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Abstract Fluoroalkyl end-capped 2-acrylamido-2-
methylpropanesulfonic acid oligomer/poly(vinyl alco-
hol) composite [Rg-(AMPS),-Rg/PVA] films were
prepared by casting homogeneous aqueous methanol
solutions containing Rg-(AMPS),-Rr/PVA compos-
ites, which were prepared by the reactions of the
corresponding oligomer with PVA. The transparent
colorless Rg-(AMPS),-Rg/PVA composite films thus
obtained were subjected to tensile testing to evaluate
the values of Young’s modulus, tensile strength, and
elongation at break. The Rg-(AMPS),,-Rg/PVA com-
posites films are capable of greater Young’s modulus
than the original PVA film (PVA/HCI film), which
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was prepared by casting the aqueous methanol solu-
tion of PVA in the presence of 1 N hydrochloric acid.
The polymer film bearing a higher Young’s modulus
is, in general, tough and brittle to providing lower
elongation at break; however, we can observe a
significant increase in both the tensile strength and
elongation at break of the Rg-(AMPS),-Rg/PVA
composite films, compared to those of the PVA/HCI
film. In addition, it was demonstrated that the Rg-
(AMPS),-Rg/PVA composite films can exhibit a
higher water adsorption ability than that of the
PVA/HCI film.
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Introduction

ABA triblock-type two fluoroalkyl end-capped oligo-
mers [Rg-(M),-Rg; M = radical polymerizable mono-
mers; Rp = fluoroalkyl group] are attractive
fluorinated polysoaps, due to their wide variety of
unique properties such as high surface active property,
self-assembled molecular aggregate ability which can-
not be achieved by the corresponding randomly fluo-
roalkylated and AB-block-type fluoroalkylated
polysoaps.'™ In these two fluoroalkyl end-capped
oligomers, fluoroalkyl end-capped oligomers possess-
ing sulfobetaine-type units can cause a gelation not
only in water but also in organic polar solvents, such as
methanol, ethanol and dimethyl sulfoxide through the
synergistic interaction between the aggregation of
fluoroalkyl segments at the oligomer end sites and
the ionic interaction of the sulfobetalne -type segments
under noncrosslinked conditions.*> Two fluoroalkyl
end-capped oligomers possessing hydroxy segments
can also form gels in water and polar organic media
through the synergistic interaction between the aggre-
gation of fluoroalkyl groups at the oligomer end sites
and the intermolecular hydrogen bonding interactions
of the hydroxy umts at the oligomer side chains under
similar ~conditions.® Moreover, fluoroalkyl end-
capped 2-acrylamido-2-methylpropanesulfonic acid
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oligomer can cause a gelation in ionic liquids such as
1-methylpyrazolium tetraﬂuoroborate under non-
crosslinked conditions.” This fluorinated oligomer gel
formed in the ionic liquid afforded a high ionic
(proton) conductwlty of 1072 S/cm level at room
temperature.’ Fluoroalkyl end-capped 2-acrylamido-2-
methylpropanesulfonic acid co-oligomers containing
poly(oxyethylene) units can also form gels in dimethyl
sulfoxide under noncrosslinked conditions, and these
fluorinated oligomeric gelling electrolytes containing
lithium salts exhlblt a considerably high ionic conduc-
tivity of 107> S/cm level at room temperature.'’
Therefore, from the developmental viewpoint of new
fluorinated functional materials, it is of particular
interest to develop the new fluorinated oligomeric
composite gels through the interaction with the tradi-
tional polymers. In these traditional polymers, poly
(vinyl alcohol) [PVA] is commercially among the most
promising polymers; however, application of PVA into
a wide variety of fields is extremel1y restricted due to its
poor resistance toward water.” To improve such
water-sensitive characteristics, previously there have
been numerous reports on the crosslinking reactions of
PVA with maleic acid, glutaraldehyde and formalde-
hyde to increase the strength of the PVA films.'> !¢
The hybridizations of PVA with alkoxysilanes such as
tetraethoxysilane, vinyltriethoxysilane and 2,2-bis(tri-
ethoxysilyl)ethane are also useful for the improvement
in the strength and the permeation properties of the
PVA films.! We have very recently reported that
two fluoroalkyl end-capped vinyltrimethoxysilane oli-
gomer/boric acid/poly(vinyl alcohol) composite films
[Rg-(VM),-Rg/B(OH)3/PVA] can provide not only a
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high amphiphobic characteristic but also a water-
resistant ability.”” Therefore, it is suggested that two
fluoroalkyl end-capped oligomer gels will have high
potential for affording the wunique characteristics
toward PVA. In fact, PVA h}zldrogels serve as a
candidate for artificial cartilage 1-23. however, such
hydrogels in general suffer from lack of mechanical
strength.”* From this point of view, Gong et al. have
already reported on the mechanically strong hydrogels
obtained by inducing a double-network structure for
numerous combinations of hydrophilic polymers such
as poly(2-acrylamido-2-methylpropanesulfonic acid)
and polyacrylamide.”**> Here, we report that fluo-
roalkyl end-capped 2-acrylamido-2-methylpropanesul-
fonic acid oligomer [Rg-(AMPS),-Rg] can react with
PVA to supply the corresponding Rg-(AMPS),-R¢/
PVA composite gels. The transparent colorless Rg-
(AMPS),-Rg/PVA composite films were prepared by
casting the homogeneous aqueous methanol solutions
of the corresponding fluorinated composites. Interest-
ingly, it was clarified that mechanical properties and
the water adsorption ability of these films are superior
to those of the original PVA film, which was prepared
under acidic conditions. These results will be described
in this article.

