ɛɖ ŬəŰɘɜɞɓɧɚŮɠ 

ŭɘŮɟɔŬůɑŮɠ ŬˊɧůɓŮůɖɠ. ɋůŰɧůɞ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ ůŰɞ Ůɨɟɞɠ əŬɘ ůŰɞ ůɢɐɛŬ Űɤɜ 

ŰŬɘɜɘɩɜ Ůəˊɞɛˊɐɠ, ˊɞɡ ˊɘɗŬɜɧɜ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŭɘŬűɞɟɏɠ ůŰɖɜ əŬɗŬɟɧŰɖŰŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ əŬɘ ůŰɖ 

ůɢŮŰɘəɐ ůɡɜŮɘůűɞɟɎ ŭɘŬűɞɟŮŰɘəɩɜ ŮˊɘűŬɜŮɘŬəɩɜ ŮɜŮɟɔŮɘŬəɩɜ Ůˊɘˊɏŭɤɜ. ȯɟŬ, ɖ ůɡɛˊŮɟɘűɞɟɎ 

űɤŰɞűɤŰŬɨɔŮɘŬɠ ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɞɜ ɓŬɗɛɧ əŬɗŬɟɘůɛɞɨ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ əŬɘ Űɖ ŭɘŬűɞɟŮŰɘəɐ 

ŮˊɘűŬɜŮɘŬəɐ əŬŰŬɜɞɛɐ Űɤɜ ŮŰŮɟɞŬŰɧɛɤɜ.  
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ɄŬɟŬəɎŰɤ, ˊŬɟŬŰɑɗŮɜŰŬɘ ˊɘɞ ŬɜŬɚɡŰɘəɎ ŰŬ űɎůɛŬŰŬ űɗɞɟɘůɛɞɨ ɔɘŬ Űɘɠ ŭɨɞ ůɡɜɗɏůŮɘɠ ɝŮɢɤɟɘůŰɎ: 

 

  

  

ȹɘŬɔɟɎɛɛŬŰŬ 10-13: ūɎůɛŬŰŬ PL Űɤɜ N,P-CQDs(1)  
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ȹɘŬɔɟɎɛɛŬŰŬ 14-16: ūɎůɛŬŰŬ PL Űɤɜ N,P-CQDs(7)  

 

 

 

ĄȾɟɡůŰŬɚɚɞɔɟŬűɑŬ ȷəŰɑɜɤɜ-ɉ ůəɧɜɖɠ (pXRD): 

 

ȼ ˊŮɟɑɗɚŬůɖ ŬəŰɑɜɤɜ-ɉ ůŮ ůəɧɜɖ (powder X-ray diffraction, pXRD), ŬˊɞŰŮɚŮɑ ɛɑŬ ɓŬůɘəɐ ŰŮɢɜɘəɐ ɔɘŬ 

Űɖ ɛŮɚɏŰɖ Űɖɠ ŭɞɛɐɠ əŬɘ Űɞɡ ɓŬɗɛɞɨ əɟɡůŰŬɚɚɘəɧŰɖŰŬɠ ɜŬɜɞɦɚɘəɩɜ. ȼ ŰŮɢɜɘəɐ ɓŬůɑɕŮŰŬɘ ůŰɖɜ 

ˊŮɟɑɗɚŬůɖ Űɖɠ ˊɟɞůˊɑˊŰɞɡůŬɠ ŬəŰɘɜɞɓɞɚɑŬɠ Ŭˊɧ ŰŬ ŬŰɞɛɘəɎ ŮˊɑˊŮŭŬ Űɖɠ ɡɚɘəɞɨ, ůɨɛűɤɜŬ ɛŮ Űɞɜ 

ɜɧɛɞ Űɞɡ Bragg, ˊŬɟɏɢɞɜŰŬɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ əɟɡůŰŬɚɚɘəɐ ŭɞɛɐ əŬɘ Űɘɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ 

Ůˊɘˊɏŭɤɜ.  

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɛŮ Űɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ, ŰŬ űɎůɛŬŰŬ pXRD ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

əɡɟɑɤɠ ɔɘŬ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ɏɛɞɟűɖɠ ɐ ɛŮɟɘəɩɠ ɔɟŬűɘŰɘəɐɠ ŭɞɛɐɠ Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊɡɟɐɜŬ. ɇɡˊɘəɎ, 

ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ ŮɛűŬɜɑɕɞɡɜ, ůɨɛűɤɜŬ ɛŮ ɓɘɓɚɘɞɔɟŬűɘəɎ ŭŮŭɞɛɏɜŬ, ɏɜŬ Ůɡɟɨ əŬɘ 

ɢŬɛɖɚɐɠ ɏɜŰŬůɖɠ ɛɏɔɘůŰɞ ůŰɖɜ ˊŮɟɘɞɢɐ 2ɗ=20-30ɞ, Űɞ ɞˊɞɑɞ ŬˊɞŭɑŭŮŰŬɘ ůŰɞ (002) ŮˊɑˊŮŭɞ 

ɔɟŬűɘŰɘəɞɨ ɎɜɗɟŬəŬ. ɇɞ Ůɨɟɞɠ Űɖɠ əɞɟɡűɐɠ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞ ɛɘəɟɧ ɛɏɔŮɗɞɠ Űɤɜ əɟɡůŰŬɚɚɘŰɩɜ əŬɘ 

Űɞɜ ɡɣɖɚɧ ɓŬɗɛɧ ŭɞɛɘəɐɠ ŬŰŬɝɑŬɠ.  

ȼ ˊŬɟɞɡůɑŬ ŮŰŮɟɞŬŰɧɛɤɜ,  ɎɕɤŰɞ əŬɘ  űɩůűɞɟɞɠ, əŬɗɩɠ əŬɘ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ, ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ɛŮŰŬŰɧˊɘůɖ ɐ ŭɘŮɨɟɡɜůɖ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɐɠ 

əɞɟɡűɐɠ, ɚɧɔɤ ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊɚɏɔɛŬŰɞɠ əŬɘ ŭɘŬűɞɟɞˊɞɑɖůɖɠ Űɤɜ ŬˊɞůŰɎůŮɤɜ 

ɛŮŰŬɝɨ Űɤɜ ɔɟŬűɘŰɘəɩɜ Ůˊɘˊɏŭɤɜ. ɆɡɜŮˊɩɠ, ɖ əɟɡůŰŬɚɚɞɔɟŬűɑŬ ŬəŰɑɜɤɜ-ɉ ůəɧɜɖɠ ŬˊɞŰŮɚŮɑ 

ɢɟɐůɘɛɞ ŮɟɔŬɚŮɑɞ ɔɘŬ Űɖɜ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ ŬɜɗɟŬəɘəɐɠ űɨůɖɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ əŬɘ ɔɘŬ Űɖɜ 

ˊɞɘɞŰɘəɐ ŮəŰɑɛɖůɖ Űɖɠ ŭɞɛɐɠ əŬɘ Űɞɡ ɓŬɗɛɞɨ əɟɡůŰŬɚɚɘəɧŰɖŰŬɠ [74,75]. 

ȷəɞɚɞɡɗɞɨɜ ŰŬ ůɢŮŰɘəɎ űɎůɛŬŰŬ pXRD Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ Űɖɠ ŭɨɞ 

ůɡɜɗɏůŮɘɠ, əŬɗɩɠ əŬɘ ɖ ŬɜɎɚɡůɐ Űɖɠ.  
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ȹɘɎɔɟŬɛɛŬ 17: ūɎůɛŬ pXRD Űɤɜ N,P-CQDs(1)  

 

 

 

ȹɘɎɔɟŬɛɛŬ 18: ūɎůɛŬ pXRD Űɤɜ N,P-CQDs(7)  

 

ɇŬ űɎůɛŬŰŬ Űɤɜ ŭɨɞ ůɡɜɗɏůŮɤɜ ˊŬɟɞɡůɘɎɕɞɡɜ ůɖɛŬɜŰɘəɏɠ ŭɘŬűɞɟɏɠ ɤɠ ˊɟɞɠ Űɞɜ ɓŬɗɛɧ 

əɟɡůŰŬɚɚɘəɧŰɖŰŬɠ. ɆŰɖɜ ˊɟɩŰɖ ůɨɜɗŮůɖ, ɛŮ ɢɟɧɜɞ əŬɗŬɟɘůɛɞɨ (dialysis) 4 ɩɟŮɠ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ 

ɏɜŰɞɜŮɠ əŬɘ ɞɝŮɑŮɠ əɞɟɡűɏɠ, əɡɟɑɤɠ ɔɨɟɤ Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ 2ɗ=25ɞ, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ Űɖɜ 

ˊŬɟɞɡůɑŬ əɟɡůŰŬɚɚɘəɩɜ űɎůŮɤɜ ůŰɞ ŭŮɑɔɛŬ. Ƀɘ əɞɟɡűɏɠ ŬɡŰɏɠ ŬˊɞŭɑŭɞɜŰŬɘ, ˊɘɗŬɜɧŰŬŰŬ, ůŮ 
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ɡˊɞɚŮɑɛɛŬŰŬ ˊɟɧŭɟɞɛɤɜ ŮɜɩůŮɤɜ ɐ ůŮ əɟɡůŰŬɚɚɘəɎ ˊŬɟŬˊɟɞɥɧɜŰŬ Űɖɠ ůɨɜɗŮůɖɠ, ŰŬ ɞˊɞɑŬ ŭŮɜ 

ɏɢɞɡɜ ŬˊɞɛŬəɟɡɜɗŮɑ ˊɚɐɟɤɠ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɞɡ əŬɗŬɟɘůɛɞɨ.  

ȷɜŰɑɗŮŰŬ, ůŰɞ ŭŮɑɔɛŬ Űɖɠ ŭŮɨŰŮɟɖɠ ůɨɜɗŮůɖɠ, Űɞ ɞˊɞɑɞ ɡˊɏůŰɖ ŮəŰŮɜɏůŰŮɟɞ əŬɗŬɟɘůɛɧ, 8 ɤɟɩɜ, Űɞ 

űɎůɛŬ ŮɛűŬɜɑɕŮŰŬɘ, ůŬűɩɠ, ɚɘɔɧŰŮɟɞ əɟɡůŰŬɚɚɘəɧ, ɛŮ ŮɡɟɨŰŮɟɖ əŬŰŬɜɞɛɐ ɏɜŰŬůɖɠ əŬɘ ɛŮɘɤɛɏɜɞ 

Ŭɟɘɗɛɧ ɞɝŮɑɤɜ əɞɟɡűɩɜ. ɋůŰɧůɞ, ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŭɨɞ ɏɜŰɞɜŮɠ əɞɟɡűɏɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɤɜ 25ɞ, ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɛɘəɟɧ ˊɞůɞůŰɧ əɟɡůŰŬɚɚɘəɩɜ űɎůŮɤɜ ˊŬɟŬɛɏɜŮɘ ůŰɞ ŭŮɑɔɛŬ 

ɐ ɧŰɘ ůɡɛɓɎɚɚŮɘ əŬɘ ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ ŬɜɎəɚŬůɖ (002) Űɞɡ ɔɟŬűɘŰɘəɞɨ ɎɜɗɟŬəŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ŬɡŰɎ, əŬŰŬŭŮɘəɜɨɞɡɜ ɧŰɘ ɞ ɓŮɚŰɘɤɛɏɜɞɠ əŬɗŬɟɘůɛɧɠ ɞŭɖɔŮɑ ůŮ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ Űɤɜ əɟɡůŰŬɚɚɘəɩɜ 

ˊɟɞůɛɑɝŮɤɜ, ɢɤɟɑɠ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ˊɚɐɟɖɠ ŬˊɞɛɎəɟɡɜůɐ Űɞɡɠ.  

ȺˊɘˊɟɞůɗɏŰɤɠ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůŰŬ ŭɨɞ űɎůɛŬŰŬ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ůŰɞ ˊɟɩŰɞ, ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ 

ɏɜŰɞɜɤɜ əŬɘ ɞɝŮɑɤɜ ŬɜŬəɚɎůŮɤɜ ůŮ ɧɚɞ Űɞ Ůɨɟɞɠ Űɤɜ ɔɤɜɘɩɜ 2ɗ, ɛŮ Űɘɠ ŮɜŰɞɜɧŰŮɟŮɠ ɜŬ ŮɜŰɞˊɑɕɞɜŰŬɘ 

ůŰɖɜ ˊŮɟɘɞɢɐ 20-30ɞ. ȼ ɛɞɟűɐ ŬɡŰɐ ŭŮɑɢɜŮɘ ˊɤɠ ɑůɤɠ ɡˊɎɟɢɞɡɜ ŬɟəŮŰɏɠ əɟɡůŰŬɚɚɘəɏɠ űɎůŮɘɠ ůŰɞ 

ŭŮɑɔɛŬ, ˊɘɗŬɜɧŰŬŰŬ ɚɧɔɤ ɡˊɞɚŮɘɛɛɎŰɤɜ űɤůűɞɟɘəɩɜ əŬɘ ŬɛɛɤɜɘŬəɩɜ ŬɚɎŰɤɜ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ 

Űɖɠ ůɨɜɗŮůɖɠ. ȹŮɜ ˊŬɟŬŰɖɟŮɑŰŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɐ ŮɡɟŮɑŬ Ɏɛɞɟűɖ ɕɩɜɖ ́ ɞɡ ŬˊɞŭɑŭŮŰŬɘ ůɡɜɐɗɤɠ ůŰɞɜ 

ŬɜɗɟŬəɘəɧ ˊɡɟɐɜŬ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ, ɔŮɔɞɜɧɠ ˊɞɡ əŬŰŬŭŮɘəɜɨŮɘ ɧŰɘ ŰŬ ŭŮɑɔɛŬŰŬ ŭŮɜ 

ŬˊɞŰŮɚɞɨɜŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ Ŭˊɧ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ. 
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ĄŪŮɟɛɞɓŬɟɡɛŮŰɟɘəɐ ŬɜɎɚɡůɖ (TGA):  

 

ȼ ɗŮɟɛɞɓŬɟɡɛŮŰɟɘəɐ ŬɜɎɚɡůɖ (TGA) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ɗŮɟɛɘəɐɠ ůŰŬɗŮɟɧŰɖŰŬɠ əŬɘ 

Űɖɠ ůɨůŰŬůɖɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ. ȼ ŰŮɢɜɘəɐ ɓŬůɑɕŮŰŬɘ ůŰɖɜ əŬŰŬɔɟŬűɐ Űɖɠ ɛŮŰŬɓɞɚɐɠ 

Űɖɠ ɛɎɕŬɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ ɡˊɧ ŮɚŮɔɢɧɛŮɜŮɠ ůɡɜɗɐəŮɠ ɗɏɟɛŬɜůɖɠ. 

