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ABSTRACT: This study focused on the preparation of electrospun cross-linked double-network (DN) of agarose/polyacrylamide
(PAAm) nanofibers. The agarose formed the first-network that was physical-linked by the agar helix bundles. After UV-irradiation,
the chemically crosslinked PAAm was formed as the second network. The resulting cross-linked DN agarose/PAAm nanofibers were
characterized by scanning electron microscopy (SEM), contact angle, attenuated total reflectance-Fourier transform infrared spectros-
copy (ATR-FT-IR), thermogravimetric analysis (TGA), and tensile test. SEM analysis shows the agarose/PAAM nanofibers present
with the thickness of 187 nm. Agarose/PAAm nanofibers were showing FT-IR spectral peaks at ~1660, 1590, and 1070 cm ! indicat-
ing the presence of both agarose and polyacrylamide in the crosslinked DN Agarose/PAAm nanofiber sheet, it suggests the strong
interaction and good compatibility between the two components. Agarose/PAAm nanofiber sheet was showing thermal stability close
to the pure polyacrylamide. From the tensile test study, agarose/PAAm strength improved by 66.66% compared to the pure agarose.
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INTRODUCTION

To combine PAAm and agarose and complement each other, we
introduce a double network (DN) system. The DN possess
properties are the combination of agarose and polyacrylamide
two networks such as network density, rigidity, molecular
weight, crosslinking density, etc. The mechanical properties of
DN prepared from many different polymer pairs were shown to
be much better than that of the individual components. DN
works are usually synthesized via a multistep sequential free
radical polymerization process.

Photochemically induced polymerization reactions have become
of great importance in industry. The traditional applications of
UV-curable systems are in the industrial areas where
temperature-sensitive substrates are coated, like wood, paper,
varnishes, and plastics and to produce the high-definition
images required in the manufacture of microcircuits and print-
ing plates. Photocuring of thin films, such as, for example, in
the curing of paint coatings and plastic coatings on paper,
wood, metal, and plastic or in the drying of printing inks. This
curing by irradiation in the presence of photoinitiators is distin-
guished, compared with conventional methods for the drying or
curing of coatings, by saving of materials and energy, low ther-
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mal stress of the substrate, and in particular a high curing rate.
Moreover, the preparation of polymer materials by polymeriza-
tion of the corresponding unsaturated monomeric starting
materials is often carried out photochemically and by means of
photoinitiators.

The goal of the study is to develop cross linked composite
nanofibers with high surface area combined by excellent
mechanical and solvent-resistant properties through UV irrita-
tions used as biomimetic materials for their potential applica-
tions in engineering scaffolds and drug delivery.
Ultraviolet (UV) irradiation®® have been employed to crosslink
PEO in order to prevent the dissolution and flow of PEO into
the external medium. Among the many crosslinking methods,
UV-induced crosslinking method exhibits many advantages
including easy manipulation, low hazard for the researchers,
highly effective and controllable reaction.*® More importantly,
the sterilization and crosslinking could be conducted simultane-
ously during the UV irradiation, which greatly facilitates the
utilization of UV-induced crosslinking techniques for biomate-
rial preparations.

tissue

Polyacrylamide (PAAm), prepared by copolymerization of one
or more functional monomers with acrylamide (AAm) in the

J. APPL. POLYM. SCI. 2016, DOI: 10.1002/APP.42914


http://www.materialsviews.com/

ARTICLE

presence of a crosslinker such as N,N-methylenebisacrylamide
(MBAA). PAAm have been of great interest due to its applica-
tions in horticultural and agriculture,® drilling fluids,” tissue
engineering,®® and waste treatments as a flocculent to bind
heavy metal ions by forming coordination bonds.'®"! Polyacryl-
amide is often used in molecular biology applications as a
medium for electrophoresis of proteins and nucleic acids. These
are ascribed to their nontoxic and biologically inertness, long
chain length, capacity for preserving their shape and mechanical
strength and convenient adjustability of mechanical, chemical,
and biophysical properties. Poor mechanical properties have
limited further development of PAAm.'>'’ Agarose, a natural
polysaccharide obtained from red algae, is a linear polymer
made up of the repeating unit of agarobiose, which is a disac-
charide made up of p-galactose and 3,6-anhydro-L-galactopyra-
nose unit. It has been extensively used in food and cosmetic
industries for a hundred years.'"* During the last few decades,
various forms of the agarose-based systems have been developed
for the applications in pharmaceutical industries and medical
research.'®