Experimental
Measurements

Stress—strain curve testing was performed using an
A&D STB-1225S (Tokyo, Japan). Molecular weights
of fluoroalkyl end-capped 2-acrylamido-2-methyl-
propanesulfonic acid oligomer [Rg-(AMPS),-Rg;
molecular weight (Mn): 20,500 g/mol] was determined
by using a Shodex DS-4 (pump) and Shodex RI-71
(detector) gel permeation chromatograph (Tokyo,
Japan) calibrated with poly(ethylene glycol) (molecu-
lar weight: 1000-40,000) standards by using 0.5 mol
dm—® Na,HPO, aqueous solution as the eluent. Ther-
mal analyses were recorded by raising the temperature
to around 800°C (the heating rate: 10°C/min) under
atmospheric conditions by using a Bruker AXS TG-
DTA2000SA differential thermobalance (Kanagawa,
Japan).

Materials

2-Acrylamido-2-methylpropanesulfonic acid was pur-
chased from FUJIFILM Wako Pure Chemical Indus-
tries (Osaka, Japan). Fluoroalkyl end-capped 2-
acrylamido-2-methylpropanesulfonic acid oligomer
[RF-(CHQ—CHC(:O)NH2+CM62CH2803_)n-RF; RF:
CF(CF3)OC;F;] was synthesized by reaction of fluo-

roalkanoyl peroxide with the corresponding monomer
according to our previously reported method.*> The
Rge-(AMPS),-Rg oligomer was obtained as a white
powder by reprecipitation with water/tetrahydrofuran
and was dried under vacuum at 50°C for 2 days.
Poly(vinyl alcohol) (KL-118™; molecular weight
(Mw): 200,000 g/mol; degree of hydrolysis: 95.0-
99.0%) was kindly supplied from Kuraray Co., Ltd.
(Tokyo, Japan).

Preparation of fluoroalkyl end-capped
2-acrylamido-2-methylpropanesulfonic acid
oligomer [Rp-(AMPS),-Rg]/poly (vinyl alcohol)
[PVA] composites

To a methanol solution (10 ml) of Rg-(AMPS),-Rg
oligomer, R = CF(CF3)OC5F; (80 mg) was added
an aqueous homogeneous solution (10 ml) containing
PVA (420 mg). The mixture was stirred with a
magnetic stirring bar at room temperature for
1 day. After the removal of solvent, the obtained
product was dried under vacuum at 50°C for 1 day to
afford the expected product [375 mg; isolated yield
based on the used oligomer (80 mg) and PVA
(420 mg): 89%]. The material loss (125 mg) would
be due to the recovery process of the expected
composites. Other composites were also prepared
under similar conditions. Each isolated composite
was successively mixed with water in a tube. The
mixture was treated under ultrasonic conditions until
the solid was dissolved. The resulting solution was
kept at 25°C for 1h, and then the gelation was
checked visually. When it was formed, the gel was
stable and the tube was able to be inverted without
changing the shape of the gel.

