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Effect of Molecular Characteristics of HPC and Crosslinking Agent on
Cholesteric Pitch and Swelling Behavior

Kyung Hee Kim, Seung Yong Jeong, and Yung Dae Ma'
Department of Polymer Sci. and Eng., Dankook University, Seoul 140-714, Korea
Yo-mail . ydma@ns.dankook.ac.kr
(Recetved January 16, 2001)

£ ¢k: Hydroxypropyl cellulose (HPC)E& o] &3} #x3t wjergo] fub Lo T EFo
aliphatic dicarboxylic acid chlorides (succinyl chloride®} suberoyl chloride)E d7)ste] 78
AlZloll olsll cholesteric AAE AW 7AwBEEL AFsAct 71adE9 cholesteric pitche)
2xoEGT B yEgFodAe] stud e WEAFE AESYUh EES cholesteric 43
gl 34l AExAE Yeldlen o|59 pitche HPC A9} FdsAl 2571 sl
utel Frisigint 2eu 2E VtRAlRES Fod 2EstA] HPC7L vheRdl= pitchdl] B8 o
©sl 3m slaAle) = 2 Zol9) FUlel 98 FrEtdt. ZtRAlRES F ulFollA oA
H&E HeERAT o B89 Jze &0l VAo SRl vha oEsh HdEe" JtuA 9
Fxole= Ao o|&EdA] gkt

ABSTRACT: The crosslinked films retaining cholesteric liquid-crystalline order were prepared
by casting the liquid crystalline solutions of hydroxypropyl cellulose (HPC) in methanol with
the two kinds of aliphatic dicarboxylic acid chlorides (succinyl chloride and suberoyl chloride).
The temperature dependence on the cholesteric pitch of the crosslinked films and the swell-
ing behavior of the films in both water and methanol were investigated. The films displayed
fingerprint patterns charateristic of cholesteric liquid-crystalline phase, and their pitches, as
well as HPC itself, increased with temperature. However, the pitch of all crosslinked samples
was much greater than that of HPC at the same temperature and increased with increasing
concentration and chain length of the crosslinker. The crosslinked samples exhibited an aniso-
tropic swelling in both solvents. The degree of anisotropy slightly depended on the solvent
and crosslinker species, but hardly on the crosslinker concentration investigated.

Keywords: hydroxypropyl cellulose, dicarboxylic acid chlorides, crossiinking, cholesteric liquid-
crystalline order, anisotropic swelling.
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Figure 1. FT-IR spectra of (a) HPC and (b) HPC-Gs
crosslinked by succinyl chloride (14 x 107* mol/HPC-
1g) at room temperature for crosslinking time indicat-
ed in the figure (see text for details).
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HPCE& o] &3} A %8 Cholesteric Gels

Table 1. Preparative Conditions for HPC-Gs and

Their Thermal Properties
sample 10Acyapcs T! cholesteric pitch (¢m)?
code (mol/g) {(c) 2¢ 6c 12T
HPC/CH;0H/succinyl chloride system
HPC-4G1 15 149 50+06 54105 60109
HPC-4G2 40 152 63405 69+05 7509
HPC-4G3 80 160 78+07 85109 9315
HPC-4G4 140 167 96+16 108+15 11.6+18
HPC/CH;OH/suberoyl chloride system
HPC-8G1 15 147 69+05 75105 84110
HPC-8G2 40 150 85+0.7 9215 10512
HPC-8G3 80 154 105+14 119+£18 128+22
HPC-8G4 140 158 122+15 134+23 148127

2 The concentration of succiny! chloride or suberoyl chloride.
b By optical microscopy.

HPC-8GNo g yehjr|2 gt o4& o, HPC-
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suberoyl chloride?] =2 15Xx10*molZ 3}
Azx% 7ta2ES Jepdt} (Table 13831).
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Figure 2. FT-IR spectra of (a) HPC-4GN and (b)
HPC-8GN. (a) 1, HPC-4G1; 2, HPC-4G2; 3, HPC-4G3;

