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ǵȉȐȌȑȄȔ ȘȌȋȌȎȉ Ȍ ȄȕȖȔȒȘȌȋȌȎȉ, 
ǳǰǸ ǱȒȆȌ ǵȄȈ, 18. ȐȄȫ 2018. 



ǺȉȑȖȄȔ ȋȄ ȌȋȗțȄȆȄȭȉ ȎȒȐȓȏȉȎȕȑȌș ȕȌȕȖȉȐȄ 
ǯȄȅȒȔȄȖȒȔȌȫȄ ȋȄ ȓȔȌȐȉȑȗ ȔȄțȗȑȄȔȄ ȗ ȑȄȗȚȌ 

 ǲȅȏȄȕȖȌ ȌȕȖȔȄȊȌȆȄȭȄ: 
 ȫȄȎȒ ȎȒȔȉȏȌȕȄȑȌ ȉȏȉȎȖȔȒȑȕȎȌ ȕȌȕȖȉȐȌ 
 ȗȏȖȔȄșȏȄȈȑȌ ȎȆȄȑȖȑȌ ȇȄȕȒȆȌ 
 ȕȖȄȖȌȕȖȌțȎȄ ȘȌȋȌȎȄ ȎȒȐȓȏȉȎȕȑȌș 

ȐȔȉȊȄ (ȕȒȚȌȫȄȏȑȉ, ȑȉȗȔȒȑȕȎȉ,…) 
 ȉȏȉȎȖȔȒȑȕȎȄ ȕȆȒȫȕȖȆȄ ȓȒȏȗȓȔȒȆȒȈȑȌȎȄ  

 ǱȄȚȌȒȑȄȏȑȌ Ȍ ǩǷ ǺȉȑȖȄȔ 
ȌȋȆȔȕȑȒȕȖȌ ȋȄ ȎȒȐȓȏȉȎȕȑȉ 
ȕȌȕȖȉȐȉ 

 ǞȗȈȌ: 23 ȌȕȖȔȄȊȌȆȄțȄ ȕȄ 
ȈȒȎȖȒȔȄȖȒȐ, 10 ȈȒȎȖȒȔȄȑȄȖȄ 

 ǬȑȘȔȄȕȖȔȗȎȖȗȔȄ 
 2000 CPU cores, 100 TFlops 



ǵȗȑțȉȆȄ ȉȑȉȔȇȌȫȄ 

 ǫȉȐȬȄ ȓȔȌȐȄ ȉȑȉȔȇȌȫȗ Ͷ × ͳͲଶ4 J ȇȒȈȌȜȭȉ ȒȈ ǵȗȑȚȄ. 

 ǵȆȉȖȕȎȄ ȇȒȈȌȜȭȄ ȓȒȖȔȒȜȭȄ ȉȑȉȔȇȌȫȉ ȫȉ ȒȎȒ ͷ × ͳͲଶ଴ J. 
 



ǶȔȉȑȗȖȑȌ ȕȖȄȖȗȕ ȕȒȏȄȔȑȌș ȮȉȏȌȫȄ  
ȑȄ ȅȄȋȌ ȒȔȇȄȑȕȎȌș ȐȄȖȉȔȌȫȄȏȄ 



ǲȔȇȄȑȕȎȌ ȓȒȏȗȓȔȒȆȒȈȑȌȚȌ 



P3HT 

MEH-PPV 

 ǝȉȈȄȑ ȏȄȑȄȚ ȓȒȏȌȐȉȔȄ:     

 ǯȄȑȚȌ ȗ ȔȉȄȏȑȒȐ ȐȄȖȉȔȌȫȄȏȗ:     

ǲȔȇȄȑȕȎȌ ȉȏȉȎȖȔȒȑȕȎȌ ȐȄȖȉȔȌȫȄȏȌ  
(ȑȄ ȅȄȋȌ ȎȒȑȫȗȇȒȆȄȑȌș ȓȒȏȌȐȉȔȄ) 





 ǝȉȈȄȑ ȐȒȏȉȎȗȏ:     

