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Abstract : Fully cholesteryloxycarbonated and (8—cholesteryloxycarbonyl)heptanoated disaccharide
derivatives were synthesized by reacting cellobiose, maltose, and lactose with cholesteryl chloroformate
or 8—cholesteryloxycarbonylheptanoyl chloride, and their thermotropic liquid crystalline properties
were investigated. All the cholesteryloxycarbonated derivatives(CH1DSs) formed enantiotropic
cholesteric phases, whereas all the (8 —cholesteryloxycarbonyl)heptanoated derivatives (CH8DSs)
exhibited monotropic cholesteric phases with left—handed helicoidal structures whose optical pitches (A.’s)
decrease with increasing temperature. All the CH1DSs, contrast with the CH8DSs, did not display
reflection colors over the full cholesteric range, suggesting that the helicoidal twisting power of the
cholesteryl group highly depends on the length of the spacer joining the cholesteryl group to the
disaccharide chain. The thermal stability and degree of order in the mesophase and the temperature
dependence of the A, observed for CH8DSs were entirely different from those reported for the
cholesterol—bearing dimers and triplet and the (8—cholesteryloxycarbonyl) heptanoated polysaccharide
derivatives. The results were discussed in terms of the difference in the number of the mesogenic
units per mole of repeating unit and the flexibility of the main chain.
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Figure 1. Chemical structures of CH1CB, CH8CB, CHIMT, CH8MT, CHI1LT, and CH8LT.

Polymer (Korea), Vol. 31, No. 1, 2007



60 458

Model TG=50) 1 &J3l] & A3Alef| o) AESISITE Z=I2E
2 o] syl X (optical pitch, An) &+ VAR circular
dichroism (CD; JASCO Model J—700) 2] ~HEHd]| oJaf A4 s}
%tk CD 742 Are™® S w ol o3| ayslgich
Cholesteryloxycarbonated disaccharides?| 8+, ©]3d-8 chole—
steryl chloroformate ¢} ¥F&-A17 $AJBIITE S 9] o2 A
Zr) e FEAls tea o] dAdEII) 1,4-t0]8AH20 mL)/
(5.4 g) o] Eg-grfo] AZH]2(0.1 g, anhydroglucose
ool OH=1.168 X 10 mol) 9} cholesteryl chloroformate
(0.79 g, 1.759 % 107°mol) & 1,4-t]$4H20 mL)/72] 9 (5.4

gH Z3Hgfoll FAAR o4& 110 CollA 24413 A1l

82 TFge] e Eoll FUAA 2443 F3F A ZIT
O#JM o3l 3k FHEE Afelal2el galrzich ool 2
F E83ES A & N F] AfFole == FTEAIA

A 3 4 %011E11E°11 23l Wk HEste] P 22 o
o) A EE el AdellM 48R HEAZITE WE e A9
SHE A FEAEE s WRlel & FAsIIth o)k T
o JlojA] AFEH| o~ TEQ A T3 HEA FRAES 717t
CHI1CB, CHIMT, Z8]al CHILTZ Yehy7]Z 3}

(8—Cho|esteryloxycarbonyl) heptanoated disaccharides?| &HM.
AR o) Fsk whe) o)a ISt CHCS A=) oA, BEQ A
= ELEQ/_\E 3}9_;\]74 zﬂ-/\-] ]_oil:]. tl]— Z7 tﬂ *‘E %A x%xq]

+= CHICB, CHIMT Z18]aL CHICTY] -2 FdslA stk

olate] 7zl QlojA] Amnles WEeA T3 BEeA {1

A= 2z CH8CB, CH8MT, 12]al CHSLTE Yeh)7| = $h)

an Y E=
MMZo| B0l o]} oFF FEASS FTIR A¥Ee)

