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Synthesis and Photo-Induced Isomerization Performance for the
Novel Bent Diazobenzene Liquid Crystals
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(Department of Chemistry and Environmental Engineering, Wuhan Polytechnic University, Wuhan 430023)

Abstract The photo-reversible isomerization property of the azo bend liquid crystal has become a hot topic in the research
opt-electronic information materials, but its slow light response has become a key factor restricting its development. At pre-
sent, the azo bond of the bent liquid crystal compound is far from the central nucleus, and the photo isomerization response
time is long, mostly over minutes, which is not conducive to the application research of the photosensitive device. In this work,
methyl-1,3-m-phenylenediamine was chosen the central nucleus. The azo bond is adjacent to both sides of the central ring and
the terminal group is an alkyl chain. A series of novel curved bisazo benzene liquid crystal compounds were designed and syn-
thesized, in order to shorten the light response time. The molecular structures of these compounds were identified by IR, 'H
NMR, *C NMR and ICP-MS spectroscopy. The phase transition temperature and phase texture of the liquid crystals were
determined by differential scanning calorimeter (DSC) and polarized light microscopy (POM). The photo isomerization per-
formance of 2-methyl-1,3-bis(4-((4-heptylphenyl)ester)-1-(E)-azophenyl)benzene (2¢) was determined by UV-Vis absorption
spectroscopy. The photo isomerism and response time of the liquid crystal compound and the doped nematic liquid crystal
material were measured by UV-Vis spectrometer and polarizing microscope (POM). The experimental results show that all the
curved bisazo benzene liquid crystal compounds designed and synthesized have the smectic phase and the phase temperature
range is wide. The photo induced isomerization response time of compound 2¢ in the liquid crystal state of smectic phase and
nematic phase is 2~3 s, and the recovery time of liquid crystal state in sunlight is 3~4 s, which can be reached in diluted
ethyl acetate solution for 10 s. This type of bent bisazo liquid crystal compound has a relatively fast photo induced heteroge-
neous response speed.
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AR S, SRS ELE 15 s 245, 2017
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SR RAZ 0BT Au—S BT R 3 TR A
K&K R, B E MR Z) 24 s. 2017
F He Z5UVG 1 T — R 41 BAT SCHE A 10 T8 2R AL
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B R 1 - Y B AR B S T e o 2 TR T T
P BB, B RIET R s i R S S
Y, A5 A A R 5 NAE 35 4 1 R oA T
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b &9 2a~2g (& R LN Scheme 1 TR, i &
R 7 AN H b 2058 IR, 'TH NMR, C NMR #l
MS X HERFEATRAE, 450K HXEA GV T4
FAIEH.
1.2 BfFLEY 2a~2g KRR BS
HARLAEY) 2a~2g B AR AR #E AR IR R i 22 7R
FEAE(DSC)M E, FHIREHE Lk 1 FE 1. mR 1
FE 1050, L&Y 2a~2g YNIE SAR SR ARAS, BEE
A i T MEBE K B N (n<10), 5 5 555 S #AE B
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Table 1 Phase transition temperatures of the target compounds
2a~2g

Compd. n Heating/°’C [AH/(kJemol )] AT/C
2a 5 Crl119.36(20.22) Sm 150.22 (1227)Iso  30.86
2b 6 Cr112.32(24.39) Sm 150.64 (7.09) Iso 38.32
2¢ 7 Cr102.58(30.32) Sm 144.32 (6.38) Iso 41.74
2d 8 Cr92.13(29.8) Sm 138.67 (9.50) Iso 46.54
2¢e 9 Cr72.36(24.74) Sm 136.26 (10.94) Iso 63.9
2f 10 Cr70.20 (29.04)Sm 135.32 (8.72) Iso 65.12

2g 12 Cr81.67 (26.46) SmE 138.54 (13.97)Iso  56.87

Psanin EN

¢ Cr represents the crystalline phase, Sm represents the smectic phase, N rep-
resents the nematic phase; Iso represents the isotropic liquid.

