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Poly(N-isopropylacrylamide)-based ionic hydrogels:
synthesis, swelling properties, interfacial adsorption

and release of dyes

Xianjing Zhou!, Jing Wang?, Jingjing Nie? and Binyang Du!

Poly(N-isopropylacrylamide)-based ionic hydrogels were synthesized by free-radical polymerization with N-isopropylacrylamide as
a monomer and imidazolium-based dicationic ionic liquid as a crosslinker. The dicationic crosslinkers [C,(Vim),1[Brl, were
obtained by quaternizing 1-vinylimidazole (Vim) with dibromo compounds (Br-C,H,,-Br) with various alkyl chain length n,
respectively. The effects of alkyl chain length and the amounts of crosslinker on the structure, swelling properties, interfacial
adsorption and release of anionic dyes of the obtained ionic hydrogels were systematically investigated by using scanning
electron microscopy, Fourier transform infrared spectroscopy and ultraviolet-visible spectroscopy. The obtained ionic hydrogels
showed good swelling properties and typical feature of poly(ionic liquid) in aqueous solutions, of which the quaternized
imidazolium moieties could interfacially interact with anionic dyes, such as methyl orange, methyl blue, congo red, orange G,
thymol blue and bromothymol blue. Different kinetic and adsorption isotherm models were used to describe the interfacial
adsorption and release behaviors of anionic dyes, which were strongly dependent on the chemical structures of the dyes.
Polymer Journal (2016) 48, 431-438; doi:10.1038/pj.2015.123; published online 20 January 2016

INTRODUCTION
Hydrogels as 'soft-and-wet' materials' are chemically or physically
crosslinked three-dimensional networks. They are water insoluble but
can absorb a large amount of water (50-90%) and maintain their
semisolid morphology,>* which have been widely used as drug-
delivery systems, tissue engineering, super absorbents, cosmetics, food,
sensors and contact lenses.” ¢ In recent decades, ionic liquids (ILs)
have attracted considerable attention in a wide variety of fields because
of their excellent properties, such as immeasurably low volatility, high
ionic conductivity, non-flammability and high polarity.!”~?! ILs have
also been used as monomers to synthesize polymeric ILs (PILs), which
are described as a novel class of materials combining the properties of
ILs and the specificities of polymers.?>~>* The most notable feature of
ILs and PILs is that their counter ions can be altered via ion exchange
reaction. If IL or PIL moieties were incorporated into the hydrogel
crosslinking network, the resultant hydrogel might possess both
characteristics of IL or PILs and hydrogel. Such synergetic properties
might expand the scope of hydrogel applications and provide
enhanced performance in their potential applications. For example,
Yan and co-workers,>%” reported the preparation of poly(ionic
liquid) gels via host—guest interaction and the applications of ILs for
the synthesis of polymeric materials.

Many industries such as textile industries, the leather tanning
industry, paper production, food technology, agricultural research,

light-harvesting arrays, photoelectrochemical cells and hair colorings
have given rise to dye-bearing effluents in their production
processes.”®?° For aqueous ecosystem, dyes will prevent the sunlight
from penetrating into the water and hence impede the
photosynthesis.’® Some dyes are also carcinogenic, mutagenic and
harmful to the human respiratory system.’!*> However, discharged
dyes in the environment is very difficult to treat, as the dyes have
stable and complex chemical structures, as well as low
biodegradability.>> A wide range of methods have been developed
for the removal of dyes from waters to decrease their impact on the
environment, including adsorption on inorganic or organic matrices,
oxidation, decolorization by photocatalysis, microbiological or
enzymatic decomposition and so on.>*

