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Abstract: Hydroxyethyl cellulose (HEC) with hydroxyethyl group substitution degree (DS) 1.0 and molar substitution
degree (MS) 2.0 was reacted with butyl glycidyl ether (BGE) to synthesize 2-hydroxy-3-butoxypropyl hydroxyethyl cel-
lulose (H-HEC). The properties of H-HEC prepared by varying BGE concentrations were analyzed using 'H NMR, FTIR,
and UV-Vis spectrophotometer. The aqueous solution of H-HEC showed a lower critical solution temperature (LCST),
indicating that H-HEC is a thermoresponsive polymer. As the concentration of reacting BGE during H-HEC synthesis
increased, the MS of hydroxy-butoxypropy! group increased linearly and LCST decreased linearly. H-HEC was cross-
linked with epichlorohydrin (ECH) to prepare a thermoresponsive hydrogel. Measurement of the swelling property in dis-
tilled water showed a maximum swelling ratio when H-HEC was crosslinked at a certain ECH concentration. H-HEC
retained the Cellulose II crystal structure, but the hydrogel obtained by crosslinking with ECH showed no crystal struc-
ture.

Keywords: 2-hydroxy-3-butoxypropyl hydroxyethyl cellulose, butyl glycidyl ether, epichlorohydrin, hydrogel, ther-
moresponsive property.
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Hydrophilic segment Hydropobic segment

OR

R = H or CH:CH,OH

Hydroxyethyl cellulose (HEC) Butyl glycidyl ether (BGE)

NaOH catalyst RO T-

e e o 3
80°C,5h

OR"
n
R"= R or CH;CHOHCH,OCH,CH,CH,CH; or
CHyCHLOCH,CHOHCH,OCH-CH,CHACH;

2-Hydroxy-3-butoxypropyl hydroxyethyl cellulose (H-HEC)
Scheme 1. Scheme for the synthesis of 2-hydroxy-3-butoxypropyl

hydroxyethyl cellulose (H-HEC) by reacting hydroxyethyl cellulose
(HEC) with butyl glycidyl ether (BGE).
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Figure 1. FTIR spectra of (a) HEC; (b) Ho3;-HEC; (¢) Hyss-HEC;
(d) BGE.
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Figure 2. '"H NMR specta of (a) HEC; (b) Hyss-HEC.

TollA= W Al @] Fujo] 2 IR s wiE
o] BGE 3=/} ¥ Z7}511 HBP & |37} dAsA=
dEe B Z0R dEAARE, AGU 3 BGES 3 &V
7HA 8t 42 H-HEC 78919 LCST7F -2 Kot Btobx
7] W&o o] & F%o BGER WAl A5 A %E1A)
iy

H-HEC2| LCST HE £4. 94754 Z&EAe] A%
2 Yol EAlskes 1579719 & Alole] At o3
Eo &a=A Het, o= 2% oo g HH 7k 4
o] e o3l 44 Ao T Eo] AHHEO =R LCST A
&S Uepdnh. b X5 aratel] At o] A
71E AFAA 9884 IEAE e, B 2R &
AZY AR e WEIE Q18 Ak =l gk 83l4de] 3
FEAL B2 Y A Ao H8S et ke
254 LCSTZF YeuE S 23 o] 7Fs3itt.

HBP & X|3t:7} T2 H-HECY LCST A%< #4517)
93, H-HEC N85S 5750 10gL 52 8313 &
o8] A 590 nm Tgox o] W BIEE S5t
H-HECE o# 2% olalollxE 2144 Kol HECY] <3l
Eol &a)71 2 HA, ofHl 2% oM AFA HiE
Ql FEAZ2 7|0 o3 Exke] A o] T il AR
A7r s Apgo] ZelA Eoll 8ll=A] Al Hrh. Figure 4
£ HBP & X|3t:7} T2 H-HEC 959 Lxo 2
4 Fi% HelE veRd Zlolth AGU ¥ BGEE 0.5 &H]
2 AMg3te] AL (a) Hy, -HECE X|$HE 3| =2A) =]
27|17} ul$- F7] wi2ol] x14d0] AX 50°C ol de] =
ZoXE LCST AsS YepliA] 5 T3 & FeE
A3t AGU B BGES 1 BH] ol AHE31S wjiE],
w2 2oA = 100%0] 7k e Holth 5 2

