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Abstract: Main-chain/side-chain liquid crystalline polymers (MCSCLCPs) combined with an azobenzene group and a cho-
lesteryl group were synthesized to impart light and temperature sensitivity to the polymer. The polymers were designed with
the azobenzene unit as the mesogenic group of the main-chain and various compositions of the azobenzene and cholesteryl
units as the mesogenic group of the side-chain. The chemical structures and physical properties of the synthesized polymers
were investigated by Fourier transform infrared spectroscopy, proton nuclear magnetic resonance spectroscopy, differential
scanning calorimetry, thermogravimetric analysis, polarized optical microscopy, and ultraviolet-visible (UV-Vis) spectros-
copy. All the MCSCLCPs were amorphous and exhibited enantiotropic liquid crystal phases; these polymers achieved the
nematic phase with increasing content of the azobenzene group and exhibited the cholesteric phase with weak liquid crys-
tallinity as the content of the cholesteryl group was increased. Furthermore, the polymers containing the azobenzene group
showed photoisomerization when exposed to UV-Vis light, and the CP-A3C7 and CP-AS5C5 polymers exhibited thermo-

chromism in the temperature range of the liquid crystal phase.
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Experimental
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Table 1. Phase® Transition Temperatures of Monomers

Monomers Heating, C (AH,, J/g) Cooling, C (AH,, J/g)
DHAB K 222.1(226.7) 1 b
DA-A K 212.9(60.6) 1 L 19133.1)

Sm168.1(39.0) K

I 184.5(10.1)
N°147.5(26.2) K

K 166.5(14.0) N¢ 179.1(12.3)

DA-C Ch°187.4(5.2) 1

K: crystalline, Sm: smectic, N: nematic, Ch: cholesteric, and I: isotropic
Decomposition at the same time as melting
‘Homeotropic

Z+ CP-A5C59] FHAHH L o
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Figure 1. Chemical structures of monomers.
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Figure 2. Synthesis routes of monomer DHAB.
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Figure 3. Synthesis scheme of polymers.

Table 2. Yield, and the Composition of the Monomers used in the
Synthesis of Polymers

1,6-hexanediol DHAB  DA-A DA-C Yield

Polymers (mol%)  (mol%) (mol%) (mol%) (%)
CP-A0C10 50 50 0 100 85
CP-A3C7 50 50 30 70 78
CP-A5C5S 50 50 50 50 76
CP-A7C3 50 50 70 30 79
CP-A10C0 50 50 100 0 87

(0.35 x 1072 mol), DA-A 2.9 g (0.35 x 10~ mol), DHAB 0.8
g (0.35 x 1072 mol), 1,6-8421}o] - 0.4 g (0.35 x 1072 mol)
< A3 & 92y 20 mlet TCE 50 mlo]] €35t =83
HAL o] gate] AA3| 715+ 80T A 24 hr Tt HF-S-5}
At 9he F WY ES vl 4EA17]1 veedt S7
2 4= 24 AFskaL 23 dz7)olA AxsH.

3. 7171 H aEtEel SYEY

AAE LEAEY B4 o84 7|71 e ok 2
o 3HES] e x B4 HHEF7|(FT-IR, Perkin
Elmer Spectrum 1000)¢} 'H-3x}7] 24 E37] (‘H-NMR, JEOL
INM-AL 300)2, JE842 Ax}2=AFGZHA (DSC, TA DSC
Q20)2F EFFE471(TGA, TA TGA Q50)E, KA &2
7}E#(Linkam TP 92)0] A= H33-& u]) 7 (POM, Olympus
BX41)1} 8873 =4 7] (Fisher Scientific Co.)&, 333st4 A
AL UV/Vis £337] (Optizen 2120 UV Plus)E o]-&35t4 .

FT-IR S42 1A S A5 KBr WS 0|85}
400~4000 cm™ HYoA AHEFE dglon, 'H-NMRE)
EZ4L 8|24 CF;CO0D-d E+= TCE-d»§ A& A2
oA &S5ttt FAAE L&A §alE= et EHE
ARG 30T A 9] Gl =t 7FE A Y] &a e o RE 2A}
sttt 2821 ti4=H == Ubbelohde A HEAE o]
&3to] TCE : p-2 2295 @ Hl50] 30:35:359] FAH|E=
23 grfjo] LEAELS 0.2 g/dLY] F&= &8fi5te] 30T Y]
F2pzo)A SA5EATE DSC S ALEL7|NA 10
T/min®] 7}E1} P& 2 235150, TGA 542 4
AEA711M 10T/ mine] SEZ 42X 800C7HA] 43
SHATH A ZAE AT B texture Q12 7HE Ho]
2 POME 0|85t 50u&E wastglon, Hepd
o=2H &84 F547|E |83t stiropalescence®] {5
A71E Tk F3sgd 242 UV/Vis 3715 o
3ted 5% 107 M| 5= 2 THF g-wfof £3fA]# 250~550 nm
oA S5kt A ZHABA ZARATES] w2 o] A3t
=5 A5t flste] ARERE 10 cm HolXl XA
365 nm TG0 UV RAZ|E o]-&sto] QAT 5t A}
stpom, 7hA13A2 160 Im B17]9] Yyl Fof-& A5 ]
&3t 20 cm o7l oA ERFAIE T AR & &

st}

o
o

Results and Discussion
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Figure 4. FT-IR spectra of polymers (KBr).
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Table 3. Inherent Viscosity® and Solubility Test of Polymers
Ninh Solubility
Polymers —
(dL/g) TCE THF CHCl; Pyridine DMAc NMP DMSO DMF
CP-A0C10 0.37 (e} O A A x A x x
CP-A3C7 0.36 e} O O A AN A x x
CP-A5C5 0.35 e} A A A A A x A
CP-A7C3 0.31 A A X A A A JAN JAN
CP-A10C0 0.35 X X x A A A A x

Inherent viscosities were measured at a concentration of 0.2 g/dL in 1,1,2,2-tetrachloroethane : p-chlorophenol : phenol (30:35:35) at 30C

O : soluble at 30C, A : soluble on heating, x : insoluble.
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Figure 6. DSC thermograms of polymers.
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Figure 8. DTG curves of polymers.
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Table 4. DSC and TGA Data of Polymers

Polymers T, Taswes T max residue LC*
© (o) () (%) ()
CP-A0C10 82 258 391 9.7 136-198
CP-A3C7 77 274 395 11.6 138-206
CP-A5C5 76 265 375 14.6 142-228
CP-A7C3 65 289 321 16.0 170-245
CP-A10CO 75 318 339 28.9 220-287

LC is liquid crystal temperature range observed by POM
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Figure 10. UV/Vis absorption spectra of polymers.

Table 5. Photoisomerization Rate Constants of Polymers in THF

K(s™), at UV irradiation K(s™"), at Vis irradiation

Polymers (trans-to-cis) (cis-to-trans)
CP-A0C10 - -
CP-A3C7 2.5x 1072 2.2 x107
CP-A5C5 2.8 x 1072 1.3 x107
CP-A7C3 2.6 x 1072 1.2 x 1072
CP-A10C0 2.5 %1072 1.5x 1072
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Conclusions
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