Recently, we have successfully introduced IL moieties into the
network of microgels, via the simultaneous quaternized crosslinking
reaction during the surfactant-free emulsion copolymerization, leading
to a new type of ionic microgels with synergetic properties of IL and
microgel.>>38 In the present work, we reported the synthesis of poly
(N-isopropylacrylamide)-based ionic hydrogels by using N-isopropy-
lacrylamide (NIPAm) as the monomer and imidazolium-based
dicationic IL as the crosslinker, as shown in Scheme 1. The obtained
hydrogels containing quaternized imidazolium moieties exhibited
strong interfacial interaction with anionic dyes, which could be
potentially used for the removal of anionic dyes from aqueous
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Scheme 1 Synthesis of poly(N-isopropylacrylamide)-based ionic hydrogel and its properties of interfacial adsorption and release of anionic dyes. A full color

version of this scheme is available at Polymer Journal online.

ecosystem. The effects of alkyl chain length and amounts of crosslinker
on the structure, swelling properties, interfacial adsorption and release
of anionic dyes of the obtained ionic hydrogels were systematically
investigated and discussed.

EXPERIMENTAL PROCEDURE

Materials

1-Vinylimidazole (Vim), NIPAm, 1,3-dibromopropane, 1,4-dibromobutane,
1,6-dibromohexane, potassium peroxodisulfate, N,N,N’,N’-tetramethylethyle-
nediamine, MO, MB, CR, OG, TB, BTB, NaCl, methanol and diethyl ether
were used as received without further purification.

Synthesis of imidazolium-based dicationic ILs [C,(Vim),][Br],

(" =3,4,6)

Vim (15 mmol) and dibromo compounds (Br-C,H,,-Br) (7.5 mmol) were
dissolved in methanol (10 ml) in a round-bottom flask fitted with a condenser.
The dibromo compounds used here were 1,3-dibromopropane (Br-C;Hg-Br),
1,4-dibromobutane (Br-C4Hg-Br) and 1,6-dibromohexane (Br-CgH;,-Br),
respectively. Subsequently, the mixture was stirred at 70 °C for 40 h. The
reaction mixture was precipitated from diethyl ether (100 ml), and recrystal-
lized twice in diethyl ether. The products were dried under a vacuum for 24 h
at room temperature. [C,(Vim),][Br], (n=3, 4, 6) were obtained as white
solid (yield: 86-92%). The 'H nuclear magnetic resonance ('"H NMR) spectra
of [C,(Vim),][Br], crosslinkers were shown in Supplementary Figure S1. Vim:
'H NMR (400 MHz, D,O, &y, ppm.): 7.76 (1H, NCHN), 7.33
(1H, CH,CHNCHCHN), 6.97 (2H, CH,CHNCHCHN), 5.37 (1H, CH,CHN)
and 4.92 (1H, CH,CHN). [C5(Vim),]Bry: 'H NMR (400 MHz, D,0, &y,
ppm.): 9.02 (2H, NCHN), 7.70 (2H, CH,CHNCHCHN), 7.51
(2H, CH,CHNCHCHN), 7.02 (2H, CH,CHN), 5.72 (2H, CH,CHN), 5.35
(2H, CH,CHN), 4.28 (4H, NCH,CH,CH,N) and 2.47 (2H, NCH,CH,CH,N).
[Ca(Vim),]Bry: 'H NMR (400 MHz, D,0, 6y, p.p.m.): 8.97 (2H, NCHN), 7.68
(2H, CH,CHNCHCHN), 7.47 (2H, CH,CHNCHCHN), 7.02 (2H, CH,CHN),
5.71 (2H, CH,CHN), 5.33 (2H, CH,CHN), 4.20 (4H, NCH,CH,) and 1.85
(4H, NCH,CH,). [C¢(Vim),]Br,: 'H NMR (400 MHz, D50, &y, p.p.m.): 8.92
(2H, NCHN), 7.65 (2H, CH,CHNCHCHN), 7.45 (2H, CH,CHNCHCHN),
7.00 (2H, CH,CHN), 570 (2H, CH,CHN), 532 (2H, CH,CHN), 4.11
(4H, NCH2CH2CH2), 1.78 (4H, NCH2CH2CH2) and 1.25 (4H,
NCH,CH,CH,). Note that bold of H represents the description of the
characteristics chemical shifts of the proton.
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Table 1 Experimental conditions of poly(N-isopropylacrylamide)-
based ionic hydrogels

