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ABSTRACT: A series of thermosensitive hydrogels were prepared from the various
molar ratios of N-isopropylacrylamide, 1-vinyl-3-(3-sulfopropyl) imidazolium betaine
(VSIB), and N,N9-methylene-bis-acrylamide. The influence of the amount of VSIB in
the copolymeric gels on the swelling behaviors in water, in various saline solutions, and
at various temperatures was investigated. The results indicated that the higher the
VSIB content in the hydrogel system, the higher the swelling ratio and the gel transi-
tion temperature. In the saline solution the results showed that when the concentration
of salt is higher than the minimum salt concentration (MSC) of poly(VSIB), the de-
swelling behavior of the copolymeric gel was more effectively suppressed as more VSIB
was added to the copolymeric gels. In addition, only the sample containing 12 mol %
VSIB (V4) exhibited an antipolyelectrolyte’s swelling behavior when the concentration
of salt was higher than the MSC of poly(VSIB). This means that the swelling ratio of the
hydrogel can be improved with a higher concentration salt solution. In addition, the
anion effects were larger than the cation effects in the presence of a common anion (Cl2)
with different cations and a common cation (K1) with different anions for the hydrogel.
Finally, the more VSIB in the hydrogel, the higher the diffusion coefficient in dynamic
swelling. © 2000 John Wiley & Sons, Inc. J Appl Polym Sci 77: 14–23, 2000
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INTRODUCTION

Hydrogels are crosslinked hydrophilic polymer
networks that swell but do not dissolve in water.
Hydrogels sometimes undergo a volume change in
response to a change in surrounding conditions,
such as pH,1 temperature,2,3 ionic strength,4 and

electric field.5,6 Therefore, they are extensively
applied in biochemistry systems.

Poly(N-isopropylacrylamide) [poly(NIPAAm)]
exhibits a lower critical solution temperature
(LCST) at 32°C in aqueous solution; its hydrogel
exhibits swelling or deswelling at temperatures
below or above the LCST.7–9 Poly(NIPAAm) hy-
drogels have been reported in the field of con-
trolled drug delivery,10,11 immobilization of en-
zymes12 and cells,13 and dewatering of protein
solutions.14 However, only a few of the hydrogels
containing a zwitterionic monomer or sulfobe-
taine’s monomer are reported in the litera-
ture.15–18 For example, Huglin and Rego15–17 re-
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ported on copolymeric gels prepared from the co-
polymerization of 2-hydroxyethyl methacrylate
and N,N-dimethyl-N-methacryloyloxyethyl-N-(3-
sulfopropyl) ammonium betaine and surveyed
their swelling behavior in the presence of potas-
sium thiocyanate (KSCN). In addition, Baker et
al.18 reported on ampholytic hydrogels prepared
from the copolymerization of AAm with N-(3-sul-
fopropyl)-N-methacrylamido-propyl-N,N-dimeth-
ylammonium betaine (SB1) (AAm/SB1), N-(3-
sulfopropyl)-N-methacroyloxyethyl-N,N-dimeth-
yl-ammonium betaine (SB2) (AAm/SB2), and
[(methacrylamido)propyl] trimethylammonium
chloride (MAPTAC) and sodium styrene sulfonate
(SSS) (AAm/MAPTAC/SSS). They investigated
the swelling behavior of these three xerogels in
water and in the various concentrations (1025–
5M) of sodium chloride aqueous solution. Their
results showed that antipolyelectrolyte behavior
was observed for the ampholytic hydrogels. The
ampholytic hydrogel reswelled as the concentra-
tion of sodium chloride increased to over 0.1M.

