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The goal of this proposal aims to improve the luminescence efficiency and life
time of OLEDs by using some innovative idea of nano-technologies. We will mainly
focus on the development of nano-structure strengthened OLED devices based on
following three approaches:
(a) Preparation of high luminescent organic nanoparticles based on the core-shell and
rod-coil type polymers.
(b) Synthesis of high luminescent semiconductor quantum dots for optimization of
OLED devices.
(c) Fabrication of nanoscaled OLED devices based on luminescent organic

nanoparticle and semiconductor QDs.

Keywords: Organic nano-particle, Core-Shell luminescent polymer, Rod-Coil
luminescent polymer, OLEDs, Quantum dots, Surface functionalized Core-shell
structure CdSe/ZnS, Au/CdSe-ZnS@HDA-TOPO, Multi-layers OLED devices.

FROBHELIRE CFAAE O RFEARAL O RRLTBL LRI A
e g BAp » B Eamy B e 7T - AT qakgs XA
e s BE LSRR GG UL G h A ks 82
BB EZ A A FF PP - BVIFH DRI MRS Fp PR
+ & & (Bohr exciton length) F¥ » it % ¢ %] &;EH *if@rﬁ FEREF B
(Quantum confinement effect) » #H5 ic + 7 i . § 5 BUIREFE m’k F H
A S £+ B (Quantum Dots ) « ¥+ 4 2 > & ,:i'%ME ATk ™ W~ >
Wk . Mg ¥ L‘*Iﬁ,ﬁiﬁés\lﬁ;}'”%ﬁjf“}%‘”’/lﬁ,? g T g o
L PR 4+ k- fBAE(PLED) B % BAEcng B o < R A H K B
¢"Qmﬁqgm+”£”+ﬁ¥?—a4ﬁ&%%m’%uﬁikmﬁﬁ
P REIAPRA R Al AT SR B S BY SR BT A FRB A
7'*"‘5C£’éﬂ&§’“?ﬁ] AFFk B R AR AL FHe

w = EL
\:: % 'Q“‘-

T Y P
METEBRKEP D %’ﬁ“%‘“rﬁ’kfﬁﬁ”# T BEgF k4 et %i%fr;}ﬁé
el gt > UM B A RS M B RSB R S FFH MG B/ EBS



TP R PR R R SR R

Iy
(1) 4 4 %= st~ 2 gl

BAGH L B A 4iF . B %45 ITO/PEDOT/Polymer/Ca/Al » 4l (¥ =
i+ EB? 4v— & poly (3,4-ethylenedioxythiophene) (PEDOT)® % & ¥ @ﬁa?]%] 2B

BERAZ ABORETI T S RBRHE 3 §AL ] BEARALD
/GE"’F\: 12 > %ﬁr{} L AL G TR E U = o E AP FAHE A A R g kst
&0 @!'; PEDOT ¢2 3 ,Icg] f;ﬁ @ %@g#ﬂ st [TORB > & EIREDE SN M S
“,fi’%"??'l o RERIEES YRR LB ENE RN RS &35 % 107
torr » ¥ 2 (7 £ 4 Ca/Al ehz g > 2 E R X 5 35/100 nm o
2) = &P

AL iEde PR H F ki s Hawstki# * Photo Research PR-650 Spectra
Scan 4 & R Jc & ¥ iesr L 38 KT %‘r

A BEEHE
() #3+% - GFF %)

Scheme 1 5 7 Fr& 4B~ X 5§ ~ F+ S-PPV 11 2 S-PPV-CdSe 4 2 3 # if
EHAtz & 243 - Figure 1 5 CdSe #& 2 # S FT-IR Wl > ¥ #IRF 5+ +
& % CdSe 5 » ** 115lem™ § - #7e % & 4 > &4 >t sulfide f- CdSe ¥ & # 37
Sl o g H R B SI-PPV-CdSe ~ S3-PPV-CdSe % ¥ % 3L » P CdSe
FEF S AMERANF LS ‘%‘f#“’ °

S3PPV-CdSe

S3PPV
S2PPV-CdSe
S2PPV

S1PPV-CdSe
—
1151 cm

T S1PPV T X
966 cm

Transmittance (a.u.)

3057 cm™
L

. . . .
3000 2500 2000 1500 1000
Wavenumber (cm™)

Figure 1. FT-IR spectra of S-PPV2 and S-PPV2-CdSe.
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Table 1. Thermal properties and CdSe content of S-PPV and S-PPV-CdSe polymers.