N\\ N Q\ N// N
Phenol, Na,COj3
HO 1 OH

2a~2gn=5~10,12 CnHan+1

HAEL &Y 2a~2g K6 U 2K

Scheme 1 Synthetic routes of target compounds 2a~2g
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Figure 2 (a) DSC curve and (b) smectic E textures at 100 C
of compound 2g
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K 3 72 HArb &4 2¢ 1€ 365 nm L AMEIRST T &4
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P A U e U o B BRIE AR n-n* B 7 BRIE
Fr ol BRI, 7F 365 nm AN T, Fil& B[R] 4E
K, HrbEY) 2¢ 1F 443 nm AEREW I 58, T 7E
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AT I HRUE AS Wkl 28 A AN Wi kg 1 L =X
s I s Mtase, TR A T IR- I 4. ek
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Figure 3 Ultraviolet-absorption spectra of compound 2¢ in UV
ax 1073 mol/L petroleum ether solution, 365 nm, 1 mW/cmz)
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Figure 4 Smectic E texture changes of target compound 2¢ in
POMat 120 C

(a) Before UV irradiation; (b) 3 s after UV irradiation; (c) 4 s after re-
moving UV irradiation
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Figure 5 DSC diagram of parent liquid crystal HAG54800-200
and curved liquid crystal 2¢ doped

B6 i 2c MIBABRMIE 60 CH UV LB [ F14H
HHZALH POM

Figure 6 POM changes of nematic phase texture for the LCs
mixture with compound 2¢ in UV-light isomerization at 60 C

(a) Before UV irradiation; (b) 2 s after UV irradiation; (c) 3 s after re-
moving UV irradiation; (d) bottom left conner: UV irradiation for 2 s,
upper right corner: no UV irradiation
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Figure 7 3D-schematic diagram of the cis-trans isomerization
for the bent diazobenzene liquid crystal molecules
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BB A ROE S, A fa B A puE ke
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31 X5
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bR R A F X-4 BE T BAUE S TA AF] Q-10 %Y
ZRAREA(DSC), FHEEZR: 5 C/min; XPN-100E
B IEHE sSAL T IIRIR A F K FUV-6BK &Y i IR
A UV-LED H[b3EE; Lo AR UV-8000S %
Ah=a] W(UV-Vis) 43 e it

2-FABE- 13- R iz, 2548 B G0 A BR A Al
TR B I Z(DCC), R AERA A 4-—HF
ZHEMLTE (DMAP), 1R P8 A% T A R AR, w41
VR AV HAGS54800-200, YL77 AR B R~ BHEG A A
FRA ] 4-1ERFEEIE IR 4-1F IR HRR . 4-1F Pt
R, 4-1EFIEEAIR. 4-IF FHRFEPRR. 4-1E28FEE
HH R AT 4- 1E - o O H 45 2 AR S8 =5 6 .

32 &M%
32,1 2-F H-1,3-1(4-F B RO )R 9 &%

7] = VeI - IR B SRR 40 mL (0.5 mol),
BHM NIRRT —25 C, fERMERE FRng 12.5
g (0.18 mol) L4 5 18 mL /KBS R IR, fnse ) i
Y2 UM 2- B 9E-1,3- 8] 2K - f(0.05 mol)5 25
mL VK ERFR T B BRI, R IR R AL
G, RSN 0.5 h, 193 COEBTRAE, T 4.8 g
(0.08 mol) K&, #iFEE I/, FERRH.

[ 5 — =TI 11 g (0.12 mol)ZEMy. 31.8 g
(0.3 mol) B FREN AN 200 mL 7K, SIS EA L, #
KB FIN 3 h, 82 ES(TLC) MR ER RN 4 R N 5E 42,
g, JEDTH ORI BN, 15 11.32 g 2- I EE-1,3-X(4-F¢
BARERI) K1), mARE, ILE 68.2%. mp. 145~
148 °C; 'H NMR (400 MHz, CDCL3) d: 7.97 (d, J=8 Hz,
2H), 7.717 (d, J=8 Hz, 4H), 7.28 (t, J=4 Hz, 4H), 5.13 (s,
2H), 2.11 (s, 3H); *C NMR (100 MHz, CDCl5) : 159.51,
151.84, 147.11, 129.65, 126.27, 125.29, 120.39, 115.60,
14.10; FT-IR (KBr) v: 3327.11, 2920.96, 2851.94, 1732.10,
1594.57, 1498.13, 1470.54, 1266.47, 1213.00, 1192.61,
1068.93, 1018.40, 843.32 cm ™ .

322 BARKLAA 2 094

¥ 1.66 g (5 mmol)f.54) 1. 10 mmol 4-%5i 4 H
2. 12 mmol —¥ & fx — I (DCC)+ 1.2 mmol 4-—
FH S LM g (DMAP) A 50 mL CH,CL & 100 mL T-J#
= peii, =M1 24 h (TLC BRER RS,
UE, CHoCly Beisk, ol Z8TABR 250850, EIRAE E AT (e
. AWK B CEE, Vi v=30: )4 EdRal, 8 H R
=) 2.