Preparation of fluoroalkyl end-capped
2-acrylamido-2-methylpropanesulfonic acid
oligomer/poly (vinyl alcohol) composite films

To a methanol solution (10 ml) containing fluoroalkyl
end-capped 2-acrylamido-2-methylpropanesulfonic
acid oligomer [Rg = CF(CF3)OC3F;: Rg-(AMPS),-
Rg] (80 mg) was added an aqueous solution (10 ml)
of poly(vinyl alcohol) (420 mg). The mixture was
stirred at room temperature for 6 h to provide the
low-viscosity and transparent colorless solution. The
Rg-(AMPS),-Rr/PVA composite film was easily pre-
pared by casting this homogeneous solution on a glass
plate. The solvent was evaporated at room tempera-
ture, and the film formed was peeled off and dried at
room temperature for 1 day under vacuum to afford
the expected composite film. The other composite films
were also prepared under similar conditions.
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Scheme 1: Preparation of Re-(AMPS),-R/PVA composite gel
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Fig. 1: Photograph of the R-(AMPS),-Re/PVA composite hydrogels

Table 1: Cin values (%) for gelation of the Rg-(AMPS),-Re/PVA composites in water

Run Feed ratio of oligomer/PVA mg/mg (mol/mol) Cmin

1 20/480 (0.41/1.00) No gelation
2 40/460 (1.00/1.00) 12

3 80/420 (1.86/1.00) 7

4 160/340 (4.59/1.00) 9

Original Re-(AMPS)-Rg oligomer 9

Original PVA No gelation

Mechanical property of the Rp-(AMPS),-Rp/PVA
composite films

The film samples were cut into the dumbbell-type
specimen (35 mm long at two ends, 61-75 pm thick,
and 2 mm wide at the neck) and were loaded into the
sample grips of materials testing machine (A&D STB-
12258, Tokyo, Japan) with a grip distance of 12 mm;
the crosshead speed was 200 mm/min. The three films
of each sample were used to determine the average
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values of Young’s modulus, tensile strength, and
elongation at break.

Swelling ratio of the fluoroalkyl end-capped
2-acrylamido-2-methylpropanesulfonic acid
oligomer/poly (vinyl alcohol) composite films

The Rg-(AMPS),-R/PVA composite film was cut into
a square of 10 mm x 10 mm x 61 um (thickness) and
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Fig. 3: TGA (thermogravimetric analyses) of Re-(AMPS),-Re/PVA composite films Runs 3* and 4* and the PVA/HCI film*.

* Run Nos and PVA/HCI film correspond to those of Fig. 2

was dried at room temperature for 1 day under
vacuum. Swelling ratio of the film was measured after
the preweighed dried film was swollen in water at 25°C.
The swollen film was weighed after being slightly
removed from the surface water. The swelling ratio was
calculated by the following equation: swelling ratio (g/
g) = (We-Wy)/Wy, where W, is the weight of dried film
and Ws is the weight of swollen film.

Results and discussion

Fluoroalkyl  end-capped  2-acrylamido-2-methyl-
propanesulfonic acid oligomer [Rg-(AMPS),-Rg] was
found to react with PVA in aqueous methanol
solutions at room temperature for 1 day to afford the
expected Rg-(AMPS),-Rg/PVA composite gel, as
shown in Scheme 1.
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Fig. 4: Stress-strain curves of the Rg-(AMPS),-Rg/PVA
composite film (a); Run 3) and the PVA/HCI film (b))

It was demonstrated that the fluorinated composites
thus obtained can cause a gelation in water, as shown
in Runs 2-4 in Fig. 1.

To clarify this gelling behavior, we measured the
minimum concentrations (Cp,;,) of these oligomers for
gelation at 25°C according to the method reported by
Hanabusa et al.?*?” and the results are summarized in
Table 1.

As shown in Table 1, original PVA and the Rg-
(AMPS),-Rp/PVA composites (Run 1), which were
prepared under a lower feed amount (20 mg) of
oligomer based on PVA (480 mg), are unable to reveal
the gelling ability. However, the C;, values were
found to decrease from 12 to 7 or 9%, with the increase
in the feed amounts of oligomer from 40 to 160 mg,
indicating that this gelation behavior is governed by
the synergistic interaction between the aggregation of
the end-capped fluoroalkyl groups in oligomer and the
ionic interaction of the sulfobetaine-type segments.
Thus, the higher feed amounts of oligomer such as Run
4 should enable the Rg-(AMPS),-Re/PVA composites
to provide the similar gelling ability to that of the
original Rg-(AMPS),-RE oligomer.