ũɘŬ ŰŬ ɜŬɜɞůɤɛŬŰɑŭɘŬ ɛŮ ɓɎůɖ Űɞɜ ɎɜɗɟŬəŬ, ɖ TGA ˊŬɟɏɢŮɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊŬɟɞɡůɑŬ 

ˊɟɞůɟɞűɖɛɏɜɞɡ ɜŮɟɞɨ, Űɖɜ Ŭˊɞŭɧɛɖůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ əŬɘ Űɞ ˊɞůɞůŰɧ 

ŬɜɧɟɔŬɜɞɡ ɡˊɞɚŮɑɛɛŬŰɞɠ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊɟɞůɛŮɘɔɛɏɜɤɜ ɛŮ ɎɕɤŰɞ əŬɘ űɩůűɞɟɞ, əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ, ɖ 

ɗŮɟɛɘəɐ Ŭˊɞŭɧɛɖůɖ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ůŰɎŭɘŬ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɖɜ ŬˊɩɚŮɘŬ ˊŰɖŰɘəɩɜ 

ŮɜɩůŮɤɜ, Űɖ ŭɘɎůˊŬůɖ ɞɟɔŬɜɘəɩɜ ɞɛɎŭɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Ɂ,Ʌ əŬɘ ůŮ ɡɣɖɚɧŰŮɟŮɠ ɗŮɟɛɞəɟŬůɑŮɠ, 

Űɖɜ Ŭˊɞŭɧɛɖůɖ Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊɡɟɐɜŬ, ɛŮ ŰŮɚɘəɧ ɡˊɧɚŮɘɛɛŬ ŬɜɧɟɔŬɜɖɠ űɨůɖɠ [76,77]. 

ȷˊɧ Űɖɠ ɛŮŰɟɐůŮɘɠ ˊɞɡ ɏɔɘɜŬɜ ůŮ Ůɨɟɞɠ ɗŮɟɛɞəɟŬůɘɩɜ 25-800ɞC, ɚɐűɗɖůŬɜ ŰŬ əɎŰɤɗɘ ŭɘŬɔɟɎɛɛŬŰŬ. 

 

 

ȹɘɎɔɟŬɛɛŬ 19: ȹɘɎɔɟŬɛɛŬ TGA Űɤɜ N,P-CQDs(1)  

 

 

ȼ ɗŮɟɛɞɓŬɟɡɛŮŰɟɘəɐ ŬɜɎɚɡůɖ Űɖɠ ůɨɜɗŮůɖɠ Űɤɜ N,P-CQDs(1), ˊŬɟɞɡůɘɎɕŮɘ ŰɏůůŮɟŬ ŭɘŬəɟɘŰɎ 

ůŰɎŭɘŬ ŬˊɩɚŮɘŬɠ ɛɎɕŬɠ. ɆŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ (25-180ɞC), ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘəɟɐ ŬˊɩɚŮɘŬ ɛɎɕŬɠ Űɖɠ 

ŰɎɝɖɠ Űɞɡ 2,5%, ɖ ɞˊɞɑŬ ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ ˊɟɞůɟɞűɖɛɏɜɞɡ ɜŮɟɞɨ əŬɘ ˊŰɖŰɘəɩɜ 

ůɡůŰŬŰɘəɩɜ. ɇɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ (180-514 ɞC), ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ůɖɛŬɜŰɘəɐ ŬˊɩɚŮɘŬ ɛɎɕŬɠ (~42%), 

ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ Ŭˊɞŭɧɛɖůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ əŬɘ Űɤɜ ɞɟɔŬɜɘəɩɜ 

əŬŰŬɚɞɑˊɤɜ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ɎɕɤŰɞ əŬɘ űɩůűɞɟɞ. ɆŰɞ ŰɟɑŰɞ ůŰɎŭɘɞ (514-621 ɞC), ˊŬɟŬŰɖɟŮɑŰŬɘ 

ˊŮɟŬɘŰɏɟɤ ŬˊɩɚŮɘŬ ɛɎɕŬɠ (~34%), ɖ ɞˊɞɑŬ ŬˊɞŭɑŭŮŰŬɘ ůŰɖ ɗŮɟɛɘəɐ Ŭˊɞŭɧɛɖůɖ Űɞɡ ŬɜɗɟŬəɘəɞɨ 

ˊɡɟɐɜŬ əŬɘ ɗŮɟɛɘəɎ ůŰŬɗŮɟɧŰŮɟɤɜ ɞɟɔŬɜɘəɩɜ ŭɞɛɩɜ. ɇɏɚɞɠ, ůŰɞ ŰɏŰŬɟŰɞ ůŰɎŭɘɞ (621-800 ɞC), 
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ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘəɟɐ Ůˊɘˊɚɏɞɜ ŬˊɩɚŮɘŬ ɛɎɕŬɠ (~3,8%), ˊɘɗŬɜɧɜ ɚɧɔɤ ˊŮɟŬɘŰɏɟɤ ŬˊŬɜɗɟɎəɤůɖɠ. 

ɇɞ ŰŮɚɘəɧ ɡˊɧɚŮɘɛɛŬ (~17,8%) ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ˊŬɟɞɡůɑŬ ŬɜɧɟɔŬɜɤɜ űɎůŮɤɜ, əɡɟɑɤɠ űɤůűɞɟɘəɐɠ 

űɨůɖɠ, ɔŮɔɞɜɧɠ ˊɞɡ ůɡɛűɤɜŮɑ ɛŮ Űɖɜ ˊɟɧůɛɘɝɖ űɤůűɧɟɞɡ ůŰɞ ɡɚɘəɧ.  

 

 

ȹɘɎɔɟŬɛɛŬ 20: ȹɘɎɔɟŬɛɛŬ TGA Űɤɜ N,P-CQDs(7)  

 

ȳůɞɜ ŬűɞɟɎ ůŰɖ ŭŮɨŰŮɟɖ ůɨɜɗŮůɖ Űɤɜ N,P-CQDs(7), ɖ ɗŮɟɛɞɓŬɟɡɛŮŰɟɘəɐ ŬɜɎɚɡůɖ űŬɑɜŮŰŬɘ ɜŬ 

ˊŬɟɞɡůɘɎɕŮɘ ˊɏɜŰŮ ŭɘŬəɟɘŰɎ ůŰɎŭɘŬ ŬˊɩɚŮɘŬɠ ɛɎɕŬɠ. ɆŰɞ ˊɟɩŰɞ ůŰɎŭɘɞ (25-180ɞC), ˊŬɟŬŰɖɟŮɑŰŬɘ 

ɛɘəɟɐ ŬˊɩɚŮɘŬ ɛɎɕŬɠ Űɖɠ ŰɎɝɖɠ Űɞɡ 5%, ɖ ɞˊɞɑŬ ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ŬˊɞɛɎəɟɡɜůɖ ˊɟɞůɟɞűɖɛɏɜɞɡ 

ɜŮɟɞɨ əŬɘ ˊŰɖŰɘəɩɜ ůɡůŰŬŰɘəɩɜ. ɇɞ ŭŮɨŰŮɟɞ ůŰɎŭɘɞ (180-358 ɞC), ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ ŬˊɩɚŮɘŬ ɛɎɕŬɠ 

(~16%), ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ Ŭˊɞŭɧɛɖůɖ ŬůɗŮɜɩɠ ŭŮůɛŮɡɛɏɜɤɜ ɞɛɎŭɤɜ, Űɖɠ ɡŭɟɞɝɡɚɞɛɎŭŮɠ, 

ŬɛɘɜɞɛɎŭŮɠ əŬɘ ɛɘəɟɎ ɞɟɔŬɜɘəɎ əŬŰɎɚɞɘˊŬ. ɆŰɞ ŰɟɑŰɞ ůŰɎŭɘɞ (358-490 ɞC), ˊŬɟŬŰɖɟŮɑŰŬɘ Űɖɠ ŬˊɩɚŮɘŬ 

ɛɎɕŬɠ (~16%), ɖ ɞˊɞɑŬ ŬˊɞŭɑŭŮŰŬɘ ůŰɖ ɗŮɟɛɘəɐ Ŭˊɞŭɧɛɖůɖ ˊɘɞ ůŰŬɗŮɟɩɜ ɞɛɎŭɤɜ, Űɖɠ ŮɑɜŬɘ ŰŬ 

ŬɛɑŭɘŬ, əŬɟɓɞɝɡɚɞɛɎŭŮɠ əŬɘ űɤůűɞɟɘəɎ. ɆŰɞ ŰɏŰŬɟŰɞ ůŰɎŭɘɞ (490-621 ɞC), ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɘəɟɐ 

Ůˊɘˊɚɏɞɜ ŬˊɩɚŮɘŬ ɛɎɕŬɠ (~26%), ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ Ŭˊɧŭɧɛɖůɖ Űɞɡ ŬɜɗɟŬəɘəɞɨ ˊɡɟɐɜŬ. ɇɏɚɞɠ, 

ůŰɞ ˊɏɛˊŰɞ ůŰɎŭɘɞ, (621-800oC), ɛŮ ŬˊɩɚŮɘŬ ɛɎɕŬɠ ~9%, ɔɑɜŮŰŬɘ ɖ ˊŮɟŬɘŰɏɟɤ Ŭˊɞŭɧɛɖůɖ əŬɘ 

ŬˊŬɜɗɟɎəɤůɖ. ɇɞ ŰŮɚɘəɧ ɡˊɧɚŮɘɛɛŬ (~28,15%) ŬˊɞŭɑŭŮŰŬɘ ůŰɖɜ ˊŬɟɞɡůɑŬ ŬɜɧɟɔŬɜɤɜ űɎůŮɤɜ, 

əɡɟɑɤɠ űɤůűɞɟɘəɐɠ űɨůɖɠ, ɔŮɔɞɜɧɠ ˊɞɡ ůɡɛűɤɜŮɑ ɛŮ Űɖɜ ˊɟɧůɛɘɝɖ űɤůűɧɟɞɡ ůŰɞ ɡɚɘəɧ. 

ɆŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ˊɟɩŰɖ ůɨɜɗŮůɖ, ůŰɖɜ ɞˊɞɑŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŰɏůůŮɟŬ ůŰɎŭɘŬ ŬˊɩɚŮɘŬɠ ɛɎɕŬɠ, ɖ 

ŭŮɨŰŮɟɖ ůɨɜɗŮůɖ ŮɛűŬɜɑɕŮɘ ˊɏɜŰŮ ŭɘŬəɟɘŰɎ ůŰɎŭɘŬ ɗŮɟɛɘəɐɠ Ŭˊɞŭɧɛɖůɖɠ. ȼ ŭɘŬűɞɟɞˊɞɑɖůɖ ŬɡŰɐ 

ŬˊɞŭɑŭŮŰŬɘ, ɑůɤɠ, ůŰɞɜ ŮəŰŮɜɏůŰŮɟɞ əŬɗŬɟɘůɛɧ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ɞ ɞˊɞɑɞɠ ɞŭɖɔŮɑ ůŰɖ ɛŮɑɤůɖ Űɤɜ 

ŬɜɧɟɔŬɜɤɜ əɟɡůŰŬɚɚɘəɩɜ ˊɟɞůɛɑɝŮɤɜ əŬɘ ůŰɖɜ əŬɚɨŰŮɟɖ ŬɜɎŭŮɘɝɖ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŭɘŮɟɔŬůɘɩɜ 

Ŭˊɞŭɧɛɖůɖɠ ŮˊɘűŬɜŮɘŬəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ əŬɘ Űɤɜ ɞɟɔŬɜɘəɩɜ ŭɞɛɩɜ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ. 