2 o

0.8

0.7

0.6

0.5

04

0.3

0.2

0.1

MS of 2-hydroxy-3-butoxypropyl group

0.0
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5

BGE concentration (mol ratio to AGU)

Figure 3. Increase in molar substitution (MS) of 2-hydroxy-3-
butoxypropyl group in H-HEC with increasing BGE concentration.
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Figure 4. Changes in light transmittance of H-HEC aqueous solu-
tion at 590 nm with increasing solution temperature. MS of 2-
hydroxy-3-butoxypropyl group: (a) 0.11; (b) 0.20; (c) 0.33; (d) 0.39;
(e) 0.49; (f) 0.58; (g) 0.71.
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Figure 5. LCST change of H-HEC aqueous solution (a) with
increasing BGE concentration; (b) with increasing MS of 2-
hydroxy-3-butoxypropyl group.
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Figure 6. Reversible change in light transmittance of Hg3-HEC

aqueous solution at 590 nm when the solution temperature is repeat-
edly increased and decreased.
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Figure 7. Hysteresis of light transmittance (at 590 nm) of an aque-
ous solution of Hy3;-HEC between (a) increasing; (b) decreasing
cycle of temperature.
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Figure 8. Changes in swelling ratio (S,) of CE-H, 3-HEC hydrogel
swollen in distilled water (a) below LCST (at 25 °C); (b) above
LSCT (at 50 °C) with ECH concentration.
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Figure 9. Changes in swelling ratio (S.,) and deswelling ratio of
CEy.75-Ho3»-HEC hydrogel swollen in distilled water with solution
temperature.

SEE 0.75 AGU M= dAsH st AZgF CEqys-Hosom
HEC 3M& o] 259 SR WaH|(S,)E 5783t
o Figure 9(a)°ll YERNATE 2o &3]= At I A==
H-HEC®] LCST Wh& F3 A= FA T, T =
30~35 °ColA BE-F5EE o] Asol Yehde &
21t} Figure 9(by= A7lo] &= o]3lel 25 °CollA <] 5]
E 100%= 3t3e o 7} %9 SRl HEH]7t
Ao g ojHl H| &R FEHYE AS Yepd 2 Zolth
30 °C o]atollA= 90% o] F5ES YA, &%
7} Eoldel] wet FEEE Hl&o] FAF Fo1E9] 40 °C ©]
M E 2] 35% AR 714K

CE-H-HEC &3} e] e & Yol 7] 98l FE-SEMS
AFE-3le] 0.75 AGU Y] 59| ECHZ 7t Al CEqys-
Hy3-HEC F3bd 2] -5 23 (25 °C)2F 5= A H1 (50 °C)ol
A19] olu|AE Ao Figure 100 YERNRITE o] w] S8l =
o A& B 75 FHE FAATI] fEiA A AaAE F
WAIZ1aL T4 AN AEES AMESISITE LCST ©lsiel
25°ColA HEAIZ Fapde] e 1w ReE o
ZZ JeRN 22 itk TheE, PVAY PNIPAAmM SF3PdolA] 1}
ERt= A9 FE9 core-shell 3= #HE317] FESQIT o]
£ 9olr A3 ule} 7ho] H-HECEH-E] A|lzH F3dE
o] BEH7F Lt FsAlR s JA43] 2] wiEolth Hys-
HEC®] LCST ©o]/d<l 50 °CollA F3ld-& 54171 Al59]
FE-SEM olu|R|ol| A= 3§ AJeel vlsl 715 27|17} w9
ol A 2| 7]F E7E A floldeS B 7 A
ot 2"eA 22 EAlZE EAlSkE 22 ECHE 7hd 5
shdlo] ¢bds] 7SR K] Y d2delth. 5, 7k
A gFe IFAES LCST oollA] 2Hd3] =5t v
sl 7k FEES M2 AdE o] 7] wlEe] o=

Zay, Al4498 A43, 202013

(b)

Figure 10. FE-SEM images (x500) of freeze-dried CE,;5-Hg3-HEC
hydrogel swollen (a) below LCST (at 25 °C); (b) above LSCT (at
50 °C). Scale bar=10 um.
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Figure 11. WAXD profiles of (a) cellulose I; (b) HEC; (c) Hgso-
HEC; (d) CEg75-Hg3-HEC hydrogel.
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