
1. Introduction
The main properties of hydrogels, such as density,
sorption and diffusion capacity, mechanical, optical
and electrical properties are determined by their
water content [1–5]. Hydrogels exhibit a high
degree of swelling in aqueous environment. In the
presence of organic solvents as well as of ionic
aqueous solutions or liquid ionic compounds, the
hydrogels could shrink or swell, modifying their
water content and, as a consequence, all other prop-
erties of the gels [6–10].
The determination of swelling behaviour of hydro-
gels in different environments is very important due
to their very broad areas of application where
hydrogels come in contact with organic or inorganic
ionic substances, such as: wound dressing, drugs
and protein delivery, artificial tissues, muscles or

other organs, separation processes by sorption or
diffusion, sensors design etc. [11, 12, 33, 34].
The behaviour of hydrogels with different composi-
tions, in the presence of different ionic substances
has been studied [13, 18, 23–25, 32].
PVA is a widely used polymer, due to its excep-
tional properties such as non-toxicity, non-carcino-
genity, water solubility, biodegradability, biocom-
patibility, good mechanical and optical properties
that could generate hydrogels by physical and
chemical ways. Loaded with ionic substances, PVA
could be a suitable matrix for electrolytes that could
be used in electrochemical systems [14–17].
The electrical stability of these systems is affected
by the water (solvent) volatility. The replacement of
aqueous or organic solvents of electrolytes that
imbibe the PVA hydrogels with room temperature
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ionic liquids (RTIL-s) could be a promising way to
obtain solid-like electrolyte materials.
Ionic liquids are ionic substances which contain
generally organic cations and inorganic or organic
anions, with almost no volatility, high conductivity
and exhibit a large electrochemical window. Their
non-volatility decreases the electrochemical insta-
bility risks caused by the solvent evaporation and
also protect the atmosphere, being considered a
green solvent.
The development of hydrophilic air-stable imida-
zolium based RTIL-s have attracted the researchers’
interest and studies on the behaviour of some
hydrogels in the presence of these RTIL-s have
been reported [17].
There are no studies concerning PVA cryogels and
imidazolium based RTIL aqueous solutions interac-
tion.
The main goal of this paper is to monitor and to
understand the swelling/deswelling behaviour of
the PVA cryogels in the presence of [BMIM]+[BF4]–

and water and to study its effect on the rheological
properties of this ternary system.

2. Materials and methods
2.1. Materials
Poly(vinyl alcohol) with a polymerization degree of
900, a hydrolysis degree of 98% and industrial
grades was purchased from the Chemical Plant
Râ!nov (Romania) and used for the preparation of
cryogels without being submitted to any purifica-
tion processes.
1-butyl-3-methylimidazolium tetrafluoroborate
([BMIM]+[BF4]–) ionic liquid was purchased from
Sigma-Aldrich (Germany). [BMIM]+[BF4]– has
been used for the preparation of solutions with a
concentration ranging from 5% to 100%. Distilled
water has been used for the preparation of all ionic
liquid solutions.

2.2. Methods
2.2.1. PVA hydrogel preparation
The PVA hydrogels were prepared by repeated
freezing and thawing cycles. The hydrogel sample
preparation has been started from a 12% PVA solu-
tion obtained by mixing a specific amount of PVA
powder in a corresponding volume of distilled
water, under continuous magnetic stirring, for

3 hours, at a temperature of 80ºC. The obtained
PVA solution has been chilled to the room tempera-
ture and filtered before further usage. Then, it has
been molded in a Petri dish and submitted to
3 repeated cycles of freezing at –20ºC for 12 hours,
and thawing at room temperature for another
12 hours.
The obtained white and opaque PVA cryogel has
been immersed in distilled water for 7 days, at room
temperature (25°C), in order to allow the swelling
of the prepared samples until reaching their swelling
equilibrium. The initially obtained PVA hydrogel
has a solid matter (dried polymer) content (CS) of
9.78 w%. Each sample has a content of the dried
polymer mx, calculated as mgel*CS/100 (mgel is the
mass of the sample balanced in water).