= Figure 29 YeRit) A=z~ (@) 9 @2 CHICB(b) £+
CH8CB(c) el OH (3500 cm™ ') ol €3 4 w2y
a1l AW Z2o] C-He uitiA ¥} tiF 2153155 (2946, 2869
em Y :LFAJM FRRE(1468, 1372 cm Dol &8 35257 ©]9)
o FHAEE 15 Foll EAlshs WIS 52 C=C(1673~1669
em Dol 9g 2 BA ¥37F Bk sk CHICBo)
= FhRVO|E 9] C=0(1774 cm™ D)8k C—0(1263, 1248
em ™) 2831 CH8CBellE olAE %2 C=0(1740 cm M) S}
C—0(1241, 1176 cm™ Mol 3t A|2e- v)a50] ALY} &
EeAd) e HERA AEAE((e) Q) (D) 18]a HE X (g) 9 &
EeA FEAE(D S} () & AZH A A5 5UsHFTIR &
HEZE YeRL) o]efsh AR 2 A3]o] AskME o] &
Alsks 25 OHell A|3Hk-go] dojhs ojnjgich

'H-NMR ~#Ezg}e] o] 24 CHICBS} CH8CBS 292
CH8C$} 87l Figure 3ol YeRAtE BE Alg 5o glojA 2
2HE 59 Al 7IQ1Isk 54 Fj350] 0.68(18—Hs), 0.8~
2.1(38H), 2.3~2.4(4—H,), 4.45~4.73(3—H,) “18]3L 5.36~
5.40(6—H,;) ppmelx] B2 1e)u} CHIC Sl 2] CHICB
9} CHRCBelli= AZH]| e~ 18] F2] F2hef 7]Q13t 9j350] 3.7
~3.8 ppm F-Zol|A"? BRI} T o FEAEE CHICB

=0/, A3148 A1, 20074

weg
@S
(b) h94
(©) L]
g (d)
g
8 (e) t
‘g
£ ) t
&
(@
(h)
--C-0-
o
-0-C-0
) ()
N - R
4000 3000 2000 1000

Wavenumber (cm ™)

Figure 2. FTIR spectra of (a) cellobiose, (b) CHICB, (c)
CH8CB, (d) maltose, (e) CHIMT, (f) CH8MT, (g) lactose,
(h) CHILT, and (i) CH8LT.
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Figure 3. "H-NMR spectra of (a) CH8C, (b) CHICB, and (c)
CHS8CB.
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Figure 4. Optical micrographs of CH1CB and CH8CB: (a) heated CHICB at 150 C(crystalline) and (b) heated CHICB at
185 T (oily—streak texture); (c) CHICB cooled from the isotropic state to 210 C (focal—conic texture); (d) sheared CHICB
at 210 C(Grandjean texture); (e) step—cooled sample (c) to 142 C(crystalline); (f) heated CH8CB at 110 C(crystalline); (g)
CHB8CB cooled from the isotropic state to 125 C (batonnets); (h) step—cooled sample (g) to 110 T (focal—conic texture); (1)
sheared CH8CB at 110 C (Grandjean texture); (j) step—cooled sample (h) to 60 T (solid).

olg)| #Ew= FetxA S Figure 4(a) ~ (o) ol YERITE A%
H@ o] AEE 7S A9, AlEE oF 174 Colld §-857] Al
Zlsto] XA3] FelaEE el ABAJA oily streak 22 (b) &
Gtk S 1S B9, AlEE 9F 250 CTolld T8 o
A 7oz WsIglt). sk, x| 4] AEE WA A9l B4
)+ focal conic 2] (0)+ 3ol &3] Grandjean %2 (d) &
Ak 24 (d) & ARkte] Aapeol® Ioi2 A1 gz
= UEpA] sttt 24 (o) & AA1s] E2AA 78, ok 140 Cell
A focal conic 2212 A (e) = Walsity. CHIMTS} CHILT
% CHICBS} edst &/d< etk oF 160~205 €2 2549
SlelA 5] W5 Ad ZelsHE] S @438k (cho—
lesteryloxycarbonyl) (6—cholesteryloxycarbonylpentanoyl)

