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YBoa

* ledpnHnLNnja, 0COOMNHE, 3HaYa] N NPUMEHe OPraHCcKnx

MaTtepujana.

*MeTo/e 3a Onnc esIeKTPOHCKMX CTaka y MaTtepujasny.

*Mpymep npopadyHa enekTPOHCKMUX CTarba U cumynaumje

eNeKTPOHCKOr TpaHcrnopTa y opraHckumM mMaTepujasimma.
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CyHuyeBa eHepruja

*3eMsba npuma eHeprumjy 3.85x 10%* J rogmwme oa CyHua.

*CBeTCKa noTpoLUHa eHepruje 2008. rog. je 6una 4.74 x 10%° J.
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Kako paae conapHe henuvje?

*YnazHa CBET/IOCT CTBapa HOCUOLLe HaenekTpucama.
*Hocuouu HaenekTpucara Tpeba Aa CTUTHY A0 CnosballikbhX

KOHTakaTta ga 6u ce noouna crpyja.
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Efficiency (%)

TpeHyTHU cTaTyC conlapHux henuja Ha 6asu
OpraHcKnx martepujana
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OpraHCKn ennekKTPOHCKM MaTepujanm
(KOHJyroBaHu nosinMepu)

° . CH,
JegaH naHal nonmmepa: P3HT
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MpeaHOCTU 1 NPUMEHE OpPraHCKUX Matepujania | ‘

“MpegHoCTy *MaHe |
‘jledpTHO ce Mmory nNnponsBecTun *Masia MoOKPEeT/bUBOCT
*J1akn U CaBUT/LUBU HOCcunaua.
*Be/IMKe MOryhHOCTWN CUHTEe3e *0CeT/bMBOCT Ha UV.
Pa3NnNUnNTNX NosmmMepa *ferpajaluvja ca BpeMeHOM.
*[1pnmeHe

OLED OFET OPV €
| source electrode T
s hole transporting
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gate electrode
( negative charge)

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




CTale Ha TPXULWTY

*Market for OLEDs (displays)
*$310M in 2008
*$4,400 M in 2015 (projection)

*Market for OFETs (RFID tags +
backplanes)

*$16M in 2008
*$10,000M in 2015 (projection)

*Market for OSCs
*$0.5M in 2008
*$223M in 2015 (projection)

www.nanomarkets.net
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The Nobel Prize in Chemistry 2000
Alan Heeger, Alan G. MacDiarmid, Hideki Shirakawa

i The Nobel Prize im Chemistry 2000
MNobel Prize Award Ceremany ‘
Alan Heeger

Alan G. Mac Dégrmid

Hideki Shirakewa

Alan J. Heeger Alan G. MacDiarmid  Hideki Shirakawa

The Nobel Prize in Chemistry 2000 was awarded jointly to Alan J. Heeger, Alan
G. MacDiarmid and Hideki Shirakawa *for the discovery and development of
conductive polymers"”.
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Kako npeasuaet ocobuHe martepujana?

* EnekTpmnyHa NnpoBOAHOCT

* TonnoTHa NPoBOAHOCT

* Ancoprnuuja CBET/10CTH

* MexaHunuke ocobnHe — JyHroB molyo, eflaCTuyHe KOHCTaHTe
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LLipeanHrepoBa jeAHauYnHa 3a jeflaH efIeKTPOH

* BpemeHcKkn 3aBucHa LWpeanHreposa jeaHaunHa

dY _ r d°VY

7 — LT x )Y

e 2m  dx? (x)

* BpemeHcKn He3aBuCHa LpeanHrepoBa jeAHauYnHa
¥ (x,t)=e"""y(x)
| ] 2

- dw

— FU =F

*E je eHepruja vyectuue
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Onuc cnucrtema yecTumua y KBaHTHO] COU3NLIN

*Cuncrtem yecTumua y KacuvHoj pmsmnum
— 3a onuc cy AoBOSbHE KoopAavHaTe (X .Y ,Z ,....X .Y ,Z, ).
*Cncrtem yecTtumua y KBaHTHO] Con3nLLM
— Onucyje ce TastacHOM dyHKUMjoM W(X Y ,Z ,....X ,Y ,Z )
_ |LIJ(x1,y1,zl,...,xN,yN,zN)|2 npeactas/ba NycTuHy BepoBaTHohe
Hanaxehwa cucTtema yecTtumua ca KoopgmHatama
(XY 0Z 0o XY 2y )
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LLipeanHrepoBa jegHavnHa 3a CUCTeM ca BuLle
YyecTtunua (peanaH matepujan) (1

— — —i

*KooppauHaTte (HenokpeTHux) atoma: R, ,R,,..., R,

* BpemeHCcKn He3aBuCcHa LpeanHrepoBa jeAHaunHa

ML, v SR L 7 LA
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LLipeanHrepoBa jeAHauYHa 3a CUCTEM ca Bulle
yecTtuua (peanaH martepujan) (2)

*OBa jegHaunHa (y npMHUMNY) onucyje ceBe maTtepujane!
*[Tpobnem:
— [MoTpebHo je Hahn pyHKUK]y 3N NPOMEH/BUBKX.
— TakBy QyHKUM]Y je YaK Hemoryhe n memopucartu y
KoMMjyTepy.

