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(LCD)
(bistolane) a -
(a -methylbisstilbene)

(polyfluorenes)

The goal of this proposal is aimed to study the fabrication of
polarized electroluminescence (EL) devices which have potential
application in the LCD backlight. In the first year, a series of UV-curable
bistolane liquid crystal monomers were synthesized and characterized. In
the second year, a series of UV-curable a -methylbisstilbene liquid
crystal monomers were synthesized and characterized. In the third year, a
series of polyfluorene liquid crystal polymers were synthesized and
characterized. The light emitting materials were oriented by a surface
alignment method and cured by UV radiation to form the oriented LC
crosslinked networks. The oriented LC networks were fabricated to
form the single or multi-layers polarized EL devices. The PL and EL
efficiencies as well as dichroic ratios of the polarized EL devices were

also evaluated.

Keywords liquid crystal, polarized electroluminescence
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Table 1. Phase transition temperatures and corresponding enthalpy changes of
monomers M1 - M10

Phase transition temperatures and corresponding enthalpies (KJ/mol
Monomer Heating

Cr Sa N 1
M1 . - - 57.2 (36.2) . 93.3(0.8) .
M2 . - - 62.4 (17.6) . 84.6 (2.1) .
M3 . - - 29.9 (16.8) . 74.5 (1.32) .
M4 . - - 53.0 (34.4) . 719 (1.2 .
M5 . - - - - 100.3 (28.3) .
M6 . - - - - 62.3 (17.3) .
M7 . 68.5 (14.1) . - - 86.8 (8.8) .
M8 . - - - - 78 (24.2) .
M9 . [81.4 (12.7) o] - - 111.5 (42.4) .
M10 . - - - - 85 (28.6) .

Cr : crystalline, S : smectic A, N : nematic, I : isotropic

[ ]:monotropic transition.



Table 2. The UV-visible absorption, PL emission and polarized ratio of monomers in

thin film state.

Polarized ratio

UVmax-visible =~ PLmax
Monomer UV-vis PL EL
absorption(nm) emission(nm)
(uv,/Uv ) (pL,/PL ) (EL/EL )

M1 343 428 11.7 10.8 7.0
M2 344 427 12.0 1.1 6.9
M3 343 429 13.3 11.5 6.8
M4 340 425 14.0 11.1 6.2
M7 362 455 4.6 3.5 -

M9 447 544 4.2 34 -




Fig. 1. Photomicrographs of the N phase schlieren texture of M1 at 75
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Fig. 2. Polarized optical spectra of LC network of M1 on rubbed PEDOT
film.
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Fig. 3. Polarized EL spectra of an ITO/rubbed PEDOT/LC network of

M 1/Al device.
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device.
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Table 3. Polymerization results and phase transition temperatures of polymers.

Polymers | Yield (%) M, My, My, / My Phase transition temperatures
G 92 N 170 I
P1 76 8600 15600 1.81
I 156 N 65 G
G 79 N 126 I
P2 80 9600 18400 1.92
I 124 N 59 G

G glassy state,

N nematic phase,

I

isotropic




Table 4. The polarized UV-visible absorption, polarized PL emission and polarized

ratio of polymers.

Polarized ratio

Polarized UV-visible Polarized PL
Polymer UV-vis PL
Absorption (nm) Emission (nm)
(UV,/UV ) (PL,/PL )
P1 492 583 8.5 8.3
P2 517 603 8.8 8.6




Table 5. Device properties of polarized device using P1 and P2 as active layer.

ELnax(nm) Luminance Polarized ratio
Polymer Viurn on(V)
at Vium on (Max)(cd/m?) (EL,/EL )
P1 580 5 85 4.0
P2 604 6 235 6.5




Fig. 5. Photomicrographs of the S, phase focal-conic texture of

M7 at75

Fig. 6. Polarizing optical micrograph of polymer P1: nematic droplet

texture obtained at 150

1.0 —m— UV
—o— UV
—A—PL
0.8 —w— PL




Fig. 7. Polarized UV-vis absorption spectra and polarized PL emission

spectra of P1
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Fig. 8. Polarized EL spectra of P2 in the ITO / aligned PEDOT / P2/ Ca/
Al device.
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Table 6. Polymerization results and phase transition temperatures of polymers.

Phase transition

Polymers |Yield (%)| Mn | Mw |Mw/Mn |Tg( )| Td( )* o
temperatures ()

P3 68.8 | 12200 | 18200 | 1.49 71.7 373 G 101 N>300 1
P4 63.5 | 10700 | 15600 | 1.45 106.3 410 G 125N >300 1
P5 61.2 | 10300 | 16200 | 1.57 107.6 415 G 127N >3001

a) The temperatures were observed by DSC.

b) The temperatures were observed by TGA.

c¢) The temperatures were observed by POM; G: glassy state, N: nematic phase, I:

isotropic.




Table 7. Polarized UV-vis absorption, polarized PL

emission and polarized ratio of polymers.

i Polarized Polarized ratio
Polarized UVmax
Polymer i PLmax UV-vis PL
Absorption (nm) o
Emission (nm) | (UV,/UVL) | (PL,/PLL)
P3 378 449 6.6 5.9
P4 376(434) 553 6.3 5.7
P5 377(435,520) 651 6.5 5.7




Table 8. Polarized device properties.

Luminance Efficiency Polarized
ELmax V turn on . CIE 1931
Polymer (Max) (Max) ratio
(nm) V) > (x.y)

(cd/m”) (cd/A) (EL,/ELL)
P3 456 7 430 0.08 6.4 (0.186,0.208)
P4 540 6 1039 0.40 6.3 (0.382,0.573)
P5 652 7 284 0.05 5.4 (0.672,0.322)
P3+P4 (5%) 538 7 2205 0.60 5.5 (0.352,0.559)
P3+P5 (5%) 644 7 1146 0.22 52 (0.620,0.323)




Table 9. Properties of polarized white emission devices.

) P3:P4:P5 ELmax | Viumon Luminance Polarized ratio
Device ) CIE 1931(x,y)
(mg) (nm) (V) | Max) (cd/m”) (EL,/ELL)
A 100:0.08:0.10 528 6 581 4.0 (0.332,0.363)
B 100:0.06:0.12 525 6 1358 4.6 (0.343,0.361)
C 100:0.04:0.12 534 6 1895 4.4 (0.322,0.368)




Fig. 10. DSC thermogram of polymer P3.
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Fig. 11. Polarized UV-vis absorption and polarized PL emission spectra

of P3.
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Fig. 12. Polarized EL spectra of P3 in ITO/aligned PEDOT/P1/Ca/Al

device.
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Fig. 13.J-V (o) and L-V () curves of P1 in ITO/aligned PEDOT

/P3/Ca/Al device.
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