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WC|6, WCI6-Ph4Sn, MOC|5, MOCI5-Ph4Sn [Rh(nbd)C|]2
NMR IR DSC

Keywords polyacetylene, side-chain LCP, electroptical polymers, conducting
polymers.

Polyacetylene is a most widely studied conducting polymer. The goa of this
proposal is mainly focused on the synthesis of side-chain liquid crystaline
polyacetylenes. The effect of polyacetylene backbone on the mesomorphic
properties of the obtained polymersis studied. The effect of mesogenic side groups
on the conductivity of the obtained polyacetylene is aso studied. This project is
underwent for three years. In the first year, several series of side-chain LC
polyacetylenes containing a mesogenic side group are synthesized. In the second
year, several series of side-chain LC polyacetylene containing a phenyl and a
mesogenic side group are prepared.  In the third year, several series of side-chain LC
polyacetylenes containing two mesogenic side groups are synthesized. In this study,
W(Clg, WCle-PhySn, MoCls, MoCls-PhsSn or [Rh(nbd)Cl], are used as polymerization
catalysts. The obtained side-chain LC polyacetylenes are characterized by IR, NMR
and elemental analysis. DSC and OM characterize their mesomorphic properties.
The alignment behavior as well as electroptica properties of the synthesized
side-chain L C polyacetylene are also evaluated.
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Tablel Therma transitions, NMR and IR data of monomers 1M ~ 3M.

@]
H CEC‘@*O—E%_Cn Hon+1

Phase transitions, (corresponding

Acetylene group
enthal py changes, kcal/mol)
Monomer n )
Heating NMR IR
Cooling (ppm)  (cm™)
K 79.2(4.78) |
M 3 3.03 3261.74
| 63.9(0.08) N 32.1(4.42) K
K 62.9(5.48) |
2M 4 3.03 3266.84

| 53.8(0.08) N 31.1(5.01) K

K 63.4(7.37) N 87.5(0.14) |
3M 5 303  3287.25
| 84.6(0.11) N 46.1(7.27) K

Table2 Therma transitions, NMR and IR data of monomers 4M ~ 6M.

O
H CEC@%—C—@—O—g_%—Cn Han+1

Phase transitions, (corresponding

Acetylene grou
enthalpy changes, kcal/mol) y group
Monomer n _
Heating NMR IR
Cooling (ppm) (cm™)
K 112.9(4.56) N[ 221.31 ]
4M 3 3.26 3272.83
[1177.8N -]
K 119(5.08) N [ 220.3 1 ]
5M 4 3.26 3276.76

[1187.5N -]

K 106.6(5.99) N [ 212.81 ]
6M 5 326  3283.36
[1198N -]




Table3 Thermal transitions, NMR and IR data of monomers 7M ~ 12M.

O

I
HCEC—(CHﬂx—O@—O—C_%—CnHZnH

Phase transitions, (corresponding

Acetylene group
enthal py changes, kcal/mol)
Monomer X n

Heating NMR IR
Cooling (ppm)  (cm™)
K 66.2(5.04) |
™ 3 3 1.94 3277.95
| 56.3(0.05) N 48.3(4.08) K
K 57.9(5.94) |
8M 3 4 1.93 3257.47

| 55.5(0.14) N 25.1(5.90) K

K 66.2(4.70) N 71.3(0.12) |

oM 3 5 195  3257.47
| 68.8(0.15) N 44.3(4.95) K
K 50.8(6.21) |
10M 4 3 194  3260.26
| 19.6(0.07) N 3.9(5.15) K
K 48.3(8.52) |
1M 4 4 195 327352
| 23.4(0.08) N 2.5(7.00) K
K 44.3(5.96) |
2M 4 5 194  3284.38

| 35(0.10) N 16.6(5.46) K

Table4 Therma transitions, NMR and IR data of monomers 13M ~ 18M.

O O

I ]
HCEC_(CHZ)X_O—@—C—O@—O—C_%—Cn Han+1

Phase transitions, (corresponding

Acetylene gro
enthalpy changes, kcal/mol) y grosp

Heating NMR IR
Cooling (ppm)  (cm™)
K 150.5(8.55) N 225.5(0.47) |
13M 3 3 1.97 3305.31
| 223.3(0.44) N 107.3(7.77) K
1M 3 4 K 150.9(8.63) N 219.2(0.24) | 197  3305.05