The thermoreversible hydrogels based on
NIPAAm and zwitterionic monomer or sulfobe-
taine’s monomer were not found in the literature.
A series of sulfobetaine monomers and corre-
sponding cationic monomers were prepared and
the aqueous salt behavior of their polymers was
investigated in our laboratory.19–23 Salamone et
al.24 reported on the aqueous salt solution behav-
ior of poly(1-vinyl-3-(3-sulfopropyl) imidazolium
betaine) [poly(VSIB)]. In our previous report we
investigated the swelling behavior of NIPAAm-
co-N,N9-dimethyl(acrylamidopropyl) ammonium
propane sulfonate (NIPAAm-co-DMAAPS) co-
polymeric hydrogels.25 Hence, a series of
crosslinked poly(NIPAAm-co-VSIB) were pre-
pared and the swelling behaviors of these xero-
gellants at various ratios of NIPAAm/VSIB in
aqueous salt solutions were investigated.

EXPERIMENTAL

Materials

1-Vinylimidazole (Fluka Chemical Co.) and pro-
pane sulfone (TCI Co.) were used as received. The
NIPAAm (Fluka Chemical Co.) was recrystallized
in n-hexane before use to remove an inhibitor.
N,N9-Methylene-bis-acrylamide (NMBA, Sigma
Chemical Co.) as a crosslinker and N,N,N9,N9-tetra-
methylethylenediamine (TEMED, Fluka Chemi-
cal Co.) as an accelerator were used as received.

The initiator ammonium peroxydisulfate (APS,
Wako Pure Chemical Co. Ltd) was further puri-
fied by recrystallization.

Synthesis of Monomer

The monomer VSIB was prepared according to
the procedure of Salamone et al.24 The yield was
94.3%, and the mp was 190°C.

Preparation of Hydrogels

NIPAAm and VSIB with various ratios and 4 mol
% NMBA were dissolved in 10 mL of deionized
water. To this solution we added 0.2 wt % of APS
and 1 wt % of TEMED as redox initiators, and the
mixture was immediately injected into the space
between two glass plates. The gel membrane
thickness was adjusted with a silicone spacer be-
tween the two glass plates. Polymerization was
carried out at room temperature for 1 day. After
the gelation was completed, the gel membrane
was cut into 10-mm diameter disks and immersed
in an excess of deionized water for 7 days to
remove the residual unreacted monomer. Swollen
polymer gels were dried at room temperature for
1 day, and these samples were further dried in a
vacuum oven for 2 days at 60°C.

Measurement of Swelling Ratio

The dried gels were immersed in an excess of
deionized water or various saline solutions with
different concentrations at 25°C until swelling
equilibrium was attained. The weight of the wet
sample (Ww) was determined after removing the
surface water by blotting it with filter paper. The
dry weight (Wd) was determined after drying the
gel in a vacuum oven for 2 days. The swelling
ratio (Q) based on Ww and Wd was then calcu-
lated using the following relationship:

Q 5
Ww 2 Wd

Wd
(1)
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Dynamic Swelling

The dried gels were immersed in an excess of
deionized water at different temperatures. The
swelling ratio was obtained from weighing the
initial and swollen samples at various time inter-
vals. The amount of water sorbed, Mt, was re-
ported as a function of time, and the equilibrium
sorption at an infinitely long time was designated
as M`. Equation (2) can be used to calculate the
diffusion coefficient D for Mt/M` % 0.8.26

Mt

M`
5 S 4

Îp
DSD 3 t

L2 D 1/2

(2)

where t is the time and L is the initial thickness
of the dried sample.

RESULTS AND DISCUSSION

Although the swelling behaviors of NIPAAm hy-
drogels have been widely studied by many re-
searchers,7–9 the series of NIPAAm/VSIB copoly-
meric hydrogels were found to be lacking in the
literature. The effect of VSIB on the swelling be-
havior of the NIPAAm/VSIB copolymeric gels is
described here.

