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Synthesis and Characterization of Polymers with Azobenzene and
Hexamethylene Groups in Main Chain
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Abstract Polymers with various compositions of azobenzene and hexamethylene groups in the main chain were
synthesized by a Schotten-Baumann reaction and their properties were investigated. 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 x-ray diffraction. The polymers showed an inherent viscosity of 1.28-1.36 dl/g and were
relatively insoluble in most organic solvents. The melt transition temperature increased rapidly with increasing number
of azobenzene groups in the polymer. When the azobenzene monomer content was more than 50 mol%, no melting
transition occurred below the decomposition temperature. Among the polymers with a melt transition temperature, the
MP-A3C7 and MP-A5C5 polymers were liquid crystalline materials and exhibited a nematic phase with weak liquid
crystallinity over a wide liquid crystal temperature range. This difference in the properties of the synthesized polymers
is likely due to the changes in intermolecular forces resulting from the linearity and polarity of the trans-form of

azobenzene.

Keywords : Azobene, Main-Chain LCP, Mesogenic, Methylene Spacer, Nematic

"Corresponding Author : Moon-Soo Bang(Kongju Univ.)

Tel: +82-41-521-9394 email: msbang@kongju.ac.kr

Received January 21, 2019 Revised February 19, 2019
Accepted April 5, 2019 Published April 30, 2019

86



Fapzol ofzlAy] sk AAEAY|E 2 aRae] d4 D 54
1. A= w ATolA SRR ARE Aok 1,6-Tholsto| =
2A 342, Hezgz ﬂiﬂolﬂ Aldrich A} 7]
WA A FAo 71ETFE A HIE ES HET 4-0puwHEme TCI A} AES AMEEY
Zotehar ol At ARARA, EAke] A7), Mad 1, F3 8wl 1,122-HEGFZ 2 HS] (TCE)#
o) F, A 91A, M Soll web koA ZREM,  dede TCI A} A% AAlske] ARgasith

A SgREe] YN0 AHgE 71712A, 8

o5 2o AHBAEL SHol} SEFokE gek @y s
o Quow AuaEe] 9Re A5 AR, E sge RAe Feld AHMRY|FTIR, Perkin
Aepe] e s ARE $EHL Yk 2ol 5

ol o}, 7IAH E/0] §-E 7154 1EAE L7l JEOLINM-AL300)E, 9AEA BAL AFAld @
(e} 1 _‘6;_

8E 7ol BA7)(DSC, TA DSC Q20)¢} 52
Z. ]

Elmer Spectrum 10003 'H-3)7217] & 547]('H-NMR,
o
HA7)(TGA, TA

g e vAAVE 2R AAE e FARE-E TGA Q5002 olfatgith dFA Fole sidu
Abgel ARAIZ AP R ] e AE0] 58] 21 (Linkam TP 92)°] #¥ #H3& 1 (POM, Olympus
gelo] o3 gItH1-5]. BX41)¥} X-ray diffration (Rigaku AX2500)2 ©]-&3}
53], o]efd HAHo R Wol AHe] 2 vAAV|E  don Hz4woR mp = 7)(Fisher Scientific Co.)
A otzilAl FEAE & ¢ vk okl el W = o) gelgt)
717} okx7|(N=N)ell oJaf AZAs o] glom, ofx7]=
Ao 2 ST AE R FAll, AHg 2 2.2 4
o] "ol 98] trans-cis ©1/d A3 A4S YehiEs 22 Fig. 13} 2= 23] AE® W94 5 44 -thoa}
ofth. ohEWIA L frans o) GHAT RG] FEE o)z ajolz il A(DHAB)S] 437 29h 1EAe] §H4
27|28 AEE AL cis o] ARAE W TR wleAe g d4E nEAES MP-AxSH 2
= shar o] MiaAlz|=Ae] Aets o ¢ gk Wt o) go)ai9inh MPE ol Al S Akl zbe wRA)
A, g 2 GANE A1l olal AT BF = o sy thela olrsaEe] ZHE s
3 ol Adeld 24 & 5 AT6-10]. oA, B gox) DHABE BA[17]¢ Fustel, nRAEe] §4
A AREA e AHE TP 2T okl T o palubgn WS o) gt FAHUL nRA T
AR FARE Em A7 AT oAl F o) 49 MP-ASY] TS o2 So] UG V)%
34 Afel B A FAT 5 AL S T mau.
A 7] wiel, olE -85kl Qe 2, 2t
E A 3R, A A7 S drs =l R AM T 2.2.1 4,4'-Dihydroxyazobenzene (DHAB)®] 34
72 oplA el H8E S8 ArEel AAH 9 =53 fdo] =g 300 mL ¥-87]0] 4-ohv] 7]
FH11-16]. 550 g (458 x 102 mol) ¥t 94 5 mL} FFHS:
& A= A A0l sk, AN AE 45 o) Eahanlo] GajAZITh ASFES o5l
8 7Fe T B AEALAE AZS) AL AT meme) ewg 0CR BE F USRS F5H Wb
Ao wwA FAE FeH AAE A= okEll g0 g2 g7)0) NaNO, 3.16 g (4.58 x 107 mol)o]
A71oh FAAARD AR ] 20l e LwA ggyv)o] 9= 48] 80 mLE FH|SHE, o] 2 ¥ke)
55 st ol ]9 Shefo] whE iAol dF Y2 233 "ojrwa] 4.3]0] ;g;q A tho) o} 2% =
SAF Ao diske] ARSI Zlo|=2 AAAZ] T e g0 mLE o] Zu} t}
2 87)9 & 431 g (4.58 x 107 mol), NaOH 4.81
g (1.2 x 10" mol)& Z574= 40 mLe} &7 Wi 5 Col
2. 4% A mste] g31A7) 5 olg Wyl A o
g 2ol A 2h E<F WEEAIRITE WhE § wkgT ]
21 A%k % 71 of wiekeS Fba AL JA) SRAE Ael