Electrospun polyvinyl alchol/chitosan (PVA/CS) and polyvinylal-
chol/cyanobacterial extracellular polymeric substances (PVA/
EPS) blend nanofibers have been successfully prepared by Carla
et al.'® Blend nanofibres showing uniform morphology with a
narrow diameter distribution from about 50 to 130 nm are
obtained. Dynamic mechanical analysis and filtration test dem-
onstrated that the PVA/EPS electrospun blended membrane has
better tensile mechanical properties and resisted more against
disintegration in the temperature range between 10 and 50°C.
The chitosan/sericin/poly(vinyl alcohol) (CS/SS/PVA) nanofibers
incorporated with in situ synthesis of nano silver are successfully
produced through electrospinning. The obtained Cs/SS/PVA
nanofibers are with mean diameter of 180 nm. Introducing
AgNO; not only produces excellent antibacterial activity, but
also decreases the Cs/SS/PVA/AgNO; nanofiber diameter to
about 95 nm."” Silver nanoparticles/poly (vinyl alcohol) (PVA)/
carboxymethyl-chitosan (CM-chitosan) (AgNPs/PVA/CM-chito-
san) nanofibers are successfully fabricated by electrospinning.
The AgNPs can be observed on the surface of the fibers with
round shape, which mainly distributed from 4 to 14 nm in the
nanofibers. The comprehensive results of this study suggest that
AgNPs/PVA/CM-chitosan nanofibers have the potential to be
utilized as antibacterial biomaterials."® Non-woven mats of
polyvinyl alcohol/chitosan (PVA/CS) blends and PVA/CS blends
containing 1 wt % Ag nanoparticles are successfully fabricated
by the electrospinning method. The antibacterial experiment
indicated that the nonwoven mats of PVA/CS blends have good
bactericidal activity against the gram-negative bacteria E. coli.
The antibacterial activity of nonwoven mats of Ag/PVA/CS
blends is better than that of nonwoven mats of PVA/CS
blends."””  Electrospun  chitosan/polyacrylamide  (CS/PAAm)
nanofibers crosslinked with glutaraldehyde vapour had adsorp-
tion capacity for Cr(VI) and PO;* of 0.26 and 392.00 mg g~ ',
respectively. The removal efficiencies are 93.0 and 97.4% for
Cr(VI) and PO;*, respectively.”® Zhou et al*' prepared the
fibrous hydrolyzed polyacrylamide/cellulose (HPAM/CNC)
nanocrystals. HPAM/CNC nanocomposite membranes consist
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of electrospun fibers with an average diameter of ~220 nm. The
porous nanocomposite gels displayed a rapid swelling rate and
high adsorption capacity in removing methylene blue from
aqueous solution. The novel porous nanocomposite gels show
promise as sorbents in the removal of small ionic contaminants
from wastewater.

The simple straightforward electrospinning is rapidly developing
along two directions, one is the direct creation of structural
nanofibers using multiple-fluid electrospinning®>** and other
one is combined usage of electrospinning with other techni-
ques.”* The present study demonstrates a preliminary research
on the preparation of agarose/PAAm nano fibers by electrospin-
ning followed by photo-polymerization (combined usage of
electrospinning and photopolymerization method). It is consid-
ered that the present study may increase the versatility of aga-
rose/PAAm nanofibers in of the
bioengineering applications and improvement in mechanical
properties, thermal stability, and solvent resistance.

terms biomedical and

EXPERIMENTAL

Materials

Agarose E (Laboratorios, Conda), acrylamide (AAm), oxogluta-
ric acid (OG), N,N-methylenebisacrylamide (MBAA, Tokyo
Chemical Industry), and dimethylformamide (DME Sigma—
Aldrich) was used as received.

Preparation of Solutions for Electrospinning

Agarose E (1200 mg: monomer), acrylamide (AAm, 900 mg:
monomer), oxoglutaric acid (0.0187 g, 1 mol % w.rt. AAm:
photocatalytic initiator), N,N’-methylenebisacrylamide solution
(0.03 mol % w.rt. AAm: crosslinker), dimethylformamide
(9 mL), and H,O (1 mL: millipore water) were mixed together,
the mixture was heated at 90°C under the constant stirring
(300 rpm) in an oil bath for several hours until a clear uniform
solution was formed.

