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Abstract:Thin films comprising different mass fractions of chitosan/polyethylene
oxide (Cs/PEQ) were successfully synthesized via ordinary solution casting technique.
Synthesized thin films characterized in terms of chitosan content using x-ray diffraction
(XRD), Fourier transforms infrared (FT-IR), and scanning electron microscopy (SEM)
adopted to study surface morphology. Synthesized membranes exhibit a higher degree
of crystallinity, according to XRD data decreases with increasing chitosan content.
Infrared spectroscopy revealed that the studied samples show significant structural
changes as a result of intermolecular interactions with the appearance of characteristic
peaks belonging to individual polymers. The change in intensity may be attributed to
the molecular interaction through strong hydrogen bonds between hydroxyl and amino
groups on chitosan molecules and ether groups in PEO. Roughness parameters appear
to be correlated with the increase in chitosan content.
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1.Introduction

Polymer blending attracts the curiosity of
several scientists within the last decades
because of their superior characteristics among
their separate polymer networks and wide
applications [1-3].

The characteristics of poly (ethylene oxide)
include a moderate tensile modulus, high
elongation, and the capacity to orient under
stress. Its molecular weight and temperature
affect its solubility in various solvents. PEO
with a larger molecular weight is typically more
difficult to dissolve. PEO is used in adhesives
and the defense against fire in the industry [4,
5].

Chitosan is a positively charged natural
polysaccharide, which is composed of pB-
(1—4)-linked N-acetyl-D-glucosamine
(GIcNAc) and D-glucosamine (GIcN) [6].
Chitosan is a non-toxic, cost-effective,
renewable, biodegradable, and environmentally
friendly material [7]. Chitosan is derived from
the deacetylation of chitin polymer, and it is
soluble in acidic agueous media because of the
existence of amino groups Chitosan has a high

ability to form films, but biopolymers are more
expensive than synthetic polymers. So, to
overcome that, blending between natural and
synthetic polymers introduces new substances
with improved characteristics with reduced

costs [8]. chitosan exhibits antimicrobial
activity only in an acidic medium [9, 10].
Several factors influence chitosan's

antibacterial activity, including the type of
chitosan, the degree of chitosan polymerization,
and some of its other physicochemical
properties. Chitosan is more effective against
Gram-positive bacteria than Gram-negative
bacteria. Chitosan's antibacterial activity is also
affected by its molecular weight and solvent
[11], and it is inversely affected by pH, with
higher activity at lower pH values [12]. Wide-
ranging biomedical uses of chitosan include
drug delivery systems [13], charcoal-
encapsulated chitosan beads for toxin
elimination [4], dental and orthopedic materials
[15, 16], and more. Its biodegradable, nontoxic,
and biocompatible properties are chiefly to
blame for this [17]. Fibers for fat blockers,
digestible  sutures,  liposome  stability,
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antibacterial, antiviral, and antitumor
medicines, as well as hemostatic and
hypocholesterolemic, and  hypolipidemic

agents, are further
biomedical sector [18].

Chitosan has great mechanical strength, is
permeable to urea, amino acids, and creatinine,
and can reject substances with high molecular
weights. Because it is impervious to serum
proteins, harmful metals may not enter the
bloodstream [19, 20]. Mallete et al. [21]
showed that the hemostatic activity of chitosan
solution entailed the agglutination of red blood
cells and that it generated a coagulum whenever
in contact with blood.

Electrospun chitosan/PEO nanofibres have
been used to adsorb heavy metals such as
copper, lead, cadmium, and nickel ions from an
aqueous solution [22, 23]. Blending natural and
synthetic polymers opens up the prospect of
developing new materials, as films generated
by combining two or more polymers often have
different physical and mechanical properties
than films made from individual components.

Presented work intended to characterize and
correlate the physicochemical characteristics of
chitosan containing different mass fractions
PEO with the composition and surface
morphology of the studied membranes.

2. Materials and methods

Chitosan (Cs) polymer of chemical formula
[(CeéH13NOs) and high molecular weight] was
obtained from (Aldrich Co.). Polyethylene
oxide (PEO) of molecular weight 140,000 was
supplied by Alpha Acer Company. The
chemical structure of both polymers is shown in
Figure ().

applications in the
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Figure (1) Chemical structure of both Cs and
PEOQ polymers

Precalculated amounts of both Cs and PEO
with different mass fractions listed in the table
(1) chitosan was dissolved separately in a

slightly acidic aqueous solution of acetic acid
while PEO was dissolved in a double distilled
water using a magnetic stirrer. Obtained
viscous solutions with proper concentrations
were then mixed vigorously and kept at
ambient room temperature for about 48h. Clear
and bubble-free polymer blend solution was
used for the preparation of the blend films. A
constant volume of the obtained solution each
time was poured into plastic Petri dishes each
to ensure the formation of nearly the same
thickness films. The dishes were then placed in
an incubator regulated at about 50 °C for 24 h.
The films were then peeled from the dishes and
stored in a dry place until use.

