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Abstract: Amino group-terminated poly(N-isopropylacrylamide) (PNIPAAm-NH,) was synthesized via a radical poly-
merization of N-isopropylacrylamide (NIPAAm) using 2-aminoethanethiol hydrochloride (AESH) as a chain transfer
agent. The molecular weight of the PNIPAAm-NH, was controlled by changing the concentration of AESH. The LCST
of the aqueous solution of PNIPAAm-NH, increased slightly with increasing the AESH concentration. Alginate-g-
PNIPAAm copolymer was synthesized by grafting PNIPAAm-NH, onto sodium alginate using N-(3-dimethylami-
nopropyl)-N"-ethylcarbodiimide and N-hydroxysuccinimide. The formation of the grafted copolymers was confirmed by
FTIR spectroscopy, solubility in water, and SEM-EDS. Alginate-g-PNIPAAm also exhibited swelling-deswelling behav-
ior. However, it showed a LCST at a slightly increased temperature compared to PNIPAAm. The swelling ratio of the
alginate-g-PNIPAAm hydrogel increased with the increase of the grafted PNIPAAm content.

Keywords: poly(N-isopropylacrylamide), sodium alginate, graft, thermo-responsive property, swelling.
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Scheme 1. The “egg-box™ model of gelation of alginate with Ca™

ion.”

Low Ca’" model

Pe + R-SH — P;H + R-S-

R-S*+ mM —= RS—P;

Overall: R-SH + mM — RS—P,—H

Scheme 2. Thiol as a chain transfer agent and products formed.
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Figure 1. FTIR spectra of (a) NIPAAm; (b) PNIPAAm; (c)
PNIPAAmM-NH,.
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Figure 2. EDS spectra of (a) PNIPAAm; (b) PNIPAAm-NH,.
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HolsAl oJs] AP o] =2 kg R <l AH
29 A 9 vhgatA Hof, S XH NBPHA LA}
2 75 59 AR LA BAEES A7) Wi
o]t} AIBNS NIPAAM®| 0.5 mol%= %_‘Xé SlA 3faL AESH
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= 7827 dojH o NIPAAmO)| th3k AESHS] %<
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Table 1. Reactant Ratios for the Synthesis of PNIPAAm-NH,
and Its Molecular Weight

*

Mol ratio M,

Sample code (NIPAAM:AIBN:AESH)  (g/mol)
PNIPAAm 1:0.005:0 2.2x10*
PNIPAAm-NH,(2) 1:0.005:0.05 1.5%10*
PNIPAAmM-NH,(3) 1:0.005:0.03 1.7x10*
PNIPAAm-NH,(4) 1:0.005:0.025 1.9x10*

"Determined by GPC.
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Figure 3. Changes in the transmittance of the aqueous solutions
(0.1 w/v%) of (a) PNIPAAm and (b-d) PNIPAAm-NH, according to
temperature. AESH content (mol %): (b) 0.025; (c) 0.03; (d) 0.05.

gJ(VolZEBolagot]S) B A

UEF-g-Ze|(Nolhxadoladoeln|s)e] 7 435 54 543

E&7F 57K LCST7F =olAth &, Aol sAe] &
7t AR ARl Al wet g o] ok EolA]=
S eI ol dofRl aritake] EAajgo] Zolx]
iR ez wete] 157191 oRlZIZE =9 = o] ATiA
2 5 2574 FA4 A o] FAE7] o)t oo
AESH A5 ®stA 7ol ]3] PNIPAAm®| LCSTE W
32 = 002, PNIPAAM-NH,:= PNIPAAm 3253
Axch Al A3 ¥ 77k LCSTE e AT

PNIPAAm 2 A= A4S 3k Zole] §8=HA &
A RE, GEA] o3l FRIHol 2 (TYE SHEY F+= Aot
Figure 4= PNIPAAm & 25%4 2 PNIPAAm-NHS DSC
ol 10°C/ming] &£EZ F$2A|7)HA =33 Aajolt},
PNIPAAmM TEZEA|2] 79 135°C F-2ollA A A<l &
g7lo] AsS YeRfA|NE 1 o]Fofx= Wsl glo] 443}
Ay 8§ F327F JeERA gttt ©]i= PNIPAAm®] =
ol Fu7t 2 X3S 2L o] AS P8R Eohe
A7 AEA]7] wF o]ty PNIPAAMm-NH,| 7%,
AESH ¥%7} 57Fr% T/} @obx], AESHE 5mol% At
83 Z9-ol= 120 °C7HA] AT ol AESHO| =
7l W B 7 o2 AgE Ak EapeE 7k
of oJgt 7, Aate] Bxrt |F A7) wiiol] A A atet
A Tek7]e] Fo] Helixl o= Bl

2IX|L{[0| E-g-PNIPAAM BFEHAe| gMat M. 4714t
UEFL 7HEA7E 2he AATEAe]7] wliof olnlr| &
Zb= PNIPAAM-NH,E HHSAIA 1P ZE FE3A & 4
I Ak AREAAAY] SRS dElsle] A oy 7] EAb
2ke] PNIPAAM-NH, ol Ex1&0] 7174 2+ PNIPAAm-
NH,Q2)E AR8-3lo] LAY|o]E9) graft-onto WH O = E351s}

o kI oX

—

(a) f\

(b)

Endo ——

{C) —j—-—-\__._,...._—»—

W

60 80 100 120 140 160
Temperature (°C)

Figure 4. DSC heating thermograms of (a) PNIPAAm and (b-d)
PNIPAAm-NH,. AESH content (mol %): (b) 0.025; (c) 0.03; (d)
0.05.
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Figure S. FTIR spectra of (a) PNIPAAm-NH,(2); (b) sodium alg-
inate; (c) alginate-g-P11.

Zan, #3748 A43, 20133

Ao} 15 oF1717E glofal AL B 5 itk

AR U|o] ES} PNIPAAM-NH,(2)2k] wHe-& & o g<la}
7] 95t FAEAS SITE &, YAMIYJEE C, H, 0 ¢
2R o] FojW TEAE N YAS E3A] FA R
PNIPAAm} ¥H&-8FA N d2kE 23sle dsHAE 34
sHAl "ot o5 Elst7] $lste] SEM-EDS #4183kl
), 7 3= Figure 69 YERHITE o]& ¥ EAYo|E

A, T

(a, oPlIA= N LAl &J3t D=7t A= A] 233t

A (b= N kel o v=7F yepte AS 91T
T Uth & AFolA= EAHo]EE PNIPAAM-NH,(2)<}
HEEAIZL T cut-off ®AFF 3500 g/moldl F41-8& FEE At
&3] 3 o] FAAIZ 7] "l A& PNIPAAm-
NH,QyF & 75432 79 §lot. mebA] o2& N 92t

300 4 (a)

Counts
Counts.

keV

300 300
Na (c) _Ca (d)

250 250

Counts

2 3 4 5 6 7 8 9 10
keV

Counts

100

50

L]

¥
200 \ 200
“ 150

o

1 2 3 4 5 6 7 8 9 10
keV
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Figure 8. Changes in swelling ratios with time of (a) alginate-Ca;
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