Material T4 (°C) T, (°C) Residue (%) QD content (%)
S1-PPV 438 187 18 -
S1-PPV-CdSe 443 186 21 4.6
S2-PPV 412 224 17 -
S2-PPV-CdSe 417 192 24 24.6
S3-PPV 413 194 12 -
S3-PPV-CdSe 415 185 20 37.8

Figure 2 = S1-PPV-CdSe ~ S3-PPV-CdSe 2. TEM & 5 » ¥ % 3 CdSe 2. * /]
H534nmo &L T CdSe #ATAPIT > PG B m g A4 o ¥ L)
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Figure 2. TEM micrographs of (a) S1-PPV-CdSe (b) S2-PPV-CdSe and (c)
S3-PPV-CdSe.
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Table 2. Thermal properties and CdSe content of S-PPV and S-PPV-CdSe polymers.

Material UV Amax (nm) PL Max (nm) PL Q.E. (%)
CB Film CB Film CB Film
S1-PPV 446 439 546 546 92 80
S1-PPV-CdSe 446 439 546 548 96 83
S2-PPV 457 449 559 551 79 71
S2-PPV-CdSe 455 458 561 553 85 75
S3-PPV 457 461 560 556 74 54
S3-PPV-CdSe 458 463 558 554 76 62

Figure 3 (a)2 (b)4 %] 3 S-PPV:S-PPV 3 & CdSe (S-PPV/CdSe)% S-PPV #:
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Figure 3 (a) Current density-voltage and (b) luminance-voltage characteristics of
devices using S-PPV, S-PPV/CdSe and S-PPV-CdSe as active layers.

Table 2. Thermal properties and CdSe content of S-PPV and S-PPV-CdSe polymers.

Material EL (nm) Vin Lumin. Yield CIE’1931
atVe, (V) (cd/m®) (cd/A) (%,y)
S1-PPV 544 4 8285 0.79 (0.42, 0.56)
S1-PPV/CdSe 544 4 8158 0.86 (0.41, 0.56)
S1-PPV-CdSe 544 4 15960 1.47 (0.41, 056)
S2-PPV 552 4 3225 0.95 (0.45, 0.54)
S2-PPV/CdSe 552 4 3910 1.25 (0.47, 0.52)



S2-PPV-CdSe 552 5 14470 1.85 (0.47,0.52)
S3-PPV 556 4 6073 0.82 (0.46, 0.53)
S3-PPV/CdSe 556 4 8195 1.09 (0.46, 0.53)
S3-PPV-CdSe 556 4 13390 2.25 (0.46, 0.53)
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Scheme 1. Synthesis of CdSe-grafting polymers.
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Figure 4. Chemical structures of S-PF.
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Figure 5 (a) UV-Vis absorption and PL spectra of CdSe QDs with the time scale
counted from the addition of Se stock solution in synthesis; (b) TEM micrograph of
CdSe nanocrystals with size of ca. 3.8 nm.
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Figure 6. PL (solid lines) and PLE (dotted) spectra of CdSe/ZnS QDs in hexane and
PL spectrum of S-PF (dashed doted), showing the overlap between PL of S-PF and
PLE of CdSe/ZnS QDs.
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Figure 7. I-V curves of the hybrid S-PF/QD LED (solid line) and pristine S-PF LED
(dashed). Inset shows the EL spectra of S-PF and S-PF/QD LEDs.
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Layerl thickness (nm) ° 200 200 130 1006 103 (PFO)

Buffer material ® Bl B2 Bl no buffer B3
Boiling Point ("C) 200 1558 125 - 125
Viscosity (n /mPas) 034 (26°C) ME(OPC)  0.508 (25 °C) - 0808 (25 =)
Solvent® A B C A B C A B C A A
Final thickness (nmj 200 200 200 200 200 200 @0 60 70 20 22

L1 is BP105 except the last column
PE1: Clyeercl, B2: 1,2 Propylens Glyeol, B3 n-Octane.
fA: Xylene, B: Toluene, C: Chloroform.
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(4-sec-butylphenyl)) diphenylamine)] (TFB) - & iF e & #4241 % 1,3,5-tris(N-
phenylbenzimidazol-2-yl)benzene (TPBI) - H = ¢ £ 34 Figure 8 #7577 o
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