[C(Vim)2]Bro
crosslinkers

Sample Molar NIPAm KPS TEMED

codes n percenf (gmi=1)  (mgmi=1)  (uImi~1)  Swelling ratio
C3-1.8 3 1.8 61+6
C4-1.8 4 1.8 45+1
C6-1.8 6 1.8 0.1 4 4 36+2
C4-3.6 4 3.6 33+1
C4-9.0 4 9.0 20+3

Abbreviations: KPS, potassium peroxodisulfate; NIPAm, N-isopropylacrylamide; TEMED, N,N,N’,
N"-tetramethylethylenediamine; Vim, 1-vinylimidazole.
aMolar percent of crosslinkers (%) =[crosslinker] (mmol mI~1)/[NIPAm] (mmol mI~1)x 100%.

Synthesis of poly(N-isopropylacrylamide)-based ionic hydrogels
The poly(N-isopropylacrylamide)-based (PNIPAm-based) ionic hydrogels
were prepared by free-radical crosslinking copolymerization of NIPAm and
[C,(Vim),]Br, (n=3, 4, 6) in aqueous solution with the presence of
potassium peroxodisulfate initiator and N,N,N’,N’-tetramethylethylenedia-
mine accelerator at room temperature. Five hydrogels were prepared in the
disposable syringes with 5 mm inner diameter, respectively. Dusts were
removed from the reaction solutions by filtering them through Nylon
membrane filters with 220 nm pore size before adding into syringes. The
experimental conditions were listed in Table 1. After 24 h, the obtained
hydrogels were taken out from syringes and put into a water reservoir. The
water was frequently changed until the unreacted monomer was extracted
and the hydrogels reached swelling equilibrium. The swollen hydrogels were
then collected and freeze-dried.

Swelling measurements

The swelling behavior of PNIPAm-based ionic hydrogel was investigated by
immersing freeze-dried gels in deionized water at room temperature and
recording the amounts of water absorbed at various time intervals. The swelling



ratio (SR) was determined using the following equation:

(we — wa)
wq

SR = x 100% (1)
where w; and wy are the weight of hydrogel at time ¢ and initial dried weight,
respectively. All measurements were replicated at least three times.

Interfacial adsorption and release of anionic dyes in aqueous
solution

A given amount of freeze-dried gels (0.02 g) with sample codes of C3-1.8,
C4-1.8, C6-1.8, C4-3.6 and C4-9.0 were swollen in 50, 50, 50, 100 and 250 ml
of MO, MB or CR with a concentration of 0.1 m, respectively, for 30 days to
reach adsorption equilibrium. Note that the molar ratio of anionic dyes in
aqueous solutions to the quaternary Vim moieties in hydrogels was the same
for all of five samples. The amount of unloaded dye was determined by
ultraviolet-visible (UV—vis) spectroscopy. The equilibrium adsorption capacity
(Qe) was determined according to Equation (2):

(Ci—Co)V

Q.= (2)

where C; is the initial concentration of dyes in the mixture, C. is the
equilibrium concentration of dyes in the liquid phase, V is the volume of the
mixture and m is the mass of the dried hydrogels. The kinetics of C4-1.8
hydrogels for adsorption of dyes were studied by mixing 0.02g freeze-dried
C4-1.8 hydrogels and 50 ml dye solutions, that is, MO, MB, CR, OG, TB or
BTB, respectively. At each time interval, 2 ml of the surrounding medium were
sampled and determined by UV-vis spectroscopy.