87



2 53] AFste] dxzAl
258 T p-AA A Fo
F DHABY £88L 221

e
DHAB
Fig. 1. Synthesis routes of DHAB.

NaOH, H,0

2.2.2 1R} A
TE9 Hdo] 4FH 100 mL ¥H37]o) Hlgzegz
1 g& ¥ TCE 10 mLoll wykabs £-3)

t}2 &7]o] DHBA 0.53 g (2.46 x 10”° mol)
J3to] =2 A dA19] 0.29 g (2.46 x 107 mol)
TCE/EM‘:& ( 10 mL/5 mL) Eg-&rjol &3jate
B U2 HAE] =5t gt

80 CE &2 24h 59 WHg-A17) a1, WHs-
Hl%uﬂo ek 2 gojey vegy) 3
bl AlH ko, ofHES AMESle] 12h B9
FEAx714 AxsTh

2
D

=
o
fd

}ﬂ oX,

o
o
4 ﬂﬂﬂ rfo
‘ [UO

oA oo Aot
iCial
1o
>~1

g
o

)
2

o

s

HO—(CHy);

Pyridine,TCE {O_QN_ _Q_ _Q_ﬁ““
«n-{o—(Csz—o-@—@—gi»

MP-Ax
Fig. 2. Scheme for polymerization.

-OH

Table 1. Composition of Monomers for Polymers
1,6-

Polymers hexanediol DHAB? e Yield

(mol%) (mol%) (mol%) (%)
MP-A0 100 0 100 82.1
MP-A3 70 30 100 75.1
MP-A5 50 50 100 84.5
MP-A7 30 70 100 79.5
MP-A10 0 100 100 89.9

447 -Dihydroxyaxobenzene; b Terephthaloyl chloride
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Table 2. Inherent Viscosity and Solubility Tests of Polymers
Polymer ik Solubility”
(dL/g) CHCl3 TCE H,SO, THF DMF Pyridine DMAc DMSO NMP

MP-A0 1.28 O O O A A A A A A
MP-A3 1.31 X A O A A A A X A
MP-AS 1.35 X X A X X X X x x
MP-A7 1.32 X X A X X X X x X
MP-A10 1.36 x x A x X x x x X

* Inherent viscosities were measured at a concentration of 0.2 g/dL in TCE/p-chlorophenol/phenol (30/35/35=w/w/w) at 30C.

® O: Soluble at 30C; A: soluble in hot solvent; x: insoluble.

Abbreviation: 1,1,2,2-tetrachloroethane (TCE), tetrahydrofuran (THF), N,N-dimethyl formamide (DMF), N,N-dimethylacetamide (DMAc),

dimethyl sulfoxide (DMSO), N-methyl-2-pyrrolidinone (NMP).
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Table 3. DSC and TGA Data of Polymers
polymers & @ e L s oy o
MP-A0 83 138(50) 115(55) - 357 390 L1
MP-A3 27 150(11) 130(11) nematic 328 387 18.3
MP-AS5 43 304(2) - nematic 340 385 30.9
MP-A7 68 - - - 327 387 335
MP-A10 97 - - - 362 477 39.9

* Ty, and T, are peak point on DSC thermogram; ° Liquid crystalline phase.
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