4, HPC-4G4. (b) 5, HPC-8G1; 6, HPC-8G2; 7, HPC-
8G3; 8, HPC-8G4.
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Figure 3. Schematic structure of HPC-Gs.
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Figure 5. Optical micrographs of (a) HPC and (b)
HPC/CH;0H solution (70 wt%} at room temperature.
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7HEE §Y4E 2x¥dA HPCIE Yell= pe)
Z7Hed wia tieks) Zon o 1/34%e) 1R
=t} (Figure 48} Table 13 a1). o]8) 3t A&
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(a) HPC-4G1 (60 )

(c) HPC-4G4 (120 'C)

(e} HPC-8G4 (60 C)
Figure 6. Optical microscopic textures of HPC-4GN and HPC-8GN at each temperature.

cholesteric AEol glolA]l &3] Biats= H4or

MTEIE hseudonematic 7] rhag Qlsle] 7}
pseudonematic | Z sh= chiral ¥257te] 4
S8 o3 AuiEE ge LX) TR Ag
AHstA = s stwdie] Aoz %
D2 F72%E zdHE A= -
Cholesteric o] Uehlly= &xAbSd] 93t po] =
7He ThaAlel w5 2 F5, stugkge] o5, F
Hol & o) BPe AEe ol A Re
2 Q7EchTA2IY HPC-Gs7} 25-120 ‘CAo] o A

552

(b) HPC-4G3(60 'C)

(b) HPC-8G3 (120 C)

(f) HPC-8G4 (120 ¢)

Uehll & pof S7H8E o 20% 24 Ao FYsih
o]# % AL pitch Ware 2ol AW Am v}
sAle) Adols} sl AP AEaH @des
AlAsi, o] BAldl ik ot HEwt sigg A
gae ade 59 g Lesel Az
cholesteric AE& )23l D9} g9 L%90]& A9
o AR HEZ a7

HPC-Gs¢] T,= HPCA)e) T ws) Eon
AmEEt 34EEE FrkE A%e vehr
(Tablel %}3’_). o213t A7 HPC9) acrylic acid
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HPCZ o] 23t A} %% Cholesteric Gels

ester 22E) A 2% cholesteric Aol YehiE &
A5 geabstd shaol olsf AR Arel B3 kAol
z718¢e oujgtt. HPC-Gso Ti& 7tad=8st
ohug} 7luAle] ZHAE o FEsh stuAle FE7}
zosioigls T.= HPC-4G7} HPC-8Gd ®ja
A 2o 7 el ojgd Ade HPC &%
Aee) T e Aot AAAFEF wolAe
b SAbstm T8 saAl o] o)yt 71 Ae7h Boh
2 7laAle d8e sk AMERE xAHE Re
22X A€

HPC-Gs2| WREA. Figure 79| HPC-4GN&
23 jghgd ARAA SHT AW} FEAHS
DA S Vepith B&AZo) ofF 80417 o] 3] HA
RE AREY Bee HHd ZEEL 4 F Ut
HPC-8GNE 593 842 uvepich 7tadsol
A A Uehl= AW 4S3EE Table 2
o] 283l Uehdch. ASFEEL o143t 1Y
Ao oja A E AYBE0 (4V)#ks Table 2
o 3 Yephdch

AV(%) = (V —V,)/V,X100 (3)

a7 Vel Ve 47 g3aedAe] stade A
H3 AxAde Mg vehdrh Table 24 vehd
HPC-4GN# HPC-8GN¢] AWst 4V #r& 7haA|
ol xwol ¥45EA 247 Figure 8o bt
AWSt AV ghe AH83 7taA 2 geje] Fidl o
zsin ZtaAle] Fevt F7HErE gAse ThaAl
o] w7}t of 14x10*mol/go] HA A AAX
=gsE 2%E vehdoh

Jlmawst Z7vskd st dwst FHE Ao
z qagd. Azl 9% o =W,/V.e W V,
Zdl o8 @okg 4 glch. @4, slaAd gulel
Egtoz o3t A} FAE B, F (V-V,)
= ARz 253 gujo] AFPoz A A
= = 3719 Ao YN E Bt Tk st