Characterization of NIPAAm/VSIB Copolymeric
Gels

Some characteristics shown in Table I for the
NIPAAm/VSIB copolymeric gels with various feed
compositions indicate that the cloud point effect
of the copolymeric gels is gradually weakened
with increasing VSIB content. The gel transition
temperatures are increased with an increase of

the content of VSIB in the copolymeric composi-
tion. The equilibrium swelling ratios of the co-
polymeric gels are also increased with increasing
VSIB content (see Fig. 1). The actual composi-
tions obtained by elemental analysis almost ap-
proach the feed compositions.

Effect of VSIB Content on Swelling Ratio

The swelling ratios as a function of time for
NIPAAm/VSIB copolymeric hydrogels in deion-
ized water shown in Figure 1 indicate that the
swelling ratios increase with increasing VSIB

Table I Characterization of NIPAAm/VSIB Copolymeric Gels

Sample
No.

Feed Composition
(mol %)

Actual
Composition

(mol %)
Cloud Point

Effect
Gel Transition
Temperature

Swelling Ratio
(g H2O/g Dry Sample)NIPAAm VSIB NIPAAm VSIB

V0 100 0 100 0 st 30–35 14.07
V1 97 3 98.30 1.70 st 35–40 15.59
V2 94 6 94.31 5.69 w 40–45 17.72
V3 91 9 92.35 7.65 w 50–55 18.43
V4 88 12 88.71 11.29 vw .60 20.83

st, strong; w, weak; vw, very weak.

Figure 1 The swelling ratio as a function of time for
NIPAAm/VSIB copolymeric hydrogels at 25°C.

16 LEE AND YEH



content. According to Flory’s swelling theory,27

the following equation is given:

Q5/3 5 @~i/2VmS1/2!1/2 1 ~1/2 2 x1!/v1#/~ne/V0! (3)

where i/Vm is the concentration of the fixed
charge referred to as the unswollen network, S is
the ionic concentration in the external solution,
(1/ 2 2 x1)/v1 is the affinity of the hydrogel with
water, and ne/V0 is the crosslinked density of the
hydrogel. Hence, the swelling ratio is related to
the ionic concentration of the solution, the
crosslinked density, and the affinity of the hydro-
gel with water. The total fixed charge was zero
and the crosslinked density was fixed in the
present copolymeric hydrogels, so the variable af-
fecting the swelling ratio of the hydrogel was only
the affinity of the gel for water. Because VSIB is
a hydrophilic zwitterionic monomer, the higher
the VSIB content the larger the affinity of the gels
with water and the higher the swelling ratio of
the hydrogel. In addition, the equilibrium absorp-
tion time (about 12 h for these copolymeric gels)
was not significantly affected by the addition of
VSIB in the NIPAAm gel. This swelling behavior
is similar to the NIPAAm/DMAAPS systems.25

Effect of Temperature on Swelling Ratio for
NIPAAm/VSIB Copolymeric Gels

The effect of temperature on the swelling ratio for
the present copolymeric gels is shown in Figure 2.
The results in Figure 2 indicate that the higher
the temperature, the lower the swelling ratio and
the more the VSIB content, the higher the gel
transition temperature. For the NIPAAm gel
(V0), because of the hydrophilic group (amide) in
the polymer, its structure would form an intermo-
lecular hydrogen bond with surrounding water at
low temperature (below the gel transition temper-
ature) and then turn into an intramolecular hy-
drogen bond at higher temperature. This trans-
formation makes the hydrophobicity of the
NIPAAm gel increase. This phenomenon makes
the swelling ratio of the gel rapidly decrease at
the gel transition temperature. However, the re-
sults in Figure 2 also indicate that the higher the
VSIB content, the higher the swelling ratio for the
present copolymeric gels. This is because the
VSIB is a hydrophilic monomer. The larger the
hydrophilicity of the gel, the stronger the affinity
of the hydrogel with water. Therefore, the curves
of the swelling ratio versus the temperature be-

come flatter as the VSIB content is increased.
This evidence indicates that the gel does not
shrink easily as the temperature increases. These
results are consistent with our previous studies
for N-ethoxypropylacrylamide/acrylamide
(NIPAAm/DMAAPS)25 and N-tetrahydrofurfury-
lacrylamide/acrylamide (NEPAAm/AAm or
NTHFAAm/AAm) hydrogels.28