ǲȔȇȄȑȕȎȌ ȉȏȉȎȖȔȒȑȕȎȌ ȐȄȖȉȔȌȫȄȏȌ  
(ȑȄ ȅȄȋȌ ȐȄȏȌș ȐȒȏȉȎȗȏȄ) 

 ǮȔȌȕȖȄȏȑȄ ȕȖȔȗȎȖȗȔȄ:     



 ǳȔȉȈȑȒȕȖȌ 
 ȫȉȘȖȌȑȒ ȕȉ ȐȒȇȗ ȓȔȒȌȋȆȉȕȖȌ. 
 ȏȄȎȌ Ȍ ȕȄȆȌȖȬȌȆȌ. 
 ȆȉȏȌȎȉ ȐȒȇȗȮȑȒȕȖȌ ȕȌȑȖȉȋȉ 

ȔȄȋȏȌțȌȖȌș ȓȒȏȌȐȉȔȄ/ȐȒȏȉȎȗȏȄ. 

 ǰȄȑȉ 
 ȐȄȏȄ ȓȒȎȔȉȖȬȌȆȒȕȖ 

ȑȒȕȌȏȄȚȄ. 
 ȒȕȉȖȬȌȆȒȕȖ ȑȄ UV. 
 ȈȉȇȔȄȈȄȚȌȫȄ ȕȄ ȆȔȉȐȉȑȒȐ. 

 ǱȄȓȔȄȆȉ 

OLED OFET OPV 

http://www.cstf.kyushu-u.ac.jp/~adachilab/research_b_e.html 

ǳȔȉȈȑȒȕȖȌ Ȍ ȐȄȑȉ ȒȔȇȄȑȕȎȌș ȐȄȖȉȔȌȫȄȏȄ 



ШȖȄȐȓȄȭȉ ȒȔȇȄȑȕȎȌș ȐȄȖȉȔȌȫȄȏȄ 



ǳȔȌȐȉȑȉ ȒȔȇȄȑȕȎȌș ȓȒȏȗȓȔȒȆȒȈȑȌȎȄ 

OLED displays 

OLED light 

conductive inks 



ǶȉȒȔȌȫȄ Ȍ ȕȌȐȗȏȄȚȌȫȉ ȉȏȉȎȖȔȒȑȕȎȌș ȒȕȒȅȌȑȄ 
ȓȒȏȗȓȔȒȆȒȈȑȌțȎȌș ȐȄȖȉȔȌȫȄȏȄ 

 ǬȕȖȔȄȊȌȆȄțȌ: 
 ǱȉȑȄȈ ǦȗȎȐȌȔȒȆȌȮ 
 ǰȄȔȎȒ ǰȏȄȈȉȑȒȆȌȮ 

(ȖȔȉȑȗȖȑȒ ȓȒȕȖȈȒȎ ȑȄ EPFL) 
 ǦȉȬȎȒ ǝȄȑȎȒȆȌȮ 

 
 

 ǶȉȐȉ 
 ǩȏȉȎȖȔȒȑȕȎȄ ȕȖȔȗȎȖȗȔȄ Ȍ ȖȔȄȑȕȓȒȔȖ 

ȗ ȑȉȗȔȉђȉȑȌȐ ȒȔȇȄȑȕȎȌȐ 
ȓȒȏȌȐȉȔȌȐȄ 

 ǧȔȄȑȌȚȉ ȌȋȐȉђȗ ȈȒȐȉȑȄ ȗ 
ȒȔȇȄȑȕȎȌȐ ȓȒȏȗȓȔȒȆȒȈȑȌȚȌȐȄ 

 ǩȏȉȎȖȔȒȑȕȎȉ ȒȕȒȅȌȑȉ șȄȏȌȈȑȌș 
ȓȉȔȒȆȕȎȌȖȄ 

 ǴȄȋȈȆȄȫȄȭȉ ȉȎȕȌȖȒȑȄ ȑȄ ȕȓȒȫȗ 
ȒȔȇȄȑȕȎȌș ȓȒȏȗȓȔȒȆȒȈȑȌȎȄ 

 ǬȋȔȄțȗȑȄȆȄȭȉ ȓȒȎȔȉȖȬȌȆȒȕȖȌ ȗ 
ȐȒȈȉȏȌȐȄ ȕȄ ȑȉȓȉȔȖȗȔȅȄȖȌȆȑȒȐ 
ȉȏȉȎȖȔȒȑ-ȘȒȑȒȑ ȌȑȖȉȔȄȎȚȌȫȒȐ 