Table (1) Samples nomination and
composition.
Sample Cs PEO
Cs 100 0
PEO 0 100
Cs30 30 70
Cs40 40 60
Cs50 50 50
Cs60 60 40
Cs70 70 30

2.1 Sample Characterization

X-ray diffraction data (XRD) analyzed by
(PAN analytical X' Pert PRO) utilizing CuKa.
line (\=1.540 A) with a tube operating at 30 kV
voltage. Bragg's angle (20) extended from (5 to
70°) at STP, and the diameter of the incident
beam can reach 100um was used to identify the
crystalline/amorphous forms of the samples.
Nicolet is10 — Thermo Fischer USA single
beam spectrophotometer was used to record the
spectral data within the range 4000-400 cm™.
The shape and surface morphology of the
studied samples were examined using scanning
electron microscopy (SEM) Model SEM-
Quanta 600 FEG 2100 JEOL, Japan.

3. Results and Discussion
3.1. X-ray diffraction analysis

Figure (2) reveals the XRD diffraction
pattern of synthesized (Cs/PEQ) samples with a
variable mass fraction polymer blend. Obtained
patterns of both virgin polymers and other
samples of Cs/PEO blend containing variable
mass fractions show their characteristic
patterns. XRD pattern of PEO shows two
prominent peaks originally located at 21.8° and
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17.7° correlated to (112) and (120) planes.
These easily identifiable diffraction peaks are a
reflection of the crystalline or semi-crystalline
structure of PEO polymers [24, 25]. Chemical
and electrochemical stabilization of the PEO
polymer's  crystalline  structure is the
responsibility of structural elements such as the
PEO's C-H, C-C, and C-O bonds. While of
Chitosan is characterized by a broad hump
originally located at about 20° points to the
amorphous nature of the studied sample.
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Figure (2) XRD pattern of (a) virgin PEO, (b)
Virgin Chitosan, and (c) samples of polymer
blends

A decrease in the main broad peak indicates
an increase in the amorphous nature of blend
films and points to the interaction and
crosslinking of the two polymers [26]. An
observed shift towards the left with increasing
chitosan content with increasing the amorphous
nature of the studied samples was also
predicted and observed in the pattern. The
degree of the crystallinity of studied samples
appears to be reduced with increasing chitosan
content and is attributed to the increasing
entropy of the structure [27].

Figure (3) shows the change in crystallinity
with a change in the chitosan content. An
increase in the chitosan amorphous phase
combined with a decrease in PEO semi-
crystalline polymer was followed by a decrease
in the crystalline nature of the studied thin
films.
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Figure (3) the change in crystallinity with a
change in the chitosan content.

Figure (4) reveals the supposed reaction

mechanism between both polymers as reported
by Pakravan et al [28]. The interaction reveals
strong hydrogen bonds between hydroxyl and
amino groups on chitosan molecules and ether
groups in PEO.
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Figure (4) reaction mechanism between both
PEO and Chitosan
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3.2. FT-IR spectral data

Figure (5) reveals the FT-IR spectra of CS,
PEO, and CS/PEOQ blend samples. CS spectrum
contains a broad absorption band at 3372 cm™
related to O-H stretching vibrations, while -CH,
and -CH3; groups show stretching vibrations at
2923 and 2878 cm™, respectively. The N-H
groups of CS have an absorption band in the
range of 3400-3500 cm™ overlapped with the
absorption band of O-H groups [29]. The band
at 1639 and 1560 cm™ are related to the
vibration of C=0 of the amide group CONHR
(amide 1) and the protonated amine group
(amide II), respectively. The peaks at 1410 and
1312 cm™ are corresponding to C-N axial
stretching and bending vibrations of O-H and
C-H groups. The asymmetric stretching of the
C-O-C bridge appears at 1154 cm™. The
saccharide structure of CS has a characteristic
absorption band at 1079, 1035, and 657 cm™
[30].
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Figure (5) the FT-IR spectra of CS, PEO, and
CS/PEOQ blend samples.

PEO spectral data reveals the appearance of
three peaks originally located at 1143, 1096,
and 1068 cm ™! attributed to C—O—C stretching
vibrations. The bands located at about 1347
and 1413 cm 'may be correlated to the
wagging vibration of CH2 [31]. The peaks at
2862 and 2700 cm™ may be assigned for the
asymmetric and symmetric stretching CH2
vibrations, while the peaks at 1280 and 1240
cm™ are correlated with the CH2 asymmetric
and symmetric twisting vibrations. The peak at
956 cm™ is assigned to the bending vibration of
CH groups, while the peak at 840 cm™ is
ascribed to CH2 rocking [32]. Obtained data
can be summarized as shown in Table (2).

