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Synthesis and Characterization of Liquid-Crystalline
Acylated Ethylcelluloses
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Yoshikuni Teramoto***, and Yoshiyuki Nishio***

Abstract: Ethylcellulose (EC) exhibits interesting behavior in the formation of liquid
crystals. Early observations indicated that most cellulosics formed right-handed cholesteric
structure. However, EC in chloroform and acetic acid (AA) solutions took left-handed
cholesteric liquid crystals, whereas EC in dichloroacetic acid (DCA) solution had
right-handed ones. In the present study, (phenylacetyl)ethylcellulose (PA-EC) was prepared
by the reaction of phenylacetyl chloride with EC having a degree of ethyl substitution (DSgt)
of 2.26 in N,N-dimethylacetamide solution using triethylamine as proton scavenger.
Reactions were usually carried out at room temperature for one week, which provided a
variety of phenylacetyl contents (degree of substitution of phenylacetyl (DSpa) = 0.02, 0.11,
0.32, and 0.43). The chloroform and AA solutions of PA-EC with DSpa = 0.32 displayed a
right-handed cholesteric liquid crystalline phase, while the DCA solution showed a
left-handed one.

Keywords: Ethylcellulose, Acylated Ethylcellulose, Polymer Reaction, Acylation, Liquid
Crystal, Cholesteric.
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bt L e — AFEEIL, S0 17O FEHBSBEMEEK (mesogen ; AV 7 ) L LTiEEBHL
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2. Structural formula of phenylacetyl
ethylcellulose (PA-EC).

2. B
21 7 z2= V7 EFALZFLEALE—R (PA-EC) DEK

LR R FHR F CoAiEeft &+ >7 22 (100mL) NT, HEHWEDECE Y =F )L
7 XY (EtN, TEA) OfFEFNN-YAF LT E M7 I K (DMAc) ICIESE, TOBWK~7 =
=n7tFNrul R (CHsCH,COCI, PA-Cl) ML T, B CTHL LN OOESEZ, 77
E R ROSRA M 2 KPS L CERY & S BEL, IEAEE LTz, AW 2 R E % BE (MeOH:
acetone =3: 1) IR LT-OBK~FHILEIEL Z LIk THER L7, RORSRHICE L TiE, £
HZ /R4 PA-EC No.41E 6 A HIZKI TIRF[# 60 °CIT -5 L 72,

#1. Reaction Conditions for the Synthesis of PA-EC

Sample No. Time (day) EC (g) TEA (mL) DMAc (mL) PA-CI (mL)*
1 7 1.00 1.81 40.0 2.70
2 7 1.00 2.10 40.0 0.29
3 7 1.00 2.10 40.0 0.15
4 7 2.00 4.20 80.0 3.46

* PA-ClIZDMACIZIAEfRE LIS O 428 2314.7 mL (No.41Z26.0 mL) & L7-ObLEhL 7=,

2.2 EBRIEE (NMR) 2227 Mo flE

'"HNMR A7 MARIEIC L W AR ORIER X O RHREIT R > 72, @ TERFETOH
FE X JEOL ¢ JMN-AL400 % 7=, JIESMIXIRE 20 °C, BLNJE M % 400 MHz, FER [HI% 64
B, FRANEER] 1.493 B, B L OV ERIRIEE S0 mg/mL & L CiT72 o7z, IWHICITEZ n o kv A
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(CDCl3) % 7213 acetone-dg (CD3;COCD;) ZfE/H L, k¥ 7 MEIZT F T AF LT (TMS)
ENEREYE L L C ppm Fit L7z, (J£ : acetone-dg 2 AWV 725 A 1X TMS % & 3R I 2 LYY
e Li,)

F 2B RFETOMREITIL, Varian F NMR 3 & INOVA-300 % V72, TMS % N EEEHEYE &
L, (k%7 ME% ppm it Lo, MESMFE, RER 23 °C, BLIJE M % 300 MHz, 5 B4
64 [], FEFINFR] 1.493 B, 35 X OWIEEREE 10 mg/mL Th 5,

23 BEBEBEORR W

7= VT F LT kN E—A No.l (PA-EC No.l) % 40 °C T—BEEEE S &=,
WL LT muk s (CHCL), Hifg (AA), BXO Y7 v et (DCA) Z MWW T ERE
Do IE YL & AL U7, (3 PA-EC No.l OB E 4 HKROE LA Y2 2351 L TIkEL,
BEREOEEN001 gD IR LE,)

24 MM (CD) BLXUEXS# (ORD) 227 Faro@lE "

CD B L TVORD A7 MLORIEIZIE, BHASG (Bk) # J-820DH M — @M #GEH 2 AV, R
FEHIBNC X B ARSE (BF) B PTC-423L A~ F = RfEEEE 2 AV, HIEHRE N A -2
YINVEEBEILICL, WMERELFACEECHEL TEMSEL, Zhiad o 7L EILeL
RNVE—Zi%E L CHRFEREEIT 572, 7238, PA-EC/CHCL A OJEREIX S°C &L, o2 >
DRIZDOWTIL 20°C THEZIT- T,