amylose 9} CHICB, CHIMT = CHILT®] £3E(50 : 50
Wt%) & el S Lo 7R ko A AdH Q] E3ES WA
7 790l oF 170~195 2] LEASIOIN MRS L)
o}, olelgt Abst el e 1K) 7 ok 1 um ogel 9ol
fingerprint o] PHA=I= ARIE 11242 W' CHICB, CHIMT
223l CHILTE 2l e sk d 2573t
o] A1 TFgart 2o g AR Ak el selE ke
43S AL Mesogenic “155-2] o194 (anisotropy) 7 4
o v S 2dstr] flste] A9 tidEe] i dimer, trimer,
tetramer 59 35S mesogenic TIFEC] AFO|ME F510]
Aol Qo™ o)59] s3tEy} 2] FYAHY 15 Aol
A glo] ZAAEE I5S QANA I twind FelxEE P
718]3 diphenylbutadiene 152 EAIA €S HItA dimer
L Ze 2, twist grain—boundary 12|31 AHE A A58
GAehe AR HuE] Qi) o]y AMEY 2 A7 EY=

WY o] Fdee Foll] flstols AulolMr) wheA] o gt
o] o] oiAtzo] B4 e HE 1] E%¥ meso—
genic 15529] s}8hgze] RIZkSH olE3tke AT

CH8CB] #8tx2S Figure 42 ()— ()l vehdlck 714
B35, A dEe) AE (D7) oF 126 Tolld 852 o =
@AdskA] ook R A Ao AEE WA e, FelsE
Y 58 A 2 o 2ela E el 228 &
SAEe BEE= @ sUsHl AlE= oF 125 CollM ba—
tonnets ¢} = X4 (9) & B33 FAlel ofze] &4 k110 C
oA focal—conic 22} ()& FHIE =4 (ol S2& 713
7490l 8 Grandjean 22 ()& Fel2~Elg Ao SR8 vt
ARZES VR 24 () 0 R JA8] WA A9l
AE7F VBRI WAPIZS oF 24417F TIelE RS9 dHE,
Z27] (W& 48] B2 73, Alsi= < 60 Colld Al % (§)
2 Jalek o] Aejelds SHell sl 2AstE dovle A
2 2@sklek CH8MT S CH8LTE CHB8CBS} st /-5
veRdch olgfdt AR CH8CB, CHS8MT 18]al CH8LT:
CHICB, CHIMT =183 CHILTS} €] whdA Zel~ue 4
TS PGS 2vldith DE=4%] AZH| 0] A E &7}
9} DE=3%! AE= A0 G| HES A 25 s I
dH= WHA'™ DE=49] W @ 10} 2he ¢ A0 Ao AEE 17
31 DE=3%1 opPdE 9 19| AN EL N k& A &
Lot g, CHEC ~12]3 DE=32! (8—cholesteryloxycarbonyl)
heptanoated cellulose (CH8CE) £} (8—cholesteryloxycarbonyl)
heptanoated amylose (CHSAM) = CH8CB 1&]32 CH8MT %}
Y T FHAHY s F4shs FoR HaEo] 9l
oL olefdt ARIEL 47)9) 2 4913 non—mesogenic 1

Polymer (Korea), Vol. 31, No. 1, 2007



o A o]} T feAlEe] o) P d
2 ool thdre] sehytze] wigtshAl oEshs Wi Felx
HE 257 Zo] I3 Z4A3 mesogenic 15 TYUAIA A&
AEATY A9 /457 72 542 mesogenic BAKE IF
] gpghyzol AuEs AAFSh

olFF FEAES DSC 44 =E Figure 59 (@) ~ Mol L}
etk 28 (@) ~ (o) 7} 2ol F%0], CHICB, CHIMT 181
CHILTE 7198 A9l 442 $62%(7 T8 Fex
g2} Adollr A Aoz o] Hol I (T BA dss S g
o] Z¥z 173~174 C 283l 247~251 T2 LEH9loA] Tk
HTk 3, A 2] AEE WAAD Apells A Aol =
glEg] Adoge] Hol%(7) 18|a FellaHE Aol 4%
oo Hol2L(Ty 2 #dks: wdvg50] ZHzh 223~
228 C 18]l 142~145 T =Wl B2= Qe 19
(d)~(H) 7} Ho] F50], CH8CB, CHSMT 181 CHSLTZ 7}
Qg H9oll= 71,07 FetEE Avet FAu|a57 127~128 T
o] Lol Tk B TR ke 97 Wshe PEEA) o
okck Sk, Al o] AEES WA Aol 7 a8 {2
MOl RE(Ty & Aetsl= 94 Walso] 247 124~127 C 218
31 15~16 T2 2=j9lolA wad ¥ 7= gk d9 W
= AR itk oF —40 T7R] WA IR AlRE A 71
sk A, e AlgEe oA Ty, AHA7d3}(cold crystallization)
25(7), 283 702 IasE g7 et 47 17~18 €,
60~110 C, 18]a2 121~129 C2] SE=H9jolA B2t