Release of absorbed dyes from C4-1.8 hydrogels was investigated by
immersing the dye-adsorbed hydrogels in 0.01m NaCl aqueous solutions.
Typically, weighed amounts of dye-adsorbed hydrogels were immersed into
50 ml NaCl aqueous solutions (0.01m). At each time interval, 2 ml of the
surrounding medium were sampled and replaced with 2 ml of fresh NaCl
aqueous solutions (0.01m). The sampled solutions were measured by UV-vis
spectroscopy.

Adsorption isotherm of dyes on C4-1.8 hydrogels was also investigated. MO,
MB and CR solutions with the concentrations of 7.6x107°, 1.5x107%
23%107% 3.1x107% 38x107% 46x107% 53x107% 6.1x1074
7.6x107% and 9.2x 104 mol 1~ were prepared for the batch-mode adsorp-
tion. The adsorption behavior of hydrogels was measured as follows: freeze-
dried C4-1.8 hydrogels (0.02 g) were put into 25 ml dye solutions with a
predetermined concentration until the adsorption equilibrium was achieved.
Concentrations of dyes in solutions before and after adsorption were
determined by UV-vis spectroscopy. The equilibrium adsorption capacity
(Qe) was calculated by Equation (2).

Instrumentation

"H NMR spectra were recorded on a 400MHz Varian Mercury Plus NMR
instrument (Palo Alto, CA, USA) with D,O as solvent. The morphologies of
obtained PNIPAm-based ionic hydrogels were obtained by using a scanning
electron microscopy (Hitachi S4800 electron microscope, Tokyo, Japan). The
samples for scanning electron microscopy measurements were freeze-dried and
coated with platinum vapors before measurements. Fourier transform infrared
spectra were recorded on a Vector 22 Bruker spectrometer (Karlsruhe,
Germany). UV-vis spectra were recorded on a Cary 100 instrument (Varian,
Melbourne, VIC, Australia).

RESULTS AND DISCUSSION

Synthesis and characterization of PNIPAm-based ionic hydrogels
PNIPAm-based ionic hydrogels were obtained by free-radical copoly-
merization of NIPAm and IL crosslinker, [C,,(Vim),]Br, (n=3, 4, 6),
in an aqueous solution with the presence of potassium peroxodisulfate
initiator and TEMED accelerator, as described in the Experimental
procedure section. Five hydrogels were obtained by changing the type
and amounts of crosslinkers, respectively. Figure 1 shows the scanning
electron microscopy images of the cross-section of five hydrogels,
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which were swollen in aqueous solutions and then freeze dried. The
freeze-dried hydrogels showed porous structures. Obvious pores were
observed for C4-3.6 and C4-9.0 hydrogels. While for C3-1.8, C4-1.8
and C6-1.8 hydrogels, pores were not obvious and there were many
folds on the surface. It was probably due to the reason that C3-1.8,
C4-1.8 and C6-1.8 hydrogels with lower crosslinking degrees had
larger pores after swollen, and such larger pores might be easier to
collapse after freeze dried.

Fourier transform infrared spectroscopy measurements were carried
out to confirm the composition of hydrogels. Figure 2 shows the
Fourier transform infrared spectroscopy spectra of the five ionic
hydrogels. The characteristic bands at 1642, 1543 and 1458 cm ™!
could be ascribed to the C=0 stretching vibration, N-H stretching
vibration and the methyl group asymmetric bending vibrations of the
PNIPAm segments, respectively. The characteristic bands at 3070 and
834 cm~! could be assigned to the C-H stretching vibrations and
out-of-plane deformation vibrations of imidazole rings of Vim
segments, respectively. These results showed that the PNIPAm-based
hydrogels crosslinked with [C,,(Vim),]Br, were successfully obtained.