ɋɠ Ůə ŰɞɨŰɞɡ, ɞɘ ɗŮɟɛɘəɏɠ ŬˊɞŭɞɛɐůŮɘɠ ŮɛűŬɜɑɕɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ŭɘŬɢɤɟɘůɛɏɜŮɠ əŬɘ əŬŰŬɔɟɎűɞɜŰŬɘ 

ɤɠ Ůˊɘɛɏɟɞɡɠ ůŰɎŭɘŬ ůŰɞ ɗŮɟɛɞɓŬɟɡɛŮŰɟɘəɧ ŭɘɎɔɟŬɛɛŬ.  
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ĄȹɡɜŬɛɘəɐ ůəɏŭŬůɖ űɤŰɧɠ (DLS):  

 

ȼ ŭɡɜŬɛɘəɐ ůəɏŭŬůɖ űɤŰɧɠ (Dynamic Light Scattering, DLS), ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɡŭɟɞŭɡɜŬɛɘəɐɠ ŭɘŬɛɏŰɟɞɡ əŬɘ Űɖɠ əŬŰŬɜɞɛɐɠ ɛŮɔɏɗɞɡɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ 

ɎɜɗɟŬəŬ ůŮ ɡŭŬŰɘəɧ ŭɘɎɚɡɛŬ. ȼ ůɡɔəŮəɟɘɛɏɜɖ ŰŮɢɜɘəɐ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŬɜɎɚɡůɖ Űɤɜ ŭɘŬəɡɛɎɜůŮɤɜ 

Űɖɠ ɏɜŰŬůɖɠ Űɞɡ ůəŮŭŬɕɧɛŮɜɞɡ űɤŰɧɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ŰɡɢŬɑŬ əɑɜɖůɖ Brown Űɤɜ 

ɜŬɜɞůɤɛŬŰɘŭɑɤɜ. ȷˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ŬɡŰɎ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɡŭɟɞŭɡɜŬɛɘəɐ ŭɘɎɛŮŰɟɞɠ, ɖ ɞˊɞɑŬ 

ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɜ ŬɜɗɟŬəɘəɧ ˊɡɟɐɜŬ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ, əŬɗɩɠ əŬɘ Űɘɠ ŮˊɘűŬɜŮɘŬəɏɠ 

ɚŮɘŰɞɡɟɔɘəɏɠ ɞɛɎŭŮɠ əŬɘ Űɞ ůŰɟɩɛŬ ŮɜɡŭɎŰɤůɖɠ ˊɞɡ ŰŬ ˊŮɟɘɓɎɚɚŮɘ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɞɘ Űɘɛɏɠ 

ɛŮɔɏɗɞɡɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ DLS ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ ŮəŮɑɜŮɠ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ŰŮɢɜɘəɏɠ ɎɛŮůɖɠ ŬˊŮɘəɧɜɘůɖɠ, [TEM]. ȷəɧɛɖ, ɖ əŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ əŬɘ ɞ ŭŮɑəŰɖɠ 

ˊɞɚɡŭɘŬůˊɞɟɎɠ (PDI) ˊŬɟɏɢɞɡɜ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɞɜ ɓŬɗɛɧ ŭɘŬůˊɞɟɎɠ əŬɘ Űɖ ůŰŬɗŮɟɧŰɖŰŬ 

Űɤɜ əɞɚɚɞŮɘŭɩɜ ŭɘŬɚɡɛɎŰɤɜ.  

ȺəŰɧɠ Ŭˊɧ Űɖɜ əŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ, ɛŮŰɟɐɗɖəŮ əŬɘ Űɞ ɕ-ŭɡɜŬɛɘəɧ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ. ɇɞ ɕ-

ŭɡɜŬɛɘəɧ ŬˊɞŰŮɚŮɑ ɛɏŰɟɞ Űɞɡ ɖɚŮəŰɟɞəɘɜɖŰɘəɞɨ ŭɡɜŬɛɘəɞɨ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ əŬɘ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŬɜɎˊŰɡɝɖ ɖɚŮəŰɟɘəɞɨ űɞɟŰɑɞɡ ůŰɞ ɧɟɘɞ ɛŮŰŬɝɨ ůɤɛŬŰɘŭɑɞɡ əŬɘ ŭɘŬɚɨŰɖ. ȼ 

ɛɏŰɟɖůɐ Űɞɡ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɖɚŮəŰɟɞűɞɟɖŰɘəɐ əɘɜɖŰɘəɧŰɖŰŬ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ůŮ ŮűŬɟɛɞůɛɏɜɞ 

ɖɚŮəŰɟɘəɧ ˊŮŭɑɞ əŬɘ ůɢŮŰɑɕŮŰŬɘ ɎɛŮůŬ ɛŮ Űɖ ůŰŬɗŮɟɧŰɖŰŬ Űɤɜ əɞɚɚɞŮɘŭɩɜ ůɡůŰɖɛɎŰɤɜ. ɇɘɛɏɠ ɕ-

ŭɡɜŬɛɘəɞɨ ɛŮ ŬˊɧɚɡŰɖ Űɘɛɐ ɛŮɔŬɚɨŰŮɟɖ Űɤɜ 30mV, ɡˊɞŭɖɚɩɜɞɡɜ ɡɣɖɚɐ əɞɚɚɞŮɘŭɐ ůŰŬɗŮɟɧŰɖŰŬ, 

Ůɜɩ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɡˊɞŭɖɚɩɜɞɡɜ Ŭɡɝɖɛɏɜɖ ŰɎůɖ ɔɘŬ ůɡůůɤɛɎŰɤůɖ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ, Űɞ ɕ-ŭɡɜŬɛɘəɧ ŮˊɖɟŮɎɕŮŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɘɠ ŮˊɘűŬɜŮɘŬəɏɠ ɚŮɘŰɞɡɟɔɘəɏɠ 

ɞɛɎŭŮɠ, Űɘɠ əŬɟɓɞɝɡɚɞɛɎŭŮɠ, űɤůűɞɟɘəɏɠ ɞɛɎŭŮɠ, ɡŭɟɞɝɡɚɞɛɎŭŮɠ əŬɘ ŬɛɘɜɞɛɎŭŮɠ, əŬɘ ˊŬɟɏɢŮɘ 

ůɖɛŬɜŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɖ ůŰŬɗŮɟɧŰɖŰŬ əŬɘ Űɖ ɢɖɛɘəɐ űɨůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ [78-80]. 

ɄŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ůɢŮŰɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ɛŮɔɏɗɞɡɠ əŬɘ ɕ-ŭɡɜŬɛɘəɞɨ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ, 

Űɤɜ ŭɨɞ ůɡɜɗɏůŮɤɜ. 
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ȹɘɎɔɟŬɛɛŬ 21: ȹɘɎɔɟŬɛɛŬ əŬŰŬɜɞɛɐɠ ɛŮɔɏɗɞɡɠ Űɤɜ N,P-CQDs(1)  

 

ȼ əŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ Űɤɜ N,P-CQDs(1), Űɖɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɠ ɛŮŰɟɐůŮɘɠ DLS, ŮɛűŬɜɑɕŮɘ ŭɨɞ 

ŭɘŬəɟɘŰɏɠ əɞɟɡűɏɠ. ȼ ˊɟɩŰɖ əɞɟɡűɐ ůŮ ˊɞɚɨ ɛɘəɟɏɠ ŭɘŬɛɏŰɟɞɡɠ (~1-3nm) ŬˊɞŭɑŭŮŰŬɘ ůŰɘɠ 

ɛŮɜɞɜɤɛɏɜŮɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ, ɔŮɔɞɜɧɠ ˊɞɡ ŮˊɘɓŮɓŬɘɩɜŮɘ Űɞɜ ůɢɖɛŬŰɘůɛɧ 

ɜŬɜɞůɤɛŬŰɘŭɑɤɜ. ȼ ŭŮɨŰŮɟɖ əɞɟɡűɐ, ůŮ ɛŮɔŬɚɨŰŮɟŮɠ ŭɘŬɛɏŰɟɞɡɠ (~10-25nm), ŬˊɞŭɑŭŮŰŬɘ ůŮ ɛɘəɟɎ 

ůɡůůɤɛŬŰɩɛŬŰŬ ɐ ůŮ Ŭɡɝɖɛɏɜɞ ɡŭɟɞŭɡɜŬɛɘəɧ ɛɏɔŮɗɞɠ Űɤɜ ůɤɛŬŰɘŭɑɤɜ ɚɧɔɤ Űɖɠ ˊŬɟɞɡůɑŬɠ 

ŮˊɘűŬɜŮɘŬəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ əŬɘ Űɖɠ ůűŬɑɟŬɠ ŮɜɡŭɎŰɤůɖɠ. ȼ ŮɛűɎɜɘůɖ ŭɨɞ ˊɚɖɗɡůɛɩɜ 

ɛŮɔɏɗɞɡɠ ɡˊɞŭɖɚɩɜŮɘ ɛŮɟɘəɐ ˊɞɚɡŭɘŬůˊɞɟɎ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ůɡɛűɤɜŮɑ ɛŮ Űɘɠ Űɘɛɏɠ Űɞɡ ɕ-

ŭɡɜŬɛɘəɞɨ ˊɞɡ ɡˊɞŭŮɘəɜɨɞɡɜ ɛɏŰɟɘŬ əɞɚɚɞŮɘŭɐ ůŰŬɗŮɟɧŰɖŰŬ.  

 

 

ȹɘɎɔɟŬɛɛŬ 22: ȹɘɎɔɟŬɛɛŬ ɕ-ŭɡɜŬɛɘəɞɨ Űɤɜ N,P-CQDs(1)  
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ɇɞ ɕ-ŭɡɜŬɛɘəɧ Űɤɜ ŭŮɘɔɛɎŰɤɜ əɡɛŬɑɜŮŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Ŭˊɧ -30 ɏɤɠ 0 mV, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ 

ŬɟɜɖŰɘəɎ űɞɟŰɘůɛɏɜɖ ŮˊɘűɎɜŮɘŬ, ˊɘɗŬɜɧŰŬŰŬ ɚɧɔɤ Űɖɠ ˊŬɟɞɡůɑŬɠ əŬɟɓɞɝɡɚɘəɩɜ əŬɘ űɤůűɞɟɘəɩɜ 

ɞɛɎŭɤɜ Ŭˊɧ ŰŬ ˊɟɧŭɟɞɛŬ ɛɧɟɘŬ ˊɞɡ ŬɜŬɛɑɢɗɖəŬɜ. Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ ŭŮɑɢɜɞɡɜ ɛɏŰɟɘŬ əɞɚɚɞŮɘŭɐ 

ůŰŬɗŮɟɧŰɖŰŬ, ɧˊɤɠ ɐŭɖ ŬɜŬűɏɟɗɖəŮ, əɎŰɘ Űɞ ɞˊɞɑɞ ŮɝɖɔŮɑ əŬɘ Űɖɜ ŮɛűɎɜɘůɖ ɛɘəɟɞɨ ɓŬɗɛɞɨ 

ůɡůůɤɛɎŰɤůɖɠ, Ŭˊɧ Űɖɜ əŬŰŬɜɞɛɐ ɛŮɔɏɗɞɡɠ.  

 

 

ȹɘɎɔɟŬɛɛŬ 23: ȹɘɎɔɟŬɛɛŬ əŬŰŬɜɞɛɐɠ ɛŮɔɏɗɞɡɠ Űɤɜ N,P-CQDs(7)  

 

ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ əɨɟɘŬ əɞɟɡűɐ ůŰɖɜ ˊŮɟɘɞɢɐ ɔɨɟɤ ůŰŬ 5-8 nm, 

ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɐ ɡŭɟɞŭɡɜŬɛɘəɐ ŭɘɎɛŮŰɟɞ əŬɘ 

ůɢŮŰɘəɎ ůŰŮɜɐ əŬŰŬɜɞɛɐ. ȼ ŬˊɞɡůɑŬ ŭŮɡŰŮɟŮɡɞɡůɩɜ əɞɟɡűɩɜ ůŮ ɛŮɔŬɚɨŰŮɟŮɠ ˊŮɟɘɞɢɏɠ ɛŮɔɏɗɞɡɠ, 

ɡˊɞŭɖɚɩɜŮɘ ɧŰɘ ŭŮɜ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ůɖɛŬɜŰɘəɎ űŬɘɜɧɛŮɜŬ ůɡůůɤɛɎŰɤůɖɠ ɧˊɤɠ ůɡɜɏɓɖ ůŰɖɜ 

ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ Űɤɜ N,P-CQDs(1).  
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ȹɘɎɔɟŬɛɛŬ 24: ȹɘɎɔɟŬɛɛŬ ɕ-ŭɡɜŬɛɘəɞɨ Űɤɜ N,P-CQDs(7)  

 

ɇɞ ɕ-ŭɡɜŬɛɘəɧ Űɤɜ N,P-CQDs(7) ˊŬɟɞɡůɘɎɕŮɘ əɨɟɘŬ əɞɟɡűɐ ůŮ ɗŮŰɘəɏɠ Űɘɛɏɠ, ˊŮɟɑˊɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ 

Ŭˊɧ +10mV ɏɤɠ +20mV, ɔŮɔɞɜɧɠ ˊɞɡ ɡˊɞŭɖɚɩɜŮɘ Űɖɜ ˊŬɟɞɡůɑŬ ɗŮŰɘəɩɜ ɚŮɘŰɞɡɟɔɘəɩɜ ɞɛɎŭɤɜ 

ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ. ɇɞ ɗŮŰɘəɧ űɞɟŰɑɞ ŬˊɞŭɑŭŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ ˊŬɟɞɡůɑŬ 

ŬɛɘɜɞɛɎŭɤɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊɟɧůɛɘɝɖ ŬɕɩŰɞɡ ůŰɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ. Ƀɘ Űɘɛɏɠ ŬɡŰɏɠ, 

ɡˊɞŭɖɚɩɜɞɡɜ ɛɏŰɟɘŬ əɞɚɚɞŮɘŭɐ ůŰŬɗŮɟɧŰɖŰŬ Űɞɡ ŭɘŬɚɨɛŬŰɞɠ, əŬɗɩɠ ɖ ɖɚŮəŰɟɞůŰŬŰɘəɐ Ŭˊɩɗɖůɖ 

ɛŮŰŬɝɨ Űɤɜ űɞɟŰɘůɛɏɜɤɜ ůɤɛŬŰɘŭɑɤɜ, ůɡɛɓɎɚɚŮɘ ůŰɖ ɛŮɑɤůɖ Űɤɜ űŬɘɜɞɛɏɜɤɜ ůɡůůɤɛɎŰɤůɖɠ.  
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× ͖͖̋͐͒͊͐͑ͫШ͈͕͖͎͚͎͐͒ͧ͊ 
 

 

ȼ ɓɘɞɚɞɔɘəɐ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɜŮɞůɡɜŰɘɗɏɛŮɜɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ (N,P-CQDs), 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ ůəɞˊɧ Űɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬɠ, Űɖɠ ŮˊɑŭɟŬůɐɠ Űɞɡɠ ůŰɖ 

ɛŮŰŬɜɎůŰŮɡůɖ əɡŰŰɎɟɤɜ əŬɘ Űɖɠ ŬɘɛŬŰɞůɡɛɓŬŰɧŰɖŰɎɠ Űɞɡɠ, ɩůŰŮ ɜŬ ŮəŰɘɛɖɗŮɑ ɖ ŭɡɜŬŰɧŰɖŰŬ 

ɓɘɞɥŬŰɟɘəɩɜ ŮűŬɟɛɞɔɩɜ Űɞɡɠ. ũɘŬ Űɞɜ ůəɞˊɧ ŬɡŰɧ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ ŭɞəɘɛɏɠ MTT, wound 

healing əŬɘ Ŭɘɛɧɚɡůɖɠ, ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜ əŬɗɘŮɟɤɛɏɜŮɠ ɛŮɗɧŭɞɡɠ ŮəŰɑɛɖůɖɠ Űɖɠ əɡŰŰŬɟɘəɐɠ 

ɓɘɤůɘɛɧŰɖŰŬɠ, Űɖɠ əɡŰŰŬɟɘəɐɠ əɘɜɖŰɘəɧŰɖŰŬɠ əŬɘ Űɖɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɛŮ Űɞ ŬɑɛŬ ŬɜŰɑůŰɞɘɢŬ.  