2.5 REEMSE (pOM) BE

POM #l%£2121%, OLYMPUS Jt5¢ L3 (Bk) W&k X 7 LA BAMMEL BX-60 2 AV 7z, @2 a0k
FIREBRE AT A RATTZ AL AN—=T 7 ATEALLER, HEALEREESEA TEEL, 25 °C O
T — AT REREE L

b a
D ~ a
LB AT T2 ?HZCHS
0
3. HRLEE \O 0 Acetone-dg
TMS
31 =F & rua—2 (EC)
HO 0
D 4y T 1 & R AT (‘SH oH
Acetone-dg & VA W TR b2 a 3 pyranosering, b
£ L7 EC®'H NMR 227 | J\Wl
NEEDRBEKZICRT, &

9 8 7 G 5 4 3 2 1 0

=27 ZUTOL)ICmE Lz,
FFTX 3 D EC DAL ML
DWW TCIE, 1.16 ppm i1 D ' —
JalimFLEOAF LT |k

Chemical shift / ppm

3. 'TH NMR spectrum of EC in acetone-ds.
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¥, 2550 ppm iIEDO T v — R =2 =T ALEOAT LT a by b BXOVYT ) —RER
D7a b ENENIFE LT,

ZDOAXRZ FADORIBEHNAF LT B b ICHRT O -2 O/ EEZ A, Bl — 2FEN
HI-H6 B L OMUIHN A F Lo 7 e b ACHRT 28— O fE%E B & L, DSp & x £ B< &
OMEALT D

3x: (7+2x)=4 : B+ + + @D
IhE xIZoOWTHLS &,

x=74/(3B24)+ + + + @
Ls,

ROICE > T DSy BB LEE D, 2D 5107k & 2. Values of DS

ot H NMRWEZ 3B, ThboPyimek WE | F | #2 | #3 | average
Wik 25, % EC O DSy ¥ 2.26 L7272, DSe | 230 ] 226 | 223 | 226
327 VAL EC D5 THE MR AT 1Y (@)
Acetone-dg = {EBEIZ H W CHIE L 7= ®) (@ Acetone-dg | T™S
CH,CH,

PA-EC ® '"HNMR A X7 f)L L — 27 DIFE it

JBAEM 4R, AT PLOE—7 &L \0%
(c) 0

ToXoZwmE Lz, 1.16 ppm T D & — - 0
7 al¥ EC I (=F3) oAFALT 1 (j i CHZCH,

o} P i

b2, 6.50-8.00 ppm {FIE O B — 2 d [T @ o

/_/H

PUBEOAF LTk, 2.50-5.00 ppm £t (&
. =
To7ao— K —2ZoFLrEoXFL ' Jhﬂ LJ

Y7u kb, Tz VT EBEFILVEDAF

l L l L l L l L l L l L I L l L l L l J
Le7mrbhre BLXUOET ) —RBEOT 9 8 7 6 5 4 3 2 1 0

. Chemical shift/ppm
o kA ERERRR LT,

4. "H NMR spectrum of PA-EC in acetone-ds.
337 VAL EC DBHBE DR E
PR 2 s PO FEEZSEIC 'THNMR 227 bbb BHRE O 21772, X4
DART MILOMBRNAF LT by (a) ICHERTOIZE—7 0N EEZ A, RUEBrBED e k
v (d) ICHRTHE -7 OO EE C L L, DS & 7 ==V T7 B F VEBRE (DSp) &#ZENZ
x, y B EXO@NALT 5,

3x:5y=4:C- + -

IhE yIZ 2V TH]EL &
y =3Cx/54
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LB,

x=226, L TDSppaROIZEZA, E3IDXLHIToTz, ZEDEDICHEIFLRKTELNT
T—EnLOEBMELEE L,

%% 3. Values of DSpa

PA-EC sample No.1 No.2 No.3 No.4
BH T ¥k 0.004 0.11 0.43
DSPA \ R
P NE N 1 0.32 0.02 0.13 0.45

MRFTOBREEREZE D E, DSpy DEIZ STV D E R o7, @I TERFED No.l OH
VLD BBBENRD SN ho-DlE, BIEICRCEUBROE—Z CEBELTLEI E— I RN
FHTHCDCLABEE LTHEA LD EMABERRETMN CXAholZ LTk b,

34RAFEMEE (POM) B

PA-EC # > 7/l No.l ®#lpk, B3 L POM GTEHZ K 4 (TR L7z, BIERITWTFN B 25°C TIT
57, 4D POMEENDLWTNORBEEFEKGRTEEZ AT 5 L3530 %, FIZ PA-EC/CHCL;
RO POM BHTII~KOMNBEREINTD, VAT Y v ZHERB L TV D algEENE<
RIE X5, PA-EC/AA %3 X OV PA-EC/DCA RIZOWTIIHFNR AR L DD, POM
BITESWTWiheholz, LER->T, X~F v 7 MHELIWVIE HEHH+a2 L AT U v 7] %
FHHELTWDLAREMENRD D,

7% 4. POM Images of PA-EC Sample No.1 in Various Solvents (ca. 25 °C)

Solvent CHCl; AA DCA

Polymer conc. (wt%) 40 50 30

POM image

Phase Ch NorI+ Ch NorI+ Ch

Symbols: AA, acetic acid; DCA, dichloroacetic acid; Ch, cholesteric; N, nematic; I, isotropic.

