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Abstract

In this study, compounds with azo-mesogenic groups at 4-, 3,5-, or 3,4,5-positions of one phenyl ring were synthesized, and
their liquid crystallinity and photochemistry were investigated. The compounds in the Azol and Azo2 series had linear and
planar geometries, respectively, while those in the Azo3 series had relatively bulky structures. Compounds of BA-Azo2 and
BA-Az03 did not show any liquid crystallinity. Compounds of BE-Azol and BE-Azo2 exhibited a monotropic liquid crystal-
linity, while the other compounds showed an enantiotropic liquid crystallinity. The liquid crystalline behavior was imparted
by the azo-mesogenic groups, and most of the liquid crystalline compounds formed a smectic phase. All the RM-AzoX com-
pounds exhibited photoisomerism because of the presence of the azo groups in the molecule. The rate of photoisomerization
followed the order of RM-Azo3 < RM-Azol < RM-Azo2 and was considered to depend on the steric hindrance around the
azobenzene groups in the molecule. These results suggest that the liquid crystallinity and photochemical property of the com-
pounds are affected by the position or the number of azo-mesogenic groups phenyl ring of the molecule.
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Figure 1. Synthesis routes of compound HA.
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2.2.1. 4-(Hexyloxy)phenyl acetamide, (C-1)2| 4

W217] =1 1,000 mL K710 4-ofMEoln| = Hlis 27.47 ¢ (1.8
x 10" mol), 1-B2FE3AAQ 30 g (1.8 x 10" mol), K,CO; 75.35 g
(54 x 10" mol)S oFIE 600 mLol A1) 3 ZalA wrlksl 24
h Bt WEAIZIT)E RES & wEgE U9 obAES FetSRell <&t
o] o= AE AAHI, 59 IEE AR SRl Fol4 3
A el otk YR FHAES FHSE Ak AFEHT A
FAz7] el AzxH3th 55 7%, §87: 107 C, IR 2~
EYKBL, Vm, cm’): 3,290, 3,255 (N-H, amide), 3,079 (CH, Ar), 2,955
(CH, Al), 1,661 (C=0, amide), 1,234, 1,177 (C-0). 'H-.NMR A~#EH
(CF;COOD-d, ppm): 10.1 (1H, N-H, amide), 7.5 (2H, ArH-N), 7.0 (2H,
ArH-ether), 4.1 (2H, O-CH,), 2.0 (3H, carbonyl-CH;), 1.3~1.8 (8H,
CH,), 0.9 (3H, CH).

2.2.2. 4-Hexyloxy aniline, (C-2)2| &hd

$27] 43 1,000 mL WEg7)e] 4-(FA LA opAEotute]=
(C-1) 15 g (1.8 x 10" mol)& HIEHE 600 mLoll &aX1713, 35%
AF 200 mLE F71510] 80 Colld 10 h B9k WEeAIXITE W8 54 3
S-S TaRato] AlASkL §48 255 AL 0w fX]shaA
4M NaOH T8 7teld ¥ Eo] AHTE A JAAES &
TR Ak AR AFA27] Jeld AxRSRlh £55: 77%,
£874: 44 T, R AFEY(KBY, Y pa, cm’'): 3,400, 3,225 (NHy), 3,050
(CH, Ar), 2,950 (CH, Al), 1,254 (C-O, ether). 'H-NMR AZEF
(CF;COOD-d, ppm): 6.8 (2H, ArH-ether), 6.7 (2H, ArH-N, amine), 5.3
(2H, N-H), 4.1 (2H, O-CH,), 1.3~1.8 (8H, CH,), 0.9 (3H, CH).

2.2.3. 4-[(4-Hexyloxyphenyl)azo]phenol, (C-3)2| 24

S5 Hdo] A2k 300 mL WHS71e] 4-828A]obd #1(C-2) 12.0
g (62 x 102 mol)2 B 16.5% A+ 120 mLo) &8A17] 1, A5
32 o] g3t HFSEL L5 5 0 TR W1 Wit b 4]
of] nlg] F=H]E NaNO, 5.12 g (7.4 x 10”2 mol)°] &3]¥ &4 60 mL
& W87] U2 JH38] 7hste] 4-aldSAplaivto|ol g SRl =
= AN = O 27)9 FE 584 g (6.2 x 107 mol)¥} NaOH
8.0 g (23 x 10" mol)S E7F5 60 mLoll 3212 §-BS A Z3}aL,
Foo] L5 5 T olstR FAIsFA W7 U= 713511 30 min

