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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.

Keywords: disaccharide, cyanoazobenzene, nematic phase, ester and ether linkage, photochemical, thermal phase transition.
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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.

ARle g2 WExgste] A2 SR Mo WYAHES 73t
40 °CollA 48A17F AZAIZTHTE 88%).

Octa[8-{4-(4'-cyanophenylazo)phenoxycarbonyl}|heptano-
ated disaccharides: ©]3(0.1 g)2} CAPC8S tlo]S-2t
(20 mLy =219 (0.5 mL)®] E3H-&-el] H7tste] Hav]|R7et
110 °CollA 24417+ BFA T DES=4%] F 2415 95|
$J5te] ool &A= OH mols=oll 280 moleol] g
%= CAPCS((1.42 g, 3.3x10° mol)& FYA A} HH-ES
thge] Eol FYUAA 353 A ES Aol =] 884
Atk Ao o) B8RS AASI A& S Fo A
FrolEl2e SEAA AASHIT =3 AflH == vHEA
g5l I AAHES cldotHEo|E| AT 3]t
Eghao] HAES 79st 60 °ColA] 48A17F AZRAIH K
& 80~85%). olske] 7]zl Qlojr] AEH| ek WEQXS T
3L FEOX ol =F {EAIES 77 CACBESS, CAMTESS
Z18]31 CALTES8Z UER)7|2 St

Zn o =2

MMEo| &9l Figure 39 CAPAS, CAPC8 123 °|3

F F=AEe] FTIR 2¥EZE VeIt CAPASY CAPCS
ol = W= F2] =C-H(3091~3110 cm™)2} C=C(1640~1645,
1585~1589, 1495~1498 cm™), A== 2] CH(2948~2952,
2852~2858 cm™), C=N (2218~2228 cm™), N=N(1382~1386
em™) 22|32 C-N(1119~1121 em™)2] 415 2lE 2 AW 5
o] CH(1425~1435 cm™)9} 1,4x13F wilAll 372] F2] =C-H(841~
854 cm™)9] H¥ ol 9gt FAEC] HAHAL T
CAPARo = 7184 AF F2] OH(2500~3460 cm™ <)<}
C=0(1710 cm™)2] A3 RFo] 23 v|FE50] AFHE wh
H CAPC8l= OH F|=Z7} #&AEA] R AF S2Eo|E 5
o] C=0(1735 em™2} CI(712 em™) 28] 3L o8] AT F9
C=0(1715 cm™)2] A= ZFol &3 wFE0] FZE Tt
CACBET83# CACBES8d+= A ZH] Q2o A #HEAHE=
OH(3500 cm™)ell” ¢ ¢t 3] A= A=A Al =C-H(3110~
3114, 857~875cm™), CH(2948~2952, 2851~2856, 1430~
1435 em™), N=N(1395~1399 cm™)ol] 2]3+ W =50] #2= )
t}. o]E9] 1= 0]9]o] CACBET8= oElZ A3 9] C-
0(1151, 1269 cm™)2] 2= ZFol 2t =7} A== vt
M CACBESSel & ol 2~E 2§ F< C=0(1775 cm™)9} C-
O(1135, 1216 cm™)ell &J3t vAE0] HEEUTE HEO 20

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



780 AR - s - A4S - vy

Transmittance(%)

@ W 7 W
Cc=C fo

(h) f ) }
=C-H CN c=0 N=N

TN TN T T N TN T TN T Y T T T T N Y S N o T T S N S

4000 3500 3000 2500 2000 1500 1000

Wavenumber(cm'1)

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) CAPCS8 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)
CACBETS; (d) CACBESS; (e) CAMTETS; (f) CAMTESS; (g)
CALTETS; (h) CALTESS.
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Table 1. Transition Temperatures(°C) and Enthalpy Changes
(J/g) in Square Brackets of CAPAS8, CAPCS8, CACBETS,
CAMTETS, CALTETS, CACBESS, CAMTESS, and CALTESS

Sample Heating Cooling
code T, Ty T Ty

CAPBS§* 94[71.1] 95[1.3]  63[61.1]

CACBETS  135[28.9] 133[2.2]  107[25.6]
135[28.91"

CAMTETS  136[29.3] 134[2.3]  106[25.9]
136[29.41"

CALTETS  137[29.5] 134[2.2]  110[26.1]
137[29.5)"

CAGLETS  137[79.3] 124[2.2]  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]"

CAPCS8 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[25.9]" 230[1.28]"

CAMTESS  226[28.1] 227 208[1.26]  222[25.9]
226[26.8]"  230[1.29]"

CALTES8  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.
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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, CAPCS, 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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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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