2- FR -1, 3- X (4-((4- T 25 2R ) i 22 )-1-(B)- Tl & R
F)H (2a): FAERE A 252 g, UFE 75.8%. mp.
143~144 °C; "H NMR(400 MHz, CDCL;) 6: 8.17 (d, J=8
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Hz, 4H), 8.09 (d, J=8 Hz, 4H), 7.79 (d, J=8 Hz, 2H),
7.43 (d, J=4.8 Hz, 4H), 7.29 (d, J=8 Hz, 4H), 3.15 (s,
3H), 2.75 (t, J=7.6 Hz, 4H), 1.65~1.72 (m, 4H), 1.33~
1.35 (m, 8H), 0.95 (t, J=5.6 Hz, 6H); *C NMR (100
MHz, CDCls) 6: 164.93, 153.39, 153.34, 150.14, 149.72,
130.37, 129.70, 128.77, 126.64; 125.44, 124.37, 122.53,
116.50, 36.15, 31.94, 31.17, 22.73, 14.17, 11.23; FT-IR
(KBr) v: 2930.13, 2851.70, 1680.54, 1643.95, 1613.23,
1546.77, 1507.93, 1447.28, 1354.67, 1337.28, 1276.20,
1236.88, 1128.86, 1078.87 cm ™ '; MS m/z (%): 681.34
(100, M+H)", 641.72 (13.46), 495.57 (22.31). Anal. calcd
for C43H4O4N,: C 75.86, H 6.51, N 8.23; found C 75.82,
H 6.49, N 8.26.

2- FBE-1,3- XU (4-((4- T 25 2K 58 [ 25 )- 1-(B) - U K
FYIEQRb): EEARE A 245 g IR 72.3%. mop.
139~142 °C; 'H NMR (400 MHz, CDCLy) &: 8.17 (d, J=
8 Hz, 4H), 8.10 (d, J=8 Hz, 4H), 7.79 (d, /=8 Hz, 2H),
7.43 (d, J=8.8 Hz, 4H), 7.38 (d, J=7.9 Hz, 4H), 3.15 (s,
3H), 2.75 (t, J=7.6 Hz, 4H), 1.64~1.72 (m, 4H), 1.33~
1.36 (m, 12H), 0.95 (t, J=5.6 Hz, 6H); *C NMR (100
MHz, CDCls) 6: 164.93, 153.39, 153.34, 150.14, 149.72,
130.36, 129.70, 128.77, 126.64, 125.44, 124.38, 122.53,
116.50, 36.15, 31.94, 31.17, 29.33, 22.73, 14.17, 11.03;
FT-IR (KBr) v: 2952.11, 2841.50, 1675.36, 1623.45,
1623.13, 1556.78, 1517.83, 1457.24, 1355.69, 1327.18,
1256.10, 1246.82, 1158.86, 998.87 cm '; MS m/z (%):
709.37 (100, M+H)", 655.75 (14.86), 523.6 (26.08). Anal.
calced for C4sHygO4N4: C 76.24, H 6.83, N 7.90; found C
76.25,H6.81,N 7.89 .