Investigation of Water Diffusion in Xerogels

The effect of temperature on the swelling ratio for
sample V4 shown in Figure 3 indicates that the
swelling ratio decreases with an increase in tem-
perature. To elucidate the transport mechanism,
the initial swelling data were fitted to the expo-
nential heuristic equation29,30

Mt

M`
5 Kt

n (4)

where K is a characteristic constant of the gel and
n is a characteristic exponent of the mode trans-
port of the penetrant. The n and K were calcu-
lated from the slope and intercept of the plot of
log(Mt/M`) against log(t) at various tempera-
tures. In addition, eq. (2) was used to calculate
the diffusion coefficient D from the slope
4=D/=p of the plot of (Mt/M`) against (t/L2)1/ 2

Figure 2 The swelling ratio as a function of temper-
ature for NIPAAm/VSIB copolymeric hydrogels.
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at different temperatures. Table II shows the val-
ues D, n, and K for the present copolymeric gels
at various temperatures. The results indicate
that the swelling exponents n for the copolymeric
hydrogels at various temperatures are between
0.5 and 1.0. This result indicates that the swelling
transport mechanism belongs to non-Fickian
transport. The data in Table II also indicate that
the swelling exponent increases as the tempera-
ture is increased. These results indicate that the
swelling transport mechanism of the gels is af-
fected by temperature.

The data shown in Table II also indicate that
the D for the NIPAAm/VSIB copolymeric gels in-
creases with an increase in temperature. Accord-
ing to the Arrhenius equation,

D 5 D0 z exp~2Ea/RT! (5)

The activation energies (Ea) of water that diffused
into the glassy polymer for these copolymeric gels
are calculated from the plot of the logarithm of D
against the reciprocal of temperature. The results
indicate that the activation energies for various co-
polymeric gels are in the order V0 . V1 . V2 . V3
. V4. In other words, the higher the VSIB content,
the smaller the activation energy of diffusion of
water into the xerogel (i.e., the water is easily dif-
fused into the hydrogel). This result leads to a

higher water uptake rate and a shorter equilibrium
swelling time. On the other hand, the Ea values for
the present hydrogels are higher than those for the
NIPAAm/DMAAPS copolymeric gels.25 This result
implies that the hydrophilicity of DMAAPS is larger
than VSIB.

Effect of Salt Solution on Swelling Ratio

Influence on Swelling Ratio of Different
Monovalent Cations with Common Anion (Cl2)

Figure 4 shows the swelling ratios of the present
copolymeric gels (V0, V1, V2, V3, and V4) in salt
solutions of LiCl, NaCl, and KCl. The results in
Figure 4(a) indicate that the swelling ratios for
the present copolymeric hydrogels keep almost
constant values until the salt concentration of
1.56 3 1022M and then rapidly decrease when the
concentration of salt is higher than 0.1M. This
result indicates that the higher concentration of
the salt solution is a “poor solvent” for the present
hydrogel. This phenomenon is also called the salt
screen effect. This behavior and explanation were
described in our previous report.25

The results shown in Figure 4(b) indicate that
the rapidly decreased swelling ratio is suppressed
by the addition of VSIB monomer into NIPAAm
gels at the salt concentration range from 1.56
3 1022 to 1.0M. This phenomenon can be ac-
counted for by the nature of poly(VSIB). Salam-
one et al.31 reported that the poly(VSIB) was in-
soluble in deionized water, because the collective
positive charges on the polyampholyte attracted
the collective negative charges to form an inner
ionically crosslinked network. When the concen-
tration of salt was higher than the minimum salt
concentration (MSC) of the poly(VSIB), the poly-
(VSIB) could be dissolved in the aqueous solution.
For this reason, when the salt concentration is
increased, a part of the positive and negative
charges of the salt would site bind on the sulfo-
nate group (SO3