o]
EQk WS AT HES B AN Y AAES FRFR St AHE
I AFAZRNE AZY T, to|F22HIDCM)l E3lAA A

Yo zvlE 792 FAGUE F55 84%, £-87: 105 C, IR &
HAEHKBY, ¥ ma, cm’): 3,400 (OH), 3,050 (CH, Ar), 2,950 (CH, Al),
1,470 (N=N). 'H-NMR A#E#(CF,COOD-d, ppm): 7.8~8.1 (2H,
ArH-N=N), 7.0~7.2 (4H, ArH-ether), 4.0 (2H, O-CH,), 1.7~1.8 (2H,
0-CH,-CH,), 1.3~1.4 (6H, CH,), 0.9 (3H, CHs).

2.2.4. 4-[(6-bromohexyl)oxy]-4’-hexyloxy azobenzene, (HA)2| B4

W2717F 2 500 mL WES7)el 1,6-tho] HEREAIRI 60.0 g
(246 x 10" mol), KoCOs 18.45 g (1.34 x 10" mol), TBAB 0.43 g (1.34
x 107 mol)Z oMAIE 500 mLoll &A1 5, The 7]l 4-[(4-317
SAF )] HE 13.3 g (445 x 107 mol) SFAIE 200 mLe]l §
AIA 7] 2 HH3] 718k 24 h B9 SFAIZICE Wg 3 o}
AlE °F 450 mLE Y stellA] AlASKAL FHrell Hojry] 4=

£ AT, o) F Aste] TRFE Akl AlFste] dEAT 5
olAlEC 2 AAGEATE IR (KBr, ¥, cm’): 3,070 (C-H, Ar), 2,941
(C-H), 1,473 (N=N), 1,250 (C-0), 646 (C-Br). 'H-NMR (CF;COOD-d,
ppm): 8.1 (4H, ArH-N=N), 7.3 (4H, ArH-O), 4.3 (4H, O-CH,), 3.5 (2H,
Br-CH,), 2.0-1.4 (16H, CH,), 1.0 (3H, CHj).

2.2.5. Ethyl 3,4,5-tri(azo-mesogenic group)benzoate, (BE-Az03)2| 21

W2717F 42 1,000 mL W71l 4-[(6-HE R AL A]]-4°-3)
A2 AJobzdAIHA) 20.0 g (4.33 x 102 mol), KoCOs 18.0 g (1.3 x 107!
mol), TBAB 042 g (1.3 x 10° mol) & ZolE 239 g (1.31 x
107 mol)= ©MAIE 700 mLol| 312171 - 48 h <t FFAI2ICE W
S 5 o= ©F 500 mLE Y StellA AlASE FHrell "ol
AYES A7) 1, S5 WaSE b A T A28
th IR (KBr, Y ma, cm’): 3,065 (C-H, Ar), 2,939 (C-H), 1,719 (C=0,
ester), 1,473 (N=N), 1,247 (C-O). 'H-NMR (CF;COOD-d, ppm): 8.1
(12H, ArH-N=N), 7.5 (2H, ArH-ester), 7.3 (12H, ArH-O), 4.6-4.3 (20H,
CH,-0), 2.0-1.5 (48H, CH,), 1.0 (12H, CH).

2.2.6. 3,4,5-tri(azo-mesogenic group)benzoic acid, (BA-Az03)2| &4

Wz1717F 42k 300 mL WH3710l 3H3E BE-Azo3 10 g (7.54 x
107 mol)S BlEg}slo] E & FIHTHF)/ M EH-E(= 150 mL/30 mL)e] ¥
3 {33tk KOH 4.0 g (7.13 x 10?2 mol)S 575 10 mLell |-3015F
o WHg71ell F7FSkaL 6 h B9F SFAIICE W &, Aaks: 718k
WHeE-S AMdEA 7] 1, ol AAE el FHES SHRFE
2 AlFsled AZSIRTE IR (KB, Vo, cm™): 3,070 (C-H, Ar),
2,941 (C-H), 1,686 (C=0, carboxy), 1,473 (N=N), 1,250 (C-O, ether).
'H-NMR (CF;COOD-d, ppm): 8.1 (12H, ArH-N=N), 7.5 (2H, ArH-car-
boxy), 7.3 (12H, ArH-O), 4.6~4.3 (18H, CH,-0), 2.0~1.5 (48H, CH,),
1.0 (9H, CHj).

