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STUDY ON SYNTHESIS AND LIQUID CRYSTALLINE
PROPERTIES OF ALKOXYL VIOLOGEN POLYMERS

Minhui FENG, Guimei WU, Yi HE and Zhaoxi LIANG
(Institute of Polymer Science, Zhongshan University,
Guangzhou, 510275, P. R. China)

Abstract

A series of alkoxy! viologen polymers containing the different alkoxyl chain length
have been synthesized and were identified by elemental analysis, IR, 'HNMR, UV and
laser light scattering. The liquid crystalline properties, texture structure and phase
transition have been investigated by using polarizing optical microscope, DSC and X-ray
diffraction, the results show that poly(3,6,9-trioxaundecy! viologen) dichloride (PTUV)
exhibits a birefringent schlieren texture that indicates its nematic phase structure and
monotropic characteristics.

Keywaords: Photoresponsive polymer liquid crystal, Viclogen polymer, Monotropic nematic
liquid crystal

One part of the vast field of functional materials that has received quite
a lot of attention are photoresponsive polymer liquid crystal performed
both the properties of photoresponse and liguid crystal. Several interesting
applications of photoresponsive polymer liquid crystal, such as the
polymers containing azobenzene or spiropyrane in main chain or side chain,
are described in the fields of optical recording, optical storage, optical
display and nonlinear opticsi!~*). The N, N'-disubstituted 4,4'-dipyridinium
compound known as viologens is a kind of redox compound that can
undergo two-step reduction accompanied with obvious color changes by
chemical, electrochemical or photochemical methods(*~6}. In alkoxyl
viologen polymers. dipyridinium unit or frans—1,2-bis(4—pyridyl)ethylene
unit used as the mesogenic unit as well as photoresponsive unit and alkoxy!
unit used as the flexible chain segment, thus a new kind of photoresponsive
polymer liquid crystal can be synthesized. In this paper, some alkoxyl
viologen polymers containing the different alkoxyl chain length have been
synthesized with main chain structure as PAoV (y=0; x=0. 1, 2 abbreviated
as POPV, PDOV. PTUV) and as PAoE (y=1; x=0, 1, 2 abbreviated as POPE,
PDOE, PTUE):

+ +
-KCH,CH,0),CH,CH,~ N O )y~ O N} 2c1
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The liquid crystalline properties, texture structure and phase transition
have been investigated by using polarizing optical microscope, differential
scanning calorimetry(DSC) and X-ray diffraction, the results show that
PTUV exhibits a birefringent schlieren texture indicating its nematic phase
structure and monotropic characteristics.

Experimental

Materials

4.4'-bipyridine(BPy), trans—1,2-bis(4-pyridyl)ethylene(+—BPyE) were
obtained from Tokyo Kasei Kogyo Co., Ltd. Benzyltriethylammonium
chloride(BTEAC), absolute ethanol, ethyl acetate, methanol and isopropanol
were A.R. without purification before use. Diethylene glycol, triethylene
glicol and tetraethylene glycol were dried over 24 hours by anhydrous
sodium sulfate and purified by reduced pressure distillation. Thionyl
chloride(TC) was refluxed 2~3 hours with tripheyl phosphite and then
purified by distillation. Acetonitrile(AN), dimethyl sulfoxide(DMSO) and
N,N'-dimethylformamide(DMF) were dried over 24 hours separately by
anhydrous calcium chloride, sodium hydroxide and anhydrous sodium
sulfate and then purified by distillation or reduced pressure distillation.

Synthesis of a,0-dichloroglycol ethers(DCG), PAoV and PAoE

DCG was prepared by reacting the corresponding glycol diol with TC in
the existence of BTEAC under stirring at 60~65°C as described in previous
paperl’l. The products were purified by reduced pressure distillation to
obiain dichloroethyl ether(DCEE) (90~92°C/7~8mmHg), dichlorotriglycol
ether(DCTrE) (142-144°C/7~-8mmHg) and dichlorotetraglycol
cther(DCTeE) (160~162°C/4~5mmHg), respectively. PAoV and PAoE were
synthesized by Menschutkin reaction of BPy and ?-BPyE with the
appropriate alkoxyl ether dichiorides under stirring in AN, DMSO or DMF
at 70~90°C for 48~144 hours. During the reaction, the polymers
precipitated out as a brown or light red solid. They were filtered, dissolved
in absolute ethanol and reprecipitated twice with ethyl acetate, then dried
in vacuum. The yields of PAoV and PAoE were approximately 50%.

Measurements

Infrared spectra(KBr) were recorded on a Nicolet 205 FTIR
spectrophoto-meter. Elemental analysis was recorded on Perkin—Elmer 240C
Flemental Analyzer. 'HMNR spectra were measured by JEOL FX-90Q
spectrometer. UV -absorption spectra of polymer solutions in ethanol were
obtained on a Shimadzu UV-240 UV-visible recording spectrophotometer.
Polarizing optical microscope was performed using a polarizing microscopyv
equipped with heating stage. Thermal analysis was carried out with a CDR-1
differential scanning calorimeter. X-ray diffraction measurements were
made by a D'max-3A X-ray diffractometer using Cu K, radiation. The
samples were prepared by quenching the polymers in ice-water melted at
above melting point for 3 hours.

J.aser light scattering measurements were performed on polymer samples
dissolved in 0.1mol/L KBr aqueous solution using a CDC/Milton KMX-6
las:r photometer at 30°C(see Table 1).
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Table 1 Molecular weight of PAoV and PAOE

Compounds M, Ay
(g-mol'!)  (mL-mol-g?)