 ǴȄȋȆȒȫ ȔȄțȗȑȄȔȕȎȌș ȎȒȈȒȆȄ ȋȄ 
ȓȔȒȔȄțȗȑ ȉȏȉȎȖȔȒȑȕȎȉ ȕȖȔȗȎȖȗȔȉ 
ȓȒȏȗȓȔȒȆȒȈȑȌțȎȌș ȕȌȕȖȉȐȄ ȕȄ 
ȆȉȏȌȎȌȐ ȅȔȒȫȉȐ ȄȖȒȐȄ 

 
 



ǲȕȑȒȆȑȌ ȘȌȋȌțȎȌ ȓȔȒȚȉȕȌ ȗ ȒȔȇȄȑȕȎȌȐ 
ȕȒȏȄȔȑȌȐ ȮȉȏȌȫȄȐȄ 



ǤȓȕȒȔȓȚȌȫȄ ȕȆȉȖȏȒȕȖȌ 

 ǷȓȄȈȑȄ ȕȆȉȖȏȒȕȖ ȕȖȆȄȔȄ ȑȒȕȌȒȚȉ ȑȄȉȏȉȎȖȔȌȕȄȭȄ. 

 ǱȒȕȌȒȚȌ ȑȄȉȏȉȎȖȔȌȕȄȭȄ ȖȔȉȅȄ ȈȄ ȕȖȌȇȑȗ ȈȒ ȕȓȒȬȄȜȭȌș 
ȎȒȑȖȄȎȄȖȄ ȈȄ ȅȌ ȕȉ ȈȒȅȌȏȄ ȕȖȔȗȫȄ. 

 



ǵȒȏȄȔȑȉ ȮȉȏȌȫȉ ȑȄ ȅȄȋȌ ȕȄȐȒ  
ȫȉȈȑȒȇ ȒȔȇȄȑȕȎȒȇ ȐȄȖȉȔȌȫȄȏȄ? 



ǨȒȑȒȔ – ȄȎȚȉȓȖȒȔ ȒȔȇȄȑȕȎȉ ȕȒȏȄȔȑȉ ȮȉȏȌȫȉ 

ǤȎȚȉȓȖȒȔ: ȘȗȏȉȔȉȑȌ 

ǨȒȑȒȔ - ȓȒȏȌȐȉȔ 



ǵȆȌ ȓȔȒȚȉȕȌ ȗ ȒȔȇȄȑȕȎȌȐ ȕȒȏȄȔȑȌȐ ȮȉȏȌȫȄȐȄ 

ǤȓȕȒȔȓȚȌȫȄ ȕȆȉȖȏȒȕȖȌ 
Ȍ ȕȖȆȄȔȄȭȉ ȉȎȕȌȖȒȑȄ 

ǨȌȘȗȋȌȫȄ ȉȎȕȌȖȒȑȄ‏ 

ǴȄȋȈȆȄȫȄȭȉ 
ȑȒȕȌȏȄȚȄ 

ǶȔȄȑȕȓȒȔȖ Ȍ ȎȒȏȉȎȚȌȫȄ 
ȑȒȕȌȏȄȚȄ 

ǨȒȑȒȔ 

ǤȎȚȉȓȖȒȔ 



ǵȖȔȗȎȖȗȔȉ ȕȄ ȋȄȓȔȉȐȌȑȕȎȌ  
ȔȄȕȓȒȔȉђȉȑȌȐ șȉȖȉȔȒȕȏȒȫȉȐ 

Electrode 

Electrode 

 ǨȒȑȒȔ (ȓȒȏȌȐȉȔ) 
 ǤȎȚȉȓȖȒȔ (ȘȗȏȉȔȉȑ) 

Electrode 



ǱȉȈȄȆȑȌ ȌȋȄȋȒȆȌ 

 ǵȓȉȎȖȔȒȕȎȒȓȕȎȌ ȒȈȋȌȆ ȑȄ ȆȔȉȐȉȑȕȎȒȫ ȕȎȄȏȌ ȒȈ ~100fs. 