We tried to prepare the Rg-(AMPS),-Rg/PVA
composite films by using the corresponding composites
(Runs 1-4 in Table 1) in order to clarify the mechan-
ical properties of these films. The photograph of the
obtained composite films is depicted in Fig. 2. Original
PVA film and the PVA film (PVA/HCI film), which
were prepared under acidic conditions, are also illus-
trated in Fig. 2 for comparison.

As shown in Fig. 2, we have succeeded in preparing
the transparent colorless composite films (Runs 1-4),
quite similar to the original PV A film and the PVA/HCI
film. Original PVA film is very sensitive to water, and
this film was completely soluble after immersion into
water within 1 min. However, the PVA/HCI film was
unable to give a solubility toward water, and a swelling
behavior of this film was observed after immersion into
water. This finding would be due to the crosslinking
reaction between the hydroxy groups on the PVA main
chain to produce the crosslinked acetal units under
acidic conditions.?® In addition, we studied the TGA
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(thermogravimetric analyses) measurements in order to
clarify the presence of the residual solvent in the
composite films. The results are shown in Fig. 3.

As shown in Fig. 3, we cannot detect the presence of
the residual solvent at around 100°C for the composite
films, quite similar to that of the PVA/HCI film. Thus,
we studied the mechanical property of the Rg-
(AMPS),-Re/PVA  composite films (Runs 1-4 in
Fig. 2) and the PVA/HCI film. The mechanical prop-
erty of the original PVA film was not performed due to
its higher solubility toward water. The composite films
were subjected to tensile testing to evaluate the stress—
strain relationship. The typical stress—strain behavior
for the Rg-(AMPS),-Rr/PV A composite film (Run 3 in
Fig. 2) and the PVA/HCI film at the crosshead speed of
200 mm/min at room temperature is shown in Fig. 4.

Interestingly, the Rg-(AMPS),-Rp/PVA composite
film (Run 3) had an elongation at break of 215% level,
higher than that (170%) of the PVA/HCI film, as
illustrated in Fig. 3. The higher tensile strength and the
Young’s modulus were also observed for this Rg-
(AMPS),-Rg/PVA composite film. The polymer film
having a higher Young’s modulus is, in general, tough
and brittle to provide the lower elongation at break.
However, this composite film can provide a significant
increase in both the tensile strength and elongation at
break, compared to those of the PVA/HCI film. This
would be due to the architecture of a double-network
structure for the combination of Rp-(AMPS),-Rg
oligomeric gel network and PVA gel network. The
crosslinking reactions of PVA occurred by using
traditional crosslinkers such as maleic acid, glutaralde-
hyde and formaldehyde to form the PVA hydro-
gel.">'® Aqueous hydrochloric acid is also effective for
the formation of PVA hydrogels through the crosslink-
ing between hydroxyl groups on the PVA main chain
to produce the acetal units.”® We previously reported
that aqueous Rg-(AMPS),-Rg oligomer solution can
exhibit an acidic characteristic (pH 2.86), due to the
presence of the sulfobetaine-type segments on the
oligomer side chain.”” Therefore, PVA should form the
corresponding hydrogel in the presence of Rg-
(AMPS),,-Rg oligomer to create the new Rg-
(AMPS),-Rg/PVA double-network gel. Such double-
network gel can derive into the superior mechanical
property to that of the PVA/HCI film.

The Young’s modulus, the tensile strength, and the
elongation at break for the composite films (Runs 1-4)
and the PVA/HCI film are summarized in Fig. 5, which
are the average values of each of the three films.

As shown in Fig. 5, the Rg-(AMPS),-Rg/PVA com-
posite films (Runs 1-4) were found to have a higher
Young’s modulus and tensile strength than those of the
PVA/HCI film. In particular, the composite films (Runs
3 and 4) possessing a higher gelling ability, the
minimum concentrations (Cp,,) of which are 7-9 (see
Table 1), can give a higher Young’s modulus and
tensile strength than those of the PVA/HCI film. Of
particular interest, only the composite film Run 3 can
supply a higher elongation at break than that of the
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Scheme 2: Formation of the traditional double-network hydrogel