Fabrication of Agarose/Polyacrylamide Nanofibers

Above prepared electrospinning solutions or suspensions were
transferred to a plastic syringe of 20 mL with a needle inner
diameter of 0.58 mm. The needle was connected to a high volt-
age of positive power supply. The negative terminal was con-
nected an aluminum foil collector. The collector was placed
vertically at a horizontal distance of 7.5 cm from the tip. During
the electrospinning, the flow rate of the electrospinning solution
was fixed at 0.1 mL h™" and the applied voltage was 16-17 kV
using NanoNC (ESR200R2D, Korea). Simultaneously photo-
polymerization reaction performed during the electrospinning
procedure was shown in Scheme 1 using UV-lamp (4: 365 nm,
4w), Dongseo science (UVT series). Acrylamide and N,N’-meth-
ylenebisacrylamide both the molecules contain amide functional
groups, therefore both the molecules undergo simultaneous
copolymerization and crosslinking, when irradiated with the
UV radiation.

CHARACTERIZATION

Attenuated total reflectance (ATR) Fourier transform infrared
(FTIR) spectra of nanofiber sheets were recorded on a Nicolet
Nexus FTIR  spectrometer (model: iS10, Minnesota).

J. APPL. POLYM. SCI. 2016, DOI: 10.1002/APP.42914



http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE

o ¥

blended R4

oo 0 = o 4 —

L

@ Agarose (Mw: 120,000)
() Acrylamide(AAm)
» N,N’-methylene-bis-acrylamide (MBAA) 0.3mol%

of AAm
Oxoglutaric acid 10mol% of AAm

FNL Linear agarose

OH OH 0
0 H
macromolecular #[° 5
><>O(XX)O< Double helix
structure of Agarose
R, PAAm chains {/jf
07 “NH,

WILEYONLINELIBRARY.COM/APP

CIENCE

aund

Photo-polymerization

Scheme 1. Preparation of crosslinked DN of agarose/PAAm nanofibers. [Color figure can be viewed in the online issue, which is available at wileyonline-

library.com.]

Morphology studies of the nanofiber sheets were carried out
with an emission scanning electron microscope (Mini-SEM
SNE-4500M). The sample was mounted on a carbon disc with
the help of double-sided adhesive tape. Thermogravimetric
analysis (TGA) was performed with a thermal analyzer (TGA
N-1000 Scinco, Seoul, Korea), Universal at a heating rate of
10°C min~' under a nitrogen atmosphere. The stress—strain
measurements were performed of the nanofiber sheets using an
universal testing machine (AG-500 KNG, Shimadzu, Tokyo,
Japan). The nanofiber sheets were prepared by electrospinning
method using NanoNC (ESR200R2D, Korea). The photo poly-
merization was performed using UV-lamp (4: 365 nm), Dong-
seo science (UVT series). Contact angle was measured on
PHOENIX-SEO apparatus (Korea).

RESULTS AND DISCUSSION

Fourier Transform Infrared Spectroscopy (FI-IR)

FT-IR spectrum of pure agarose and agarose/AAm was shown
in Figure 1. Pure agarose nanofibers sheet were showing peaks
at 3342 (O—H stretching), 2904 (—CH,— stretching), 1633
(bonded H—O—H), 1355, 1157, and 1053 (C—O—C glycosidic
linkage), 932 (3,6-anhydro moiety of agarose), and 879 cm™'
(B-skeletal bending of basic carbohydrate linkage).”> Agarose/
acrylamide nanofiber sheet showing peaks at 3343 and
3208 cm™ ' (symmetrical and asymmetrical stretching of the
N—H bond), 1662 cm™ ' (C=0 stretching), 1599 cm” ' (N—H
deformation), 1426 and 1354 cm™ ' (C—N stretching vibration)
600-800 cm ' (N—H wagging vibration) of the polyacrylamide,
1155 and 1042 cm™' (C—O stretching) of the agarose.”® In all
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the prepared nanofiber sheets (Figures 1 and 2), common peaks
observed at 3340, 3200, 1660, 1420, 1350, 600—-800 cm ™' of the
polyacrylamide and 1150 and 1040 cm™'
polymer.