Figure 3 shows the swelling kinetics of the obtained PNTPAm-based
ionic hydrogels. It is clearly discernable that all the hydrogels reached
swelling equilibrium after 600 min. The equilibrium SRs of the ionic
hydrogels were listed in Table 1, which were strongly dependent
on the alkyl chain length n and the amounts of [C,(Vim),]Br,
crosslinkers. The equilibrium SRs of C3-1.8, C4-1.8 and C6-1.8
hydrogels decreased with increasing the alkyl chain length #n of
crosslinker when the amounts of [C,(Vim),|Br, crosslinkers were
fixed to be 1.8%. It is reasonable because the longer alkyl chain length
of crosslinker was the more hydrophobic the resultant hydrogel,
leading to the lower equilibrium SR. In addition, when fixing the
alkyl chain length but increasing the amounts of crosslinker, the
equilibrium SR decreased from 45 to 33 and 20 for C4-1.8, C4-3.6 and
C4-9.0 hydrogels. More crosslinkers increased the crosslinking density
of the hydrogel networks, causing the decrease of equilibrium SR.

Interfacial adsorption and release of anionic dyes in aqueous
solutions

Since the obtained PNIPAm-based ionic hydrogels crosslinked with
[C,(Vim),]|Br, possessed quaternized Vim moieties, such ionic
hydrogels exhibited strongly interfacial interactions with anionic dyes.
These ionic hydrogels were capable to interfacial adsorb and release
anionic dyes in aqueous solutions. Six anionic dyes, that is, MO, MB,
CR, OG, TB and BTB were then studied. Scheme 2 shows the
chemical structures of six anionic dyes.

The adsorption capacities of PNIPAm-based ionic hydrogels for
MO, MB and CR were first studied, as shown in Figure 4a. Note that
the molar ratios of anionic dyes in aqueous solutions to quaternized
Vim moieties in hydrogels were kept the same for all the samples. The
Q. values were determined by immersing freeze-dried hydrogels into
dye solutions for 30 days to ensure adsorption equilibrium. The
amounts of unloaded dyes were determined by UV-vis spectroscopy.
The standard curves for UV adsorption of dyes were listed in
Supplementary Figure S2. As seen from Figure 4a, the adsorption
capacities of C3-1.8, C4-1.8 and C6-1.8 hydrogels for the same dye
were the same, which indicated that the alkyl chain length #n of
crosslinkers did not affect the adsorption capacities of resultant
hydrogels. For C4-1.8, C4-3.6 and C4-9.0 hydrogels, the adsorption
capacities for MO and MB increased with increasing the amounts of
[C4(Vim),]Br, crosslinkers while the adsorption capacities for CR
were the same. For MO and MB, the quaternized Vim moieties and
the corresponding alterable counter anions in hydrogels via interfacial
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Figure 1 Scanning electron microscopy (SEM) images of poly(/N-isopropylacrylamide)-based (PNIPAm)-based ionic hydrogels with sample code of (a) C3-1.8,

(b) C4-1.8, (c) C6-1.8, (d) C4-3.6 and (e) C4-9.0, respectively.
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Figure 2 The Fourier transform infrared spectroscopy (FTIR) spectra of the
obtained poly(N-isopropylacrylamide)-based (PNIPAm)-based ionic hydrogels.

ionic interaction increased with increasing the amounts of cross-
linkers, leading to more adsorbed anionic dyes. However, CR has
larger size, less planar geometry and greater value of free energy of

Polymer Journal

70 F

60

30 F

Swelling Ratio

20

1000
Time (min)

0 500 1500 2000

Figure 3 Swelling kinetics of the obtained poly(/N-isopropylacrylamide)-based
(PNIPAm)-based ionic hydrogels.

solvation than MO and MB.?® The molecular size and surface area of
CR are 2.65x 1.10x 0.25 nm and 2.92 nm?, respectively.*’ The CPK
models of MO, MB and CR were listed in Supplementary Figure S3.
The adsorption capacities of all hydrogels for CR were almost similar.
The inset of Figure 4a shows the photo of CR-adsorbed hydrogel with
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Figure 4 (@) The equilibrium adsorption capacities of  poly(/N-
isopropylacrylamide)-based (PNIPAm)-based ionic hydrogels for methyl

orange (MO), methyl blue (MB), congo red (CR), respectively. The inset
shows the photo of CR-adsorbed hydrogel with sample code of C4-9.0.
(b) The adsorption kinetics of C4-1.8 hydrogels for MO, MB, CR, OG, thymol
blue (TB) and bromothymol blue (BTB). The lines were fits with the pseudo-
first-order kinetics, that is, Equation (3).

sample code of C4-9.0. The color of edge of the hydrogel was much
deeper than that of center, which indicated that the CR tended to be
adsorbed onto the surface of the ionic hydrogels.

