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3.712 g 20.5 mmol 6- 60C 2 5.45 ¢ 90% .MS m/z 295.'H-NMR
16 h. CDCl; 6 7.69 d 2H 7.63 d 2H 7.51 d

3 2H 6.97 d 2H 4.01 t 2H 3.66 q 2H 3.41
m'H 1.82~1.23 m 8H .

OH

I
OOy o Ot
O [6)
KI/KOH ethanol NC

3

Scheme 1 Synthetic routes of the liquid crystal LC  monomer 4

250 mlL 2.0 g 6.78 mmol 7.66 d 4H 7.55 d 4H 7.11 s 2H 7.10 d
2 20 mL TEA 50 mL THF 4H 4.05 t 4H 4.00 t 4H 1.9 br 8H 1.6
2.585¢ 13.56 mmol 40 mL m 8H ." C-NMR 100 MHz CDCl;, & 159.76
THF . phenyl 150.00 phenyl 145.27 phenyl 132.56
12 h phenyl  131.28 phenyl 128.32 phenyl 127.07
10% HCl phenyl 119.86 phenyl 119.12 —CN 115.09
3 . phenyl 111.32 phenyl C—CN 110.00 phenyl
70.51 PHOCH,—  68.02 PHOCH,— 29.19
CH, 25.55 CH, . C, Hy, BN, 0,
=1:1 32.56 ¢ 84% . C64.24 HS5.15 N3.14 C
MS m/z 449. 64.85 H5.26 N3.08.
50 mL 0.41 ¢ 1.52 mmol 2 1.3.2 14 250 ml.

5- 0.629 g 4.56 mmol K,CO; 20.0 ¢ 0.192 mol 32.3¢g
I5mlL N N- DMF N, 0.577 mol KOH 100
60°C 15 min mL 50°C 0.5h

1.5 ¢ 3.34 mmol 3. 60C 48 63.39 ¢ 0.384 mol 1- 60C

h 500 mlL 16 h.

3 3
7
=2:3 4 48.1 ¢ 90% .

1.175 ¢ 94% .'H-NMR CDCl; & :7.71 d 4H 250 mL 20.0 g 71.8 mmol
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7 80 mL 2.1 8

30 mL 28.19 g 90% ."H-NMR CDCl, & 6.88 s 2H
NaOH 393 t4H 1.81~1.76 m 4H 1.53~1.33 m

3 12H 0.88 t 6H .
OCeH,3 OCH,3
1-Bromohexane Br,
HO OH —>CH3CH20H Tﬂ}» Br Br
6 CeHi30 7 CeHi30 8
OCgH 3 CeH i3

TMSA/Pd (Ph;P),

O
NaOH — /_,\ —

Cul/diisopropylamine

= S‘\ McOL/THF

=)=

C¢H30
9
OCgH 3
Br Br TMSé/Pd (Ph3P)4.
Cul/diisopropylamine
CeHO 8

"MeOH/THF

=
CGHISO
10

6H1'i
~©7TMS
Cel 30

NaOH
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Scheme 2 Synthetic routes of the alkyne’ s monomers

100 mL 5.0 g 11.46 mmol
8 53.04 mg 0.046 mmol

8.8 mg 0.046 mmol 2.81 g 28.65
mmol 45
mlL . 70C 48 h

3
:4:1
9 40 ¢g 74% . 91.0 ~
91.5C MS m/z 470.'H-NMR CDCl, & 6.88 s
2H 393 t4H 181 ~1.76 m 4H 1.53 ~
1.33 m 12H 0.88 t 6H 0.25 s 18H .
3.76 ¢ 8 mmol 9 100
mL 100 mL. THF 500 mL
0.8 ¢ 20 mmol NaOH 16 mL
3.5h
3
:4:1

10 2.35 g 90% .
326.'H-NMR CDCl,

71.1 ~ 72.0C MS m/z
0 6.95s2H 3.97 t 4H

333 s2H 1.84~1.75 m4H 1.50~1.26 m
12H 0.90 t 6H . C» H;, 0,
C 80.94 H 9.26 C 81.24 H 9.34.
11 50% 9.MS m/z 453.'H-
NMR CDCl, 6 7.04 s 'H 6.94 s '"H 3.96 ~
391 m4H 1.84~1.72 m 4H 1.56~1.33 m
12H 0.91 t 6H 0.25 s 9H .
12 75% 9. 109.5 ~

110.6°C.'"H-NMR CDClL, & 7.01 s 2H 6.98 s
2H 6.96 s 2H 4.05~3.97 m 12H 1.87 ~
1.84 m 12H 1.59~1.53 m 12H 1.36 ~1.28
m24H 0.93~0.88 m 18H 0.28 s I8H .
13 85% 10. 'H-NMR

CDCl; 6 7.80 d 4H 7.35 d 4H 4.15 t
4H 3.67 t 4H 3.53 t 4H 2.45 s 6H .
1.3.3 50 ml