FT-IR spectrum of agarose/PAAm with variation of AAm con-
centration: 0.0084, 0.0127, 0.0169, and 0.0211 mol % was
shown in Figure 2, with increasing the concentration of AAm,

of the agarose

Transmittance (%)

a Agarose
b —— Agarose/AAm

T T T T T T T T T T T T T T

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm™)

Figure 1. FT-IR spectrum of (a) Agarose-pure and (b) Agarose/AAm

nanofiber sheets. [Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]
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Figure 2. FT-IR spectrum of agarose/PAAm sheets with variation of AAm
concentration (a) 0.0084, (b) 0.0127, (¢) 0.0169, and (d) 0.0211 mol %

AAm. [Color figure can be viewed in the online issue, which is available
at wileyonlinelibrary.com.]

the intensity of the peaks at ~1650, 1600, 1426, 1357, and
1278 cm™' was increased supporting for the increasing the
polyacrylamide content in the agarose/PAAm electrospun
fibrous scaffolds.”® Similarly, the reverse trend was observed
with increasing the concentration of MBAA, the intensity of the
peaks at ~1650, 1590, 1420, 1350, and 1270 cm ! was
decreased shown in Figure 3, due to the decreasing AAm con-
centration and increasing the MBAA crosslinking agent concen-
tration in the agarose/PAAm electrospun fibrous scaffolds.

In all the samples strong peaks present at ~1660, 1590, and 1070
were observed in the FT-IR spectra indicating the presence of
both agarose and polyacrylamide in the agarose/PAAm nanofiber
sheet; it suggests the strong interaction and good compatibility
between the two components.”” From the FT-IR analysis one it
confirms the AAm converted into PAAm and formation of the
DN with agarose. The -NH, groups in polyacrylamide molecules
were expected to form hydrogen bonds with the —OH groups in
agarose that may create agarose/PAAm complexes. The interac-
tions between agarose and polyacrylamide would be greatly bene-
ficial to the formulation of the blend fibers with a uniform
structure as confirmed by their SEM images in Figure 7. Sche-
matic synthesis was shown in Scheme 2.

Thermal Analysis

Thermal analysis of agarose/AAm and crosslinked DN of
agarose/PAAm nanofiber sheet were recorded and presented in
Figure 4. The pure agarose polymer exhibits two distinct zones
of weight loss. The initial weight loss was due to the traces of
moisture present in the agarose polymer. The second zone
(290-500°C) is due to the rapid degradation of the agarose
polymer backbone and almost 100% degradation takes place
when temperature reaches 520°C.**** In the case of polyacryl-
amide, a continuous weight loss starting at the beginning of the
heating was observed and at least four thermal degradation
stages. The first stage: degradation was due to the loss of mois-
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ture, which was present in the polyacrylamide. Second stage:
Above 240°C the degradation of polyacrylamide was due to loss
of ammonia with the formation of imide group via cyclization.
Third stage: The main degradation having a T, at 372°C.
Ammonia and water were the only volatile products below
340°C in polyacrylamide. Fourth stage: decomposition of the
cyclized product was observed starting from 380°C.*° The aga-
rose/AAm 100% degradation takes place at 496°C, when the
agarose/AAm photopolymerized into crosslinked DN of agarose/
PAAm, the resulting agarose/PAAm nanofiber sheet 100% deg-
radation takes place at 653°C, the thermal stability of the aga-
rose/PAAm improved by 157°C (end point). The effect of the
AAm concentration on the agarose/PAAm system thermal sta-
bility analyzed were shown in Figure 5 (a) 0.0084, (b) 0.0127,
(c) 0.0169, and (d) 0.0211 mol % AAm. With increasing the
AAm concentration the thermal stability of the agarose/PAAm
increases, but in the case of Figure 5(b,c) the thermal stability
was almost more or less the same. Effect of the MBAA concen-
tration on the agarose/PAAm system thermal stability analyzed
and presented in Figure 6 (a) 0.03, (b) 0.06 and (c) 0.09 mol %
MBAA. With increasing the concentration of MBAA the thermal
stability of the agarose/PAAm system decreases and Figure
6(b,c) system was showing the almost same thermal stability. All
the nanofiber sheet systems were showing thermal stability was
close to the pure polyacrylamide.”®