POPV  2.39x10%  -1.25x1073
PDOV  2.41x10? 1.49x10°2
PTUV 5.15x10% 2.38x10°3
POPE 5.26x10% 7.17x1073
PDOE 2.44x10  -1.83x10°?

dn/dc=0.2

Table 2 Characterization of DCG

C% H%
Compounds Empirical Wave numbers Group & Group
formula  Cslc. Found Calc. Found (cml) (ppm)
DCEE C4HgOCly 33.53 3241 5.59 5.56 2870 or so Vo.g 3.3 2x2H, -CH,Cl
11200rs0  Ug g.c 42 2x2H.-CH,0
DCTrE  CgHp,0,C1, 3850 3822 642  6.57 746; 747 U 31 2x2H, -CH,Cl

3.7 2x2R, -CH,CH,Cl

4.3 2x2H, -CH,0C,H,Cl
DCTeE  CgH,c0;Cl; 4152 40.52 692  7.00 3.2 2x2H, -CH,Cl

3.7 22K, -CH,CH,Ct

4.0 2x2H, -CH,0C,H,Cl

4.1 2x2H. -CH,CH,ORC|

Table 3 Charaterization of PAoV

C% H% N%
Compounds nax Emaxx 107 ] Group
Calc. Found Calc. Found Calc. Found (nm) (mol"-L-cm'l)(ppm)
POPV 56.10 48.68 534 5.49 953 813 257 1.83 4.1 2x2H, -CH20
4.9 2x7H. -CH,-
8.4 2x2H. -a-H
8.9 2x2H, -b-H
PDOV 55.94 50.99 583 600 816 753 262 1.80 3.8 2x2H, -OCH,CH,0-

4.0 2x2H, -CH,CH,-Py
4.8 2x2H, -CH;-Py
8.5 21x2H, -e-H
8.9 2x2H, -b-H

PTUV §5.76 5290  6.20 6.51 123 %59 261 2.08 3.7 1x2H. -OCH,CH,0-
4.1 2x2H, -CH,CH,Py
4.8 2x2H. -CH}-Py
3.6 1a2H, -a-H
9.1 2x2H, -b-H

(0a @)
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Table 4 Characterization of PAoE

C% H% N%
Compounds Apax  Emaxx10? 8 Group
Calc. Found Calc. Found Calc. Found (am) (molt-L-cm™) (ppm)

POPE 59.02 53.04 553 542 861 815 312 3.14 4.1 2x2H, -CH,0-
4.8 2x2H, -CH,-Py
7.5 2x1H, -CH=CH-
8.1 2x2H, -a-H
8.7 2x2H, -b-H

PDOE 58.50 55.16  5.96 6.12 758  1.36 320 3.01 3.8 2x2H, -OCH,CH,O-
4.1 2x2H, -CH,CH,-Py
4.8 2x2H, -CHrPy

7.3~8.4 3x2H,-a-H,-CH=CH-

8.9 2x2H, -b-H

PTUE 58.05 53.02 629 623 678 6.73 320 2.87 3.7 4x2H, -OCH,CH,0-
4.1 2x2H, -CHZCHI-Py
4.8 2x2H, -CH,-Py
7.9 2x2H, -CH=CH-
8.6 2x2H, -a-H
9.1 2x2H, -b-H

Q-cn—cn—@'

Fig. 1 Texture structure of PTUV
1. at 170°C; 2. at 175°C
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Fig. 2 DSC curves of PTUV
1. Heat rate:  5°C/min.
2. Heat rate: 10°C/min.

Table 5 Phase transition temperature of PTUV

Methods Tn(°C) Tei(°C) AT(°C)
Polarizing microscope 170 186 16
DSC, heat rate  5°C/min. 173 180 15

10°C/min. 176 182 16

Results and Discussion

Characterization of DCG, PAoV and PAoE

DCG was synthesized as described in previous paper [7] and
characterized by clemental analysis. IR and 'HNMR. the results were
satisfactorv(Table 2). In this paper, the DCG products with higher purity
have been obtained by using the treatment of alkali solution washing, water
washing and reduced pressure distillation.

With the increase of alkoxvl chain length, the reacuvity of DCG was
decreased In order to obtain the polymer precipitation. the solvent with
less polarity such as DMF or AN and higher reaction temperature and
accurate stoichiometric ratio of monomers must be used in reaction process.
PAoV and PAoE were characterized by elemental analvsis, IR, 'HNMR, UV
and laser light scattering method(Table 3. 4).
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Fig. 3 WAXD analysis of PTUV

Study on the Liquid Crystalline Properties of PAoV and PAoE
1.0bservation with Polarizing Optical Microscope

Afrer heat treatment at 100-120°C for 10 mins. 1o remove the moisture
absorbed by the samples. the samples were observed under polarizing
optical microscopy during heating from room temperature to 190°C. The
optical polarizing micrograph of PTUV shows thart it exhibits a birefringent
schlieren texture indicating its nematic phase structure at the melting
temperature. however no nematic phase has been observed during cooling
process (Fig. 1), hence it is a2 monotropic liquid crystali®). Others of PAoV
and PAoE were decomposed before their melting temperature.
2.DSC measurement

DSC measurements of PAoV and PAoE obtained the same results as
polarizing optical microscope. After heat treatment at 100~120°C for 10
mins. to remove the moisture absorbed by the samples, there are two
endothermic peaks in the DSC curves (Fig. 2). The lower peak temperature
is the melting point of PTUV and the higher peak temperature corresponds
to the clear point. Table 5 listed the results measured by using polarizing
optical microscope and DSC.
3.X-ray Analysis

PTUV was treated at 176~178°C for 3 hours, then quenched in ice—water.
From the wide angle X-ray diffraction curve of PTUV (Fig. 3), a fringing
peak at 26=20° was observed which is accordance with the characteristics
of nematic liquid crystal.
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