"*Zj—g/: o (i=1, 2) @

Falof #2578 A4z 20014 79

O HPC4GY
1000 |- O HPC4G2
& HPCA4G3
O HPC-4G4
800 -
g 00 L 0 © o o) o o
o]
2
< 400 - ° 5 0 o o a o
w]
o
200 as 2 2 a o "
o 0 © o ° ©
g Lo
0 184L | | L I S |
0 20 40 60 80 100 120 140
Time (hr)
(a)
© HPC4G1
1000 |- O HPC462
A HPCA4G)
O HPC4G4
800
oo © o o o
R 600} °
2 o}
< oo O o u] a]
400 |-
o
o a4 & a a
a
200 A 50 © o (o
o o
Ro
o lgo 1 1 | 1 1 |
0 20 40 60 80 100 120 140
Time {(hr)
(b)

Figure 7. Weight swelling ratio, 4W, for HPC-4GN
as a function of swelling time at 25 °C. (a) in methanol
and (b) in water,

Uepdth, olate] 7l flolM okidA 13 2+
72z} 3 e desHe 4 depirle doh
g, 2 (4)o] o3 ghe] FHol me P&
o M (4V,/4V ) FFF U ¥ AW,/
AWl 3718} FA M) dEEt

4V, _4AW/o _ (M M)/e z(_N_x)(ﬂ) (5)
4V, AdWi/p, (N M5)/ o NNV,
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Table 2. Summary of the Swelling Experiments
for HPC-4GN and HPC-8GN at 25°C

sample 4S8y 45 4S5t AV AW
code (%) (%) (%) (%)
HPC-4GN/CH;0H system
HPC-4G1 9345 92+5
HPC-4G2 72+4 72%4
HPC-4G3 53+3 53%3
HPC-4G4 45+3 453
HPC-4GN/H,0 system
HPC-4G1 872 87%2
HPC-4G2 69+1 69+1
HPC-4G3 52+1 52+l
HPC-4G4 44+1 44+]
HPC-8GN/CH,0H system
HPC-8Gl 121+7 1217
HPC-8G2  95+5 955
HPC-8G3 76+4 764
HPC-8G4 67+3 6814
HPC-8GN/H,0 system
HPC-8G1 104+3 104+3
HBPC-8G2 83+2 8313
HPC-8G3 67+2 6713
HPC-8G4 62+1 612

ﬂg
(%) (g/cm?)

186+14
138+10
103+ 7
86+ 7

960
604
375
291

634
386
225
151

1.19
123
131
151

171+4
127%2
95+2
80+2

848
548
351
273

716
445
27
179

118
1.23
1.30
1.52

256+20 1639
200116 1041
156+£10 693
141£8 576

1092
676
429
312

118
121
1.27
1.45

202+6 1157
160£3 771
128+3 536
115+3 461

977
633
418
318

118
1.22
1.28
1.45

714 Mz e BAsRE Jeidh 2=z N
=(W—W)/ Mz Vi=M/o= 27 AWiz 3}
£3 gujo] 49 &4 £uo) EAFE vepd
=
Table 29] AWt AV gt 25 CollAe] &wfel
A=k o=1g/cm’s}t 0,=0.786 g/cm’E ©] &3}
2l (@) o8 AdE oSS Table 29] vix2
2ol Jebdel o, =W,/V o BAE o]&3lq AL

T 0,82 Table 29 “Ebd o, @E7 A3 0l3)
22 AR Ao A Ao Uehdt) ol
Abde A ()9 =AY A& JHYol B©HIEE
RN -ia= A g -t R X Qo4 S - R e
o] F@stAl Aol Tt rtaAle FEE FYst
A & AZFT Aolelz HPC-4GNo] HPC-8GN
9] p gkl Hlg] tha & A& Jepdt). Fxo 2
e AR ZhmAle] ZHold] AjolzRE e
Ao zA ARAT (Figure 33a1). 3H, HPC-
4GN# HPC-8GN¢] p g2 1.18-1.52 g/cm® ¥
o e ZtaAle FE7 IMERE T A
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Figure 8. Equilibrium swelling ratios, 4V (O, W)
and AW (O, @), against crosslinking agent concentra-
tion for HPC-4GN and HPC-8GN at 25 C. The open
and closed marks represent the swelling ratios in
water and in methanol, respectively.