DSC Gpale] o8l A4t old+ feAlge] Holwsd) <l
] A3 AL) FHES Table 10 £g3lo] el 243} 5

= r

Table 1. Transition Temperatures (C), Enthalpy Changes (J/g) in
CHS8CB, CHS8MT, and CHSLT

7} w2 n ArlA] dixd ALS PAsRs BA Sl &3] Bk vt
9} 7ro] CHICB, CHIMT Z78]3 CHILTZ} YehllE 758} Tiol
0 AH S8 T 81T TuolAQ) AH 3HSol u)3) thks] =+
o s, k] A ARS GASHs BEEM dntdog

(a)

)

225 230

(b)

it
ol

220 225 230

(c)

222 225 228

@,

§

< Endo

o,
} 1st
PR U [N SNNT YT ST SN (NN ST ST SN SN [N YN SN VT W (NN UMY ST ST SN NN SN WU WU SN (Y ST ST N S
0 50 100 150 200 250 300

Temperature (C)

Figure 5. DSC thermograms of (a) CHICB, (b) CHIMT, (c)
CHILT, (d) CH8CB, (e) CH8MT, and (f) CHSLT.

Square Brakets, and Thermal Stability of CH1CB, CHIMT, CHILT,

Sample Heating Cooling
code Ty 7’ T 7’ T 7. Tu' Ty 7. Scan
CHICB 174[30.3]  251[0.65] 300 228[0.34]  142[25.8] Ist
CHIMT 174[32.91 249[0.56] 320 225[0.371  145[26.0] Ist
CHILT 173[33.5] 247[0.65] 325 223[0.31]  144[26.4] st
CHS8CB 127163.2] 245 126[5.97] 16 ~60 Ist
18 60~110[10.8] 129[12.9] 2nd
CH8MT 128[56.31 250 124[5.05] 15 ~60 Ist
17 60~100[19.4] 121([28.5] 2nd
CHSLT 128[54.2] 238 127[5.46] 15 ~60 Ist
17 70~110[23.5] 121[29.7] 2nd

“Glass transtion temperature. “Cold crystallization temperature. ‘Melting temperature. “Cholesteric phase—to—isotropic liquid phase transition
temperature. ‘Isotropic liquid phase —to—cholesteric phase transition temperature. ‘Cholesteric phase —to—crystalline phase transition temperature.
¢Temperature at which 5% weight loss occurred. "Cholesteric phase —to—solid transition temperature derermined by optical microscopic observation.
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Boly yRaEo] 2 aHE T A&} 3lelEol nls) fds)
=8 AR m 35 opAE Al FoAlE]] mesogenic 1ES E

olemEo] WEkAES] A5l ng] tis] & AMIE 4719

Table 1 Yebd 7ol AH FES o430 AitE=
CHS8CB, CH8MT, 12|32 CHSLTES] #HE 1% mold] QIE
23] W= (45=30.4~35.8 J/K - mol—ring skeleton) <
CHI1CB, CHIMT, 1831 CHILTE9] 45=1.3~1.5 J/K - mol—
ring skeletone®ll B]3| tidks] & ks ek o]zjst AMIE
& FHAEHEY o] AMEE oS spshel] midteHAl <&
S| o= Wi Ado]x]e] Aolrt Sl whet F74gks: AAFeH
o) YA IES Zeelgdl AvolME Falo] tlokdt me—
sogenic 1S AAAA A& dimerEo] Yehi= 7u(8E T
e ase -2 35 e mesogenic 152 318
T29} Agteka] ol &) nol gk whel Fphimnes
i el Aog nawle] giny. wlebd Ze|lAHE I1E
< EYAA B2 ol FEAlEe] YeRiE ZixHE g A
Aol oist B} Wt dgs 47] fslols Avlojae] dojg}
g}l TI2]3 mesogenic 159 SPeEst AR 55 2
gate] P FEAES ol8sto] 7(EE Ty olxe] dERS]
Asle] tigt AAHA A=} ezl

