3.1

2,3-diphenyl - 5 - (4- heptyloxy- 4’- oxytrimethylene diphenyl) -1,4- bis(chloro-

methyl)benzene (6) Scheme 1 benzil

diethyl 1,3-acetonedicaboxylate =~ KOH Aldol condensation

2,5-dicarbethoxy-3,4-diphenylcyclopentadienone (1)
4,4’-dihydroxydiphenyl 1-bromoheptane K,CO5/KI
4-(n-heptyloxy)-4’<hydroxydiphenyl (2) 2

5-chloro-1-pentyne KOH/KT

4-(n-heptyloxy)- 4°-(4-pentynyloxy)diphenyl (3) 1 3
Diels-Alder reaction diethyl 2,3-diphenyl-5-(4-heptyloxy-
4’-oxytrimethylenediphenyl)terephthalate (4) 4  LiAlH,4

2,3-diphenyl-5-(4-heptyloxy-4’-oxytrimethylene
diphenyl)-1,4-bis(hydroxylmethyl)benzene (5) 5 SOCl

6 '"H-NMR
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3.2

potassium t-butoxide t-BuOK

HCl
Gilch route t-BuOK HCl
Gilch route Radical
polymerization [30] Anionic polymerization
[14] Figure 3-1 [16]

L L
\ < > -HL < > Nu: < > @/
L Nu

Monomer [X]

L = Cl, Br, sulfonium,
sulfone, or xanthate [X]

=are 1L< —( | f@ﬂ\
< / _—> e
n PPV

Precursor polymer

Figure 3-1 Mechanism of the Gilch route
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t-BuOK

8 12 16 Runs 1~3
IR TGA GPC
Table 1 'H-NMR Run 1
C-Cl Run 2
Run 3
Figure 3-2
TGA Run 1 190
HCl Run 2 195
HCl Figure 3-3
GPC Runs [~3 Mw

"H-NMR

0 4.3~4.4 ppm

HCl

Run 3

t-BuOK

Molecular weight distribution

16 t-BuOK
IR
cm’ finger region

Figure 3-4
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Table 1

t-BuOK

Runs 1~3
Run 1 2 3
-BuO™K 8 12 16
'H- NMR few C1 few Cl no Cl
trans C=C-H 86.46ppm | trans C=C-H 66.46ppm X( )
cis C=C-H 86.06ppm | cis C=C-H 86.04ppm | cis C=C-H 66.06ppm
| R trans C=C-H v968 em™ | trafis C=C-H v968 cm’! | trans C=C-H v968 cm’
cis C=C-H v698 - ; - cis €=C-H v699 cm™ | cis C=C-H v699 cm’
TGA 19071+ 195.7 X( )
414.8 416.4 437
GPC Mn 74300 Mn 139700 Mn 147900
Mw 280200 Mw 270400 Mw 226300
Pd3.77 Pd 1.94 Pd 1.53
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Figure 3-2 'H-NMR spectra of the (a) monomer 6 and polymer P1 synthesized
with different amount of base: (b) 8 equivalent; (c) 16 equivalent.
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Figure 3-3 TGA diagrams of P1 synthesized with different amount of base (a) 8
equivalent; (b) 16 equivalent.
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Figure 3-4 FT-IR spectra of P1 synthesized with different amount of base (a) 8
equivalent; (b) 16 equivalent.
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Scheme 2 6

o ,a ’-dichloro-p-xylene

1:1 16 6 t-BuOK
HCl 6/ THF
t-BuOK / THF
Gelation P2
CN Scheme 2
5 PCC 7 7 a,
o ’-Dicyano- p-xylene t-BuOK THF  t-BuOH

TBAB tetrabutyliammoniui bromide

P3
3.3
3.3.1 P1
16 t-BuOK P1
'H-NMR d 6.06 ppm O 6.46 ppm
Figure 3-2 FT-IR vV 968 cm’!

vV 699 cm’ C-H out-of-plane
banding

Figure 3-4
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t-BuOK HCl PPV

1995  Son
[12] PPV
PPV
147900 1.53
TGA
437
Figure 3-3
11

Table 2

38



Table 2

THF
Chloroform
CH,CI,
NMP
Toluene
1,2-Dichloroethane
DMF
DMSO
Acetone
EA
Methanol

O O O O O O

PPV
PPV

PPV

Figure 3-5 DSC
290 Figure 3-6
172

Isotropic
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Figure 3-6 DSC diagram of P1
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- 381 nm
CHCL, 339 nm THF

348 nm

378 nm Figure 3-7

Absorbance (arb. units)

1 1 1 N babissosssssnscncsnnnn
300 350 400 450 500 550
Wavelength (nm)

Figure 3-7 UV-vis spectra of 1P in solid film (a) and solution states: (b) in
CHCI;; (c) in THF; (d) in Toluene.

PL 503 nm

CHCL, 475 nm THF

473 nm

502 nm Figure 3-8
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|
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Figure 3-8 PL spectra of 1P in'solid film (a) and solution states: (b) in CHClj;
(c) in THF; (d) in Toluene:
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Xonset

UV-vis

Eg

Eg (e.V) = 1240 / honsec (n)

Eg = HOMO - LUMO LUMO

Figure 3-9
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2.72

Current (A)
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Figure 3-7 Aonset 456 nm

LUMO 294 P1 Figure 3-10
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Figure 3-9 Oxidation curve in CV of P1
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Absorption (arb. units)

fusion or solution

substrate

Figure 3-11 Direct rubbing of the polymer in fusion or solution state
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Figure 3-12 Polarized UV and PL spectra of P1

45



Conjugated Backbone

Figure 3-13 Rubbing direction and alignment of the conjugated backbone

3.32 P2 P3
P2
130000 2.30
6
P2 P1
P3
- P2 405 nm
P1 Figure 3-14
PPV
PPV

P3 361 nm P1
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3-15

CN

Absorbance (arb. units)

] L ] L |
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Wavelength (nm)

Figure 3-14 UV-vis spectra of (a)-P1 and (b) P2 in thin film state

Absorbance (arb. units)

300 350 400 450 500 550 600

Wavelength (nm)
Figure 3-15 UV-vis spectrum of P3 in thin film state
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P2

503 nm 536 nm P1
PPV Figure
3-16 -
block P3
540 nm P1
Figure 3-17

PL Intensity (arb. units)
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Wavelength (nm)
Figure 3-16 PL spectra of (a) P1 and (b) P2 in thin film state
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3.4

Ca(Al)

3-20

PL Intensity (arb. units)
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Figure 3-17 PL:spectrum of P3 in thin film state

EL
11 504 nm
Figure 3-18
L-V Figure 3-19

0.79 cd/A  0.16 Im/W at 15 V
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Figure 3-19 I-V and L-V curves of ITO / PEDOT / P1/ Ca(Al)
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Figure 3-20 OLED devicemsing P1 as the emission layer

DP-PPV
DPn-PPV n

Imidazole Figure 3-21
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Figure 3-21 Structures of some DP-PPVs with different substituents
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DP-PPV 65% PPV 15%

MEH-PPV  27% [16]
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Figure 3-22 Hexagonal packing of DPn-PPV

Imidazole DP-PPV
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P1 433 cd/m?

DP-PPV
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