ȼ ŭɞəɘɛɐ MTT ɓŬůɑɕŮŰŬɘ ůŰɖɜ ŬɜŬɔɤɔɐ Űɞɡ ɎɚŬŰɞɠ ŰŮŰɟŬɕɞɚɑɞɡ ɀɇɇ (3-(4,5-Dimethylthiazol-2-yl)-

2,5-Diphenyl tetrazolium) ůŮ ŬŭɘɎɚɡŰɞɡɠ əɟɡůŰɎɚɚɞɡɠ űɞɟɛŬɕɎɜɖɠ Ŭˊɧ ŰŬ ɛɘŰɞɢɞɜŭɟɘŬəɎ ŮɜɕɡɛɘəɎ 

ůɡůŰɐɛŬŰŬ Űɤɜ ɕɩɜŰɤɜ əɡŰŰɎɟɤɜ. ȼ ˊɞůɧŰɖŰŬ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ űɞɟɛŬɕɎɜɖɠ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɞɡ 

Ŭɟɘɗɛɞɨ Űɤɜ ɓɘɩůɘɛɤɜ əɡŰŰɎɟɤɜ əŬɘ ɛŮŰɟɎŰŬɘ űŬůɛŬŰɞűɤŰɞɛŮŰɟɘəɎ. ȼ ɛɏɗɞŭɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

Ůɡɟɏɤɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬɠ əŬɘ Űɖɠ ɓɘɞůɡɛɓŬŰɧŰɖŰŬɠ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ.  

ȼ ŭɞəɘɛɐ wound healing (scratch assay), ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ əɡŰŰŬɟɘəɐɠ 

ɛŮŰŬɜɎůŰŮɡůɖɠ əŬɘ Űɖɠ ɘəŬɜɧŰɖŰŬɠ Ůˊɞɨɚɤůɖɠ Űɞɡ ŰŮɢɜɖŰɞɨ əŮɜɞɨ ůŮ ɛɞɜɞůŰɟɩɛŬŰŬ əɡŰŰɎɟɤɜ. ȼ 

ŰŬɢɨŰɖŰŬ ůɨɔəɚɘůɖɠ Űɞɡ əŮɜɞɨ, ŬɜŰŬɜŬəɚɎ Űɖ ɛŮŰŬɜŬůŰŮɡŰɘəɐ ɘəŬɜɧŰɖŰŬ Űɤɜ əɡŰŰɎɟɤɜ əŬɘ 

ŮˊɖɟŮɎɕŮŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ ɓɘɞŭɟŬůŰɘəɩɜ ɞɡůɘɩɜ ɐ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ.  

ȼ ŬɘɛŬŰɞůɡɛɓŬŰɧŰɖŰŬ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ əɟɘŰɐɟɘɞ ɔɘŬ Űɖ ɓɘɞɥŬŰɟɘəɐ ɢɟɐůɖ Űɤɜ ɜŬɜɞɦɚɘəɩɜ, əŬɗɩɠ 

ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡɠ ɜŬ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞ ŬɑɛŬ ɢɤɟɑɠ ɜŬ ˊɟɞəŬɚɞɨɜ Ŭɘɛɧɚɡůɖ ɐ 

ŬɜŮˊɘɗɨɛɖŰŮɠ ŬɜŰɘŭɟɎůŮɘɠ. ȼ ŭɞəɘɛɐ Ŭɘɛɧɚɡůɖɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊɞůɞŰɘəɞˊɞɑɖůɖ Űɖɠ ŬˊŮɚŮɡɗɏɟɤůɖɠ 

ŬɘɛɞůűŬɘɟɑɜɖɠ Ŭˊɧ ŮɟɡɗɟɎ ŬɘɛɞůűŬɑɟɘŬ ɛŮŰɎ Ŭˊɧ ɏəɗŮůɖ ůŰɞ ɡˊɧ ŮɝɏŰŬůɖ ɡɚɘəɧ əŬɘ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

Ůɡɟɏɤɠ ɔɘŬ Űɖɜ ŮəŰɑɛɖůɖ Űɖɠ ŬɘɛŬŰɞůɡɛɓŬŰɧŰɖŰŬɠ.  
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ĄȾɡŰŰŬɟɞəŬɚɚɘɏɟɔŮɘŬ  

 

ũɘŬ Űɖɜ ŮəŰɏɚŮůɖ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ ɓɘɞɚɞɔɘəɐɠ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ, ŬˊŬɘŰɐɗɖəŮ ɖ 

əŬɚɚɘɏɟɔŮɘŬ əŬŰɎɚɚɖɚɤɜ əɡŰŰŬɟɘəɩɜ ɛɞɜŰɏɚɤɜ. ɆŰɖɜ Ůɜ ɚɧɔɤ ɛŮɚɏŰɖ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɨɞ 

əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ: ɖ ůŮɘɟɎ HaCaT, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ űɡůɘɞɚɞɔɘəɎ ŬɜɗɟɩˊɘɜŬ 

əŮɟŬŰɘɜɞəɨŰŰŬɟŬ ŮˊɘŭŮɟɛɑŭŬɠ əŬɘ ɖ ůŮɘɟɎ HeLa, ɖ ɞˊɞɑŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ Űɞɡ 

ŰɟŬɢɐɚɞɡ Űɖɠ ɛɐŰɟŬɠ Űɖɠ ŬůɗŮɜɞɨɠ Henrietta Lacks.  

Ƀɘ əŬɚɚɘɏɟɔŮɘŮɠ Űɤɜ əɡŰŰɎɟɤɜ, əŬɗɩɠ əŬɘ ɧɚŬ ŰŬ ˊŮɘɟɎɛŬŰŬ ɓɘɞɚɞɔɘəɐɠ Ŭɝɘɞɚɧɔɖůɖɠ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŬˊɞůŰŮɘɟɤɛɏɜɞ ˊŮɟɘɓɎɚɚɞɜ, Űɞ ɞˊɞɑɞ ŬˊɞɚɡɛŬɘɜɧŰŬɜ ɛŮ ŭɘɎɚɡɛŬ 

ɘůɞˊɟɞˊŬɜɧɚɖɠ 70%. Ƀɘ əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ ŭɘŬŰɖɟɞɨɜŰŬɜ ůŮ ŬɛˊɞɨɚŮɠ ˊɞɡ ˊŮɟɘŮɑɢŬɜ FBS əŬɘ 10% 

DMSO ůŮ əŬŰŬɣɨəŰɖ ůŰɞɡɠ -18oC. ȷɟɢɘəɎ, ŰŬ əɨŰŰŬɟŬ ŬˊɞɣɨɢɗɖəŬɜ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ əŬɘ 

ɛŮŰŬűɏɟɗɖəŬɜ ůŮ űɚɎůəŮɠ əɡŰŰŬɟɞəŬɚɚɘɏɟɔŮɘŬɠ ɛŮ 10-20mL ɗɟŮˊŰɘəɞɨ ɡɚɘəɞɨ DMEM (Dulbeccoôs 

Modified Eagle Medium), Ůɜɘůɢɡɛɏɜɞɡ ɛŮ 10% FBS, 1% L-ɔɚɞɡŰŬɛɑɜɖ əŬɘ ŬɜŰɘɓɘɞŰɘəɎ (ˊŮɜɘəɘɚɑɜɖ əŬɘ 

ůŰɟŮˊŰɞɛɡəɑɜɖ). ɀŮ ɐˊɘŬ ŬɜŬəɑɜɖůɖ, ŮˊɘŰŮɨɢɗɖəŮ ɖ ŭɘɎůˊŬůɖ ˊɘɗŬɜɩɜ ůɡůůɤɛŬŰɤɛɎŰɤɜ, Ůɜɩ 

ŬəɞɚɞɨɗɖůŮ ˊŬɟŬŰɐɟɖůɖ ůŮ ɞˊŰɘəɧ ɛɘəɟɞůəɧˊɘɞ. Ƀɘ űɚɎůəŮɠ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŮ ŮˊɤŬůŰɘəɧ 

əɚɑɓŬɜɞ ůŰɞɡɠ 37oC ɡˊɧ ŮɚŮɔɢɧɛŮɜɖ ŬŰɛɧůűŬɘɟŬ CO2. 

ȳŰŬɜ ŰŬ əɨŰŰŬɟŬ ɏűŰŬůŬɜ ůŮ ˊɞůɞůŰɧ ůɨɔəɚɘůɖɠ ˊŮɟɑˊɞɡ 90%, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɜŬəŬɚɚɘɏɟɔŮɘŬ, 

ɩůŰŮ ɜŬ ɛŮɘɤɗŮɑ ɖ ˊɡəɜɧŰɖŰɎ Űɞɡɠ əŬɘ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ŰŬ ɛɖ ɓɘɩůɘɛŬ əɨŰŰŬɟŬ. ɇɞ əŬɚɚɘŮɟɔɖŰɘəɧ 

ɛɏůɞ ŬűŬɘɟɏɗɖəŮ, ŰŬ əɨŰŰŬɟŬ ŮəˊɚɨɗɖəŬɜ ɛŮ PBS əŬɘ ˊɟɞůŰɏɗɖəŬɜ ˊŮɟɑˊɞɡ 2mL ŭɘŬɚɨɛŬŰɞɠ 

ɗɟɡɣɑɜɖɠ ɔɘŬ Űɖɜ Ŭˊɞəɧɚɚɖůɐ Űɞɡɠ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ űɚɎůəŬɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ɖ űɚɎůəŬ 

ŮˊɤɎůŰɖəŮ ɔɘŬ 20 ɚŮˊŰɎ ɛɏɢɟɘ Űɖɜ Ŭˊɞəɧɚɚɖůɖ Űɤɜ əɡŰŰɎɟɤɜ əŬɘ ˊɟɞůŰɏɗɖəŮ ŭɘˊɚɎůɘɞɠ ɧɔəɞɠ 

ɗɟŮˊŰɘəɞɨ ɡɚɘəɞɨ, ɩůŰŮ ɜŬ ŬɜŬůŰŬɚŮɑ ɖ ŭɟɎůɖ Űɖɠ ɗɟɡɣɑɜɖɠ. ɇɛɐɛŬ Űɞɡ ŮɜŬɘɤɟɐɛŬŰɞɠ, ɛŮŰŬűɏɟɗɖəŮ 

ůŮ ɜɏŬ űɚɎůəŬ ɛŮ űɟɏůəɞ əŬɚɚɘŮɟɔɖŰɘəɧ ɛɏůɞ əŬɘ ŮˊɤɎůŰɖəŮ ɡˊɧ Űɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ. ȼ ˊŮɟɘɞŭɘəɐ 

ŬɜŬəŬɚɚɘɏɟɔŮɘŬ ŮɝŬůűŬɚɑɕŮɘ Űɖ ůŰŬɗŮɟɐ ŬɜɎˊŰɡɝɖ əŬɘ ŭɘŬŰɐɟɖůɖ Űɤɜ əɡŰŰɎɟɤɜ ůŮ ŮɚŮɔɢɧɛŮɜɞ 

ˊŮɟɘɓɎɚɚɞɜ.  

 

                                                  

ȺɘəɧɜŮɠ 47,48: ūɚɎůəŬ ɔɘŬ əŬɚɚɘɏɟɔŮɘŬ əɡŰŰɎɟɤɜ (ŬɟɘůŰŮɟɎ) əŬɘ ŮɟɔŬůŰɖɟɘŬəɧɠ Ůɝɞˊɚɘůɛɧɠ 

ɔɘŬ Űɖ ɓɘɞɚɞɔɘəɐ ɛŮɚɏŰɖ (ŬɟɘůŰŮɟɎ) (47),(48) 
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ĄȹɞəɘɛŬůɑŬ ɀɇɇ 

 

ȼ ŮəŰɑɛɖůɖ Űɖɠ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬɠ Űɤɜ ůɡɜŰɘɗɏɛŮɜɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɖ 

ɢɟɤɛŬŰɞɛŮŰɟɘəɐ ŭɞəɘɛŬůɑŬ ɀɇɇ. ȼ ɛɏɗɞŭɞɠ ɓŬůɑɕŮŰŬɘ ůŰɖɜ ɘəŬɜɧŰɖŰŬ Űɤɜ ɛŮŰŬɓɞɚɘəɎ ŮɜŮɟɔɩɜ 

əɡŰŰɎɟɤɜ ɜŬ ŬɜɎɔɞɡɜ Űɞ ɎɚŬɠ ŰŮŰɟŬɕɞɚɑɞɡ ɀɇɇ ůŮ ŬŭɘɎɚɡŰɞɡɠ əɟɡůŰɎɚɚɞɡɠ űɞɟɛŬɕɎɜɖɠ ɛɏůɤ Űɖɠ 

ŭɟɎůɖɠ ɛɘŰɞɢɞɜŭɟɘŬəɩɜ Ůɜɕɨɛɤɜ. ȼ ˊɞůɧŰɖŰŬ Űɖɠ ˊŬɟŬɔɧɛŮɜɖɠ űɞɟɛŬɕɎɜɖɠ ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɞɡ 

Ŭɟɘɗɛɞɨ Űɤɜ ɓɘɩůɘɛɤɜ əɡŰŰɎɟɤɜ əŬɘ ůɡɜŮˊɩɠ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ŭŮɑəŰɖɠ əɡŰŰŬɟɘəɐɠ 

ɕɤŰɘəɧŰɖŰŬɠ [81,82]. 