A 2EE 28-S AU 3709 #17EE A triplet7l! 7y
of| A LRl A5=26.7~46.1 J/K - mol2 ZAEI™E 158 A
W dimerSo|?PetiTkmnomasvws el 7 (s 7)ol A 9] AS
=0.3~16.1 J/K - molel vl3l tids] & A3 Yepdc) vntg
2gellx] i) Ao 2o] HolmoA Yehl: 4712 V72 E A
W 3=l 45=9.3 J/K - mol 3702 E7)H2E Ad 3gE
9] AS=7.8 J/K - mole]l wal] =™ 123 2] e oA Ao
29| HoJkoA YR 3709 E9EE A sE2] 45
=116.5 J/K - mol:> twin 32 45=64.4 J/K - molel 1|3}
2 Aoz yawo] gtk ol ARIES MRl FHalA
WTEE] 7 S7FHE o ] AAMEE SRS AR
olgft AFNES wefet wj, CH8CB, CH8MT, 18]a2 CHSLTE
o] FHl2EHE Ao AMErE FelAHE 55 A dimers9)
FHU2EE o] AT 8] H& AR FE o)YR AT
°] DE7} 491 AM, = REE $hzaddol] EAlsk= 4719] Fel 2|
g IEER st Qo] A AMIENE xEEE Aow
7Y} Tripleto]® 7uollA Y= mesogenic 18 17192
AEZY WMIFE(45/3=8.9~15.4 J/K - mol) ¥} CH8CB,
CH8MT, 283 CH8LT7}F 7iollA vehdls Fd2Ed I1&
1o AEZT AHIHE(UY4=7.6~9.0 J/K - mol—-ring
skeleton) > 78] AR kS Zhe AMAE 3719 A58 XA

Eissg
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[e)

CH8CB Z12]3l CHS8MT7} Tiold vehli= 494 #4553 DE
=391 CH8CE 18]aL CH8AM®] 7oA Yehf= Zd e
2% 10 QEZIT HslgE(45/3=4.6~4.7 J/K - mol—
ring skeleton) oI°¢ B3l °F 1.8u)7} 2 A &S YeRAT) Cello—
biose octadecanoate= AR H] QA Fito] 7y o] Wk 4
o7 FHEo] e IAtard tATE 29 RS FAdske Wt
™ cellulose tridecancatetx= AEZ A FAREO] 29 AL =
WakE FegshA S e 2 s Ak AoE By
wjo] gkl o]g} e BRI -] 2jold]| 7] i
SX1E] 12 zlole)] oJaf ZR Adellx] dix)] Ao me] Holxke|
99] AS k2 cellobiose octadecanoate®] 73-$-7} cellulose
tridecanoate®] 7-9-¢] v|3 oF 1.78)7} & A3 vpepdch o]
23t AMAS w1 d w), CH8CB 12]3 CH8MTS] 4S/4 %ol
CHSCES} CHSAMS] AS/3¢l B8l 1.8817F & AL pseudo—
nematic SolX9] A2 FGE] zleldl] 71Q1gE FAFETH
Q1go] ot FEAES] A7t thdw F=AEE] 75l vls)
T ARERE 2HEe ZoR A7E:

ool ol P AEAIES] TGA 341ES Figure 60 ek
Wik Aznles FEQA Ty WE e Zh7) oF 240, 230
J2ar 210 Colld 5438 FEslE dor)7] AzsIsith olfgt
APAE o|FF{E 71hetA HFdn| Aol ol #EE A, £
A A|57F €& A0 T WSlE= Al QM E 1
SIS, g, WE @ oA PEE= oF 100~200 T2 =519
ool FA(er 5 wt%) & TR TR AEAlEeY
=35] WEEE @ FUsh YEe M 23 Sl 1719
AR Fbel| o) == Ao R Azt