2.2.2. Gravimetric study upon shrinking of PVA
hydrogels

The completely swollen PVA hydrogel has been cut
into circular samples, pre-weighed, immersed in
aqueous solutions of [BMIM]+[BF4]– with various
concentrations (12, 50, 75% and respectively
100%), and stored at room temperature. The ratio
polymer: storage solution was 1:100 (mass/vol). At
the predetermined period of time (t), the PVA
hydrogels have been taken out of the ionic liquid
solutions, gently wiped between two filter papers
and weighed (mt) using a Kern ABJ (Germany) bal-
ance with a precision of 10–5 g. After each weighing
process, the PVA hydrogel samples have been
immersed back into the same bath. The weighing
procedure for the PVA samples and their mass mon-
itoring has been repeated until reaching the shrink-
ing equilibrium.

2.2.3. Re-swelling process study by gravimetric
method

The re-swelling capacity of the shrunk PVA hydro-
gels has been monitored by using the gravimetric
methods described in 2.2.2. The PVA hydrogels
shrunk in [BMIM]+[BF4]– ionic liquid with differ-
ent concentrations have been immersed in distilled
water and weighed at a predetermined time. The
weighing procedure has been repeated until the re-
swelling equilibrium of the PVA samples has been
reached.
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2.2.4. Release of [BMIM]+[BF4]– monitoring
PVA hydrogels initially collapsed in the solution of
[BMIM]+[BF4]– with concentrations between 12
and 100% have been immersed in distilled water in
order to determine the absolute conductivity of the
obtained solutions, due to the ionic liquid release
from the studied samples. The conductivity meas-
urements have been performed at room tempera-
ture, at predetermined time, using a Radelkis
OK-112 (Hungary) conductometer. For a set of the
studied PVA hydrogels, the conductivity measure-
ments have been performed without refreshing the
storage distilled water, while for another set of sam-
ples, the distilled water has been replaced periodi-
cally, after each measurement, to avoid the contact
of the hydrogel with released ions and to ensure the
total IL release.

2.2.5. Gels analysis by Fourier transform
infrared spectroscopy [FTIR]

The swollen, shrunk and the re-swollen PVA hydro-
gels (in the same storage water and in the refreshed
storage water as we described in 2.2.4) have been
subjected to FTIR spectroscopy in the range of
4000 and 600 cm–1, using a Perkin-Elmer spec-
trophotometer with ATR device. Prior to the meas-
urement, the samples have been vacuum dried
overnight, at 40°C, until the constant weight.
The FTIR analysis gave information about the cryo-
gel crystallinity based on the band intensity ratio of
1141 cm–1:1096 cm–1 [19].
The ratio of absorption band intensities of the 1141
and 1096 cm–1 band has been determined for the
shrunk PVA hydrogels and the PVA hydrogels re-
swollen in non-refreshed and refreshed storage
water (as we described in 2.2.4).

2.2.6. Rheological measurements
The rheological measurements have been per-
formed on a Paar Physica UDS200 rheometer,
equipped with 25 mm diameter steel plates. The
average sample thickness was 1.5 mm. The storage
and loss moduli of the collapsed PVA hydrogels
have been measured at a constant temperature of
25ºC.  The samples were stable under shear condi-
tions (" = 1.0 Hz and # = 1.0%) on a time scale up
to 1000 sec. The experiments with deformation
amplitude of about 1% were, for all gels, within the
linear viscoelastic regime. The immersion solutions

had the following concentrations: 5, 15, 25, 50, 70
and 100%.