2- FBE-1,3- X0 (4-((4- P2k 2R 68 ) iR 2 )- 1-(E)-f 50K
HYIK2c): HAEREA 248 g WE 71.5%. mp.
126~128 C; '"H NMR (400 MHz, CDCLy) &: 8.18 (d, J=
8 Hz, 4H), 8.09 (d, J=8 Hz, 4H), 7.80 (d, /=8 Hz, 2H),
7.42 (d, J=8.4 Hz, 4H), 7.38 (d, J=7.2 Hz, 4H), 3.16 (s,
3H), 2.75 (t, J=7.4 Hz, 4H), 1.66~1.70 (m, 4H), 1.33~
1.38 (m, 16H), 0.94 (t, J=6.4 Hz, 6H); *C NMR (100
MHz, CDCl;) 6: 164.98, 152.20, 151.73, 150.56, 149.72,
138.42, 130.38, 128.79, 126.66, 124.42, 122.54, 117.83,
36.16, 31.84, 31.84, 31.20, 29.19, 22.71, 14.17, 11.65;
FT-IR (KBr) v: 2918.17, 2849.16, 1697.63, 1645.76,
1613.79, 1542.68, 1507.81, 1450.59, 1355.50, 1339.12,
1269.69, 1233.43, 1125.32, 841.01 ecm '; MS m/z (%):
737.40 (100, M+H)", 618.26 (16.04), 630.30 (14.41),
618.27 (16.04), 651.23 (11.57). Anal. calcd for CsHsy-
O4N,: C 76.60, H 7.11, N 7.60; found C 76.56, H 7.08, N
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2- FHBE-1,3- X (4-((4- 3 25 2K B8 i 38 - 1-(B) - & K
B2 (2d): & EARE A 2.66 g IR 75.2%. m.p.
135~136 °C; '"H NMR (400 MHz, CDCly) 6: 8.17 (d, J=
8 Hz, 4H), 8.09 (d, J=8.8 Hz, 4H), 7.79 (d, J=8 Hz, 2H),
7.43 (d, J=8.8 Hz, 4H), 7.38 (d, J=7.6 Hz, 4H), 3.15 (s,
3H), 2.74 (t, J=7.8 Hz, 4H), 1.64~1.72 (m, 4H), 1.32~
1.37 (m, 20H), 0.95 (t, J=6.8 Hz, 6H); *C NMR (100
MHz, CDCl3) 6: 164.76, 153.26, 153.45, 150.32, 149.90,
130.43, 129.88, 128.12, 126.54, 125.11, 124.34, 122.44,
116.55, 36.23, 31.99, 31.12, 30.86, 30.26, 29.29, 22.53,
14.15, 11.33; FT-IR (KBr) v: 2928.13, 2841.70, 1669.54,
1632.95, 1615.23, 1532.77, 1511.93, 1454.28, 1348.67,
1342.28, 1286.20, 1242.88, 1138.86, 886.25 cm™'; MS m/z
(%): 765.43 (100, M+H)". Anal. calcd for C4Hss04N,: C
76.93, H 7.38, N 7.32; found C 76.91, H 7.36, N 7.28.

2- I -1,3- XU (4-((4- T HE 2R ) B 22 )-1-(B)- A K
F)K (2e): FOEIRFEA2.55 g, WK 70.8%. m.p. 110~
112 °C; '"H NMR (400 MHz, CDCl;) 6: 8.17 (d, J=8 Hz,
4H), 8.09 (d, J=8.8 Hz, 4H), 7.79 (d, /=8 Hz, 2H), 7.38
(d, J=8.8 Hz, 4H), 7.29 (d, J=7.6 Hz, 4H), 3.16 (s, 3H),
2.70 (t, J=7.4 Hz, 4H), 1.60~1.66 (m, 4H), 1.30~1.32
(m, 24H), 0.90 (t, J=6.4 Hz, 6H); >°C NMR (100 MHz,
CDCly) d: 164.829, 153.348, 153.522, 150.322, 149.889,
130.325, 129.652, 128.553, 126.650, 125.322, 124.427,
122.551, 116.441, 36.259, 31.335, 31.152, 30.845, 30.255,
30.015, 29.255, 22.746, 14.131, 11.241; FT-IR (KBr) v:
2920.13, 2861.70, 1666.54, 1648.97, 1622.32, 1536.67,
1517.83, 1457.32, 1344.57, 1347.18, 1266.10, 1246.78,
1130.46, 959.21 cm™'; MS m/z (%): 793.46 (100, M+H) ",
674.32 (14.91), 686.36 (13.39), 674.33 (14.91), 679.24
(14.29). Anal. caled for Cs;HgyO4Ny: C 77.24, H 7.63, N
7.06; found C 77.21, H 7.59, N 7.07 .

2- FE-1,3- X (4-((4-28 5 2K B8 ) I 38 - 1-(B) - & K
FK@2D): FHOEHIRFEE2.57 g, HF 69.8%. m.p. 130~
132 °C; 'H NMR (400 MHz, CDCly) d: 8.13 (d, J=7.6
Hz, 4H), 8.05 (d, J=8.8 Hz, 4H), 7.68 (d, J=8 Hz, 2H),
7.39 (d, J=8.8 Hz, 4H), 7.35 (d, J=8 Hz, 4H), 3.16 (s,
3H), 2.71 (t, J=7.4 Hz, 4H), 1.59~1.66 (m, 4H), 1.27~
1.32 (m, 28H), 0.89 (t, J=6.4 Hz, 6H); *C NMR (100
MHz, CDCl;) &: 164.939, 153.378, 153.332, 150.132,
149.729, 129.722, 128.783, 126.650, 125.421, 124.363,
122.542, 116.456, 36.222, 31.895, 31.212, 30.758, 30.689,
30.423, 30.235, 29.255, 22.756, 14.161, 11.235; FT-IR
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(KBr) v: 2920.01, 2850.68, 1728.64, 1608.83, 15993.34,
1496.65, 1466.78, 1416.72, 1266.35, 1209.43, 1174.94,
1145.96, 1066.17, 1017.92 cm™'; MS m/z (%): 821.50
(100, M+H)", 702.36 (14.40), 714.4 (12.93), 688.34
(16.11), 707.28 (13.80). Anal. calcd for Cs3HgO4Ny: C
77.53, H 7.86, N 6.82; found C 77.51, H 7.84, N 6.79.