Morphology Analysis

Morphology analysis of the agarose/AAm and agarose/PAAm
nanofiber sheets were recorded and shown in Figure 7. The aga-
rose/AAm [Figure 7(a)] nanofiber sheet show nanofibers forma-
tion; when agarose/AAm materials irradiated with photo
radiation during electrospinning, AAm undergoes photochemi-
cal polymerization in the presence of OG that acts as photo-
chemical initiator resulting in agarose/PAAm formation. The
agarose/PAAm [Figure 7(b)] nanofibers were showing the thick-
ness of 250 nm, with uniform morphology. The pure agarose

Transmittance (%)

a—0.03mol% MBAA
b——0.06mol% MBAA
¢ ——0.09mol% MBAA

M 1 v 1 M 1 M ] v ] v L] v ] ¥ 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber cm™

Figure 3. FT-IR spectrum of agarose/PAAm sheets with variation of
MBAA concentration (a) 0.03, (b) 0.06, and (c) 0.09 mol % of MBAA.
[Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com. ]

J. APPL. POLYM. SCI. 2016, DOI: 10.1002/APP.42914



http://wileyonlinelibrary.com
http://wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE

WILEYONLINELIBRARY.COM/APP

Applied Polymer

SCIENCE

o]
ﬁ\o o q/ S \H/\CHZ
0
9 S H O 0 0
n

Agarose

+

o]
\)kw

Acrylamide

2

(i) Electrospinning

OH oH

o]
o]
0 o 0
Annes—" o - \g\
H H /o

N,N-methylenebisacrylamide
(o] o}

HO OH

@]
Oxoglutaric acid

(ii) Photochemical

polymerization

(o]
o]
ﬁ\o/ww
o]
OH H GHO
H H

OH oH

HN o
H;C
o 2T ~CH——v
C HC—
- CH
Hy,C—HC \HN*—-HZC.\ s 2
HN—C-—HC\

AM/—(-HC{..___CHZJ\

OH oH

(o]
o
WO o ﬁ\o
OH o w0
OH
H H

CH,

n CH,
—0
HN——C—
/
O oH

o)
O /M.f\f
5 ﬁ\o
OH i~
H H

Agarose/polyacrylamide

Scheme 2. Synthesis of agarose/PAAm. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

nanofibers sheet was showing the thickness of 365 nm. There-
fore with the addition of acrylamide to agarose, the thickness of
the agarose/PAAm nanofiber decreases. The effect of AAm con-
centration on the thickness and shape of the morphology was
analyzed and shown in Figure 7(c—f). When the concentration
of AAm was 0.0084, 0.0127, 0.0169, and 0.0211 mol %, the
nanofiber thickness was found to be 205, 264, 237, and 187 nm,
respectively (Figure 7). With the increase in the concentration
of the AAm, agarose/PAAm morphology changes from the
nanofibers [Figure 7(c,d)] to mixture (nanofibers and agglomer-
ates) [Figure 7(e)] and agglomerates are formed [Figure 7(f)].
Similarly, the effect of the crosslinking agent concentration on
the agarose/PAAm system morphology were analyzed and pre-
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sented in Figure 7. With the increase in the concentration of
the MBAA (0.03 to 0.09 mol %), agarose/PAAm present in the
nanofibers form and thickness of the agarose/PAAm nanofibers
was found to be 264, 353, and 457 nm [Figure 7(g—i)]. There-
fore with the increase in the concentration of the crosslinking
agent (MBAA), the thickness of the DN of agarose/PAAm nano-
fibers was increased.