3. Results and discussion
3.1. Gels mass monitoring during their

immersion in BMIMBF4 aqueous
solutions

By immersing the PVA HG-s, initially balanced in
water, in BMIMBF4 aqueous solutions it could be
noticed that the gels shrink. The shrinkage is influ-
enced by the IL concentration (correlated with the
water activity) and the contact time.
Figure 1 shows that higher IL concentration and
contact time, results in higher hydrogel mass loss
and rate of shrinking, as well as in longer time of
swelling equilibrium reaching has been noted.
The PVA gel collapse could be explained by the
water elimination from the mass of the gels, due to
the high osmotic pressure created by IL ions from
the contact solution.
The sigmoidal shape of the curve describing the
shrinking process for PVA gels immersed in 12%
BMIMBF4 aqueous solution suggests that there are
in fact two simultaneous fluxes of matters in the
system: one is that of the water leaving the initially
swollen gel and the second one is that of the IL ions
that diffuse into the gel.
Firstly, due to the osmotic pressure exerted by IL
ions outside the gel, the water molecules, more
mobile, will diffuse from the gel, determining its
mass loss. Later, IL ions, bigger and less mobile,
will penetrate the gel network, determining the
mass increase.
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Figure 1. Shrinking process- PVA hydrogel normalized
mass dependency as a function of time and con-
centration of [BMIM]+[BF4]– aqueous solution: 
(") 12%; (#) 50% and ($) 100% of IL



Once the ionic liquid concentration inside the gel is
zero, the osmotic pressure will govern the water
release process.
For more concentrated BMIMBF4 solutions, the
higher osmotic pressure within the gel determines a
higher and more rapid water release, emphasized by
a higher mass loss of the gel. The sorption of IL
ions into the gel will diminish, due to the decrease
of gel porosity, as a consequence of its collapse.
Also, the tendency of IL ions to agglomerate at a
higher concentration than 50% [20] could be a
cause of their sorption decrease. In this case, the
simultaneous processes are less visible on the gravi-
metric kinetic curves, the IL sorption being negligi-
ble by comparison to the water release.
To prove this, PVA HG samples, initially immersed
into aqueous solutions of BMIMBF4, were dried
and weighed. The experiments were performed
seven times.

3.2. Determination of BMIMBF4 mass sorbed
into the PVA gel

Taking into account the very low volatility of ionic
liquids, the amount of BMIMBF4 sorbed into the
gel has been determined as the difference between
the mass of the dried gel balanced into the IL solu-
tion (mgel,eq,inIL) and the mass of the polymer (mx),
calculated taking into account the solid content of
the PVA gel balanced in water (Equation (1)):

                                    (1)

It could be noted that the retained amount of
BMIMBF4 decreases when the contact solution
concentration increases (Table 1).
In case of the contact between the gel and pure
BMIMBF4, a small negative value for the absorbed

IL mass was obtained. This suggests that the usual
drying conditions for hydrogels (110°C at normal
pressure) are not sufficient to eliminate the bonded
water from the gel.
It seems that BF4

– behaves as a kosmotropic ion,
interacting with water molecules by H-bondings
and structuring them around it. The interaction
between BF4

– and water molecules has been
reported in the literature by various authors [21];
even other authors calculated the B Jones Dole’s
coefficient for much diluted solutions and classified
this anion as chaotropic [22]. BMIM+, is an organic
cation, with a hydrophobic chain, and behaves as a
chaotropic ion, breaking the H-bondings between
water molecules and PVA-water molecules, trans-
forming initially bonded water in free water. The
last one could be easily released from the gel during
the drying process. In different papers, it was
reported that cation BMIM+ behaves as a chaotropic
ion while in other situations, it was classified as
kosmotropic, due to the possible hydrophobic
hydration.
Figure 2. presents the scheme of the processes that
take place when PVA HG is in contact with
BMIMBF4.
We could assume that BMIMBF4 acts as a dehy-
drating agent for the swollen PVA hydrogels.
This behaviour does not seem to be unique, as sim-
ilar phenomena have been noted and reported also

mIL
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5

mgel,eq,inIL 2 mx
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Table 1. BMIMBF4 mass absorbed into the PVA gel as a
function of the IL solution concentration