0.5 g 0.608 mmol 4 198.5 mg 0.608
10 27.7 mg 0.024 mmol

mmol
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4 mg 0.024 mmol mg 70% .'H-NMR CDCl; 6 7.7~7.6 m 8H
15 mL DMF/ 3:2 . 7.55d4H 7.11 s2H 7.1~6.9 m 6H 4.1~
70°C 48 h 20 mL 39mI2H 1.8~1.2 m 32H 0.95~0.75 m
6H . Ces Hyp N, O C 80.19
3. H 7.15 N 2.84 C 80.87 H7.62 N
2.70.
Pl 415
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Scheme 3 Synthetic routes of the polymers

P2 65% P1.'H-NMR Sonogashira
CbCl; & 7.7~7.4 m 12H 7.11 s 2H 7.1~
6.8 m IOH 4.1~39 m 20H 1.8~1.2 m

64H 0.95 ~ 0.75 m 18H .
CiosHips N, Oy C80.17 H8.00 N1.76 2.

C81.05 H8.35 N1.72. Sonogashira
3 DMF
2 P1 M, 8500
2.1 M, 4100 P2 M, 23800 M,
10700 2.07  2.22.
OTs 1. 13 10
OTs  DMF P2 .
LC . Sonogashira
2.2
=3:2 2.2.1 'H "c 1A B

LC



2007

888
P2
. 1 A 0
o=7.11 7.5 1C 0 0.8
6=7.717.66 7.55 7.10 4 ~1.0
13C 13
5=119.12 8 =110.00 cd et
4. h
CN .
& O/I\/\/\j

a O b
==
n

Br I O,
SIISAN Sbe s
i O
O —~ ¢ NC Pl
Br

de
a fg
1o
A 1
1 1 1 1 1
7 6 5 4 3
o

Br
g § £ b
. IL,m
hf Jn Lk
B 190 el “ Jl
, . X ) . , ) Fig. 2 "H-NMR spectra of PI A and P2 B
180 160 140 120 100 80 60 40 20
S5
2.2.2 DSC  POM
Fig. 1 '"H-NMRB A and ®C-NMR B spectra of LC monomer
DSC
2A B P1 P2
10 K/min
1 1 LC
T
0=0.8 5
~0.9 H
P1
P2 30 ~ 240°C

LC



889

Table 1 DSC data of LC monomer polymer P1 and P2

Transition temp °C

Sample T, C Heating Cooling
Ts-i Ti-s
LC monomer — 179 146
Pl 143 174 134
P2 126 — —

Ioh

Fig. 3 POM images of LC monomer a and polymer P1 b

2.2.3 UV-Vis PL
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Fig. 4 UV and PL spectra of P1 and P2 in THF solution a and PL

spectra of P1 and P2 in solid film state and cooled state b excited at
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5b P2 360 nm
THF 107 ~ 107" ¢/LL
300 nm
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Fig. 5 UV spectrum of P2 and PL spectrum of LC monomer in THF solution a and PL spectra of P2 with different concentrations b

I pm

Fig. 6 AFM image of P2 a  AFM image of P2 cooled b  AFM image of Pl ¢ and AFM image of Pl cooled d

2.4 AFM
AFM
107 mg/mL Sonogashira
110°C
30 min 6
6 a b p2
P2
PPE
6 c d P1 AFM
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SYNTHESIS CHARACTERIZATION AND PROPERTIES OF POLY p-
PHENYLENEETHYNYLENE CONJUGATED POLYMERS
CONTAINING LIQUID CRYSTAL GROUPS

WANG Pei' MA Zhun' WANG Yanyan' FAN Quli’ WANG Lianhui' HUANG Wei®
U Laboratory of Advanced Materials ~ Fudan University ~Shanghai 200433
2 Institute of Advanced Materials ~Nanjing University of Posts & Telecommunications ~Nanjing 210003

Abstract  Two novel poly p-phenyleneethynylene PPE  samples with liquid crystal LC groups were
synthesized and their liquid crystal properties and photoluminescent properties were investigated. It was found that
the LC properties of these polymers were deeply affected by the density of the side-chain LC groups and the
polymer with high content of LC groups exhibited the obvious smectic mesophase as illustrated by differential
scanning calorimetry and polarized optical microscopy. The photoluminescence spectra showed that there was a
remarkable change for the LC polymer in the solid film state before and after annealing likely attributed to the
morphological change by thermal annealing. Additionally Forst energy transfer in the concentrated solution was also
reported. Moreover atom force microscope AFM  images were investigated with the temperature changing. As a
result we concluded that spectra can be altered by the conjugated polymer morphologies with different LC states and
this provided us a promising aspect for the future preparation of controlled light emitting polymers.

Key words Conjugated polymer Liquid crystal polymer Energy transfer PPE