Ƀɘ əɡŰŰŬɟɘəɏɠ ůŮɘɟɏɠ HaCaT əŬɘ HeLa əŬɚɚɘŮɟɔɐɗɖəŬɜ ůŮ ˊɞɚɡŰɟɘɓɚɑŬ Űɤɜ 96 űɟŮŬŰɑɤɜ, ůŰŬ ɞˊɞɑŬ 

ˊɟɞůŰɏɗɖəŬɜ 100ɛL ŮɜŬɘɤɟɐɛŬŰɞɠ əɡŰŰɎɟɤɜ ŬɜɎ űɟŮɎŰɘɞ, ɩůŰŮ ɖ Ŭɟɢɘəɐ ˊɡəɜɧŰɖŰŬ ɜŬ ŮɑɜŬɘ 

ˊŮɟɑˊɞɡ 1x104 əɨŰŰŬɟŬ. ɇŬ ˊɞɚɡŰɟɘɓɚɑŬ ŮˊɤɎůŰɖəŬɜ ůŰɞɡɠ 37oC ɡˊɧ ŬŰɛɧůűŬɘɟŬ 5% CO2 ɔɘŬ 

ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 24 ɤɟɩɜ. ȳŰŬɜ ŰŬ əɨŰŰŬɟŬ ˊŬɟɞɡůɑŬůŬɜ ˊɞůɞůŰɧ ůɨɔəɚɘůɖɠ ˊŮɟɑˊɞɡ 70%, Űɞ 

əŬɚɚɘŮɟɔɖŰɘəɧ ɛɏůɞ ŬˊɞɛŬəɟɨɜɗɖəŮ əŬɘ ŬɜŰɘəŬŰŬůŰɎɗɖəŮ Ŭˊɧ ŭɘŬɚɨɛŬŰŬ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ 

ɎɜɗɟŬəŬ N,P-CQDs(1) əŬɘ N,P-CQDs(7) ůŮ ɗɟŮˊŰɘəɧ ɡɚɘəɧ, ůŮ ˊɏɜŰŮ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ɔɘŬ Űɖɜ əɎɗŮ ůɨɜɗŮůɖ (100ɛg/mL, 50 ɛg/mL, 25 ɛg/mL, 10 ɛg/mL, 5 ɛg/mL). ɇŬ ŭŮɑɔɛŬŰŬ 

ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŮ ŰɟɘˊɚɎ ŬɜŰɑɔɟŬűŬ, Ůɜɩ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ űɟŮɎŰɘŬ Ůɚɏɔɢɞɡ ˊɞɡ ˊŮɟɘŮɑɢŬɜ 

ɛɧɜɞ ɗɟŮˊŰɘəɧ ɡɚɘəɧ. Ⱥˊɘˊɚɏɞɜ, ůŰɞ ˊɚŬɑůɘɞ Űɖɠ ŭɞəɘɛŬůɑŬɠ ɀɇɇ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɤɠ ɗŮŰɘəɧɠ 

ɛɎɟŰɡɟŬɠ, Űɞ ŬɜŰɘəŬɟəɘɜɘəɧ űɎɟɛŬəɞ carboplatin ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ ŬɜɎɚɞɔŮɠ ɛŮ ŬɡŰɏɠ Űɤɜ 

ŮɝŮŰŬɕɧɛŮɜɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůɡɔəɟɘŰɘəɐ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ əɡŰŰŬɟɞŰɞɝɘəɐɠ Űɞɡɠ ŭɟɎůɖɠ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ, əŬŰɏůŰɖ ŭɡɜŬŰɐ ɖ ůɨɔəɟɘůɖ Űɖɠ 

ŮˊɑŭɟŬůɖɠ Űɤɜ ɜŮɞůɡɜŰɘɗɏɛŮɜɤɜ ɡɚɘəɩɜ ɛŮ ɛɑŬ əŬɗɘŮɟɤɛɏɜɖ ŬɜŰɘəŬɟəɘɜɘəɐ ɏɜɤůɖ ŬɜŬűɞɟɎɠ.  

ɀŮŰɎ Ŭˊɧ 24 ɩɟŮɠ ŮˊɩŬůɖɠ ˊŬɟɞɡůɑŬ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ əŬɘ Űɞɡ űŬɟɛɎəɞɡ, Űɞ 

əŬɚɚɘŮɟɔɖŰɘəɧ ɛɏůɞ ŬűŬɘɟɏɗɖəŮ əŬɘ ˊɟɞůŰɏɗɖəŮ ŭɘɎɚɡɛŬ ɀɇɇ ůɡɔəɏɜŰɟɤůɖɠ 1mg/mL ůŮ PBS. 

ȷəɞɚɞɨɗɖůŮ ŮˊɩŬůɖ ŭɘɎɟəŮɘŬɠ 1-4 ɤɟɩɜ, ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɛŮŰŬŰɟɞˊɐ Űɞɡ ɀɇɇ ůŮ űɞɟɛŬɕɎɜɖ 

Ŭˊɧ ŰŬ ɛŮŰŬɓɞɚɘəɎ ŮɜŮɟɔɎ əɨŰŰŬɟŬ. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ŭɘɎɚɡɛŬ ɀɇɇ ŬˊɞɛŬəɟɨɜɗɖəŮ əŬɘ ɞɘ 

ůɢɖɛŬŰɘůɗɏɜŰŮɠ əɟɨůŰŬɚɚɞɘ űɞɟɛŬɕɎɜɖɠ ŭɘŬɚɡŰɞˊɞɘɐɗɖəŬɜ ɛŮ ŭɘɛŮɗɡɚɞůɞɡɚűɞɝŮɑŭɘɞ (DMSO), 

ɞˊɧŰŮ ˊɟɞɏəɡɣŮ ŭɘɎɚɡɛŬ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ ɛɤɓ ɢɟɩɛŬŰɞɠ.  
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ȺɘəɧɜŬ 49: ɄɞɚɡŰɟɘɓɚɑɞ 96 űɟŮŬŰɑɤɜ ɛŮ űɞɟɛŬɕɎɜɖ ˊŬɟɞɡůɑŬ Űɤɜ ŮɝŮŰŬɕɧɛŮɜɤɜ ŮɜɩůŮɤɜ 

(49) 

 

ȼ Ŭˊɞɟɟɧűɖůɖ əɎɗŮ űɟŮŬŰɑɞɡ ɛŮŰɟɐɗɖəŮ ůŮ ŬɜŬɔɜɩůŰɖ ɛɘəɟɞˊɚŬəɩɜ (ELISA microplate reader) 

ůŰŬ 520nm, ɛŮ ɛɐəɞɠ əɨɛŬŰɞɠ ŬɜŬűɞɟɎɠ ŰŬ 640nm. ɇɞ ˊɞůɞůŰɧ ɓɘɤůɘɛɧŰɖŰŬɠ Űɤɜ əɡŰŰɎɟɤɜ 

ɡˊɞɚɞɔɑůŰɖəŮ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ:  

 

%ȻɤŰɘəɧŰɖŰŬ əɡŰŰɎɟɤɜ= (ȷ ŭŮɑɔɛŬŰɞɠ/ ȷ ɛɎɟŰɡɟŬ) x 100% 

 

 
ȹɘɎɔɟŬɛɛŬ 25: ȹɘɎɔɟŬɛɛŬ % ɓɘɤůɘɛɧŰɖŰŬɠ Űɤɜ əɡŰŰɎɟɤɜ HeLa ůɡɜŬɟŰɐůŮɘ Űɤɜ 

ůɡɔəŮɜŰɟɩůŮɤɜ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

 

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊŬɟŬˊɎɜɤ ŭɘɎɔɟŬɛɛŬ, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɡˊɎɟɢŮɘ ůɡůɢɏŰɘůɖ ŭɧůɖɠ-ɓɘɤůɘɛɧŰɖŰŬɠ Űɤɜ 

əɡŰŰɎɟɤɜ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ, ɞ ˊɚɖɗɡůɛɧɠ Űɤɜ 

əɡŰŰɎɟɤɜ ˊɞɡ ˊŬɟŬɛɏɜɞɡɜ ɕɤɜŰŬɜɎ ɛŮɘɩɜŮŰŬɘ. ȼ ɛŮɚɏŰɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ŰɟɘɓɚɑŬ 96 
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űɟŮŬŰɑɤɜ, ˊŮɟɘŮɚɎɛɓŬɜŮ Űɖɜ ˊɟɞůɗɐəɖ Űɞɡ ɔɜɤůŰɞɨ ŬɜŰɘɜŮɞˊɚŬůɛŬŰɘəɞɨ űŬɟɛɎəɞɡ Carboplatin, 

Űɞɡ ɞˊɞɑɞɡ ɖ ůɡɛˊŮɟɘűɞɟɎ əŬɘ ŭɟɎůɖ ŮɑɜŬɘ ɔɜɤůŰɐ, ɩůŰŮ ɜŬ ɔɑɜŮɘ ɖ ůɨɔəɟɘůɖ ɛŮ Űɘɠ ɜŮɞůɡɜŰɘɗɏɛŮɜŮɠ 

əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ N,P-CQDs(1) əŬɘ N,P-CQDs(7). ȰŰůɘ, ůɡɔəɟɘŰɘəɎ ɛŮ Űɞ Carboplatin, űŬɑɜŮŰŬɘ ˊɤɠ 

ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ, ŭɟɞɡɜ ɛŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ əŬɘ ůŮ ůɡɔəɏɜŰɟɤůɖ ɑůɖ ɛŮ 50ɛg/mL, ŭɟɞɡɜ əŬɚɨŰŮɟŬ 

Ŭˊɧ Űɞ űɎɟɛŬəɞ. Ⱥˊɞɛɏɜɤɠ, ɞɘ əɓŬɜŰɘəɏɠ əɞɡəəɑŭŮɠ, ŮɛűŬɜɘɕɞɡɜ əɡŰŰŬɟɞŰɞɝɘəɧŰɖŰŬ ůŰŬ əŬɟəɘɜɘəɎ 

əɨŰŰŬɟŬ HeLa.  

  

 
ȹɘɎɔɟŬɛɛŬ 26: ȹɘɎɔɟŬɛɛŬ % ɓɘɤůɘɛɧŰɖŰŬɠ Űɤɜ əɡŰŰɎɟɤɜ HaCaT ůɡɜŬɟŰɐůŮɘ Űɤɜ 

ůɡɔəŮɜŰɟɩůŮɤɜ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

 

ɇɞ ˊŬɟŬˊɎɜɤ ŭɘɎɔɟŬɛɛŬ, ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ % ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ ɡɔɘɩɜ ŮˊɘŭŮɟɛɘəɩɜ əɡŰŰɎɟɤɜ HaCaT 

ůŮ ůɢɏůɖ ɛŮ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ ˊɞɡ ˊɟɞůŰɏɗɖəŬɜ. ȳˊɤɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ 

HeLa, ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ůɡɔəɏɜŰɟɤůɖɠ Űɤɜ ŭŮɘɔɛɎŰɤɜ, ɖ ɓɘɤůɘɛɧŰɖŰŬ Űɤɜ əɡŰŰɎɟɤɜ ɛŮɘɩɜŮŰŬɘ, 

ɤůŰɧůɞ ɧɢɘ ůɖɛŬɜŰɘəɎ, ɧˊɤɠ ɔɑɜŮŰŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ Carboplatin ˊɞɡ űŰɎɜŮɘ ɏɤɠ ~40% ɛŮɑɤůɖ 

Űɞɡ ˊɚɖɗɡůɛɞɨ. ɄɟɞəɨˊŰŮɘ, ŭɖɚŬŭɐ, ˊɤɠ ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ, ɏɢɞɡɜ ŮɚɎɢɘůŰɖ 

ŰɞɝɘəɧŰɖŰŬ ůŰŬ ŮˊɘŭŮɟɛɘəɎ ŬɜɗɟɩˊɘɜŬ əɨŰŰŬɟŬ HaCaT, ɔŮɔɞɜɧɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ ɎɛŮůŬ ɢɟɐůɘɛɞ 

ůŮ ́ŮɟŬɘŰɏɟɤ ɓɘɞɥŬŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ.  
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Č ȹɞəɘɛŬůɑŬ wound healing (scratch assay)  

 

ȼ ŮˊɑŭɟŬůɖ Űɤɜ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ ůŰɖ ɛŮŰŬɜɎůŰŮɡůɖ Űɤɜ əɡŰŰɎɟɤɜ, ɛŮɚŮŰɐɗɖəŮ ɛɏůɤ Űɖɠ 

ŭɞəɘɛŬůɑŬɠ wound healing (scratch assay). ȼ ůɡɔəŮəɟɘɛɏɜɖ ɛɏɗɞŭɞɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ůɡɟɏɤɠ ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ ɘəŬɜɧŰɖŰŬɠ ɛŮŰŬəɑɜɖůɖɠ Űɤɜ əɡŰŰɎɟɤɜ əŬɘ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Ůˊɞɨɚɤůɖɠ Ůɜɧɠ 

ŰŮɢɜɖŰɞɨ əŮɜɞɨ ůŮ əɡŰŰŬɟɘəɎ ɛɞɜɞůŰɟɩɛŬŰŬ [83,84]. ũɘŬ Űɖ ŭɘŮɝŬɔɤɔɐ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ, ŰŬ əɨŰŰŬɟŬ 

ůˊɎɟɗɖəŬɜ ůŮ ˊɞɚɡŰɟɘɓɚɑŬ Űɤɜ 6 űɟŮŬŰɑɤɜ əŬɘ ŮˊɤɎůŰɖəŬɜ ůŰɞɡɠ 37oC, ɡˊɧ ŬŰɛɧůűŬɘɟŬ 5% CO2, 

ɏɤɠ ɧŰɞɡ ůɢɖɛŬŰɘůŰŮɑ ůɡɛˊŬɔɏɠ ɛɞɜɧůŰɟɤɛŬ ɛŮ ˊɞůɞůŰɧ ůɨɔəɚɘůɖɠ ˊŮɟɑˊɞɡ 90%.  