PVA/HCI film. This finding is due to the higher gelling
ability, compared to that of the other composite films.
Thus, the Rg-(AMPS),-Re/PVA composites (Run 3)
possessing a higher gelling ability should establish the
mechanically strong double-network gel to provide a
higher elongation at break for the composite films.
Usually, it is well known that the double-network gels
are synthesized through the two-step crosslinking
reactions; that is, the first step consists of the synthesis
of crosslinked hydrophilic polymers such as poly(2-
acrylamido-2-methylpropanesulfonic acid) [PAMPS]
whose polymer is obtained by the photopolymerization
of AMPS monomer in the presence of crosslinking
agent (N, N’-methylenebisacrylamide (MBAAmMm) ini-
tiated by 2-oxoglutaric acid. In the second step, the
subsequent photopolymerization of acrylamide (A Am)
containing MBAAm and 2-oxoglutaric acid in the
presence of the crosslinked PAMPS hydrogel can
proceed to provide the double-network hydrogel as
illustrated in Scheme 2.%*°Y

On the other hand, Rg-(AMPS),-Rf oligomer can
form the gel in water through the synergistic interac-
tion between the aggregation of the end-capped

fluoroalkyl groups and the ionic interaction of sulfo-
betaine-type segments under noncrosslinked condi-
tions (see Scheme 3). In particular, PVA should afford
the crosslinked PVA hydrogel related to the acetal
units formed from hydroxy groups on the PVA main
chain in the presence of the acidic Rg-(AMPS),-Rp
oligomer solution (pH 2.86).”° Thus, the double-
network hydrogel can be easily prepared by the
reaction of the Rg-(AMPS),-Rf oligomer with PVA
in aqueous solutions in only one step, quite different
from the traditional synthesis of the double-network
hydrogels, as shown in the Scheme 3.

In this way, such double-network formation would
enable the Rg-(AMPS),-Rp/PVA composite possess-
ing a higher gelling ability to create the mechanically
strong composite film.

It is of particular interest to clarify the water
adsorption ability of the present Rg-(AMPS),-R¢/
PV A composite films in order to apply these films into
a variety of fields. Because the application of the
original PVA film is very limited due to its higher
solubility toward water,'! we studied the water adsorp-
tion behaviors of the Rg-(AMPS),-Re/PVA composite

225



J. Coat. Technol. Res., 17 (1) 219-230, 2020

Rr R
@ ©] _—

) © MeOH
[Re-(AMPS) ,-Rr oligomer]

[Re-(AMPS) R oligomer gel]

OH
HO HO Crosslinking reaction of PVA
HO OH in the presence of
OH OH Re-(AMPS),-Rg oligomer /
HO under higher acidic L .
HO HO conditior?s (pH 2.86) Crosslinking reaction of PVA
OH OH in the presence of
HO Ho Re-(AMPS),-Rg oligomer,
oH OH o dueto the oligomer’s higher
"\ 1 /' HO o acidic characteristic:pH 2.86
PVA o]
HO
(o]
o (o]

[Double-network hydrogel]
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Fig. 6: Photograph of the PVA/HCI film and the Rg-(AMPS),-R:/PVA composites films before and after immersion in water

films [square of 10 mm x 10 mm x 61-76 um (film In the case of the PVA/HCI film, a swelling behavior
thickness)]. The PVA/HCI film [a square of 10 mm x  was observed with keeping the shape of this film after
10 mm x 69 pm (film thickness)] was also studied immersion into water for 60 min. On the other hand,
under similar conditions, for comparison. The results  interestingly, the shape of the Rg-(AMPS),-Rg/PVA
are shown in Fig. 6. composite films (Runs 3 and 4) was found to swell to
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Fig. 7: Relationship between the immersion time and swelling ratio of the Re-(AMPS),,-Re/PVA composite films

about two times larger under similar immersion con-
ditions, as shown in Fig. 6. Thus, we tried to study the
relationship between the swelling ratio (g/g) of the
composite films and the immersion time into water,
and the results are summarized in Fig. 7.

Figure 7 shows that the PVA/HCI film can adsorb
water to form the gelling film (swelling ratio of the film:
ca. 2 g/g) after immersion in water for 5 min, and this
film maintains the constant swelling ratio (2 g/g) even
after immersion in water for 60 min. On the other
hand, the Rg-(AMPS),-Re/PVA composite films
(Runs 1 and 2) whose composites exhibit no gelation
and a poor gelling ability (Cpin = 12%), respectively,
afforded a soluble characteristic after immersion in
water for 1 min, indicating that these composites
cannot construct the double-network structure to lead
the mechanically strong hydrogel films. However, of
particular interest, the Rg-(AMPS),-Rg/PVA compos-
ite films (Runs 3 and 4) whose composites supply a
higher gelling ability (Cyin =7 and 9%) can give a
higher water adsorption behavior (6-10 times), com-
pared to that (two times) of the PAV/HCI film after
immersion in water for 5 min.