Table 2: FT-IR spectral data and their
assignment for Cs and PEO

v (cm™) Assignment
3372 O-H overlap with N-H stretching
2923, 2878 | C-H symmetric and anti-symmetric
stretching
1639 -C=0 stretching
1560 N-H of the secondary amide
o stretching
© 1410, 1312 | C-N axial stretching or O-H and C-H
bend vibration
1154 Asymmetric stretching of the C-O-C
bridge
1079, stretching of C-O and specific to
1035, 657 | saccharide structure stretching
3446 OH stretching
2862. 2700 | CH, asymmetric and symmetric
stretching
o 1662 C=0 symmetric stretching
H_J 1443, C-O-C stretching vibrations
1096, 1068
1348, 1462 | Waggig vibration of CH2
966 bending vibration of CH
840 CH2 rocking

FTIR spectral data of the obtained polymer
blend appears as a collective sum of the spectra
of both individual polymers considering the
mechanism of interaction between such
polymers. According to such interactions,
Figure (6) reveals the suggested reaction model
in combination with their HUMO and LUMO
energies.

HUMO

"’Carbon

Figure (6) reaction model in combination with
their HUMO, LUMO energies

3.3. SEM morphological and surface
roughness studies

The surface of the studied thin films was
observed by SEM after coating them with a
gold thin film. Figure (7) reveals SEM image
and their corresponding 3-dimensional (3D)
images that may be used to calculate the
roughness parameters. SEM images of the
selected thin films were used to calculate the

LUMO

Hydrogen .Nitrogen "Oxygen
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surface roughness parameters of the samples
which are summarized in Table 3. Three-
dimensional images can be used to estimate the
roughness  parameters including average
roughness (R,), root mean square roughness
(Rg), the maximum height of the roughness
(Ry), maximum roughness valley depth (R,),
maximum roughness peak height (Rp), the
average maximum height of the roughness
(Rim), Such measured parameters specify and
support the suitability of the studied sample for
specific applications

Table (3) calculated roughness parameters of
the studied samples

Rm_ws: G5 | PEO | Cs30 | Cs0 | Cs50 | Csb0 | Cs0
Parameter (nm)

Rz 25,1830 | 318609 | 36.1063 | 328421 | 335703 299801 | 318982

Rq 319324 | 40.1333 | 69.0307 | 406605 | 419519 | 37.4474| 400880

Rt 133204 | 57838 [ 410002 2408| 264306| 249042 261288

Re 922553 | 123309 | 202382 | 105121 111653 13612113462

Ro 140969 | 132329 | 20832 | 135679| 152852 112921 137826

Ren 189.187 | 236.711 | 367.217 | 215981 | 140749 | 211083 | B1333

Rvm 37338 | 113338 | 176.999 | 984673 | 101496 | 104438 | 114407

Reen 103431 | 123373 | 190.218 | 117513 | 139253 | 106635 117128

R 166.431 | 242213 | 380.843 | 223616 248.807| 28914 | 232763

R3zIS0 | 153779 | 186.735 | 208476 ]SS.?-!‘)%]SSSIT 175442 191507

Rz 196.061 | 243.08 [ 378828 11-3973%]:'_899 218467 | 136471

RzISO | 189.187 | 236711 | 367.217 | 215981 | 240749 | 211093 | 131333

Ry=Rmax | 222481 | 255203 [ 411102 | 233224 | 152813 | 248018 | 261288

Rek 020365 | 0.1161) 0.11263 | 023864 | 036991 | 0.036623 | 0.08643

R 320897 | 311813 | 270967 | 28200 | 3.06051| 298082 | 300035

| Wa 10.0367 | 187073 [ 431967 | 112793 | 180721 143575 12202

’ Wq 139302 | 24,8869 | 33,346 | 143966 | 216142 | 199362 | 162109

Wy=Wmax | 86.1031 | 134965 | 207607 | 846034 | 1425 140818 117757

4 235202 | 284616 | 510336 | 273917 | 293914 | 306631 | 239928
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Figure (7) SEM image and their corresponding
3-dimensional (3D) images
Conclusion

Chitosan polyethylene oxide thin films with
varying chitosan content were successfully
prepared via the ordinary solution casting route.
X-ray diffraction (XRD) pattern approves the
homogeneity of all samples with varying
crystallinity based on the percent of each
component. The degree of crystallinity was
found to be decreased with increasing chitosan
content. Infrared spectral data approve the
interaction between Cs and PEO through strong
hydrogen bonds between hydroxyl and amino
groups on chitosan molecules and ether groups
in PEO. Surface morphology was observed to
be sensitive to the increase in chitosan content.
The increase in surface roughness combined
with the increase in surface area of synthesized
thin films suggested that the sample can be
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used in a variety of chemical applications
including heavy metal and dye adsorption.
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