Grancini et al, Nature Mater 12, 29 (2013). 

Jailaubekov et al, Nature Mater 12, 66 (2013). 

Gelinas et al,  
Science 343, 512 (2014). 



ǲȖȆȒȔȉȑȄ ȓȌȖȄȭȄ 

 ǮȄȎȒ ȫȉ ȐȒȇȗȮȉ ȅȔȋȄ ȈȌȘȗȋȌȫȄ ȑȄ 
ȆȔȉȐȉȑȕȎȒȫ ȕȎȄȏȌ ȒȈ ~100fs? 

 𝜇 < Ͳ.ͳ ୡ୫మVୱ , 
𝐷ఓ = 𝑘𝐵𝑇𝑒 , 𝐿~ͳͲ nm 

 𝑡~ 𝐿మ𝐷 ~ͶͲͲ ps  
 ǮȄȎȒ ȫȉ ȐȒȇȗȮȉ ȉȘȌȎȄȕȑȒ ȔȄȋȈȆȄȫȄȭȉ 

Ȍȋ CT ȗ CS ȕȖȄȭȄ? 
 𝑘𝐵𝑇 = ʹͷ meV ≪ 𝐸𝑏 ~ ͵ͲͲ meV 



ǳȔȒȚȉȕ ȔȄȋȈȆȄȫȄȭȄ ȉȎȕȌȖȒȑȄ 
ȑȄ ȗȏȖȔȄȅȔȋȒȫ ȆȔȉȐȉȑȕȎȒȫ ȕȎȄȏȌ 



ǰȒȈȉȏȑȌ ǹȄȐȌȏȖȒȑȌȫȄȑ – ȫȉȈȄȑ ȐȄȖȉȔȌȫȄȏ 



ǰȒȈȉȏȑȌ ǹȄȐȌȏȖȒȑȌȫȄȑ – ȕȓȒȫ ȈȆȄ ȐȄȖȉȔȌȫȄȏȄ 

 ǳȄȔȄȐȉȖȔȌ ȐȒȈȉȏȄ ȓȒȈȉȜȉȑȌ ȈȄ ȔȉȓȔȒȈȗȎȗȫȗ: 
 ȜȌȔȌȑȉ ȋȒȑȄ, ȉȑȉȔȇȉȖȕȎȉ ȓȔȒȚȉȓȉ, ȒȘȕȉȖȉ ȉȑȉȔȇȌȫȉ ȑȄ ȕȓȒȫȗ. 
 ȉȑȉȔȇȌȫȉ Ȇȉȋȉ ȉȎȕȌȖȒȑȄ. 
 ȓȒȎȔȉȖȬȌȆȒȕȖ ȑȒȕȌȏȄȚȄ Ȍ ȉȑȉȔȇȌȫȉ Ȇȉȋȉ ȓȒȏȄȔȒȑȄ. 



ǸȒȔȐȄȏȌȋȄȐ ȋȄ ȉȎȕȌȖȒȑȕȎȗ ȈȌȑȄȐȌȎȗ (1) 

𝑖 ୢ𝑋𝑥ୢ𝑡 = 𝑋𝑥 , 𝐻  𝑖 d 𝑋𝑥భ+ 𝑋𝑥మd𝑡 = 𝑋𝑥భ+ 𝑋𝑥మ , 𝐻  𝑋𝑥భ+ , 𝑋𝑥మ = 𝛿𝑥భ𝑥మ + 𝑂 𝐸ଶ  𝑋𝑥భ , 𝑋𝑥మ = Ͳ 