cIL [%] mIL/1 g xerogel [g]
0 0

12 0.975649
50 0.702873
75 0.17515

100 –0.01515

Figure 2. Scheme of the processes that occur at PVAHG contact with BMIMBF4



for chitosan hydrogels, when in contact with
BMIMBF4 [24]. So, in case the practical interest is
to load the PVA hydrogel with BMIMBF4, we have
to use more highly diluted IL solution for the gel
immersion. When the hydrogel drying is the goal, it
has to be immersed into pure BMIMBF4.
In Figure 2, we made an attempt to show the mech-
anism of PVA hydrogel collapse due to the double
fluxes of matters in/from the hydrogel. After equi-
librium is reached, the collapsed hydrogel contains
IL ions embedded into the polymeric network. PVA
chains could stronger interact by H bonding
between their own OH groups, due to the removal
of the bonded water molecules. As a consequence,
it is expected that the collapsed gels exhibit a higher
modulus.
When the amount of the absorbed IL ions is higher,
the effect of the cations on the gel plasticizing has
to be more evident. This is valid for the diluted IL
solution used for PVA HG immersion.
When the solution concentration is higher, the IL
sorption diminishes and the polymer-polymer inter-
action becomes more dominant. The obtained col-
lapsed gel has to be more rigid.
To prove this assumption, the PVA hydrogels bal-
anced in BMIMBF4 solutions with different con-
centrations (Figure 1), have been studied rheologi-
cally.

3.3. Rheological analysis of the
PVA/BMIMBF4 gels

Experimental data show, as we assumed, that the
PVA hydrogel shrinking in the presence of ionic liq-
uids and the absorption of the ions into the gel
matrix strongly influence their rheological proper-
ties.
Figure 3 shows that the values of the storage modu-
lus, G%, are higher than that of the loss modulus, G&,
evidencing a solid-like behaviour of the collapsed
PVA hydrogels.  The plateau modulus, Gp, (deter-
mined as the storage modulus at a frequency of
1 Hz), is lower in comparison to the Gp-value of the
non-collapsed PVA cryogel, if the concentration of
the IL immersion solution is lower than 50% (Fig-
ure 4). This behaviour could be correlated with the
plasticizing effect of the absorbed cations that is
predominant at lower values of the IL concentra-
tion, while, at the same time, the volume of the

sample is not shrinking significantly in this concen-
tration range.
In the presence of IL having the concentration value
between 12% and 50%, the storage modulus of the
collapsed PVA hydrogels begins to increase, but its
value is still lower than the Gp value corresponding
to the initial PVA hydrogel. This behaviour could
be correlated to the tendency of IL ions to agglom-
erate, decreasing the concentration of the free
cations [19]. The lower the concentration of the free
cations in solution, the lower the cations absorbed
and the lower the plasticizing effect marked out.
At a concentration of the IL solution higher than
50%, the storage modulus of the shrunk PVA hydro-
gels becomes higher than the value of the neat PVA
hydrogel. This behaviour could be explained by the
increase of the cation agglomeration, which induces
the decrease of their absorption and, consequently,
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Figure 3. Dependency of the rheological parameters on the
frequency, for the PVA hydrogels shrunk in pure
[BMIM]+[BF4]–

Figure 4. Dependency of the plateau modulus Gp [G%
(1 Hz)] on the IL solution concentration



a decrease of the plasticizing effect; additionally,
the ions, placed at the interface of the swollen PVA
chains, determine a stronger collapse of the studied
hydrogel. The PVA hydrogel shrinking is deter-
mined by the capacity of the IL ions to extract the
water molecules from the hydrogel, expressed by
the kosmotropic character of the anions. The elimi-
nation of the water molecules from the gel and the
higher interaction between the chains of the poly-
mer determines the increase of the gel rigidity.
Dynamic moduli G% and G& of the PVA gels, meas-
ured after different periods of their immersion in
pure IL, allowed, indirectly, to monitor the sample
shrinking (Figure 5).
The variation of the hydrogel rheological properties
as a function of the imersion time is consistent with
the variation in time of the gel mass, at the sample
contact with IL solutions, confirming both matter
fluxes: G%, G& and viscosity increase simultane-
ously with the gel mass decrease in the first
moments after their immersion in [BMIM]+[BF4]–

solutions. At higher contact times, a relative inde-
pendence of the rheological parameters on time
indicates that the collapse equilibrium is reached.
To check the type of interaction between PVA and
BMIMBF4 the following aspects have been moni-
tored: ILs ions release from the gel, the shrunk
hydrogel capacity to re-swell in water and FTIR
spectra alteration after gels contact with ILs solu-
tions.

