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Table 1 Molecular weights and elemental analyses of the copolymers
Elemental analysis®
Copolymer M, MM,
C H N S
PCz-TST1 9000 1.3 86.24 86.46 7.84 7.62 5.32 5.56 0.31 0.25
PCz-TST5 9200 1.3 85.80 85.64 7.54 7.33 5.24 5.35 0.98 1.17
PCz-TST10 9700 1.4 84.97 84.77 7.26 7.03 4.96 5.13 1.75 2.13
PCz-TST20 10600 1.5 83.14 83.41 6.74 6.55 4.64 4.79 3.25 3.65
* Data given in the parentheses are contents in the feed compositions leaving groups excluded .
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' Fig. 1  UV-Vis absorption spectra of the copolymers in THF solution a and in solid film b
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Table 2 Optical band gaps and electrochemical properties of the films of the copolymers
Copolymer Optical band gap® eV E, Vv HOMO" eV LUMO® eV
PCz-TST1 2.18 0.72 -5.12 -2.94
PCz-TST5 2.13 0.65 -5.05 -2.92
PCz-TST10 2.08 0.63 -5.03 -2.95
PCz-TST20 2.06 0.59 -4.99 -2.93

* Estimated from the onset wavelength of optical absorption of thin solid film " Calculated according to HOMO = — e E, +4.4

level and the optical band gap
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. 2 Photoluminescence spectra of the copolymers
a THF solution b Thin solid film Excitation wavelength 375 nm
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17 cd/m’
60 40 . B PCz-TST5 190 cd/m’ 1.2%
1.94% . TPBI B
4.6V 543 cd/m’. PCz-TST5 TPBI
Table 3 EL properties of the copolymers in two device configurations

Device configuration® Emissive layer V,." Vv A Gy M Netmax % LE,..* cd/A Low® cd/m’
A PCz-TST1 5.2 604 0.03 0.01 78
A PCz-TST 5 4.6 610 0.04 0.02 46
A PCz-TST 10 3.5 618 0.17 0.08 232
A PCz-TST 20 3.0 618 0.11 0.06 240
B PCz-TST1 4.6 617 1.92 0.95 455
B PCz-TST 5 4.6 627 1.94 0.97 543
B PCz-TST 10 4.8 645 1.00 0.50 303
B PCz-TST 20 3.9 645 0.63 0.32 348

* Device A = ITO/PEDOT/PCz-TST/Ba/Al  device B = ITO/PEDOT /PCz-TST/TPBI /Ba/Al > Turn-on voltage ¢ Maximum external quantum efficiency

4 Maximum luminous efficiency ¢ Maximum brightness

3

TPBI 1.0 eV

ITO/PEDOT/PCz-TST/

3 4- silole Ba/Al
3 6- PCz-TST. 0.17% TPBI
2.06 ~2.18 eV PL 1.94%

silole

TPBI EL

597 nm.

HOMO -4.99 ~ -5.12 eV
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HIGHLY EFFICIENT RED LIGHT-EMITTING DIODES BASED ON
SILOLE-CONTAINING POLYCARBAZOLE

LIU Zhitian ZOU Jianhua CEHN Junwu LIU Yonggiang PENG Junbiao CAO Yong
Institute of Polymer Optoelectronic Materials & Devices ~ Key Laboratory of Specially Functional Materials of Ministry of Education
South China University of Technology —Guangzhou 510640

Abstract A new 2 5-dithienylsilole TST with triphenylamine substituents at the 3 4-positions was synthesized.
The TST was utilized to construct conjugated silole-containing poly 3 6-carbazole s PCz-TST with TST contents of
1% ~ 20% . The weight-average molecular weights of the PCz-TST were between 9000 and 10600 with
polydispersity index between 1.3 and 1.5. Optoelectronic properties of the PCz-TST such as UV absorption cyclic
voltammetry photoluminescence PL and electroluminescence EL  were investigated. The main absorption peaks
of PCz-TST which were ascribed to the contribution of the carbazole segments were at 305 nm while the absorption
of the TST units was around 498 nm. The optical band gaps of the PCz-TST were between 2.06 ~ 2.18 eV.PL
spectra of the copolymers showed excitation energy transfer from the carbazole segments to the silole units displaying
one orange peak for the film PL spectra.The peak positions of red EL spectra were between 604 ~ 645 nm showing
obvious red-shifts relative to the PL spectra. HOMO levels of PCz-TST were between —4.95 ¢V and - 5.09 eV
with more than 1 eV energy barrier for holes to enter TPBI blocking layer. In EL devices with a configuration of 1TO/
PEDOT/PCz-TST/TPBI/Ba/Al a maximum external quantum efficiency of 1.94% was achieved for the copolymer
with 5% TST.The TPBI hole blocking layer largely improved the efficiency of the exciton formation from which the
highly efficient red EL from the silole units could be displayed. Red shifted EL spectra were found for the
introduction of the TPBI layer from which the color purity of red light was modified .

Keywords Poly 3 6-carbazole  Silole Copolymer Polymeric light-emitting diode PLED