𝑦𝑥 = 𝑋𝑥  𝑛𝑥భ𝑥మ = 𝑋𝑥భ+ 𝑋𝑥మ  𝑦𝑥ఒ+ = 𝑋𝑥𝑏ఒ+  𝑦𝑥ఒ− = 𝑋𝑥𝑏ఒ  𝑛𝑥భ𝑥మఒ+ = 𝑋𝑥భ+ 𝑋𝑥మ𝑏ఒ+  𝑛𝑥భ𝑥మఒ− = 𝑋𝑥భ+ 𝑋𝑥మ𝑏ఒ  



ǸȒȔȐȄȏȌȋȄȐ ȋȄ ȉȎȕȌȖȒȑȕȎȗ ȈȌȑȄȐȌȎȗ (2) 

 ǦȔȉȐȉȑȕȎȄ ȉȆȒȏȗȚȌȫȄ: 
 ǶȉȒȔȌȫȄ ȐȄȖȔȌȚȄ ȇȗȕȖȌȑȉ + ȈȌȑȄȐȌțȎȌ ȎȒȑȖȔȒȏȌȕȄȑȒ ȓȔȉȕȉȚȄȭȉ. 
 ǸȒȑȒȑȕȎȄ ȇȔȄȑȄ ȓȔȉȕȉțȉȑȄ ȖȄȎȒ ȈȄ ȅȗȈȉ ȋȄȈȒȆȒȬȉȑȒ ȒȈȔȊȄȭȉ ȉȑȉȔȇȌȫȉ. 

𝑦𝑥 = 𝑋𝑥  𝑛𝑥భ𝑥మ = 𝑋𝑥భ+ 𝑋𝑥మ  𝑦𝑥ఒ+ = 𝑋𝑥𝑏ఒ+  𝑦𝑥ఒ− = 𝑋𝑥𝑏ఒ  𝑛𝑥భ𝑥మఒ+ = 𝑋𝑥భ+ 𝑋𝑥మ𝑏ఒ+  𝑛𝑥భ𝑥మఒ− = 𝑋𝑥భ+ 𝑋𝑥మ𝑏ఒ  



ǝȉȈȑȄțȌȑȉ… 



ǩȎȕȌȖȒȑȕȎȌ ȕȓȉȎȖȄȔ 

 ǮȏȄȕȌȘȌȎȄȚȌȫȄ ȑȄ XD, CT Ȍ CS ȕȖȄȭȄ. 



ǨȌȑȄȐȌȎȄ ȉȎȕȌȖȒȑȄ 

 ǦȉȒȐȄ ȐȄȏȒ ȔȄȋȈȆȄȫȄȭȉ Ȍ ȖȔȄȑȕȘȉȔ ȑȒȕȌȏȄȚȄ ȖȒȎȒȐ ȓȔȆȌș 100 fs 
ȑȄȎȒȑ ȘȒȖȒȉȎȕȌȖȄȚȌȫȉ. 