2) and quaternary ammonium
group (R4N1) on the VSIB. The charges will be
neutralized by the counterion in the aqueous so-
lution. This occurrence will reduce the degree of
ionically crosslinked networks of VSIB and re-
move the entanglement of molecular chains and
expand the molecular chains. According to the
aforesaid reason, the MSC of poly(VSIB) in LiCl
aqueous solution is 0.50M. Hence, when the salt
concentration is less than 0.50M, the inner ionic
ring of VSIB cannot be ruptured and the net
charge of the discussed copolymeric gel is still

Figure 3 The swelling ratio as a function of time for
sample V4 at various temperatures.
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zero. Therefore, the swelling ratios for the present
gels do not change very much when the salt con-
centration, LiCl(aq), is changed. On the other
hand, the inner ring of VSIB would be opened
because the salt concentration is higher than
0.50M, and the molecular side chain of VSIB will
be expanded and the polymer–solvent interaction
parameter x1 reduced. This behavior implies that
the tendency for a rapidly decreased swelling ra-
tio in concentrated salt solution would be effec-
tively suppressed as the VSIB was introduced.
Figure 4(b) shows the swelling ratios of samples
V4 and V0 as a function of the salt concentrations
for LiCl, NaCl, and KCl solutions. The results
indicate that the effect of different cations with a
common anion (Cl2) on the swelling ratio for sam-
ples V4 and V0 is evidently not observed.

Influence on Swelling Ratio of Different Divalent
Cations with Common Anion (Cl2)

Figure 5(a) shows the swelling behavior for five
NIPAAm/VSIB xerogels in CaCl2 solutions. The

swelling ratios for these copolymeric gels have
tendencies similar to these gels in LiCl, NaCl, and
KCl solutions. When the salt concentration is
higher than the MSC of poly(VSIB), the rapidly
decreased swelling ratio for these gels at the
higher salt concentration will be more effectively
suppressed as more VSIB is added to the copoly-
meric gels.

Figure 5(b) shows the swelling ratio of samples
V4 and V0 as a function of the salt concentration
for MgCl2, CaCl2, and BaCl2 solutions. The re-
sults show that the influence of different divalent
cations with a common anion (Cl2) on the swell-
ing ratio of samples V4 and V0 is relatively small,
but there is a significant difference for samples
V0 and V4 at a high concentration. We found that
the swelling ratio for samples V0 and V4 is higher
in MgCl2 solution than that in CaCl2 and BaCl2
solutions when the concentration of salt is higher
than 0.1M. This result is due to their hydration
radius of cations. The hydration radius grows as a
result of the smaller cation surrounded with a

Table II Initial Diffusion Coefficient (D), Characteristic Exponent (n), Characteristic Constant (K),
and Activation Energy (Ea) of Water Penetrated Through NIPAAm/VSIB Copolymeric Gels at Various
Temperatures

Sample
No.

T
(°C) n K

D 3 107

(cm2/s)

Equilibrium
Swelling Time

(h)
Ea

(kJ/mol)

V0 20 0.52 0.24 0.59 24 34.79
25 0.53 0.32 0.61 18
30 0.58 0.34 1.18 18
35 0.59 0.41 1.27 4
40 0.60 0.41 1.27 3

V1 20 0.53 0.29 0.59 24 32.02
25 0.54 0.33 0.74 18
30 0.57 0.36 0.92 12
35 0.59 0.39 1.09 12
40 0.62 0.41 1.21 4

V2 20 0.54 0.34 0.61 24 27.32
25 0.56 0.39 0.79 18
30 0.59 0.40 0.94 12
35 0.62 0.40 1.04 9
40 0.63 0.41 1.19 9

V3 20 0.56 0.35 0.63 24 23.47
25 0.58 0.40 0.82 18
30 0.61 0.41 0.98 12
35 0.63 0.42 1.06 12
40 0.65 0.44 1.24 9

V4 20 0.59 0.36 0.67 24 23.26
25 0.61 0.42 0.91 18
30 0.63 0.43 1.01 12
35 0.66 0.44 1.09 12
40 0.67 0.47 1.26 9
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large amount of water. Therefore, the swelling
ratio for samples V0 and V4 is higher in MgCl2
solution than that in CaCl2 and BaCl2 solutions.