*HeonxoiHe cy anpokcumaLuje npu pellaBaky oBe jeaHauYnHe.
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CBohere Ha jeaAHoYeCcTUYHK npobiem — density
functional theory (1)

* XoeHb6epr-KoH Teopema (1964):
— ['YCTMHA YKYNHOTI €M1EKTPOHCKOr HaenekTpmucaka

jeaHo3Ha4yHo oapehyje cBe 0cobuHe cuctema [Tume u

TanacHy dyHkunly WX,y .z ,....X .Y, Z, )]
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CBohere Ha jeaAHoYeCcTUYHK npobiem — density
functional theory (2)
* KoH-LLlamoBa jep,HaLlea (1965)

MHTepakunja enekrpoHa ca jesrpuma

EnekTpocTaTnyka nHTepakumja

n3mMenhy enekrpoHa
OcTartak Koju 3aB1CK camo oAl T'yCTUHE

€/1eKTPOHCKOr HaenekTpucara, anm
n3pas 3a 0Baj YnaH HMje NosHart, na ce
MOpPa alpoOKCUMUNpPaTHu. o&°. SCIENTIFIC
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CamocarnacHo peluaBake jeHaunHa
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The Nobel Prize in Chemistry 1998
Walter Kohn, John Pople

§ The Nabel Prize in Chemistry 1558

Mobel Prize fward Ceremony ‘

Water Kohn

John Fople

Walter Kohn John A. Pople

The Nobel Prize in Chemistry 1998 was divided equally between Walter Kohn “for
his development of the density-functional theory™ and John A. Pople “for his
development of computational methods in quantum chemistry™.
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JlOCTYMHM KOMNjyTEPCKN Nporpamm

*Yna3 — koopauHarte atoma; 13nas - eHepruje u TasiacHe -je.

Package [
ABINIT
ACES I
ACES Il MAB
ADF
Atomistix ToolKit
BigDFT &
CADPAC

CASING (QMC)

CASTEP

CFOUR
COLUMBUS
CONQUEST
COsMO5
CP2K
CPMD

CRYSTAL

License® [
GPL
Academic
Academic
Commercial
Commercial
GPL

Academic
Academic

Academic (UK) f
Commercial

Academic
Academic
Academic (UK)
Commercial
GPL

Academic

Academic (UK) /

Cammarcial

Lang.
Fortran
Fortran
Fortran
Fortran
C++
Fortran

Fortran

Fortran

Fortran

Fortran

Fortran
Unknown
Unknown

Fortran 95

Fortran

Fortran

Baslis [+

PW

GTO

GTO

5TO

NAD

Wavelet

GTO

GTO f PW f Spline [ Grid /
5TO

PW

GTO

GTO
Unknown
Unknown

Hybrid GTO f PW
PW

GTO

Perlodic* i1 Mol. mech. [ Semi-emp. | HF ] |Post-HF ||| DFT [

3d
No
No
Any

3d
Any
No

Any

3d

MNo
MNo

Unknown

Unknown

Any
Any

Any

Yes
No
No

Yes

Yes

Yes

Mo

MNo

Yes

No
No
Unknown
Yes
Yes

Yes

Yes

No
Mo
Mo
Yes?
Mo
Mo

Mo

No

No

Mo
Mo

Unknown

Yes
Yes

No

Mo

No Mo Yes
Yes Yes Yes
Yes Yes No
Yes No Yes

No No Yes

No No Yes
Yes Yes Yes
Yes Yes No

Yes” Yes Yes
Yes fes No
Yes Yes No

Unknown| Unknown |Unknown

No No No
Yes No Yes
Yes No Yes
Yes Mo Yes

http://en.wikipedia.org/wiki/List_of quantum_chemistry and_solid_state physics_software
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ATOMCKa CTpyKTypa (KoopauHate aToma)

* KnacunyHa morsnekynapHa AnHamuka.
* CUMynmMpaHo Ka/beme.
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W e —— E— —
MeTona Kpn/bekwa HenekTpucakwa (Charge
patching method)
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EnekTpoHcKa CTpyKTypa (eHepruje HmBoa u
TanacHe yHkLuje)

* Ctawa y P3HT nonumepy:

| * J/l0Ka/IM3oBaHa Ha HeKoJIMKo (3-6) nNpcTeHoBa
| nonumepa.

-

P3HT — 5 naHaua ca no 20
npcrteHoBa (2510 atoma)

blue: 18.910eV
green: 18.888eV

cyan: 18.755eV . =
red: 18.690eV Rt ,
! pink: 18.682eV A <

black: 18.675eV - i :
white: 18.654eV i ! s «
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Cumynauuja Ha BuLLe OY>XUHCKUX CKasia 3a
npopavyH TpaHcnopTa Hocuniaya

—ounm .,

10x10x10 box

300nm

10x10x10
box

N. Vukmirovi¢ and L.-W. Wang, Nano Lett. 9, 3996 (2009) SCIENTIFIC
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[10KpeT/bLUBOCT HOCKU1ala

=—=& Simulation
— Experiment

10 -Holes in P3HT polymer

Exp Refs:
Tanase et al, PRL 91 216601 (2003)
L Craciun et al, PRL 100 056601 (2008) .

Mobility (cm/Vs)
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-
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3 4 S 6 7
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*MUMKPOCKOMNCKM YBUA Y NyTare
CTpyje Yy maTtepujany.

N. Vukmirovi¢ and L.-W. Wang, Nano Lett. 9, 3996 (2009) SCIENTIFIC
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