3.4. Monitoring of the BMIMBF4 release from
the gel

The conductometric analysis of the distilled water
in which the PVA gels, initially collapsed in IL solu-
tions, have been immersed, shows that the entire
amount of sorbed IL is released (Figure 6). This fact
emphasized that no chemical interaction between
PVA and IL ions occurs.
Also, it could be noted that the diffusion of the ions
from the higher collapsed gels is more difficult, the
maximum of ions release is being shifted to higher
times.

3.5. Monitoring of the gels shrinking
reversibility

The recovery capacity of the shrunk PVA hydrogels
during the re-immersion into distilled water is con-
firmed by the increase of their mass. We used
refreshed and non-refreshed water to monitor the
shrinking reversibility and the results were similar,
meaning that the necessary concentration gradient
for complete IL removal was ensured.
During the re-swelling process, the samples
immersed in 12% IL solution reabsorb water until
reaching 99% of the initial PVA hydrogel matrix
mass. On the other hand, the PVA hydrogels
immersed in pure IL reabsorb water until reaching
only approximately 70% of the initial mass of the
hydrogels (Figure 7).
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Figure 5. G% and G& in dependency as a function of the
imersion time of the PVA hydrogels in 100%
[BMIM]+[BF4]–

Figure 6. Conductance of the water in which the initially
shrunk PVA hydrogels are immersed, as a func-
tion of time and of the initial concentration of the
IL immersion solution: (') 12%; (#) 50% and
($) 100%



The maintenance of the shrunk state of the hydro-
gels initially immersed in highly concentrated IL
solutions evidences a higher interaction between
the PVA macromolecular chains by H-bondings.
This result is in agreement with the above men-
tioned data showing that the removal of the bonded
water molecules allows stronger interaction
between the OH groups of the PVA. That interac-
tion does not seem to be reversible.

3.6. FTIR spectra of PVA/BMIMBF4 gels
FTIR spectra have been measured in order to clarify
the cause of the PVA hydrogel re-swelling limits
when they are immersed in water. The absorption
bands have been identified [19, 20].
It can be noticed that no new absorption bands
appeared in the FTIR spectra, emphasizing that no
chemical interaction occurs between PVA and
[BMIM]+[BF4]–, (Figure 8).
The presence of the IL ions in the gel matrix, pro-
portional to the concentration of the ionic liquid
solution, indicates the capacity of the PVA cryogels
to retain ions. FTIR spectra of PVA/IL gels evi-
dence the alteration of some absorption bands, both
due to the interaction between the components and
to changing system composition.
The absorption band from 3270 cm–1 could be
attributed not only to the O–H bondings from PVA,
but also to those from the bonded water remained
into the system after a gel’s partial drying. A
decrease of the OH band intensity, when the IL con-

centration into the contact solution increases, was
noted. This means that IL ions extract the bonded
water molecules from the PVA cryogel matrix. The
ratio between the intensity of the bands from 3270
and 2939 cm–1 demonstrates this. The following
values were obtained for this ratio: 2.1 (for PVA
cryogel), 0.97 (for PVA cryogel immersed in 12%
IL solution), 0.68 (for PVA cryogel immersed in
50% IL solution) and 0.44 (for PVA cryogel
immersed in 100% IL). The decrease of the men-
tioned ratio could be attributed simultaneously to
the decrease of the bonded water amount but also to
the increase of the C–H groups’ number into the
gel, by BMIM+ ions sorption.
The intensity and the width diminution of the band
from 3270 cm–1, and its shifting to 3290 cm–1,
mean the decrease of the amount of associated OH
groups, by H bondings. The shifting of this band
could be correlated to the chaotropic character of
BMIM+ ions, diffused into the matrix, according to
the literature [26]. This is consistent with the pres-
ence in the FTIR spectra of the shrunk gels, of small
absorption bands at 3593 and 3531 cm–1, character-
istic for OH free groups [27]. In addition, the char-
acteristic band for [BF4]– from 1060 cm–1 [27] is
split into three peaks and shifted to 1048, 1034 and
1017 cm–1 showing the lowering of B-F vibration
symmetry, due to the F atom involving within H
bonds with water molecules. Also the skeletal and
C–O stretching band from 830 cm–1 from the PVA
FTIR spectrum is shifted in the PVA/IL gels spectra
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Figure 7. Comparative analysis of the normalized mass of
the PVA hydrogels at their initial swollen state,
shrunk state and re-swollen state as a function of
the IL concentration