The adsorption kinetics of the obtained PNIPAm-based ionic
hydrogels for adsorption of anionic dyes were further studied.

Figure 4b shows the adsorption of six dyes on C4-1.8 hydrogels as a
function of time. The observed adsorption behavior could be well
described by the pseudo-first-order kinetics, given as:

log (Q. — Q) = log Q. — 5 2 o)
where Q. and Q; are the amounts of dye adsorbed at equilibrium
and at time f, respectively; k; is the rate constant of
pseudo-first-order adsorption. The rate constant k;, equilibrium
adsorption amount Q. and correlation coefficients (R?)
were summarized in Supplementary Table S1. Moreover, the
sequence of adsorption capacity after adsorption for 16 days was
MB799.80 > CReos.68 > BTBs24.38 > TBugs.50 > OGas2.57 > MO327.32,
which might indicate that the obtained PNIPAm-based ionic
hydrogels preferred to adsorb anionic dyes with larger molecular
weight. Note that the subscript represented the molecular weight of
the anionic dye.

Figure 5 shows the adsorption isotherms of MO, MB and CR
absorbed onto C4-1.8 hydrogels in aqueous solutions at room
temperature. The adsorption isotherms were described with Langmuir
and Freundlich models, respectively. Langmuir*! proposed a theory to
describe the adsorption of gas molecules onto metal surfaces. It has
also been applied to many other sorption processes and used to
explain the monolayer adsorption of dyes over a homogeneous
surface.*? Freundlich*® demonstrated that the ratio of the amount of
solute adsorbed onto a given mass of adsorbent to the concentration
of the solute in the solution was not a constant at different solution
concentrations. It was derived by assuming a heterogeneous surface
with a non-uniform distribution of heat of adsorption over the
surface. The linearized Langmuir and Freundlich isotherms are given
as Equations (4) and (5), respectively.

% = & + 1 (4)
Qe Qm KLQm
InQ, =InKp + éln Ce (5)

where Kj is the Langmuir adsorption constant (Img~!) related to
energy of adsorption, Q, signifies adsorption capacity (mgg 1), K is
Freundlich constant (Img~!) and 1/n is the heterogeneity factor. The
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Figure 5 Adsorption isotherms of C4-1.8 hydrogels for methyl orange (MO),
methyl blue (MB) and congo red (CR) at room temperature. The lines were
fitted with Langmuir (a) and Freundlich (b) adsorption models, respectively.

Table 2 Isotherm parameters for adsorption of MO, MB and CR by
C4-1.8 hydrogels at room temperature

Langmuir model Freundlich model

Dye K. Qm R2 Kr 1/n R?

MO 0.0127 64.8 0.995 3.730 0.478 0.951
MB 0.0023 505.1 0.887 3.795 0.691 0.927
CR 0.0022 578.0 0.888 5.124 0.661 0.966

Abbreviations: CR, congo red; K|, Langmuir constant; Kg, Freundlich constant; MB, methyl
blue; MO, methyl orange; Qm, adsorption capacity; 1/n, heterogeneity factor.