ǦȔȉȐȉȑȕȎȄ ȉȆȒȏȗȚȌȫȄ 
ȓȒȓȗȏȄȚȌȫȉ XD, CT Ȍ CS ȕȖȄȭȄ 

ǦȔȉȐȉȑȕȎȄ ȉȆȒȏȗȚȌȫȄ 
ȓȒȏȒȊȄȫȄ ȉȏȉȎȖȔȒȑȄ 

V. Janković and N. Vukmirović, Phys. Rev. B 95, 075308 (2017). 



ǷȖȌȚȄȫ ȓȄȔȄȐȉȖȄȔȄ ȐȒȈȉȏȄ 

JDA 

JA 

DA ȒȘȕȉȖ 



ǵȌȐȗȏȄȚȌȫȄ ȓȗȐȓȄ-ȓȔȒȅȄ ȉȎȕȓȉȔȌȐȉȑȄȖȄ 𝐸 

ℏ߱୮୳୫୮ 

ℏ߱୮୰୭ୠୣ 

G 

X1 

X2 

𝑛 𝑋ଵ ~ − Δ𝑇ሺ߱௣𝑟௢𝑏𝑒ሻ𝑇ሺ߱௣𝑟௢𝑏𝑒ሻ  

 ȗȋȌȐȄȭȉȐ ȎȒșȉȔȉȑȚȌȫȄ ȗ ȒȅȋȌȔ 



ǱȗȐȉȔȌțȎȉ ȕȌȐȗȏȄȚȌȫȉ ȉȎȕȓ. ȕȌȇȑȄȏȄ 

 ǱȗȐȉȔȌțȎȌ ȕȓȉȎȖȔȌ ȗ ȕȄȇȏȄȕȑȒȕȖȌ ȕȄ ȉȎȕȓȉȔȌȐȉȑȖȒȐ, ȄȏȌ ȓȒȎȄȋȗȫȗ 
ȈȄ ȫȉ ȓȒȔȉȎȏȒ ȕȌȇȑȄȏȄ ȆȔȉȐȉȑȕȎȄ ȉȆȒȏȗȚȌȫȄ XD-GS ȎȒșȉȔȉȑȚȌȫȄ (Ȅ 
ȑȉ ȖȔȄȑȕȘȉȔ ȓȒȓȗȏȄȚȌȫȉ). 

Probe of CT and CS states Probe of lowest XD state 

Grancini et al, Nature Mater 12, 29 (2013). 

V. Janković and N. Vukmirović, Phys. Rev. B 95, 075308 (2017). 



ǲȖȆȒȔȉȑȄ ȓȌȖȄȭȄ 

 ǮȄȎȒ ȫȉ ȐȒȇȗȮȉ ȅȔȋȄ ȈȌȘȗȋȌȫȄ ȑȄ 
ȆȔȉȐȉȑȕȎȒȫ ȕȎȄȏȌ ȒȈ ~100fs? 

 𝜇 < Ͳ.ͳ ୡ୫మVୱ , 
𝐷ఓ = 𝑘𝐵𝑇𝑒 , 𝐿~ͳͲ nm 

 𝑡~ 𝐿మ𝐷 ~ͶͲͲ ps  
 ǲȈȇȒȆȒȔ: 

 Ǳȉ ȈȒȏȄȋȌ ȈȒ ȈȌȘȗȋȌȫȉ 

 ǮȄȎȒ ȫȉ ȐȒȇȗȮȉ ȉȘȌȎȄȕȑȒ ȔȄȋȈȆȄȫȄȭȉ 
Ȍȋ CT ȗ CS ȕȖȄȭȄ? 

 𝑘𝐵𝑇 = ʹͷ meV ≪ 𝐸𝑏 ~ ͵ͲͲ meV 



ǳȔȒȚȉȕ ȔȄȋȈȆȄȫȄȭȄ ȉȎȕȌȖȒȑȄ 
ȑȄ ȈȗȊȒȫ ȆȔȉȐȉȑȕȎȒȫ ȕȎȄȏȌ 



ǰȒȈȉȏ 
 ǲȕȑȒȆȄ ȫȉ ȌȕȖȌ ǹȄȐȌȏȖȒȑȌȫȄȑ + ȉȘȉȎȖȌ ȉȏȉȎȖȔȌțȑȒȇ ȓȒȬȄ + 

ȑȉȗȔȉђȉȑȒȕȖ. 
 ǮȏȄȕȌȘȌȎȄȚȌȫȄ ȑȄ XD, CT Ȍ ȎȒȑȖȄȎȖȑȄ ȕȖȄȭȄ. 



ǰȒȈȉȏ - ȈȌȑȄȐȌȎȄ 

 ǳȒȓȗȏȄȚȌȫȉ ȉȎȕȌȖȒȑȕȎȌș ȕȖȄȭȄ: 

 ǳȔȉȏȄȋȌ ȌȋȐȉђȗ ȕȖȄȭȄ ȗȕȏȉȈ ȌȑȖȉȔȄȎȚȌȫȉ ȕȄ ȘȒȑȒȑȌȐȄ: 

 ǴȉȎȒȐȅȌȑȄȚȌȫȄ (ȑȉȔȄȈȌȫȄȖȌȆȑȄ): ͳ𝜏 ~ ߰𝑒 ⋅ ߰ℎ  

 ǩȘȌȎȄȕȑȒȕȖ ȔȄȋȈȆȄȫȄȭȄ: 



