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Abstract: Octa[8-{4-(4"-cyanophenylazo)phenoxy}Joctyl and octa[8-{4-(4'-cyanophenylazo)phenoxycarbonyl} Jhep-
tanoated disaccharide derivatives were synthesized by reacting cellobiose, maltose, and lactose with 1-{4-(4"-cyanophe-
nylazo)phenoxy }octylbromide or 1-{4-(4'-cyanophenylazo)phenoxycarbonyl} Jheptanoyl chloride, and their thermotropic
liquid crystalline and photochemical phase transition behavior were investigated. All the {(cyanophenylazo)phe-
noxy joctyl disaccharide ethers (CADETSs) formed monotropic nematic (N) phases, whereas all the {(cyanophenyl-
azo)phenoxycarbonyl}heptanoated disaccharide esters (CADESs) exhibited enantiotropic N phases. Compared with
CADETs, CADESs showed higher isotropic (I)-to-N phase transition temperatures. Photoirradiation of the disaccharide
derivatives in a glass cell or in a cell with a rubbed polyimide (PI) alignment layer at a N phase resulted in disappearance
of the N phase due to trans-cis photoisomerization of azobenzene, and the initial N phase was recovered when the irra-
diated sample was kept in the dark because of cis-trans thermal isomerization and reorientation of trans-azobenzenes. The
rates of the photochemical N-I and the thermal I-N phase transition of disaccharide derivatives in a cell with a rubbed PI
alignment layer were faster than those in a glass cell, and were significantly different from those observed for the monome-
sogenic compounds containing cyanoazobenzene and the 4-{4'-(cyanophenylazo)phenoxy}octyl glucose and cellulose
ethers. The results were discussed in terms of difference in cooperative motion of azobenzene groups due to the flexibility
of the main chain, the number of mesogenic units per repeating units, and the distance between the azobenzene groups.
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Figure 1. Chemical structures of CACBET8, CAMTETS, CALTETS,
CACBESS, CAMTESS, CALTES8, CAGLETS, and CACEETS.
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Figure 2. Schematic diagram for the measurement of photochem-
ically induced phase transition.
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Scheme 1. Synthetic route of cyanoazobenzene-containing disaccharide derivatives.
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Figure 3. FTIR spectra of (a) CAPAS; (b) CAPCS; (c) CACBETS;
(d) CACBESS; (e) CAMTETS; (f) CAMTESS; (g) CALTETS; (h)
CALTESS.
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Figure 5. Optical textures observed for CAPA8, CAPCS, and dis-
accharide derivatives on slow cooling from the isotropic phase: (a)
CAPAS at 168 °C(droplet texture); (b) CAPAS at 166 °C(Schlieren
texture); (c) CAPAS8 at 160 °C(crystalline); (d) CAPCS8 at 157 °C
(droplet texture); (e) CAPC8 at 155 °C(Schlieren texture); (f)
CACBETS at 130 °C(Schlieren texture); (g) CACBETS at 105 °C
(crystalline); (h) CAMTETS at 130 °C(Schlieren texture); (i) CALTET8
at 130 °C(Schlieren texture); (j) CACBESS at 224 °C(Schlieren tex-
ture); (k) CAMTESS at 224 °C(Schlieren texture); (I) CALTESS at
224 °C(Schlieren texture); (m) CAPAS at 166 °C(planar texture); (n)
CACBETS at 130 °C(planar texture); (0) CACBESS at 224 °C(pla-
nar texture). The arrows in Figures 5 (m), (n), (o) indicate the rub-
bing direction.
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Figure 6. DSC thermograms of (a) CAPAS; (b) CAPCS; (c)
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o i

79, T CAPAS>CAPC8>>CAPB8?] -0 & =& 7Y
eI T CAPA8S] CAPC89| Hl&| Tyol E=o ARE S
CAPAS?| to]] EA13k= COOH7 |7kl &3l F=42%
Ho 2 Q3] coCrdl Hlsl] 4+ FEsfo 2o oy
(anisotropy)°| S71eE AL 2RE ZeEE Zog Aztd
t}» &H, CAPC8®| CAPBSel Hl&l Tyo| thets] =2 AL
22 BrZ|7} CPI2 tix]gol| wke} ool S7Hta &5
Alell CAPC8l| EAsh= C=0717}el| 288t B=A24=
ZR7re] QI 9] F7pe 3320 og) Zeful= 2o = A7ZbET
CACBESS, CAMTESS 2] 3 CALTES8E°¢] CACBETS,
CAMTETS Z28]3 CALTETS| ¥ls} T Z8]lx T,°0] 2+t
oF 95 12]3 112°C7}F =2 AKI= 4719] ol &8 X8
CACBETS8, CAMTETS 12|37 CALTET89] T,& v} of
Uz} CACBES8, CAMTES8 28]3. CALTESSY] ThE< A
o] FU3 AgS YePtHTable 1). L3 A4to] E[6-
[4- {4 EZF Dotz 3SA) 7R ]| MEbes} WS 0 20}
ofdZ Q20 THE E]{8-FeE A7 Y ) slEle
3} AEZ 0 20} ol R 9 o] M| Aof|x] F2HY Fo
29 Ho| E(T)E” 183 SEHEHZHESA7HES})
o SEH(EUHE SATREY)SlERes) AzH| o o
EQox T3 FEQ 20 T B teiME BarEe] 9l
olgfgt AMIELS W27 1E A o|FFe} thdF A=AE