fitting parameters of the Langmuir and Freundlich isotherm models as
well as the correlation coefficients (R?) were given in Table 2. The
adsorption behavior of MO onto C4-1.8 hydrogels were more close to
the prediction of Langmuir isotherm, which could be applied to
monolayer adsorption. While for MB and CR, Freundlich isotherm
was more suitable. These results indicated that the same adsorbent
behaved differently for the adsorption of different anionic dyes, which
was consistent with Paritosh’s results.** Similar results have been
reported for adsorption of MO on surfactant modified silkworm
exuviae®> or carboxymethyl cellulose-g-poly(2-(dimethylamino) ethyl
methacrylate) hydrogel,® MB adsorption on barium phosphate
nanoflake?” or magnetic carbon nanotube,*® and CR adsorption on
cyclophosphazene-bridged mesoporous organosilicas.** Values of 1/n
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Figure 6 Dyes-adsorbed PNIPAm-based ionic hydrogels immersed in water
(a) and 0.01w NaCl aqueous solutions (b). (c) Release profiles of dyes from
the dyes-adsorbed PNIPAm-based ionic hydrogels as a function of time in
0.01m NaCl aqueous solutions.

<1 show the favorable nature of adsorption of MO, MB and CR on
C4-1.8 hydrogels.*” The maximum adsorption capacities of C4-1.8
hydrogels for MO, MB and CR were 64.8, 505.1 and 578.0mgg™ !,
respectively. These values were higher compared with the results
reported for adsorption of MO on poly(AM-co-DADMAC)/silica sol
(3131 mgg '), MB adsorption on magnetic carbon nanotube
(11534 mgg~1)*® and CR adsorption on chitosan hydrogel beads
impregnated with carbon nanotubes (450.4 mgg~')>! or magnetic
chitosan/poly(vinyl ~alcohol) hydrogel beads (470.1 mgg™1'),>
respectively.

The adsorbed anionic dyes could be released from the PNIPAm-
based ionic hydrogels via the anion exchange reaction, as shown in
Figure 6. By immersing the dye-adsorbed hydrogels in 0.01m
NaCl aqueous solution, MO, MB, OG, TB and BTB could be
gradually released from the ionic hydrogels (cf. Figure 6c). For
about 700 min, all of the dye-adsorbed hydrogels reached release
equilibrium. By anion exchange, MO and OG were almost
completely released and ca. 70% TB, 40% BTB and 25% MB were
released, respectively. The sequence of equilibrium release
was  MO337.32 > OGys2.37 > TBuge.50 > BTBe24 35 > MB799 30 > CReos.65,
which was substantially the opposite to the sequence of equilibrium
adsorption capacity as shown in Figure 4b. The anionic dyes with
more complex chemical structure and larger molecular weight
exhibited stronger interfacial interaction with PNIPAm-based ionic
hydrogels and the adsorbed anionic dyes were then more stable within
the hydrogel networks. Interestingly, the CR dye formed very stable



ionic association with PNIPAm-based ionic hydrogels and did not
release any more, which might be probably due to the rod-like bulky
structure with two anionic sulfonate groups located at both ends of the
molecule (cf. Scheme 2). The ionic interactions between quaternized
Vim moieties and anionic sulfonate groups might strongly entrap the
CR molecules into the hydrogel networks like pseudo-crosslinking.
These results suggested that the PNIPAm-based ionic hydrogels
obtained in the present work might have potential and promising
applications for dye loading and controlled release and the treatment
of wastewater with anionic dye contamination.

CONCLUSION

Poly(N-isopropylacrylamide)-based ionic hydrogels were successfully
synthesized by free-radical polymerization with NIPAm as the mono-
mer and imidazolium-based dicationic IL as the crosslinker. The
obtained ionic hydrogels had porous structures, good swelling proper-
ties and exhibited strongly interfacial interaction with anionic dyes in
aqueous solution, which were strongly dependent on the chemical
structures of the anionic dyes. The interfacial adsorption kinetic of
anionic dyes on the obtained ionic hydrogels could be described by the
pseudo-first-order kinetics. The anionic dyes with more complex
chemical structure and larger molecular weight exhibited stronger
interfacial interactions with PNIPAm-based ionic hydrogels.
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