Figure 6°] Hoj550], CH8CB, CHS8MT, 1&]al CH8LT+ oF
220 ColA ESE do7|7] A&t olxE A3 &2
C-0™" ag)x FHxEH Bl RS Aoy)7] Ak &%
7} Z¥zF ok 220 C 18ar 250 TA AMIS e u, CHICBS}
CHSLT 7ol oF 220 TCellX C-02] i3l 12x 220 T
oJe] XA oot FUAHE 1Ee] Gl dojue
Ao= A7V} $hH, CH8MT Z-folli= oF 220 Cellx] C-0
T ohg BE A AR Gitd7 dojube Aow Azt
CHICB, CHIMT, 183l CHILT= o|dFshit 2 2% &
ok 280 TellA d&alE dov)7] Alaesinh olefdh A
poly [1— (cholesteryloxycarbonylheptanoyloxy) ethylen] ©]
Ze (g L) BTt S Loy dRaE dos)= sy
FYdsl oo EAS= OHY} cholesteryloxycarbonate &
2| ggol &l odF Aol Hla) d4 bddel Tk AlAk
El=2

st B, A3t vkel o] CHICB, CHIMT 22]al CHILTE
9 A 7G99 S BlojuE R CD AMERS 95 7 ¢l
Atk Ti. oPde 2EE AEES 7FEE & WA 7FEA CD
Z7gel <) 2> CH8CB, CH8AM, 1)1 CHSLTS] ~FEeks
Figure 7] WEFCE 052] A5 oF 60 CollA A Ao W
S ER 60 T olgtelld CD SHL 2&8igith Xe AEe
2o} FsA 4] CD ¥ass vk o83t ARz RE
CHS8CB, CH8AM, 1&]al CHSLT+ =& wake] W25 Ad

~
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Figure 6. TGA thermograms of the disaccharides and the
disaccharide derivatives recorded under nirtogen at a heating
rate of 5 C/min.
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Figure 7. CD spectra of (a) CH8CB, (b) CH8MT, and (c)
CHS8LT at differnt temparatures.

ZH2HE A Ba=dE(n), p I8 A Dol dn=mp
o AP AR 7 oF 1524 AR GhE 7R A
9] A7) poll Aueiciar g <= Qlck 18 pseudonematic F7H)]
A (D) 9} T2k vIEH7H g 1B p 1llE p=270/g2] )
7F eIt D9} = 2=el g&Est o]5e 25 oA F
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Figure 8. Temparature dependence of the optical pitch(Ay)
for CH8CB, CH8MT, CH8LT, CH8CE,* and CH8AM™.

S A= BH9 Tl QEdth D G 9
W D] AWAE(dinly/dT) & °F 1071 T EA gur
z o tieks] Atk o]edt APIES weE ), Figure 8¢l 1t

E FEAE vl 257} sl we) Fashs AR
T gl 28l @7t S7Re AMERE ZAEE Aoz A7)

Figure 8¢] HojF=50], CHRCB, CH8MT, 18]ar CH8CT7} Y
Ehlls 25745l st «1 agel= Avst xjol7) )R
W=Th ofEeh AMLE: sl 23t ¢f] TS old e slEt
T2l WFFsHA o&EsHA] Ee-& AlAbetth. CH8CES} CH8AM

o] Yehfle 25250l 93t ¢f] S7HS vhde] shehyael] 7
o] oFEakA] koLk(Figure 8) O]9 FEAlSol vlg & AdS
UERAT olejsh AR 2 Asedl vie} o] FdlaEE Ao A

ol FEAEE A7t b AeAEe] Aol vis &
/\]";‘z]% 3’—34& ], iﬂﬂ/‘ﬂaw 3] AXEZF FrrelE SRIAHE