Polymer(Korea), Vol. 36, No. 6, 2012



782 AEA - ASE - A - v

Table 1. Transition Temperatures(°C) and Enthalpy Changes
(J/g) in Square Brackets of CAPA8, CAPCS8, CACBETS,
CAMTETS, CALTETS, CACBESS, CAMTESS, and CALTESS

Sample Heating Cooling
code T, Ty T T

CAPBS* 94[71.1] 95[1.3]  63[61.1]

CACBETS  135[28.9] 133[22]  107[25.6]
135[28.9]"

CAMTETS  136[29.3] 134[2.3]  106[25.9]
136[29.4]"

CALTETS  137[29.5] 134[22]  110[26.1]
137[29.51"

CAGLETS  137[79.3] 124[22]  120[73.5]

CACEETS¢ 133[57.4] 130[2.8]  113[63.7]

CAPAS 163[16.8] 167 169[0.95]  161[15.5]
163[15.9]"  170[0.94]"

CAPCS 156[14.5] 158 158[0.81]  152[14.0]
155[13.8]"  160[0.8]"

CACBES8  225[27.1] 229 208[1.25] 221[25.4]
225[25.91" 230[1.28]"

CAMTESS  226[28.1] 227 228[1.26]  222[25.9]
226[26.8]"  230[1.29]"

CALTESS  230[28.0] 229 230[1.28]  227[26.1]

229[26.91" 232[1.30]"

“Melting point. “Nematic-to-isotropic liquid phase transition temperature.
“Isotropic liquid-to-nematic phase transition temperature. “Nematic-to-
crystalline phase transition temperature. “Data taken from reference 24.
/Data taken from reference 12. ®Data taken from reference 23. "Second
heating data.

o] A Fe] A AL olFFo} thdFe] sfektxo
U7 o)A S-S ALK B4V Sl 2EE
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229 Te=142°Ce” SEHE-ZFHUZHE $A171R )3 e
et ARH| Q0] =126 °Coll” Hlal 2 AR WHETHY]
PE(FE = ES5A 7R FlER U 7] 9] F29] 3o
Agt ArE7| 59| X2 Afold] 7]R1gH 4}
7ko] Q1 o] zpolHUl= F2 HigkE|o] e wtA g A
EZ 2 A UAIFE dEZ ] (conformation entropy)S
S7HAA FulEE AdE (A DR sl fletee B2
U7, & 52 2571 87Ee ARERE ZHEHeE e
Harslo] ok’ ol AR Ge] 54719 Alopolzul
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4.09~4.17 J/K - mol-skeleton)l] H]&} <F 2vf7} 2 HgES 1}
R Tt oj2gt AT FAFSHAl CAPB8C™ Tyoll Al 9]
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AS=0.75~0.82 J/K - molel| ]3| oF 267} & 73S Epd
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Zhfde] AXEe 0GR sehtzols WgsH oES
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Figure 7. Changes in absorption spectra of (a) CACBETS at 125 °C; (b) CACBESS at 224 °C; (c) CACEETS at 122 °C in a glass cell by irra-
diation of unpolarized light at 365 nm (5 mW/cm?) and thermal back-relaxation.
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Figure 8. Photochemical N-I and thermal I-N phase transitions of
CACBETS in a glass cell. Photoirradiation at 365 nm(5mW/cm?)
was carried out at 125 °C. Inset shows optical textures observed dur-
ing photochemical phase transition of CACBETS.
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Figure 9. Response time for the photochemical N-I phase transition
of PAPB8, CAPAS, CAPCS8, CACBETS, CACBESS, CAGLETS,

and CACEETS as a function of temperature: open symbols for a
glass cell; full symbols for a cell with a rubbed PI alignment layer.
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Figure 10. First-order plots for the thermal cis-trans isomerization
of CACBET8, CACBESS, and CACEETS: open symbols for a
glass cell; full symbols for a cell with a rubbed PI alignment layer.
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Figure 11. Arrehenius plots for the thermal cis-trans isomerization
of the azobenzene moiety(open symbols) and the thermal I-N phase
transition(full symbols) in CAPB8, CAPAS, CAPCS8, CACBETS,
CACBESS, CAGLETS, and CALEETS. Figures (a) and (b) repre-
sent the results for the samples inserted into a glass cell and for the
samples inserted into a cell with a PI alignment layer, respectively.
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Ao o|gF JEHZE FE=AES Eel vl 22 AT
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Table 2. Activation Energies(E,, kcal/mol-ring skeleton) of the
Thermal I-N Phase Transition and the Thermal cis-trans
Isomerization of CAPBS8, CAPAS8, CAPCS8, CACBETS,
CAMTETS, CALTETS, CACBESS8, CAMTESS, CALTESS,
CAGLETS, and CACEETS

I-N Phase transition cis-trans Isomerization

Sample
code Ef E} ES E}
CAPBS 15.5¢ 13.8¢ 15.1¢ 13.2¢
CAPA8 12.5¢ 11.3¢ 12.4¢ 10.6¢
CAPCS 14.4¢ 13.6° 14.3¢ 12.8¢
CACBETS8 37.2 342 353 322
CAMTETS 37.1 342 352 32.1
CALTET8 36.8 34.1 35.0 32.1
CACBESS 29.1 27.1 28.6 252
CAMTESS 29.9 28.0 28.7 26.1
CALTESS8 31.6 28.5 30.5 27.1
CAGLETS8 243 22.0 234 20.8
CACEETS 58.1 57.0 54.1 51.6

“Value for the sample inserted into a glass cell. *Value for the sample
inserted into a cell with a rubbed PI alignment layer. ‘kcal/mol.
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