Contact Angle

Contact angle measurements give insight into the surface hydro-
philic/hydrophobicity of crosslinked DN of agarose/PAAm sys-
tem. The contact angle of the agarose/AAm and crosslinked DN
of agarose/PAAm system was found to be 45.98° and 35.28°,
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Figure 4. Thermogravimetric analysis of (a) Agarose-pure and (b) Aga-

rose/AAm nanofiber sheets. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]

respectively. With the increasing the concentration of the AAm
was 0.0084, 0.0127, 0.0169, and 0.0211 mol %, the contact angle
of the agarose/PAAm found to be 37.35, 42.62, 44.50, and
47.11°, respectively, indicates the hydrophilicity nature of the
crosslinked DN of agarose/PAAm nanofiber sheet decreases. The
pure and uniform nanofibers are showing lower contact angle
and when nanofibers were converting into the agglomerates
(rough surface) contact angle increases.”’ Similarly, the effect of
the MBAA concentration on the agarose/PAAm system analyzed,
a reverse trend observed compare to the effect of AAm concen-
tration on the agarose/PAAm system, when increasing the con-
centration of the MBAA, 0.03, 0.06, and 0.09 mol %, the contact

a=——0.0084mol AAm
100 4 b——0.0127mol AAm
¢ ——0.0169mol AAm
d——0.0211mol AAm
80 -
?
2
< 604
e
5
g 40 -
20 -
0 -

L) ¥ 1 b L) ! 1 b 1
0 200 400 600 800
Temperature (°C)

Figure 5. Thermogravimetric analysis of agarose/PAAm sheets with varia-
tion of AAm concentration (a) 0.0084, (b) 0.0127, (c¢) 0.0169, and (d)
0.0211 mol % AAm. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]
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Figure 6. Thermogravimetric analysis of agarose/PAAm nanofiber with

variation of MBAA crosslinking density (a) 0.03, (b) 0.06, and (c)

0.09 mol % of MBAA. [Color figure can be viewed in the online issue,
which is available at wileyonlinelibrary.com.]

angle decreased to 42.62, 38.80, and 35.73° respectively; therefore
with the increase in the concentration of the crosslinking agent
(MBAA), hydrophilicity nature of the crosslinked DN of aga-
rose/PAAm nanofiber sheet increased. Agarose/PAAm nanofiber
sheet showing high contact angle when agarose/PAAm nanofiber
was less in thickness and vice versa.”’ The contact angle of the
agarose/PAAm nanofiber sheet shown in Figure 8. Pure poly-
acrylamide was showing contact angle of 23.6.>* Therefore with
addition of agarose polymer to polyacrylamide resulting agarose/
PAAm nanofiber sheet contact angle enhances.

Mechanical Properties

The mechanical properties of electrospun fibrous scaffolds were
determined before and after crosslinking by tensile test. The
stress—strain properties of electrospun fibrous scaffolds of aga-
rose, agarose/AAm, and crosslinked DN of agarose/PAAm sys-
tem were shown in Figure 9. The tensile strength of the agarose,
agarose/AAm, and agarose/PAAm system were found to be 6, 7,
and 10 MPa, respectively. Pure agarose nanofibers was showing
stress 6 MPa, when it is modified with AAm, resulting in aga-
rose/AAm strength improve by 16.66%, when AAm converted
into PAAm by the photo polymerization technique in the pres-
ence of agarose the strength of the crosslinked DN agarose/
PAAm system was improved by 66.66%. The tensile strength of
the agarose and DN agarose/PAAm hydrogels was showing
around 0.3 and 1.0 MPa respectively.! The tensile strength of
the DN was much higher than the DN hydrogels. All the tensile
properties increased due to the crosslinked DN formation
between the agarose and polyacrylamide shown in Schemes 1
and 2.

CONCLUSIONS

We have fabricated the DN of agarose/PAAm nano fibers by simul-
taneously electrospinning and photo-polymerization method.
From the FT-IR analysis it confirms the formation of crosslinked
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Figure 7. SEM images of (a) agarose/AAm and (b) agarose/PAAm fibers, agarose/PAAm nanofiber sheets with varying concentrations of AAm: (c)
0.0084 mol %, (d) 0.0127 mol %, (e) 0.0169 mol %, and (f) 0.0211 mol % and agarose/PAAm nanofiber sheets with varying concentration of MBAA:
(g) 0.03 mol %, (h) 0.06 mol % and (i) 0.09 mol %.
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Figure 9. Stress—strain curves agarose, agarose/AAm, and agarose/PAAm

Figure 8. Contact angle of agarose/PAAm sheet. [Color figure can be  nanofiber sheets. [Color figure can be viewed in the online issue, which is
viewed in the online issue, which is available at wileyonlinelibrary.com.] available at wileyonlinelibrary.com.]
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