| 216.5(0.40) N 113.9(8.10) K

K 129.7(8.76) N 204.2(0.32) |

15M 3 5 197  3308.36
.................. | 204.9(0.35) N 99.9(7.92) K
K 110.9(9.43) N 211.2(0.44) |
16M 4 3 197 330554
| 206.2(0.29) N 72.4(8.49) K
K 99.2(5.99) N 203.8(0.23) |
17™M 4 4 197  3306.00
| 201.4(0.28) N 74.5(5.70) K
K 99.8(8.09) N 181.5(0.14) |
18M 4 197  3296.52
| 175.5(0.11) N 66(7.69) K
Table5 Polymerization results of monomers 1M ~ 3M.
Polymer Yield (%) Mw Mn Mw/Mn Cis%
1P 78.4 82900 18700 4.433 83.84
2P 86.6 111500 30900 3.608 87.97
3P 724 95700 25600 3.738 83.60
Table6 Polymerization results of monomers 4M ~ 6M.
Polymer Catalyst Solvent Reaction Yield (%)
0
Temp. ()
4P [Rh(nbd)Cl] DMF/Et3N r.t. 80.5
5P [Rh(nbd)Cl]. DMF/EtsN r.t. 84.8
6P [Rh(nbd)Cl]. DMF/Et3N r.t. 1.7
Table 7 Polymerization results of monomers 7M ~ 12M.
. Molecular weight
Polymer Yield (%) — ——
Mw Mw/Mn
P 51.6 30300 1.629
8P 54.9 28500 2.317
oP 69.6 98500 1.589
10P 59.5 77800 1.390
1up 59.2 90400 1.395
12P 70.1 145000 1.642




Table8 Polymerization results of monomers 13M ~ 18M.

Molecular weight

Polymer Yield (%) — ———

Mw Mw/Mn
13P 81.9 67600 1.606
14P 87.3 69500 1.309
15P 79.9 77300 1.928
16P 76.2 106600 1.658
17P 86.7 108900 1.904
18P 69.7 56800 1.285

Table9 Thermal transitions of polymers 7P ~ 12P.

Phase transitions, (corresponding enthal py changes, kcal/mol)

Polymer Heating
Cooling
- G 67.3 Sc 138.4(0.31) Sa 167.3(0.98) |

| 150.3(0.88) S 86.4(0.15) Sc 49.6 G

G 58.8 Sc 147.5(0.39) Ss 182.6(0.98) |

® | 151.5(0.83) Ss 89.5(0.11) Sc 52.9 G
op G 71.9 Sc 166.1(0.17) Sa 194.9(0.92) |
| 185.3(0.98) S 106.6(0.29) Sc 67.8 G
G 53.8 Sc 118.7(0.16) S 149.1(0.83) |
10P | 138.0(0.80) S 85.3(0.09) Sc 50.1 G
up G 63.3 Sc 108.7(0.23) Sx 150.2(0.81) |
| 139.2(0.79) S, 87.8(0.14) Sc 485G
P G 62.5 Sc 126.3(0.19) Sx 179.3(0.79) |

| 152.7(0.77) Sa 97.2(0.10) Sc 50.4 G

Table10 Thermal transitions of polymers 13P ~ 18P.

Polymer Phase transitions,
13P G 58.4 Sc 216.2 Sa (285N 291 | ) 309.8 decomposed
14P G 62.3 Sc 202.0 Sp (298 N 310 1 ) 328.3 decomposed
15P G 63.3 Sc 188.7 Sa (297 N 302 | ) 322.0 decomposed
16P G 59.3S:161.5Sa (277 N 290 1 ) 299.9 decomposed
17P G 62.3Sc 171.0 Sa (275N 284 | ) 294.6 decomposed

18P G 56.0 S¢c 137.4 Sa (290 N 3101 ) 311.3 decomposed




Table11 Optical properties of polymers 1P ~ 3P and 7P ~ 18P.

Polymer UV-Visible Photoluminescence
Aabs (NM) Lex (NM) Lem (NM)
1P 393.5 330.5 393 -
2P 395.5 330 395 -
3P 396 325.5 396 -
P 278 227 278 515
8P 278.5 226 278 488
oP 2785 227.5 278 478
10P 279.5 226 279 500
1up 279 226.5 279 485
12P 279.5 227 279 519
13P 265 224 265 489
14P 269 226 269 497
15P 262.5 2235 262 488
16P 262 2225 262 508
17P 261.5 222 261 514
18P 262.5 2235 262 492
polarized PLED (liquid crystal display LCD)
LCD

LCD



Table12 Structure and characterization of monomers 25M ~ 28M.