ɆŰɖ ůɡɜɏɢŮɘŬ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɏɜŬ ɔɟŬɛɛɘəɧ əŮɜɧ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɤɜ əɡŰŰɎɟɤɜ ɛŮ Űɖ ɢɟɐůɖ 

ŬˊɞůŰŮɘɟɤɛɏɜɖɠ Ɏəɟɖɠ ˊɘˊɏŰŬɠ, ˊɟɞůɞɛɞɘɩɜɞɜŰŬɠ ŰɟŬɡɛŬŰɘůɛɧ. ɇŬ əɨŰŰŬɟŬ ŮəˊɚɨɗɖəŬɜ ɛŮ PBS, 

ɩůŰŮ ɜŬ ŬˊɞɛŬəɟɡɜɗɞɨɜ ŰŬ ŬˊɞəɞɚɚɖɛɏɜŬ əɨŰŰŬɟŬ əŬɘ ˊɟɞůŰɏɗɖəŬɜ ŭɘŬɚɨɛŬŰŬ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ 

ůŮ ɗɟŮˊŰɘəɧ ɡɚɘəɧ ůŰɘɠ ŮˊɘɚŮɔɛɏɜŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ, 100ɛg/mL əŬɘ 50 ɛg/mL.  

ȷəɞɚɞɨɗɖůŮ ŮˊɩŬůɖ Űɤɜ əɡŰŰɎɟɤɜ ůŰɞɡɠ 37oC ɡˊɧ ŬŰɛɧůűŬɘɟŬ 5% CO2, Ůɜɩ ŮɘəɧɜŮɠ Űɞɡ əŮɜɞɨ 

əŬŰŬɔɟɎűɖəŬɜ Ŭɛɏůɤɠ ɛŮŰɎ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ (t=0h) əŬɘ ůŮ ˊɟɞəŬɗɞɟɘůɛɏɜŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ 

(t=24h, t=48h). ȼ ˊɟɧɞŭɞɠ Űɖɠ Ůˊɞɨɚɤůɖɠ ŬɝɘɞɚɞɔɐɗɖəŮ ɛŮ ɓɎůɖ Űɖ ɛŮŰŬɓɞɚɐ Űɞɡ ˊɚɎŰɞɡɠ Űɞɡ 

əŮɜɞɨ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ, ɛɏůɤ ŬɜɎɚɡůɖɠ Ůɘəɧɜɤɜ.  

 

 

ȺɘəɧɜŬ 50: ɇɟɘɓɚɑɞ 6 űɟŮŬŰɑɤɜ ɛŮŰɎ Űɞɜ ŰɟŬɡɛŬŰɘůɛɧ Űɤɜ əɡŰŰɎɟɤɜ ůŰɞ ɞˊŰɘəɧ 

ɛɘəɟɞůəɧˊɘɞ (50) 

 

ȼ ɛɏɗɞŭɞɠ wound healing, ɏɚŬɓŮ ɢɩɟŬ ŭɨɞ űɞɟɏɠ, ɛɑŬ ɛŮ Űɖɜ əŬɟəɘɜɘəɐ ůŮɘɟɎ əɡŰŰɎɟɤɜ HeLa əŬɘ 

ɛɑŬ ɛŮ Űɖ ůŮɘɟɎ əɡŰŰɎɟɤɜ HaCaT. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ůŮɘɟɎɠ HeLa, ɞɘ ŮɘəɧɜŮɠ ˊɞɡ ɚɐűɗɖəŬɜ ɛɏůɤ 

ɛɘəɟɞůəɞˊɑɞɡ, ŬűɞɟɞɨůŬɜ Űɖɜ ˊɟɩŰɖ ɛɏɟŬ Ŭˊɧ Űɞɜ ŰɟŬɡɛŬŰɘůɛɧ Űɤɜ əɡŰŰɎɟɤɜ (t=0) əŬɘ 
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ɞɚɞəɚɖɟɩɗɖəŬɜ ɛŮ Űɖɜ ŰŮɚŮɡŰŬɑŬ ɚɐɣɖ ɜŬ ɔɑɜŮŰŬɘ ɏɜŬ 24ɤɟɞ ɛŮŰɎ Űɞɜ ŰɟŬɡɛŬŰɘůɛɧ. ȷəɞɚɞɡɗɞɨɜ ɞɘ 

ůɢŮŰɘəɏɠ ŮɘəɧɜŮɠ.  

 

ȾɡŰŰŬɟɘəɐ ůŮɘɟɎ HaCaT:  

 

Ąt=0 

     

                Control A                                        A100                                          A50 

 

     

                 Control B                                      B100                                             B50 
 
Ąt=24h 
 

     
 
           Control A (27,61%)                      A100 (45,84%)                             A50 (83,52%) 
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               Control B (82,41%)                      B100 (97,03%)                          B50 (91,78%) 
 
Ąt=48h 
 

         
 
              Control A (99,65%)                    A100 (99,55%)                            A50 (94,82%) 
 

         
 
               Control B (99,57%)                    B100 (99,85%)                           B50 (99,11%) 
 
 
ȷˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŮɠ ˊɞɡ ɚɐűɗɖəŬɜ ɛɏůɤ Űɞɡ ɞˊŰɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ, ˊɟɞəɨˊŰɞɡɜ ɞɘ Ůɝɐɠ 

ˊŬɟŬŰɖɟɐůŮɘɠ:  

ȷɟɢɘəɎ, ɞɘ ŮɘəɧɜŮɠ Control A, B Ŭűɞɟɞɨɜ ŰŬ űɟŮɎŰɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɤɠ ůɡɔəɟɘŰɘəɧ ɛɏůɞ əŬɘ 

ˊŮɟɘɏɢɞɡɜ Űɘɠ ŬˊɞɘəɑŮɠ HaCaT ɛŮ ɗɟŮˊŰɘəɧ ɡɚɘəɧ ɛɧɜɞ. ȷɜŬɛŮɜɧɛŮɜɞ ŮɑɜŬɘ, ɛŮŰɎ Űɖɜ ˊɟɧəɚɖůɖ Űɖɠ 

óôˊɚɖɔɐɠôô ůŰŬ űɟŮɎŰɘŬ, ŰŬ əɨŰŰŬɟŬ ɜŬ ˊɟɞůˊŬɗɐůɞɡɜ ɜŬ ŬɜŰɘɛŮŰɤˊɑůɞɡɜ ŬɡŰɐ Űɖɜ ŬɚɚŬɔɐ əŬɘ Űɞ 

óôůŰɟŮɠôô ˊɞɡ ˊɟɞɏəɡɣŮ, ɛŮ ůŰɧɢɞ ɜŬ ŮˊŬɜŬűɏɟɞɡɜ Űɖɜ Ŭɟɢɘəɐ Űɞɡɠ əŬŰɎůŰŬůɖ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ 

ɗɟŮˊŰɘəɞɨ ɡɚɘəɞɨ. ȳˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, Ůˊɞɛɏɜɤɠ, ɖ ˊɚɖɔɐ ŰŮɑɜŮɘ ɜŬ əɚŮɑůŮɘ əŬɘ ŬɡŰɧ ɔɑɜŮŰŬɘ 

ŭɘŬəɟɘŰɧ ɐŭɖ Ŭˊɧ Űɞ ˊɟɩŰɞ 24ɤɟɞ, ɩůˊɞɡ ůŰɘɠ 48 ˊɚɏɞɜ ɩɟŮɠ, ˊŬɟŬŰɖɟɞɨɜŰŬɘ ŬɟəŮŰɎ ůɖɛŮɑŬ 
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ůɨɜŭŮůɖɠ Űɤɜ ŭɨɞ Ɏəɟɤɜ Űɖɠ ˊɚɖɔɐɠ, ɚɧɔɤ ŬɜɎˊŰɡɝɖɠ əŬɘ əŬŰɎɚɖɣɖɠ ɗɏůŮɤɜ Ŭˊɧ Űɘɠ ŬˊɞɘəɑŮɠ Űɤɜ 

əɡŰŰɎɟɤɜ. 

Ƀɘ ŮɘəɧɜŮɠ ȷ100 əŬɘ ȷ50, Ŭűɞɟɞɨɜ ŰŬ űɟŮɎŰɘŬ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ 

N,P-CQDs(1) ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ 100ɛg/mL əŬɘ 50ɛg/mL ŬɜŰɑůŰɞɘɢŬ. ɀŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ, 

űŬɑɜŮŰŬɘ ˊɤɠ ɖ ˊɚɖɔɐ əɚŮɑɜŮɘ ůɖɛŬɜŰɘəɎ, ůɢŮŭɧɜ ɛŮ ɑŭɘɞ ɟɡɗɛɧ ůŰɖ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ 

əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ, ȷ100 əŬɘ ůŰɖ ɛɘəɟɧŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ, ȷ50.  

Ƀɘ ŮɘəɧɜŮɠ ȸ100 əŬɘ ȸ50, Ŭűɞɟɞɨɜ ŰŬ űɟŮɎŰɘŬ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ 

Ɂ,P-CQDs(7) ůŮ ůɡɔəŮɜŰɟɩůŮɘɠ 100ɛg/mL əŬɘ 50ɛg/mL ŬɜŰɑůŰɞɘɢŬ. ɀŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ, 

űŬɑɜŮŰŬɘ ˊɤɠ ɖ ˊɚɖɔɐ əɚŮɑɜŮɘ ůŬűɩɠ əŬɚɨŰŮɟŬ Ŭˊô ɧŰɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊɟɩŰɤɜ əɓŬɜŰɘəɩɜ 

ŰŮɚŮɘɩɜ ȷ. ɆŰɖ ɚɐɣɖ Űɤɜ 48 ɤɟɩɜ, Űɞ əŮɜɧ ůɢŮŭɧɜ ŭŮɜ űŬɑɜŮŰŬɘ əŬɘ ɏɢŮɘ ŮˊɏɚɗŮɘ ɞɚɘəɐ ŬˊɞəŬŰɎůŰŬůɖ 

Űɤɜ əɡŰŰɎɟɤɜ.  

ɇɧůɞ ɔɘŬ Űɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ N,P-CQDs(1), ɧůɞ əŬɘ ɔɘŬ Űɘɠ N,P-CQDs(7), ˊɟɞəɨˊŰŮɘ Űɞ 

ůɡɛˊɏɟŬůɛŬ ɧŰɘ ŰŬ ɡɚɘəɎ ŬɡŰɎ ŭŮɜ ˊɟɞəŬɚɞɨɜ ŰɞɝɘəɧŰɖŰŬ ůŰŬ ɡɔɘɐ ŮˊɘŭŮɟɛɘəɎ əŮɟŬŰɘɜɞəɨŰŰŬɟŬ 

HaCaT, ɔŮɔɞɜɧɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ ůŮ ɓɘɞɥŬŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ. ɇɞ ůɡɛˊɏɟŬůɛŬ ŬɡŰɧ 

ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ ɛɏůɤ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɖɠ ˊɚɖɔɐɠ ůŰŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ t=24h 

əŬɘ t=48h, Ŭˊɧ ŰŬ ɞˊɞɑŬ ˊɟɞəɨˊŰŮɘ Űɞ ˊɞůɞůŰɧ Űɖɠ ˊɚɖɔɐɠ ˊɞɡ ɏəɚŮɘůŮ əŬɘ ŮɑɜŬɘ ŭɘŬəɟɘŰɧ ůŮ 

ˊŬɟɏɜɗŮůɖ əɎŰɤ Ŭˊɧ Űɘɠ ŮɘəɧɜŮɠ. ȰŰůɘ, ɛŮ Űɖɜ ˊɎɟɞŭɞ ŭɨɞ ɖɛŮɟɩɜ, űŬɑɜŮŰŬɘ ˊɤɠ ɞɘ ˊɚɖɔɏɠ 

ŬˊɞəŬɗɑůŰŬɜŰŬɘ əŬɘ əɚŮɑɜɞɡɜ ůŮ ˊɞůɞůŰɧ ˊɎɜɤ Ŭˊɧ 90%.  