Influence on Swelling Ratio of Different Halide
Ions with Common Cation (K1)

The influence of different halide ions with a com-
mon cation (K1) on the swelling ratio for the
present copolymeric hydrogels was investigated.
The results are shown in Figure 6. The swelling
ratios of these hydrogels in the KF solutions ex-
hibit a decrease with the increase in the salt
concentration [Fig. 6(a)]. This is because poly-

(VSIB) is insoluble in KF solution21; KF is a poor
solvent for poly(NIPAAm-co-VSIB) hydrogels and
makes the polymer–solvent interaction parame-
ter x1 increase. Therefore, the swelling ratios of
hydrogels decrease with an increase of the salt
concentration. This phenomenon is not observed
in Figure 6(b,c).

Figure 6(b,c) shows the swelling ratios of the
present hydrogels in salt solutions of KBr and KI,
respectively. Salamone et al.31 reported that the
MSCs of poly(VSIB) in KBr and KI aqueous solu-
tions are 0.13 and 0.05M, respectively. For the
above-mentioned reason, the swelling ratios for
these copolymeric gels have the same tendency:
when the salt concentration is higher than the
MSC of poly(VSIB), the higher the VSIB content

Figure 4 The swelling ratio as a function of the aque-
ous salt solution for NIPAAm/VSIB copolymeric hydro-
gels at 25°C: (a) LiCl(aq) and (b) V0 and V4.

Figure 5 The swelling ratio as a function of the aque-
ous salt solution for NIPAAm/VSIB copolymeric hydro-
gels at 25°C: (a) CaCl2(aq) and (b) V0 and V4.
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in the copolymeric gels, the more the effectiveness
in suppressing the rapidly decreased swelling ra-
tio for these gels at the higher salt concentration.
But the swelling ratios for these copolymeric gels
only have a small change at the salt concentration
below the MSC. In addition, hydrogel V4 also
shows an antipolyelectrolyte’s swelling behavior
during the salt concentration range from 6.25
3 1022 to 1.0M. This phenomenon was also ob-

served by Baker et al.18 This antipolyelectrolyte
behavior is more significant for the respective gels
in the KI solution [Fig. 6(c)].

Figure 6(d) shows the swelling ratios of sam-
ples V4 and V0 in salt solutions of KF, KCl, KBr,
and KI. The results indicate that there is a large
difference in the swelling ratio curves for these
four salt solutions. For the potassium salts Figure
6(d) indicates an increase in the swelling ratio of

Figure 6 The swelling ratio as a function of the aqueous salt solution for NIPAAm/
VSIB copolymeric hydrogels at 25°C: (a) KF(aq), (b) KBr(aq), (c) KI(aq), and (d) V0 and V4.
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hydrogels in the order F2 , Cl2 , Br2 , I2 for
KF, KCl, KBr, and KI, respectively. An anion
with a small charge/radius ratio was easily bound
on the quaternary ammonium group (R4N1) of
VSIB. This is because the ion with the smaller
charge density can be easily polarized during the
ionization of salt near to and bound on the qua-
ternary ammonium group (R4N1) of VSIB. There-
fore, the larger anion can easily infiltrate into the
ionically crosslinked network and expand the mo-
lecular chain. Hence, as the anion size of the
external salt solution is increased, the antipoly-
electrolyte’s swelling behavior of hydrogels is
more obvious.