Monomer m.p.( ) M, Chemical shiftin *H-NMR
F-(An-H 7.473,7.016 4H
= C-(Ar’')-H 7.397, 7.154 4H

25M 64.2 266.36 Ar’-CH» 2.593 2H

(CHo)s 16512  6H

CHs 0.875 3H

F—@—csc—@—m
Hl
Monomer m.p.( ) M., Chemical shiftin *H-NMR

63.2 F-(Ar)-H 7.495,7.011 4H

= C-(Ar')-H 7.399, 7.179 4H

26M 376.56 (Ha) 2.413 1H
other proton 1.85~1 21H

CHs 0.871 3H

F
Hi

Monomer m.p.( ) M, Chemical shiftin *H-NMR
Ar-H 7.388, 7.179 4H
OF-(Ar)-H  7.34~7.04 3H

27TM 78.6 366.49 (Ha) 2.432 1H
other proton 1.85~0.95 17H
CHs 0.871 3H
DD
Monomer m.p.( ) M., Chemical shiftin *H-NMR




F-(Ar)-H
_ 7.516, 7.023 4H
B 7.442.7.198 8H
C-(Ar'-Ar’)-H

28M 171.2  342.46 2.585 2H
Ar'-CH,
(CH2 1.65~1.2  6H

=3 0.871 3H

CHs

Table13 Thermal transitions of monomers 25M ~ 28M.
Phase transitions,
(corresponding enthal py changes, kcal/mol)

Monomer .
Heating
Cooling
K 64.2(6.12) |
25M
| 54.7(5.30) K
26M K 63.2(6.99) Sa 89.4(0.75) N 185.7(0.17) |
| 181.9(0.33) N 85.2(0.69) Sa -4.9(1.09) K
>7M K 78.6(5.49) N 152.8(0.37) |
| 150.3(0.33) N 40.7(5.20) K
K 171.2(2.56) |
28M

| 165.3(2.22) K

Table 14 Polymerization results of monomers 25M ~ 28M.

Polymer Yield (%) Solvent Mw Mw/Mn  Tg( )
25P 22.6 toluene 770400  1.477 233.7
26P 92.4 toluene 878300  1.225 219.8
27P 97.9 toluene 774300  1.270 232.8
28P 795 dichloroethanef 430000  2.115 234.4

dichloromethane




Table 15 Electro-optical properties of polymers 25P ~ 28P.

UV-Vis

Polymer
Y (nm)

IP
(ev)

EA
(ev)

Eg
(ev)

PL
(nm)

EL

(nm)

25P 430

5.42

2.75

2.67 515 524

26P 432

5.50

2.83

2.67 514 521

27P 434

5.47

2.84

2.63 526 524

28P 440

5.54

2.98

2.56 531 548
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30P 31P 32P 33P

Table16 Polymerization results of polymers 30P ~ 35P.

Polymer Cat. Cocat. Solvent Temp.( ) Yield(%) Mw Mw/Mn
30P [Rh(nbd)Cl], EtsN THF 80 486 56830 224
31P [Rh(nbd)Cl], EtsN THF 80 35.7 60340 1.73
32P TaCls n-BusSn  Toluene 80 10.2 2108 161
33P TaCls n-BusSn  Toluene 80 85.9 8597 1.22
34P TaCls n-Bus;Sn  Toluene 80 51.3 315700 3.12
35P TaCls n-BusSn  Toluene 80 115 8385 1.84

PL

12



(‘n"e)Ausuau|

400 450 500 550 600 650 700

350

Wavelength(nm)

EL

34P

PFAS

L L L L L L
wn [=] 0 o n o 0 o
3 8 4 & 3 2 3 3
o (=3 o (=] o (=] i=] (=]
S S S S S S S S
o o o o o o o o
(‘ne)Ausualu|
Luminance (cd/m”2)
o o )
3 S S 8 8 < & o
T T T T T T T
/o/ # i
/W/./
N
o, /o/ -
// N
_n/u /o
\ 1]
N
Al
WJ ne-
2. il
88 kd
=5 |
& £ i
33 ats i
A i
Lﬂ + ®
L L L
5 g9 © o 8 9 g @ o o
8 8 8§ 8§ 8 8 8 & R
2 8 3 8§ 8

(zvwoyyw) Aysuaq ualind

600 700 800
Voltage (V)

500

400

Voltage (V)

LED

36P

27P

EL

36P

13



Current Density (mA/cm”2)
N
8

Current Density
Luminance

!
@ ~ @ ©
1<} =} S o

\
5 8
(zvW/pd) @doueUILNT

200
30
150
100 1%
50 10
ok L L 40
0 4 6 8
Voltage (V)
12
—=— EL at4Vv
602 nm
10 |- ﬂ
= "..
N "
08
J b
3 d LY
L s . L]
z 5 L
(%2} - -
S /
2 .
£ o4 J
/
| ]
N
0.2 g
i’
ol 1
400 500 600 700 800
Wavelwngth(nm)

PA

PA

PA

PL

LED

1. C.H.Ting, C.S. Hsu, Jpn. J. Appl. Phys. 40, 2001, 5342
2. C.H.Ting, C. S. Hsu, J. Polym. Res. 8, 2001, 159
3. C.H.Ting, J. T. Chen, C. S. Hsu, Macromolecules, 35, 2002, 1180

14

PA