 

 

 

ȾɡŰŰŬɟɘəɐ ůŮɘɟɎ HeLa:  

 

Ąt=0 

     

                Control A                                      A100                                           A50 
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                 Control B                                     B100                                             B50 

 

Ąt=24h 

                              

             Control A (99%)                         A100 (68,82%)                             A50 (31,1%) 

 

      

           Control B (99,25%)                       B100 (36,7%)                              B50 (57,16%) 

 

ȷˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŮɘəɧɜŮɠ, ˊɟɞəɨˊŰɞɡɜ ɞɘ ŬəɧɚɞɡɗŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ:  

ȷɟɢɘəɎ, ɧˊɤɠ əŬɘ ɛŮ Űɖ əɡŰŰŬɟɘəɐ ůŮɘɟɎ HaCaT ˊɞɡ ˊɟɞɖɔɐɗɖəŮ, ɘůɢɨɞɡɜ ɞɘ ɑŭɘŮɠ ɞɜɞɛŬůɑŮɠ ȷ,ȸ, 

Control A, Control ȸ ˊɞɡ ŬˊɞŭɑŭɞɜŰŬɘ ůŰɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ N,P-CQDs(1), N,P-CQDs(7) əŬɘ ůŰŬ 

ůɡɔəɟɘŰɘəɎ ɛɏůŬ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛɧɜɞ ɗɟŮˊŰɘəɧ ɡɚɘəɧ, ŬɜŰɑůŰɞɘɢŬ. ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ 

ˊŮɟɑˊŰɤůɖ, ŬɜŰɑɗŮŰŬ ɛŮ Űɖɜ ˊŬɟŬŰɐɟɖůɖ Űɤɜ HaCaT, ɞɘ ɚɐɣŮɘɠ Ůɘəɧɜɤɜ ɏɔɘɜŬɜ ɛɧɜɞ 2 űɞɟɏɠ, ɛɑŬ 

ɔɘŬ t=0 əŬɘ ɛɑŬ ŬəɧɛŬ, ɏˊŮɘŰŬ Ŭˊɧ ɏɜŬ 24ɤɟɞ. ȹŮɜ ɢɟŮɘɎůŰɖəŮ ɚɐɣɖ Ůɘəɧɜɤɜ ůŰɘɠ 48 ɩɟŮɠ, ŭɘɧŰɘ ůŰɞ 

Control ɛŮ Űɞ ɗɟŮˊŰɘəɧ ɡɚɘəɧ, əŬɚɨűɗɖəŮ ˊɚɐɟɤɠ ɖ ˊɚɖɔɐ.   

ɀɑŬ ˊɟɩŰɖ ˊŬɟŬŰɐɟɖůɖ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ, ŮɑɜŬɘ ˊɤɠ ŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ HeLa, ŬɜŬˊŰɨůůɞɜŰŬɘ 

ˊɞɚɨ ˊɘɞ ɔɟɐɔɞɟŬ Ŭˊɧ ŰŬ ɡɔɘɐ əɨŰŰŬɟŬ HaCaT. ȷɡŰɧ ŭɘŬˊɘůŰɩɜŮŰŬɘ Ŭˊɧ Űɘɠ ŮɘəɧɜŮɠ ˊɞɡ ɚɐűɗɖəŬɜ 
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ɛɏůɤ Űɞɡ ɛɘəɟɞůəɞˊɑɞɡ, ɏˊŮɘŰŬ Ŭˊɧ ɏɜŬ 24ɤɟɞ. ɇŬ əɨŰŰŬɟŬ ɏɢɞɡɜ ɐŭɖ ŮˊɞɡɚɩůŮɘ Űɖɜ ˊɚɖɔɐ əŬɘ 

ɏɢɞɡɜ ˊɞɚɚŬˊɚŬůɘŬůŰŮɑ ɛŮ ɛŮɔɎɚɖ ŰŬɢɨŰɖŰŬ, əŬɚɨˊŰɤɜŰɎɠ ŰŮɠ ˊɚɐɟɤɠ.  

ȳůɞɜ ŬűɞɟɎ ůŰŬ űɟŮɎŰɘŬ ˊɞɡ ˊŮɟɘɏɢɞɡɜ Űɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ, ɛŮ Űɖɜ ˊɎɟɞŭɞ ɛɑŬɠ ɖɛɏɟŬɠ, 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɖ ˊɚɖɔɐ ŭŮɜ əɚŮɑɜŮɘ ůŮ ɛŮɔɎɚɞ ɛɏɟɞɠ əŬŰɎ ɛɐəɞɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ. ȺɘŭɘəɧŰŮɟŬ, ůŰɘɠ 

ŮɘəɧɜŮɠ ȷ100, ȷ50, ȸ100, ɔɑɜŮŰŬɘ ŭɘŬəɟɘŰɐ ɖ ˊŬɟɞɡůɑŬ Űɞɡ əŮɜɞɨ əŬɘ ůŰɖɜ ŮɘəɧɜŬ ȸ50, ˊŬɟŬŰɖɟŮɑŰŬɘ  

Ůˊɘˊɚɏɞɜ ɛɑŬ ˊɘɞ ɏɜŰɞɜɖ ůəɑŬůɖ ůŰɞ əɎŰɤ ɛɏɟɞɠ. ȷɡŰɧ ŭŮɑɢɜŮɘ ˊɤɠ ŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ ɏɢɞɡɜ 

ɡˊɞůŰŮɑ ŬˊɧˊŰɤůɖ. Ⱥˊɞɛɏɜɤɠ, ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ɎɜɗɟŬəŬ, ˊɟɞəŬɚɞɨɜ ɏɜŬ ˊɞůɞůŰɧ ŰɞɝɘəɧŰɖŰŬɠ 

ůŰŬ əŬɟəɘɜɘəɎ əɨŰŰŬɟŬ, Ŭűɞɨ ŭŮɜ ŮˊɘŰɟɏˊɞɡɜ ůŮ ŬɡŰɎ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ əŬɘ ɜŬ əŬɚɨɣɞɡɜ Űɞ əŮɜɧ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭˊɧ Űɖɜ ˊɚɖɔɐ.  

ɀŮ ˊŬɟɧɛɞɘɞ Űɟɧˊɞ, ɡˊɞɚɞɔɑůŰɖəŮ ɔɘŬ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ t=24h, Űɞ ˊɞůɞůŰɧ Ůˊɞɨɚɤůɖɠ Űɤɜ 

ˊɚɖɔɩɜ. ȺəŰɧɠ Ŭˊɧ ŰŬ Control A, B ˊɞɡ ɞɘ ˊɚɖɔɏɠ ŮˊɞɡɚɩɜɞɜŰŬɘ ůŮ ˊɞůɞůŰɧ 99%, ŰŬ ˊɞůɞůŰɎ ɔɘŬ 

Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ, ɝŮəɘɜɞɨɜ Ŭˊɧ 31% əŬɘ űŰɎɜɞɡɜ ɛɏɢɟɘ 68%.   
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ĄɄɟɞůŭɘɞɟɘůɛɧɠ ŬɘɛŬŰɞůɡɛɓŬŰɧŰɖŰŬɠ 

 

ȼ ůɡɛɓŬŰɧŰɖŰŬ Űɤɜ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ ɎɜɗɟŬəŬ ɛŮ Űɞ Ŭɜɗɟɩˊɘɜɞ ŬɑɛŬ, ŬɝɘɞɚɞɔɐɗɖəŮ ɛɏůɤ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ Ŭɘɛɧɚɡůɖɠ, ɖ ɞˊɞɑŬ ŬˊɞŰŮɚŮɑ ɓŬůɘəɧ əɟɘŰɐɟɘɞ ɔɘŬ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ ɡɚɘəɩɜ ˊɞɡ 

ˊɟɞɞɟɑɕɞɜŰŬɘ ɔɘŬ ɓɘɞɥŬŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ. ȼ ɛɏɗɞŭɞɠ ɓŬůɑɕŮŰŬɘ ůŰɖ ɛɏŰɟɖůɖ Űɖɠ ŬˊŮɚŮɡɗɏɟɤůɖɠ 

ŬɘɛɞůűŬɘɟɑɜɖɠ Ŭˊɧ ŰŬ ŮɟɡɗɟɎ ŬɘɛɞůűŬɑɟɘŬ ɛŮŰɎ Ŭˊɧ ɏəɗŮůɐ Űɞɡɠ ůŰŬ ŮɝŮŰŬɕɧɛŮɜŬ ŭŮɑɔɛŬŰŬ.  

ũɘŬ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ˊŮɑɟŬɛŬ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɑɛŬ ɡɔɘɞɨɠ ŮɗŮɚɞɜŰɐ ŭɧŰɖ, Űɞ ɞˊɞɑɞ ɡˊɞɓɚɐɗɖəŮ 

ůŮ űɡɔɞəɏɜŰɟɖůɖ ɔɘŬ Űɖɜ Ŭˊɞɛɧɜɤůɖ Űɤɜ Ůɟɡɗɟɩɜ ŬɘɛɞůűŬɘɟɑɤɜ Ŭˊɧ Űɞɜ ɞɟɧ. ɆŮ 

ŬˊɞůŰŮɘɟɤɛɏɜɞɡɠ ůɤɚɐɜŮɠ Űɨˊɞɡ Eppendorf, ˊŬɟŬůəŮɡɎůŰɖəŬɜ ŮɜŬɘɤɟɐɛŬŰŬ əɓŬɜŰɘəɩɜ ŰŮɚŮɘɩɜ 

ɎɜɗɟŬəŬ N,P-CQDs(1) əŬɘ N,P-CQDs(7) ůŮ PBS, ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ůɡɔəŮɜŰɟɩůŮɘɠ (100 ɛg/mL, 50 

ɛg/mL əŬɘ 25 ɛg/mL). ɆŰŬ ŭɘŬɚɨɛŬŰŬ ŬɡŰɎ ˊɟɞůŰɏɗɖəŮ ɑůɞɠ ɧɔəɞɠ ŮɜŬɘɤɟɐɛŬŰɞɠ ŮɟɡɗɟɞəɡŰŰɎɟɤɜ 

əŬɘ ŰŬ ŭŮɑɔɛŬŰŬ ŮˊɤɎůŰɖəŬɜ ůŰɞɡɠ 37oC. 

ɇŬ ŮɟɡɗɟɎ ŬɘɛɞůűŬɑɟɘŬ ŬˊɞŰŮɚɞɨɜ Űɞɜ əɡɟɑŬɟɢɞ Űɨˊɞ əɡŰŰɎɟɤɜ Űɞɡ ŬɑɛŬŰɞɠ əŬɘ ŮɑɜŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ 

Űɖ ɛŮŰŬűɞɟɎ ɞɝɡɔɧɜɞɡ ůŰɞɡɠ ɘůŰɞɨɠ. ȼ ŬəŮɟŬɘɧŰɖŰŬ Űɖɠ əɡŰŰŬɟɘəɐɠ Űɞɡɠ ɛŮɛɓɟɎɜɖɠ ŮɑɜŬɘ əɟɑůɘɛɖ 

ɔɘŬ Űɖ űɡůɘɞɚɞɔɘəɐ Űɞɡɠ ɚŮɘŰɞɡɟɔɑŬ, Ůɜɩ ɖ əŬŰŬůŰɟɞűɐ Űɞɡɠ ɞŭɖɔŮɑ ůŮ ŬˊŮɚŮɡɗɏɟɤůɖ Űɖɠ 

ŬɘɛɞůűŬɘɟɑɜɖɠ ůŰɞ ˊŮɟɘɓɎɚɚɞɜ ɛɏůɞ, űŬɘɜɧɛŮɜɞ ɔɜɤůŰɧ ɤɠ Ŭɘɛɧɚɡůɖ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ŰŬ 

ŮɟɡɗɟɞəɨŰŰŬɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůɡɟɏɤɠ ɤɠ ˊɟɧŰɡˊɞ ůɨůŰɖɛŬ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ 

ŬɘɛŬŰɞůɡɛɓŬŰɧŰɖŰŬɠ ɡɚɘəɩɜ əŬɘ ɜŬɜɞůɤɛŬŰɘŭɑɤɜ [85-57]. 

ɄŬɟɎɚɚɖɚŬ, ˊŬɟŬůəŮɡɎůŰɖəŬɜ ŭŮɑɔɛŬŰŬ ɗŮŰɘəɞɨ əŬɘ ŬɟɜɖŰɘəɞɨ Ůɚɏɔɢɞɡ ɛŮ ŬˊɘɞɜŰɘůɛɏɜɞ ɜŮɟɧ, ɧˊɞɡ 

ɔɑɜŮŰŬɘ Ŭɘɛɧɚɡůɖ, əŬɘ PBS, ɧˊɞɡ ŭŮɜ ɔɑɜŮŰŬɘ Ŭɘɛɧɚɡůɖ, ŬɜŰɑůŰɞɘɢŬ. ɀŮŰɎ Űɞ ˊɏɟŬɠ Űɖɠ ŮˊɩŬůɖɠ, ŰŬ 

ŭŮɑɔɛŬŰŬ űɡɔɞəŮɜŰɟɐɗɖəŬɜ əŬɘ ɖ ɡˊŮɟəŮɑɛŮɜɖ űɎůɖ ŬɜŬɚɨɗɖəŮ űŬůɛŬŰɞűɤŰɞɛŮŰɟɘəɎ ůŮ 

ŬɜŬɔɜɩůŰɖ ɛɘəɟɞˊɚŬəɩɜ (ELISA microplate reader) ůŰŬ 490nm, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ ɖ 

Ŭˊɞɟɟɧűɖůɖ Űɖɠ ŬˊŮɚŮɡɗŮɟɤɛɏɜɖɠ ŬɘɛɞůűŬɘɟɑɜɖɠ.  