Figure 8. FTIR Spectra of PVA cryogel and PVA cryogels
collapsed in IL solutions with different concentra-
tions: 0% IL (—), 12% IL (—), 50% IL(—) and
100% IL (—)



to 844 and respectively 848 cm–1, showing a stiff-
ening of the polymeric chain as a consequence of
the interaction by H bondings between OH groups
of PVA.
To come to a conclusion, FTIR spectra demonstrate
the diffusion of BMIM+ and BF4

– ions into the gel
and the decrease of the amount of bonded water
molecules into the gel as a consequence of the
absorbed IL ions that compete for the water mole-
cules binding with PVA.
After re-swelling, the characteristic absorption
bands of IL ions disappeared, emphasizing their
total release from the gel matrix, in agreement with
the conductometric results.
FTIR spectra allow monitoring the PVA crys-
tallinity changes. Figure 9 illustrates the decrease of
the PVA cryogel crystallinity when being immersed
in ionic liquid solutions. This behaviour could be
explained by the strong kosmotropic character of
the studied IL that determines the rapid extraction
of the water from the gel, and, consequently, leads
to the precipitation of the PVA chains in amorphous
phase.
The PVA-based cryogel re-swelling leads to the
increase of its crystallinity due to the slower release
of the IL ions from the matrix and to the kos-
motropic effect of the IL ions that structure the
water molecules around them; both phenomena
allow the macromolecules to organize and to inter-
act by H bonding, determining the increase of the
degree of crystallinity.

If we consider that the gels density is not signifi-
cantly affected by the swelling/shrinking processes,
and is close to 1 g/cm3, it could be noted that after
PVA gels immersion in the 50% IL solution, the
crystallinity of the gel decreased by approximately
30% while the gels volume decreased by 40%. As a
consequence, the increase by approximately 7% of
the crystallites concentration/ gel’s volume unit has
to determine the increase of the shrunk gel modu-
lus. The experimental data show that the modulus
increased by 40%. These results evidenced that the
amorphous part of the hydrogels plays an important
role in the alteration of the PVA hydrogel mechani-
cal properties. In this phase, the PVA chains
strongly interact by H bondings as a consequence of
the bonded water release, participating in the
increase of gel’s modulus.
The decrease of the modulus in case of the hydro-
gels immersed in diluted IL solutions could be
determined not only by the plasticizing effect of the
BMIM+, but also by the possible stronger decrease
of the gels  crystallinity  as compared to its volume
decrease.

3.7. Kinetic study of the PVA hydrogels
swelling/deswelling

All the above mentioned PVA gel modifications
occur during its contact with BMIMBF4 solutions.
Generally, the swelling processes of the gels are
described from the kinetic point of view by the Pep-
pas equation [28–31] (Equation (2)):

                                                         (2)

This equation allows to calculate the exponent n
that indicates the water (or other species) diffusion
mechanism (Fickian or non-Fickian) and the diffu-
sion constant k. This equation is not applicable in
our case, due to the complexity of the process and
changing gel morphology.  If we still try to apply
this equation, we get very low n-values, which do
not correspond to the diffusion mechanism.
So, in order to characterize from the kinetic point of
view the behaviour of PVA hydrogels in contact
with BMIMBF4 aqueous solutions we propose a
phenomenological equation (Equation (3)) that
takes into consideration both fluxes of matters. This
equation fits very well the experimental data, for
both gel collapse and re-swelling.