% Jepdth A2dA] MS=42l HPCe] F¥HUE
& p=117, 48 HPCE p=1.09 181 2R
HPCE p=2.05g/cm?q Aoz Bugoe] gch®
HPCel 7lad &9 dUxgt HPCe FHIE 52
7343 HPCe ¥x=roe axn 234 HPCY ¥
ERThs ZE Ao oAET. o]2d AN A
Zg o, Table 29 Yehd o, gtEL #EIAQ @E
olgti & & Utk Suto TS sluAe] FEE
2elste] Az HPCe| HAAe JWgoziE
AV E &3 el nE Aol dAx HPCe
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HPCE ol &%}ed A %% Cholesteric Gels

9 (p=1.17 g/em®) o} FLEF Aoz /AT 3
o1}, Table 29] pGES ol2id 7Hgdl ofs) H7}
9 AV gols Avkd a1& £ 2& AAE
=3

A (8)8) AV,/4V.= A8 AW ool 23
A B7rg £ 9lge oulgicl. Table 29 AWgs
0,/ =0.786% o|&3le AislE HPC-AGNI
HPC-8GN 9] AV ,/A4V ,3k& Table 29 A%
AV, /AV 8t a54olst 2714 Al Xt
o]2j3t AP Table 29 vehd 4SEEL #EH
ol YL AAHET. Table 2028E & F AR
o], HPC-4GN#} HPC-8GNe] AV g& wgde
#97} B wal zch a2y 4V el §ujeEAde
g3 7hEAle) ERd) oE3hy 2E HPC-AGN
& AV,/4V,~1.09 28l 2 HPC-8GNE&
AV/AV,=133459 & zterh A (5)d ¢
B AV, /4AVE (N/NpSt (V/V)e A
&g}, Yutd oz N rlwdgs g 1
o guje} g EAke) W 2 EAHH T 9
=% oz MY, Table 29 AW@s M=
18 g/mol, M,=32 g/mol &-& Table 29| 4V @
V./V,=1/226& olg3led AMEE N/ Nofke
HPC-4GNe] A$d= ¢ 2.1 128]i1 HPC-8GN9
AL oF 1724 A9 4B & et oY
& AP N /NE gufe] EFwnt ohiz} 7hu
gy o) zeln guiel fujExizte] st
N @A AuEE Aatgch. HPC-8GN
o] HPC-4GN9| vja] saAle] Zole 7 WA &
A9l CHy719) 4= @k (Figure 3 FaL). waiA,
gujo] ZFo) WAl HPC-8GNo] HPC-4GNdj
vg AVE 2 g¢¢ Jehly HPC-8GN& HPC-
AGNd| u)s) Eate] Hsjo] Airoz Gop
HPC-8GNo] HPC-4GNdl| &l N, /N,gkol 43
oz 7tadle Aoz A

Table 29] ASTES vingd o3 & + A%
o], HPC-4GN3} HPC-8GNo| &3 wgh&ZFAl
Ueple 48,9 45, 3 A9 Bdsht olg9] &
o v& AS.ke o 287} Atk o]2d o'Fye
AEAAS cholesteric AEY A 25 HEEH
= Ao 241051719 psendonematic e}l HPC
Bx17ke] 7}aL7} pseudonematic F7te] HPCE AR
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Figure 9. Swelling anisotropy (4St/4Sy) in metha-
nol (@) and in water (O) plotted against crosslinking
agent concentration, at 25 C. (a) HPC-4GN and (b
HPC-8GN.

o] 7}, & pitch'o e rlanvt $4HC=
golup= M eRE 2fss Aoz ety
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Figure 10. Textures of HPC-8G4 swollen in organic
solvents at room temperature. (a) in water and (b) in
methanol.
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