ɇɞ ˊɞůɞůŰɧ Ŭɘɛɧɚɡůɖɠ ɡˊɞɚɞɔɑůŰɖəŮ ůɨɛűɤɜŬ ɛŮ Űɖɜ Ůɝɑůɤůɖ: 

 

%ȷɘɛɧɚɡůɖ=[(ȷŭŮɑɔɛŬŰɞɠ-ȷPBS)/(AH2O-APBS)]x100% 

 

ɄɑɜŬəŬɠ 3: %ˊɞůɞůŰɧ Ŭɘɛɧɚɡůɖɠ ůɡɜŬɟŰɐůŮɘ Űɤɜ ůɡɔəŮɜŰɟɩůŮɤɜ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

ȹŮɑɔɛŬ % ȷɘɛɧɚɡůɖ (0h) % ȷɘɛɧɚɡůɖ (24h) % ȷɘɛɧɚɡůɖ (48h) 

N,P-CQDs(1) 100ɛɀ 0% 0% 0% 

N,P-CQDs(1) 50ɛɀ 0% 0% 0% 

N,P-CQDs(1) 25ɛɀ 0% 0% 0% 

N,P-CQDs(7) 100ɛɀ 0% 0% 0% 

N,P-CQDs(7) 50ɛɀ 0% 0% 0% 

N,P-CQDs(7) 25ɛɀ 0% 0% 0,27% 
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ȹɘɎɔɟŬɛɛŬ 27: ȹɘɎɔɟŬɛɛŬ % Ŭɘɛɧɚɡůɖɠ Űɤɜ N,P-CQDs(1), N,P-CQDs(7), PBS, H2O 

 

ūɤŰɞɛŮŰɟɘəɎ, ɞɘ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ, ˊɟɞəŬɚɞɨɜ ɛɖŭŬɛɘɜɐ Ŭɘɛɧɚɡůɖ Űɖɠ ŰɎɝɖɠ Űɞɡ 

0%. ɀˊɞɟɞɨɜ ɜŬ əɟɘɗɞɨɜ əŬŰɎɚɚɖɚŬ ɔɘŬ ɢɟɐůɖ, Ŭűɞɨ in vitro ŰŬ ŮɟɡɗɟɎ ŬɘɛɞůűŬɑɟɘŬ, űŬɑɜŮŰŬɘ ɜŬ 

ɏɢɞɡɜ əŬŰɎɚɚɖɚɖ Ŭˊɧəɟɘůɖ ɛŮŰɎ Űɖɜ ŮˊɩŬůɐ Űɞɡɠ ɛŮ Űɘɠ əɓŬɜŰɘəɏɠ ŰŮɚŮɑŮɠ. ȷɡŰɧ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ 

Ŭűɞɨ, ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛɘəɟɞůəɞˊɘəɧɠ ɏɚŮɔɢɞɠ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ Űɤɜ ŮɟɡɗɟɞəɡŰŰɎɟɤɜ,  

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŮɟŮɡɜɖɗɞɨɜ ˊɘɗŬɜɏɠ ŭɞɛɘəɏɠ ŬɚɚɞɘɩůŮɘɠ ůŮ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Űɟɘɩɜ ɖɛŮɟɩɜ (t=0, 

t=24h, t=48h, t=72h).  

 

 

 

Ąt=0 ɔɘŬ Positive-Negative 

       

            Positive (H2O)                            Negative (PBS) 
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Ąt=24h ɔɘŬ Positive-Negative 

     

            Positive (H2O)                            Negative (PBS) 

 

Ąt=48h ɔɘŬ Positive-Negative 

    

            Positive (H2O)                           Negative (PBS) 

 

 

Ąt=72h ɔɘŬ Positive-Negative 

     

             Positive (H2O)                           Negative (PBS) 

 

ȷˊɧ Űɘɠ ŮɘəɧɜŮɠ ˊɞɡ ɚɐűɗɖəŬɜ ɛɏůɤ ɛɘəɟɞůəɞˊɑɞɡ ɔɘŬ ŰŬ űɟŮɎŰɘŬ ɛŮ Űɞɡɠ ɛɎɟŰɡɟŮɠ positive-

negative ůŮ ŭɘɎůŰɖɛŬ 4 ɖɛŮɟɩɜ, ˊɟɞəɨˊŰŮɘ Űɞ Ůɝɐɠ ůɡɛˊɏɟŬůɛŬ: 

Ƀ ɗŮŰɘəɧɠ ɛɎɟŰɡɟŬɠ, Űɞ ŬˊɘɞɜŰɘůɛɏɜɞ ɜŮɟɧ, ˊɟɞəŬɚŮɑ ɤůɛɤŰɘəɐ ɚɨůɖ Űɤɜ ŮɟɡɗɟɞəɡŰŰɎɟɤɜ ɚɧɔɤ 

Űɖɠ ɡˊɞŰɞɜɘəɧŰɖŰɎɠ Űɞɡ. ȼ ɛɘəɟɞůəɞˊɘəɐ ˊŬɟŬŰɐɟɖůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ɗŮŰɘəɞɨ Ůɚɏɔɢɞɡ, ɏŭŮɘɝŮ ˊɤɠ 
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ɖ əɡŰŰŬɟɘəɐ ŭɞɛɐ Űɤɜ əɡŰŰɎɟɤɜ ŬɡŰɩɜ, ɡˊɏůŰɖ ŮəŰŮŰŬɛɏɜɖ əŬŰŬůŰɟɞűɐ, ɔŮɔɞɜɧɠ ˊɞɡ 

ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ ˊɚɐɟɤɠ Ŭˊɧ Űɖɜ ŰŮɚɘəɐ ŮɘəɧɜŬ Űɤɜ 72 ɤɟɩɜ.  

ȷɜŰɑɗŮŰŬ, ɞ ŬɟɜɖŰɘəɧɠ ɛɎɟŰɡɟŬɠ, Űɞ ŭɘɎɚɡɛŬ PBS, ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɖ ɛɞɟűɞɚɞɔɑŬ Űɤɜ 

ŮɟɡɗɟɞəɡŰŰɎɟɤɜ, ŭŮɜ ˊɟɞəŬɚɞɨɜ Ŭɘɛɧɚɡůɖ əŬɘ ŮɛűŬɜɑɕɞɡɜ űɡůɘɞɚɞɔɘəɐ ŭɘůəɞŮɘŭɐ ɛɞɟűɐ ɛɏɢɟɘ əŬɘ 

Űɖɜ ŰɟɑŰɖ ɛɏɟŬ Ŭˊɧ Űɖ ɚɐɣɖ Ůɘəɧɜɤɜ.  

 

Ąt=0 ɔɘŬ ŰŬ ŭŮɑɔɛŬŰŬ ȷ əŬɘ ȸ [N,P-CQDs(1) əŬɘ N,P-CQDs(7) ŬɜŰɑůŰɞɘɢŬ] 

     

                  ȷ100                                            A50                                             A25 

     

                  B100                                            B50                                              B25                          

 

 

Ąt=24h ɔɘŬ ŰŬ ŭŮɑɔɛŬŰŬ ȷ əŬɘ ȸ [N,P-CQDs(1) əŬɘ N,P-CQDs(7) ŬɜŰɑůŰɞɘɢŬ] 

     

                   A100                                             A50                                           A25 
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                   B100                                            B50                                            B25 

 

Ąt=48h ɔɘŬ ŰŬ ŭŮɑɔɛŬŰŬ ȷ əŬɘ ȸ [N,P-CQDs(1) əŬɘ N,P-CQDs(7) ŬɜŰɑůŰɞɘɢŬ] 

     

                    A100                                          A50                                            A25 

     

                     B100                                          B50                                           B25 

 

 

 

Ąt=72h ɔɘŬ ŰŬ ŭŮɑɔɛŬŰŬ ȷ əŬɘ ȸ [N,P-CQDs(1) əŬɘ N,P-CQDs(7) ŬɜŰɑůŰɞɘɢŬ] 
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                    A100                                          A50                                            A25 

      

                   B100                                           B50                                            B25 

 

ɄŬɟŬŰɖɟɐůŮɘɠ ɔɘŬ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ȷ [N,P-CQDs(1)]: 

ɆŰɖ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ȷ, ůŰŬ 100ɛg/mL, ɞ ˊɚɖɗɡůɛɧɠ Űɤɜ Ůɟɡɗɟɩɜ ŬɘɛɞůűŬɘɟɑɤɜ 

űŬɑɜŮŰŬɘ ɜŬ ŬɟŬɘɩɜŮɘ ůŰɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ t=48h, Ůɜɩ ůŰɖɜ ŰŮɚɘəɐ ɚɐɣɖ ŮɘəɧɜŬɠ Űɖɜ ŰɟɑŰɖ ɖɛɏɟŬ, ɞ 

ˊɚɖɗɡůɛɧɠ ɏɢŮɘ əɎˊɤɠ ŬɡɝɖɗŮɑ, əŬɚɨˊŰɞɜŰŬɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ əŮɜɧ Ŭˊɧ Űɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ɚɐɣɖ. ȹŮɜ 

ˊŬɟŬŰɖɟŮɑŰŬɘ Ŭɘɛɧɚɡůɖ. ɆŰɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ 50ɛg/mL, ŰŬ ŮɟɡɗɟɞəɨŰŰŬɟŬ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ 

ŮɚŬűɟɘɎ ɛŮɑɤůɖ ůŮ t=48h əŬɘ ŮˊŬɜɏɟɢŮŰŬɘ ůɢŮŭɧɜ ůŰɖɜ Ŭɟɢɘəɐ Űɞɡ əŬŰɎůŰŬůɖ ɞ ˊɚɖɗɡůɛɧɠ ɔɘŬ 

t=72h. ȼ ɛɘəɟɧŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ȷ, ŰŬ 25ɛg/mL, ɏɢɞɡɜ ˊŬɟɧɛɞɘŬ ŭɟɎůɖ ɛŮ Űɖɜ Ŭɛɏůɤɠ  

ɛŮɔŬɚɨŰŮɟɖ ůɨɔəŮɜŰɟɤůɖ, ɤůŰɧůɞ ɞ ˊɚɖɗɡůɛɧɠ Űɤɜ əɡŰŰɎɟɤɜ ŮɑɜŬɘ ˊɞɚɨ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ Űɘɠ ȷ50 

əŬɘ ȷ100. ȹŮɜ űŬɑɜŮŰŬɘ ˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭɘɛɧɚɡůɖ, ůɡɔəɟɑɜɞɜŰŬɠ Űɘɠ ŮɘəɧɜŮɠ ɛŮ ŬɡŰɏɠ Űɞɡ positive əŬɘ 

Űɞɡ negative. 

ɄŬɟŬŰɖɟɐůŮɘɠ ɔɘŬ Űɘɠ ůɡɔəŮɜŰɟɩůŮɘɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ȸ [N,P-CQDs(7)]: 

ɆŰɖ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ȸ, ůŰŬ 100ɛg/mL, ɞ ˊɚɖɗɡůɛɧɠ Űɤɜ Ůɟɡɗɟɩɜ ŬɘɛɞůűŬɘɟɑɤɜ 

űŬɑɜŮŰŬɘ ɜŬ ŬɟŬɘɩɜŮɘ ůɖɛŬɜŰɘəɎ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ t=24h əŬɘ ŮˊŬɜɏɟɢŮŰŬɘ ůŰɖɜ ˊɟɧŰŮɟɐ Űɞɡ 

əŬŰɎůŰŬůɖ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ t=72h. ɆŰɖ ůɡɔəɏɜŰɟɤůɖ Űɤɜ 50ɛg/mL, ŰŬ ŮɟɡɗɟɞəɨŰŰŬɟŬ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɛɑŬ ŮɚŬűɟɘɎ ŬɟŬɑɤůɖ ůŰɖɜ ˊɡəɜɧŰɖŰɎ Űɞɡɠ ůŮ ŭɘɎůŰɖɛŬ ɛɑŬɠ ɖɛɏɟŬɠ, ɖ ɞˊɞɑŬ 

ŬɟŬɑɤůɖ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ŮəŮɑɜɖ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ɔɘŬ Űɖ ůɡɔəɏɜŰɟɤůɖ ȸ100. Ƀ ˊɚɖɗɡůɛɧɠ 

űŬɑɜŮŰŬɘ ɜŬ ˊɡəɜɩɜŮɘ ɝŬɜɎ ůŰɖɜ ɢɟɞɜɘəɐ ůŰɘɔɛɐ t=72h. ȼ ɛɘəɟɧŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ȸ, ŰŬ 25ɛg/mL, 

ŮɛűŬɜɑɕŮɘ ŬɟŬɑɤůɖ Űɤɜ ŮɟɡɗɟɞəɡŰŰɎɟɤɜ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ t=48h əŬɘ ŮˊŬɜɏɟɢŮŰŬɘ ůŰɖɜ Ŭɟɢɘəɐ, 

ůɢŮŭɧɜ, əŬŰɎůŰŬůɖ Űɖ ɢɟɞɜɘəɐ ůŰɘɔɛɐ t=72h. ȹŮɜ űŬɑɜŮŰŬɘ ˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭɘɛɧɚɡůɖ əŬɘ ɖ ɛɘəɟɧŰŮɟɖ 

ůɡɔəɏɜŰɟɤůɖ Űɞɡ ȸ, ŭŮɑɢɜŮɘ ˊɤɠ ŮˊɖɟŮɎɕŮɘ ɚɘɔɧŰŮɟɞ Űɖɜ ˊŬɟɞɡůɑŬ əŬɘ ŬɜɎˊŰɡɝɖ Űɤɜ Ůɟɡɗɟɩɜ 

ŬɘɛɞůűŬɘɟɑɤɜ.  

Ⱥˊɞɛɏɜɤɠ, ůɡɔəɟɑɜɞɜŰŬɠ ŰŬ ȷ əŬɘ ȸ, ɞɘ ɛɘəɟɧŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɛˊɞɟɞɨɜ ɜŬ Ŭɝɘɞˊɞɘɖɗɞɨɜ ůŮ 

ɓɘɞɥŬŰɟɘəɏɠ ŮűŬɟɛɞɔɏɠ, Ŭűɞɨ ŮˊɖɟŮɎɕɞɡɜ ůŮ ˊɞɚɨ ɛɘəɟɧ ˊɞůɞůŰɧ ŰŬ ŮɟɡɗɟɞəɨŰŰŬɟŬ.  

 

ūɤŰɞɔɟŬűɘəɧ ɡɚɘəɧ Ŭˊɧ ŰŬ ŭɘŬɚɨɛŬŰŬ positive, negative, A100, A50, A25, B100, B50 əŬɘ B25 ˊɟɘɜ 

ŬˊɚɤɗŮɑ ˊɞůɧŰɖŰɎ Űɞɡɠ ůŮ ŬɜŰɘəŮɘɛŮɜɞűɧɟɞ ˊɚɎəŬ ɔɘŬ ɜŬ ˊŬɟŬəɞɚɞɡɗɖɗɞɨɜ ůŰɞ ɞˊŰɘəɧ 

ɛɘəɟɞůəɧˊɘɞ.  

 