2.2.7. Allyl 3,4,5-tri(azo-mesogenic group)benzoate, (RM-Az03)2)
2

79 w7 31eHE BA-Azo3 1.0 g (7.40 x 10™ mol)= ©iL
SOCL 5 mLE 718l 60 CollA 2 h <t 354171 3 k2] SOCl,
S 719t sholl M AAS, AE AREES S2EXE 1 mLol &
AL I T g0 SLLTE 0.05 g (8.61 x 10 mol)S ¥
WEEEZIE(= 1 mL/5 mL)ol| 317 = w355 7}l wyls)
WA 257 A4S o] g3to] W37] UIE HH8] 7hsith o] vkg £
FES 60 CTollA 10 h 5<F REEAIZ] §, oekgo] Fo] YPES
MEANT L, SHTE A AR Sk 113500 THF/HEHE(= 70/30
v%) 2 AA4EAE IR (KBr, Ve, cm’): 3,070 (C-H, Ar), 2,941
(C-H), 1,473 (N=N), 1,716 (C=0, ester), 1,250 (C-O, ether). 'H-NMR
(CFsCOOD-d, ppm): 8.1 (12H, ArH-N=N), 7.5 (2H, ArH-ester), 7.3
(12H, ArH-O), 6.2 (1H, CH, allyl), 5.4 (2H, CH, allyl), 4.6~4.3 (20H,
CH,-0), 2.0~1.5 (48H, CH,), 1.0 (9H, CHj).

23. 77| A £ EM

ATl 29 e skt A8 A9 37I(R spec-
trometer, Perkin Elmer Spectrum 1000)8} NA}7] T 537 ](IH-NMR
spectrometer, JEOL INM-AL 300)E ©]&3F3Ith IR 5742 1A E Y
A 55 KBr AN ol83t92H, 'H-NMR®] 574 CF,COOD-d
BulE AHgslo] A2oA FEITh DAl ARFAFERAIDSC,
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Table 1. Yields and Phase Transition Temperatures™® of Compounds

Compounds Yield (%) Heating, C (AH, J/g) Cooling, C (AH, J/g)

HA 81 K 88(14) Sm 99(4) N 113(3) I [ 113(4) N 99(4) Sm 79(116) K
BE-Azol 7 K 142(136) 1 [ 137(10) Sm 136(90) K
BE-Azo2 86 K 147(135) 1 [ 112(13) Sm 106(58) K
BE-Azo3 87 K 126(110) Sm 135(3) I T 134(4) Sm 79(3) K
BA-Azol 77 K 199(52) Sm 225(39) TGB 241(5) 1 I 232(8) TGB 221(43) Sm 193(52) K
BA-Azo2 94 K 160(79) I I 141(75) K
BA-Az03 91 K 174(73) 1 1 170(73) K
RM-Azol 82 K 134(98) TGB® 136 (-) I I 135(20) TGB® 124(82) K
RM-Az02 87 K 135093) 1 I 110(2) Sm® 101(63) K
RM-Azo3 72 K 108 (32) Sm 124 (2) TGB® 141(2) 1 I 140(3) TGB® 114(2) Sm 82(2) K

* Data were obtained from DSC 2nd heating and cooling thermograms, and POM investigations; ° K: crystalline, N: nematic, Sm: smectic, TGB: twist ground boundary, I: isotropic,

¢ Obtained from the homeotropic phase.
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F&u7(POM, Olympus BX41)S o]-83to] soul&= #zs}glon
REFdo g 8874 74 7|(Fisher Scientific Co.)E ©]-8-3} stir-
opalescence®] 791 A715 A3t F3letd S42 el A7t
A13g2d #-3371(UV/Vis spectrometer, Optizen 2120 UV Plus)E ©]-83}
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Figure 3. 3D structure of RM-Azo3.
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e Agto] wolx]7] yEel Aoz Az ) wak 3}3HEo] Tmd}
AL (TS Aol(= T - T)EFE FAHE ] 29498 nud
w T opx-ml AT E 2 Azol Wt A 30 ofx-m A7)
ZE= Azo29) Azo37t ] & 3hE YR EM, AR SE7|7F o of
= AS o ¢ 9tk U2 o 24, BE-Azo3 9} RM-Az03<] DSC
22} 7t A BR1E cold crystallization® =H A3} S5

ot e



A9 4-, 3,5, EE 34,5-HA ) ofx-

—— 2nd heating = cooling
HA
\Y
BE-Azo1
BE-Azo02 A V
i |
T BE-Azo3
BA-Azo1
L
g BA-Az02 i
o :
< H
2 BA-Azo3 v
w —V +
RM-Azo1 R
T
RM-Azo2 . V
)
RM-Azo3 \[ﬂ
g_/w_ VY
1 1 | 1 1 1
0 50 100 150 200 250 300