ǬȑȖȉȔȑȄ ȉȘȌȎȄȕȑȒȕȖ – ȓȒțȉȖȑȒ CT ȕȖȄȭȉ (1) 

 ǝȉȈȑȒȕȖȄȆȄȑ ȐȒȈȉȏ: 

CT0 (init) 

𝑤i୬i୲,i୬୲ୣ୰  𝑤i୬୲ୣ୰,i୬i୲  
CTn (inter) 

ଵ𝜏init   

𝑤ୡ୭୬୲ୟୡ୲,i୬୲ୣ୰  

V. Janković and N. Vukmirović, J. Phys. Chem. C, in press (2018). 



ǬȑȖȉȔȑȄ ȉȘȌȎȄȕȑȒȕȖ – ȓȒțȉȖȑȒ CT ȕȖȄȭȉ (2) 

CT0 (init) 

𝑤i୬i୲,i୬୲ୣ୰  𝑤i୬୲ୣ୰,i୬i୲  
CTn (inter) 

ଵ𝜏init   

𝑤ୡ୭୬୲ୟୡ୲,i୬୲ୣ୰  
ǨȄȬȉ ȓȔȉȓȔȉȎȉ ȋȄ ȆȉȮȉ 𝜎  

V. Janković and N. Vukmirović, J. Phys. Chem. C, in press (2018). 



ǬȑȖȉȔȑȄ ȉȘȌȎȄȕȑȒȕȖ – ȓȒțȉȖȑȒ XD ȕȖȄȭȉ 

V. Janković and N. Vukmirović, J. Phys. Chem. C, in press (2018). 



ǲȖȆȒȔȉȑȄ ȓȌȖȄȭȄ 

 ǮȄȎȒ ȫȉ ȐȒȇȗȮȉ ȅȔȋȄ ȈȌȘȗȋȌȫȄ ȑȄ 
ȆȔȉȐȉȑȕȎȒȫ ȕȎȄȏȌ ȒȈ ~100fs? 

 𝜇 < Ͳ.ͳ ୡ୫మVୱ , 
𝐷ఓ = 𝑘𝐵𝑇𝑒 , 𝐿~ͳͲ nm 

 𝑡~ 𝐿మ𝐷 ~ͶͲͲ ps  
 ǲȈȇȒȆȒȔ: 

 Ǳȉ ȈȒȏȄȋȌ ȈȒ ȈȌȘȗȋȌȫȉ 

 ǮȄȎȒ ȫȉ ȐȒȇȗȮȉ ȉȘȌȎȄȕȑȒ ȔȄȋȈȆȄȫȄȭȉ 
Ȍȋ CT ȗ CS ȕȖȄȭȄ? 

 ǲȈȇȒȆȒȔ: 
 ǬȑȖȉȔȐȉȈȌȫȄȔȑȄ ȕȖȄȭȄ ȎȒȫȄ 

ȕȐȄȭȗȫȗ ȅȄȔȌȫȉȔȗ. 



ǸȌȋȌȎȄ ȒȔȇȄȑȕȎȌș ȕȒȏȄȔȑȌș ȮȉȏȌȫȄ 

ǱȉȑȄȈ ǦȗȎȐȌȔȒȆȌȮ 
 

ǯȄȅȒȔȄȖȒȔȌȫȄ ȋȄ ȓȔȌȐȉȑȗ ȔȄțȗȑȄȔȄ ȗ ȑȄȗȚȌ, 
ǺȉȑȖȄȔ ȌȋȗȋȉȖȑȌș ȆȔȉȈȑȒȕȖȌ ȋȄ ȌȋȗțȄȆȄȭȉ  

ȎȒȐȓȏȉȎȕȑȌș ȕȌȕȖȉȐȄ, 
ǬȑȕȖȌȖȗȖ ȋȄ ȘȌȋȌȎȗ ȗ ǥȉȒȇȔȄȈȗ 
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