I5s Feelof © :‘SH A== ¢ TS A

& ]’\]3}‘:} *—Eﬂ A dimer®} trimerEo] LyE}d
Ul 2550l st q°] —‘7]'50 FHAHE EY¥ meso—
genic I3F°] 3PlE, Aol ] Zol9} 318X, mesogenic
T Ajo)e] ARk ol vizkekAl olEsh WiEA] F)
~HE] ko] AMEr} Z7hek o) S7HEo] 7HaskA] ety
FY3 #/d°] non—mesogenic IE= Ad FEAHE A=A
Sofl tielE HaEo] vk wehd ZeliHE 258 A o]
Fe} e AEAEe A 3 35 S0l dist
AREAR HallE 47] flstol= Avlo|x €] Hol, FAKET} HAkE
o] Aok, AT 58 DElehe B2 ARAES olgsl] &

A2 e e s, AR T8 2,8 =% 2ol gt A

AR 7=} B estek

2 E

AZR| QA TE QA 18|11 FE Q@ AE cholesteryl chlorofor—
mate 5= CH8CS} WHeAIFA X3 S HEA|7RES 18]
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3 @-FHAHEZATIE ) Fefes) ojdF AEAlES 89T
7 Aol o] A N SAES HESISI ol A%
2} non—mesogenic 1E= AW o|GF FRAE 181 FElA
HE 155 A dimers, triplet 18|37 T35 FEA1E< oist
FHle A7AHe) vl o8l the 2 ARE doll

1) A EHE AT S FEAl 52 p
PAehe v @—-FdAEHESA7RLY) Pl s} A EAlES

=
g FY~HE S FAsCh

2) YARZ A7H| A ULANAHSL 24 AR FAsH= 1t
o PR3 dE QA J77 SHE QA Ao AEES I AHS
d8kA] etk olgst AT B A5A el 98] non—meso—
genic T1FS TYAIA @2 oldR FEAIES] AY2 Y5
T2 5L oo sehtze = 9 me—

e o]Es
sogenic Iia EYAA B2 ol FEAIES HYe s
I FREAL o|dRe glaltzel wizkelA| gEsA] gkon o]
el =90 mesogenic ZIFel 23l AHjE-S & 7 UL
FH AT F5UE] YATERE Ad Fex
7S gt ey FHlaHES AR e o
IS FAdshe A 2EFRINA RRAMEZS YRR o= Wt
W Q—-FHAHESA TR ) FEleg FEAES °F 60 T H
& TR HARIZES LR o]2fgh AV RRE] 4,0 A
71 2olojAe] Aololl wiztstA oEdE & = Uth
4) (—Z2HESATIRY) MEf 3} o|d5F fF=AlEso] U
Bl 25450l Q3 4,9 s oo etz A
oJEsIA] itk oledt WAL (8—FAEIE AT ) FER:
3 AZT 9 A9l o7 9 A SEAS0] Yeh)= A4l Bl
T 2535 st ¢f] SRS o feAlEe] A9t o
i FEAES el vl 2> Zlo® Uil o]t A
2 DES} EA32] Zjolofl 7118k el odt ExE2] ¢
A Ge)e] Wale] zpolof| odl] Zelsi= ACZE AYzhHET
5) oG AEAES] ZulHY Ao I3 P o]dF
slehqtzze] A9 oJEstA] W= wbd Aujo] 2] Zolo) vzl
o)ttt FeaH Y 4] A7 PgAde (8- AHE AT
) FeRes) thREe] A9 - AHESAITRLY) FERe
3} o]dTe] A9l ul3l =t} o]y d AP T2 gk o] =

BE ] =

WP st ot FARES R el (A D = 8b7] Slske]
B 2L S YU dyATt Q7 AR E e A
o F A7

6) o FrAlEe] sk ZuAHY o] AN vl
T AEAE g3 FEAHE 252 AY dimer$ triplet®] &

= 1
A2l ) Aol vla) Sk olel AR ogF A
Bl EAsh 4709 Feele 1EEce)
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Qo] Aget AMZNE ZAEE 0w Az
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