We studied the water cycling stability of the Rg-
(AMPS),-R/PVA composite films (Runs 3 and 4) for
the water adsorption and desorption behavior by using
the corresponding fresh composite films. In particular,
we used the dried composite films after completely
releasing water in the case of two cycles, and the
swelling ratio was successively measured under similar
conditions. The results are shown in Fig. 8.

As shown in Fig. 8, we succeeded in observing the
good water cycling stability for the swelling behavior of
the composite film (Run 3). The shape of the compos-
ite film [square of 10 mm x 10 mm x 61 pm (film
thickness)] was found to swell to approximately two
times after immersion into water for 60 min, quite
similar to that of Fig. 6. However, interestingly, the
shape of this swollen film was recovered to the original
one through the drying process (see Fig. 8c). We can
observe the similar swelling behavior of the dried
composite film (Run 3) in two cycles as shown in
Fig. 8d—-f. In addition, a similar swelling behavior was
observed in the composite film (Run 4) (data not
shown). Furthermore, we studied the water cycling
stability for the swelling ratio of the composite films
(Runs 3 and 4), and the results are as follows:

The composite Immersion

time (min)
Film 1 5 10 20 30 45 60
Run 3 Swelling ratio [g/g (swollen film/film before immersion (%)]
1 cycle 4.6 55 5.7 5.8 5.8 6.0 6.0
2 cycle 4.8 5.6 5.6 5.8 5.7 5.8 5.8
Run 4 Swelling ratio [g/g (swollen film/dried film before immersion (%)]
1 cycle 6.7 9.2 10.2 104 107 109 111
2 cycle 7.1 9.8 105 107 107 10.8 10.6
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Immersion into

Composite film (Run 3)
(before immersion in water)

Immersion into
water for 60 min

Dried film (Run 3)
after completely
releasing water

(d)

water for 60 min =

Swollen film (Run 3)

Dried film (Run 3)
after completely
releasing water

(c)

—_—

Dried film (Run 3)
after completely
releasing water

(e) ®)

Fig. 8: Photograph of the Re-(AMPS),,-R/PVA composite film (Run 3) before immersion in water (a), the swollen film (Run 3)
after immersion in water for 60 min (b), and the dried film (Run 3) after completely releasing water (c) in the case of one
cycle. The same dried film (Run 3) (d) was used in the case of 2 cycles (d)—(f)

As indicated previously, each swelling ratio for the
film, Run 3 or Run 4, in one cycle was found to be quite
similar to that of Run 3 or Run 7 in Fig. 7, respectively,
and a good water cycling stability of the composite films:
Runs 3 and 4, was observed for the water adsorption
process in two cycles. This finding would be due to the
construction of mechanically strong double-network
hydrogel. In fact, as shown in Fig. 4, the composite films
(Runs 3 and 4) can exhibit the higher Young’s modulus,
tensile strength, and elongation at break than those of
the other composite films (Runs 1 and 2).

In this way, it was clarified that the Rg-(AMPS),,-Rg/
PVA composite films whose composites possess a
higher gelling ability can exhibit a higher water
adsorption ability with keeping the shape of the
swollen composite films.

Conclusion

We have newly prepared Rg-(AMPS),-Rg/PVA com-
posites by reactions of the Rg-(AMPS),-Rg oligomer
with PVA at room temperature for 1 day. The trans-
parent colorless films were subsequently prepared by
casting their aqueous methanol solutions. It was
demonstrated that the mechanical properties such as
Young’s modulus and tensile strength of the obtained
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composite films were superior to those of the PVA/
HCI film. The Rg-(AMPS),-Rg/PVA composite films
possessing a higher gelling ability can provide the
significant increase in the Young’s modulus, tensile
strength and elongation at break, compared to the
other composite films possessing a poor gelling ability.
The polymer film possessing the higher Young’s
modulus is, in general, tough and brittle providing
the lower elongation at break; however, such excellent
mechanical property would be due to the formation of
the double-network structure in the corresponding
composite film. Mechanically strong composite films
were also clarified to afford a higher water adsorption
ability with maintaining the shape of the swollen films,
quite different from that of the PVA/HCI film. In this
way, it is suggested that our present Rg-(AMPS),-Ry/
PVA composite films have high potential for a wide
variety of fields, especially the biomedical area,
because the Rg-(AMPS),-Rg oligomer hydrogels are
known to be potent and selective inhibitors of HIV-1
and other enveloped viruses.*!
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