From the above results we found the anion
effect is larger than the cation effect in the pres-
ence of a common anion (Cl2) with different cat-
ions [Figs. 4(b), 5(b)] and a common cation (K1)
with different anions [Fig. 6(d)] for the hydrogels.
These results are similar to our previous report
on the NIPAAm/DMAAPS gel system25 and con-
sistent with the Pearson principle.30

Influence on Swelling Ratio of Different Acidic
Ions with Common Cation (Na1)

The influence of different acidic ions (ClO4
2, NO3

2,
NO2

2, and CH3COO2) with a common cation
(Na1) on the swelling ratio for the present hydro-
gels was investigated. The results shown are sim-
ilar to the swelling behavior of the hydrogels in
monovalent and divalent chloride salt solutions.

Figure 7 shows the swelling ratio of samples
V4 and V0 in the NaClO4, NaNO3, NaNO2, and
CH3COONa solutions. The results indicate that
the swelling behaviors of the hydrogels are simi-
lar to Figure 6(d). The tendency can be observed
from the different acidic groups in Figure 7 and is
in the order CH3COO2 , NO2

2 , NO3
2 6 ClO4

2 for
CH3COONa, NaNO2, NaNO3, and NaClO4. The
acetate ion (CH3COO2) is a weak acid group and
easily associates to form acetic acid in aqueous
solution, so the ionic intensity is very small.
Therefore, the swelling ratio of the hydrogels is
the lowest among other anions. This tendency is
consistent with the previous NIPAAm/DMAAPS
gel systems.25

Figure 8 shows the swelling ratios of V4 and V0
hydrogels in salt solutions of Na2SO4, Na2SO3,
and Na2S2O3. The results indicate that the swell-
ing ratio decreases with an increase of the salt
concentration (even in a higher concentration of
salt). This result is different from the gel in other
salt solutions mentioned above. This is because

divalent acid groups with a larger charge density
and the neighboring quaternary ammonium
group (R4N1) on the side chain of VSIB were
easily attracted in the aqueous solution at the
same time. This attraction would result in coag-
ulation of the side chains. This occurrence would
reduce the hydrogel network expansion that re-
sulted from destroying the ionically crosslinked
network.22 The results show that the influence of
different divalent acidic ions with a common cat-
ion (Na1) on the swelling ratio of samples V4 and
V0 is not significant.

CONCLUSIONS

The swelling ratios of NIPAAm/VSIB copolymeric
gels increase and the equilibrium absorption time
of hydrogels becomes faster with an increase of
VSIB content in the hydrogels. The higher the
VSIB content, the larger the affinity with water.

Figure 7 The swelling ratio as a function of
NaClO4(aq), NaNO3(aq), NaNO2(aq), and CH3COONa(aq)

for V0 and V4 copolymeric hydrogels at 25°C.
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The gel transition temperatures increase as the
VSIB content is increased.

In dynamic swelling the results indicate that
the values of the swelling exponent n for all
NIPAAm/VSIB copolymeric gels at various tem-
peratures are in the range of 0.52–0.67. This im-
plies that the swelling transport mechanism be-
longs to non-Fickian transport. The activation en-
ergy has the following tendency: V0 . V1 . V2
. V3 . V4. This indicates that the water is easily
diffused into the hydrogels containing more VSIB.

The effect of salt solution on the swelling ratio
for these series gels shows a special behavior. The
swelling ratios for these hydrogels can be effec-
tively increased when the salt concentration is
higher than the MSC of poly(VSIB). We found
that the swelling ratio of the hydrogel in a higher
concentration of salt solution can be improved
when the zwitterionic monomer is appropriately
introduced. The anion effect is larger than the
cation effect in the presence of a common anion
(Cl2) with different cations and a common cation
(K1) with different anions for the hydrogels.
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Figure 8 The swelling ratio as a function of
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