mt

mx
5 k ? tn

mt

mx
5 k ? tn
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Figure 9. The crystallinity variation of the shrunk and re-
swollen PVA cryogels as a function of the ini-
tial concentration of the immersion solution: 
(') shrunk PVA hydrogels; (#) PVA hydrogels
swollen in non-refreshed storage water; ($) PVA
hydrogels swollen in refreshed storage water



                 (3)

where y(t) is mt/mx, t is time expressed in minutes,
the values related to the water flux are represented
by index 0 and those of the second flux of IL into
the gel by index 1, t0 and t1 are the characteristic
time for which a significant mass change has been
noted due to the water or IL flux, respectively, and p
is a power law exponent. R is the correlation coeffi-
cient.
y0 shows the swelling equilibrium of the initial gel
that is approximately the same for all the samples.
Higher t0 values for more concentrated IL solutions
pointed out that the water release, monitored in the
first moments by the osmotic pressure, is counter-
balanced by the IL ions sorption on the surface of
the gels, leading to an apparent time lag of mass
change, determined by gravimetric methods. The
higher IL solution concentration is, the greater
apparent time lag is, because of the increased
amount of the sorbed IL ions.
The increase of t1 parameter with the IL solution
concentration increase shows the extension of the
IL sorption to the higher contact times of the IL
solution with the PVA cryogel, diminishing the gel
weight loss determined by water release. y1 param-
eter represents the value of shrinking equilibrium,
showing an increase with the IL solution concentra-
tion decrease.

These simultaneous processes emphasized the com-
plexity of the gel collapse in the presence of ionic
liquids. The behaviour (mass change as a function
of time) of the shrunk PVA hydrogels when they are
in contact with distilled water is illustrated in Fig-
ure 10.
Experimental data have been fitted by Equation (1).
It can be noted that t0 or/and t1 increase means more
intense simultaneous processes that determine the
lowering of the gel mass changing in the first period
of the contact time. The higher the IL solution con-
centration is, the more compact gel result and the
lower diffusion rate of the IL ions is observed. As a
consequence, higher ‘apparent time lag’ on the re-
swelling kinetic curve will be emphasized.
y0 indicates the initial shrinking equilibrium of the
gel and y1 could be correlated to the equilibrium of
the gels in the swollen state.
Although this equation is of entirely phenomeno-
logical nature, it allows capturing all details of the
shrinking and swelling process qualitatively and it
allows a quantitative intepretation of the complex
processes going on during the uptake and release
of IL.

4. Conclusions
The behaviour of PVA cryogels in the presence of
[BMIM]+[BF4]– has been studied using a series of
analytical techniques. All of them led to the same
conclusions, as follows.
In the presence of [BMIM]+[BF4]–, the swollen
PVA cryogels shrink. The higher IL aqueous solu-
tion concentration is, the higher shrinking of the
PVA gel is. The contact of the PVA gels with lower
concentrated IL solutions favored the IL ions sorp-
tion. This determines the PVA gels plastisizing,
both by their crystallinity decrease and by the dom-
inating chaotropic effect of [BMIM]+.
At higher IL solutions concentration, the strong col-
lapse of the PVA cryogels determines the decrease
of the IL’s ions sorption. In this case, the dominat-
ing effect is that of the kosmotropic [BF4]– ions.
They determine the transformation of the bonded
water molecules in free water molecules, making
easier the water release from the gel during the
heating. Removing of bonded water determines
also a higher interaction between the polymeric
chains and as consequence the increase of the gel
rigidity.
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Figure 10. Re-swelling process - variation of the normal-
ized mass of the shrunk PVA hydrogels as a
function of time, in distilled water: (') 12%; 
(#) 50% and ($) 100%



An equation has been proposed to describe the mass
change during the collapse/swelling of the hydro-
gels in contact with IL solutions and distilled water,
respectively, along the entire time domain, until
equilibrium is attained. This equation takes into
account both fluxes of matters in/from the gel:
water flux and IL flux. It emphasizes the swelling
and collapse equilibria and the apparent time lag of
the gel mass modifying as a function of IL solution
concentration. Based on the kinetic curve of shrink-
ing, a mechanism of shrinking/swelling process is
proposed.
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