— 289 —



WmtE7 vk F v rva— 208k F v 77V ¥—v g v

35MH M (CD) BLUENXS#, (ORD) =222 b o#iE "

PA-EC ¥ 7/ No.1 ® CD LT ORD A7 RMLOREFEREZK 5-10 I3 T, Zh b
725, PA-EC/CHCI; 5% & PA-EC/DCA HRILA & &, PA-EC/AA RITLEBEZDOLHEALEAEMR L TND
ZEMmEm®Ihb, BHRBEB L) POM BIETIEa L AT ) v 7 IREHOFELEERT D2 &
WREETH 72 b DD, ANFME TIEA M ORI AR TH - 72,

—#%IZ, EC DM MEICE LT, CHCL B L OFERR T TIXABE D a L AT U v 7 KA % T L
L, VZ/7erolfh ClEAREOa L AT Y vy 7REMERR T2 VI BENR RIS TN D,
NFt, ZHHKELH YORENLT, Yotttz Frbre—ZA0alLxATF) v oty
A, CHCly i CiE7 a4 = LE#E (DSp) = 0.20-0.26 TEBEINOLHBE ~KIET 5, B
fe 1 ClL DSp, = 0.40-0.44 TEEBZI MO LEBE~NEET D, V7 0 o FiEET TiE DSy KO T4
BEOEFLWIHIZRBEZRT LRGN oTEBY, 7F IV L= F L/l a—RX 2D TH RIS,
CHCl; F1 TIE 7 F U L iEHE (DSp) = 0.27-0.34 THEB X DL B X ~KEET 5, BEfE T TIE DSp,
=0.45-050 TEBENOLEBE~KIET 5, V7 0 o ffEH CIE DS KO T HEBEZDOEE LW
I FHBEIRTZERS o TWVD,

T H, [CHCL B X OFEE T CIX ECIIAEEE DALV RAT U v ZJIREH AR T 25, 7T
WEHASL (DSuy) PHANIZ LV AEBEE~LEEET D, CHCl; T O MR IT I /N SV DSyey T
BV, BEEH CORERITHERNRE VDS, TRI S, Y7 rufiih Tk, EClxfi%s&na
VAT Uy ZJREHERR L, 7Y NVEREOEAG LSS ERFET L. LV RE & LTH
KTED,

ZDEZE A EIDO PA-EC ¥ 7L No.l ITH T, CHCl; | TIE DSpa B+ KE W
DEEICEBENDABEAKEBEL TV FRT TIE DS BREL/NINIOEBEEDEETH D,
T/ aa B T DS IS THEEDEEILR-oTVNDHEEZEZLND,

200 3000

2000

-

o

o
1

1000

o

o
——

Ellipticity/mdeg
(&)
o
Optical rotation (rel.)/mdeg

.| -1000

_100....I....I....I....I....I.... -2000
300 400 500 600 700 800 900 300 400 500 600 700 800 900

Wavelength/nm Wavelength/nm

5. CD spectrum of PA-EC 6. ORD spectrum of PA-EC

in CHCI; at 5 °C. in CHCI3 at 5 °C.

— 290 —



WEtE7 b= F v v — 208k EFy 527y ) ¥— g v

300 et
I I L I I
400 | -
200
iy
© 200
2 E
$ 100 =
£ g
2 =
S S 0
= ©
z 0 g
©
2
8—-200
-100
-400 | -
_200....I....I....I....I....I....
300 400 500 600 700 800 900 U TN T S [N TN TR TN T T TN T T T [N TN TN TN T AT T T T T N S T T 1
Wavelength/nm 300 400 500 600 700 800 900
Wavelength/nm
4] 7. - 5
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9. CD spectrum of PA-EC 10. ORD spectrum of PA-EC
in DCA at 20 °C. in DCA at 20 °C.
4. £EDH

ARFFETIE, ECIZHAOT7 U NEEEAN L-FEEKO GBS X OAERY O ETEIC OV TR
ML, TORE, 72T FAREZEA LT LEALR—ADOERICKBI L, BEHREL
F O O @ WA Rk & 1572

T VIVERE 032 O PA-EC DIRGPEIZ DWW THRET L7z & 2 A, PA-EC/CHCL RiFAEEZ O 2 L
A7V v V7 iEMHERIT 5 Z N booT-, PA-ECIEEN 40 wt% D4, 500 nm Ak 12 & K
BHPELFWE dnx &b D & PHEEIN D, PA-EC/AA 523 X O PA-EC/DCA SR IXFTE K TR FME
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EHBLT D, POM BIERKR L LFMEMENZEITIT B LAY, 2L AT Y v 7/, *
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WEOHZEBFTIIE, BEEOMERE L REOEMEZRL TWV5D,

Ltk, fix OBBEL LOFBEEEARL, TALOEBEMMT 52 L TR Rk T —
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