Temperature, C

Figure 4. DSC thermograms of compounds at a rate of 10 C/min.

[ Isolid

heat ||
cool | ] HA

Azo1 series
heat

| BE-AZo1
cool |
heat BA Aad e
cool
heat T ppAzot
cool %

Azo2 series
heat

cool .
heat | BA-AZO2

cool ]
heat | pviAzo2
cool -

Az03 series

[C— T

heat
cool ]

— R

T T T T T S T T
50 100 150 200 250
Temperature, C

nematic [l smectic TGB

| BE-Azo2

I BA-AZO3

Figure 5. Plot of the phase transition behavior of compounds.

UER L ek
33. A¥y
Figure 5elli= 315HE59) o] 228 A% vlwsly] A% m¥s5,

_a

Figure 6= #&¥ N2 textureE LFERH
POM el &Jahd, A sgt=el o

AMEE 89EQl HAY ~dEA

opalescences K.o|= 4] A5 E0|ISUTE HAS AHE-3to] o]

A 3EES 5, BA-Az02, BA- |

BE-Azol, BE-Azo2= wHiH] 14

NS e

251

(c) BE AzoZ (113 ) 7-

(e) BA-Azol (232 C) (H RM-Azol (130 C)

(2) RM-Azo2 (105 C)
Figure 6. Polarized optical micrographs of compounds.

(h) RM-Azo3 (84 )

e 4 Ul 01'5-‘31]’\7‘“7]4 el M Ao A=E
AR, Azol AlE2] 7%, BE-Azol2 ¥ NS BA-AzolS
HO gﬂ@/ﬂ— 9.5:_-?—7]-/] OI:H]—)H oﬂ;d ° RMAZOIL_ 2T 731 3] =
2 NG =TS YERTE Azo2 AlES] 79, BE-Azo29} RM-

= 9 NS, BA-Azo2 T AHAS UERIA Sehs 2o
2 Ak ol Hd7]9) 3,5-9)A]ofl AgE ] 9l 27]9] ofx-

d7]17F B3 vl gs o177 ol vaF FEje] 72=E ekl 9l
7] el RS B8k FebAY okek S UERdl= Ao
749, BE-Az038} RM-Azo3<> /g 47

< WHYE e gskth o] #Hd7]€] 3,4,5-91A
off Agt]o] Sl 3719 otz AV | & szt vdo] ol 7%
2 Hojglo] AriFew "“7@"3% A JerllE Ao ket
WG B oARel NGY RETTH= T - Tw) 2l HOIE 70 & 3t
o] NYg9 F71E vws| E?}—% , 55 siRHESe] $ds] oA
B S HeERAE FRAN A H O FE Azo2 < Azol < Azo3
TAYS Ko FI
Figure 6= POM “JollA] T2 N4 texture ZH (a)= UIREY
9] schlieren texture®, (b)$} () AHE/d2 fan-shaped textures,
(©%}F (= 29842 schlieren textureE, (e), (f), (hy= TGB “+<]
filament, dendritic growth, fingerprint textureS Z2+Z} LERATE A4
< Zte RHEE 5, HAE 2 vnbeiks AL 1
9] FEEL BT AWEAS 4TS & S Udrh23).

1o

Appl. Chem. Eng., Vol. 30, No. 2, 2019



252 WEE - & T

Table 2. Photoisomerization Rate Constants of RM-AzoX Dissolved
in THF

Compounds K (s), (trans-to-cis) K. (s), (cis-to-trans)
M-1 3.9 x 107 1.5 x 107
M-2 4.6 x 107 24 x 107
M-3 2.9 x 107 1.2 x 107
3 25
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Figure 7. UV-Vis absorption spectra of RM-AzoX dissolved in THF.
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Figure 8. Plots for the photoisomerization rate of RM-AzoX dissolved
in THF.
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