2- 3 -1,3- X0 (4-((4- T o 8 0 ) i 6 )- 1-(E) - 1)
BRI K (2g): FOEPREA 2.72 ¢, K 71.2%. m.p.
118~120 C; "H NMR (400 MHz, CDCl5) 6: 8.19 (d, J=
8 Hz, 4H), 8.11 (d, J=8 Hz, 4H), 7.81 (d, J=8 Hz, 2H),
7.45 (d, J=8.4 Hz, 4H), 7.37 (d, J=7.2 Hz, 4H), 3.15 (s,
3H), 2.75 (t, J=7.2 Hz, 4H), 1.66~1.70 (m, 4H), 1.31~
1.37 (m, 36H), 0.93 (t, J=6.4 Hz, 6H); *C NMR (100
MHz, CDCly) §: 164.929, 153.388, 153.342, 150.142,
149.719, 130.365, 129.702, 128.773, 126.640, 125.442,
124.367, 122.531, 116.501, 36.149, 31.935, 31.172,
30.565, 30.322, 30.125, 30.022, 29.865, 29.624, 29.285,
22.726, 14.171, 11.025; FT-IR (KBr) v: 2912.13, 2821.70,
1750.54, 1523.95, 1655.23, 1506.77, 1544.93, 1420.28,
1254.67, 1237.28, 1176.20, 1136.88, 1028.86, 1001.87
cm s MS m/z (%): 887.56 (100, M+H)", 662.32 (25.29),
754.40 (14.91), 745.28 (15.94). Anal. calcd for Cs;H7,04
N,: C 78.04, H 8.27, N 6.39; found C 78.01, H 8.23, N
6.36.

3.3 A 2c EAFIFH UV B FHMEsERMIR

&Y 2¢ B AT LI e v A A R
UV-8000s 540 Je 6 EETE. B HERLEDD 2¢ VERRAE
WAL R LR VEFIR, FERIREE N 1X10° mol/L )
FRIEW, AT, 2/ ZER(ECA, 73 Hrdh)is
FIWENS W, RGN 1 mW/em®. KN 365 nm
(RS AM AT HRSRE, FF X HOGBUR AT kAT 1 RAL.
R 28 A VR o B o VA BT 2 4 5 LG L T 7 48
AR, LA 365 nm FERAME 7 il R G 2, 5, 10, 30, 60
s, WUV Gk AR SEEEE, KH 200~550 nm K34,
FHGER N 1 nny/s((A8E p A 1 nm, 3 S N 10), HLk
RIS IR 2 A S LR RS, WSRO E, B
55 i PR O 58 RO FE A R AR — Ak, e SEER 4
.

3.4 UV A FH3 % EIEEEZS(Sm)aIs2imnix

¥ EWED) 2¢ WEBHITE 120 CAAH, KA
B5R A 1 mW/em® P KA 365 nm (AN UV X FE
fh R G, B POM W82 UV BRI 8] 5 RiGE UV B E
I 0 %o 8 s A A5 1 B ) S

Y
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3.5 &Y 2cEmEEIIEIRREF RSB R EEN
"

W HON 5% IR L A1) 2¢ B 4 B BHA
] A1 AR AR AR BRI A AR A B HAGS54800-200,
AR Cr —40 C N 99 C D, RS HIEEE=
EON 82 CHIRA RS A EMA R, RN 1
mW/em? £ 365 nm “£4M6(UV), 7E 60 “CHITEE T X i%
2% I (PIR A WS B DL R R 45 2 11 16 B A4 VR 8 43 31
BT RS, 05 POM W82 UV IR ST 8] 5HRiGE UV BIE
S (R (8] 5 Y Sl AR AS AR B L R &R

HBh# RL(Supporting Information) {L&4%) 2a~2g 41
4h. 'THNMR. “CNMR #E LA DSC WS 455, ix it
FARFA] DL 3l A F1] X 3k (http://sioc-journal.cn/) b F %%,
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