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Abstract

Hydroxyapatite nanoparticles doped with silver AgHA-NPs were synthesized successfully then added with various mass fractions
to a mixed solution of polyvinyl alcohol (PVA)/ carboxymethyl cellulose (CMC) using the casting technique. Experimentally,
the influence of silver doped hydroxyapatite nanoparticles on the structural, optical, dielectric and antimicrobial properties of
nanocomposite films was investigated. X-ray diffraction and Fourier transformation infrared spectroscopy were used to explore the
structural features of these films. The XRD analysis revealed the amorphous nature of PVA/CMC blend and the intensity of the
characteristic peak of the virgin polymers in the nanocomposite spectrum being much reduced as the doping level was increased.
The FT-IR spectra indicated that the blend components were miscible by revealing the functional groups of two polymers that
interacted through the formation of a hydrogen bond while, the FT-IR spectra of nanocomposite confirmed the good interaction
between the blend chains and AgHA-NPs. The morphological graphs of the prepared blend were formed as hexagonal grains with
size distribution around 18.36-24.11 pm. The addition of AgHA-NPs changed the surface morphology of the blend significantly.
The optical properties of PVA/ CMC blend and nanocomposites films were measured in the 200-800 nm wavelength range. Opti-
cal measurements showed that the optical transmittance for pure blend was nearly 90% while it decreased to 50% with increasing
AgHA-NPs contents up to 40 wt.%. The energy gap values calculated by Tauc's model and those determined by ASF model are
consistent, where their values reduced by AgHA-NPs incorporation. The dielectric constant of all samples were studied in range
of temperatures (303—405 K) and from100 kHz to 1.0 MHz, range of frequencies. The Correlated Barrier Hopping (CBH) is
the most appropriate conduction mechanism based on the frequency dependence of the ac conductivity. Silver ion release was
examined showed that he film loaded with 10 wt.% AgHA-NPs has a small release of silver ion, while the amount of the Ag*
released from the samples increased slowly with increasing the content of AgHA-NPs. PVA/CMC/AgHA films were tested for
antibacterial activity against both (Bacillus subtilis) and (Escherichia coli) as well as the anti-fungal activity against (Candida
albicans),their results showing an increase in the activity index as the filling level of AgHA-NPs increases. The study confirmed
that doping of AgHA-NPs into PVA/CMC improves both electrical conductivity and antimicrobial efficiency and these nano-
composites might be recommended for further work in biomedical applications such as wound dressing and infection control.
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Introduction

Polymer nanocomposites are one of the most important
materials in the academic and industrial areas, and are pro-
duced by dispersing nanofillers with one or more dimensions
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at nano-scale into the polymeric matrix [1]. Recently,
researchers have been attracted to polymer nanocompos-
ites over conventional microcomposites due to their wide
applications in electromechanical systems and their large
interfacial area per unit volume of the dispersion medium
[2]. The integration of the properties of these components
(polymer and nanoparticles) can result in a material with
enhanced optical, electrical, mechanical and antimicrobial
properties. Nanocomposites with antibacterial properties can
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be acquired either by incorporating nanoparticles that have
arecognized antibacterial activity, or by improving the anti-
bacterial characteristics of the polymeric matrix [3].

Currently, the scientists are looking towards developing
new bioactive compounds with silver at a nanometric scale.
The research interest in this field of materials science is to
find an suitable biomaterial and successfully incorporate
silver ions. Hydroxyapatite (HA) is one of the most repre-
sentative biomaterials that based on calcium phosphate as
calcium is an important secondary messenger that plays a
role in a number of wound-healing signalling pathways. HA
has been extensively studied for its bone regeneration and
bone-engineering applications, due to its analogous molec-
ular composition to human bone [4]. Lately, the develop-
ment of composite membranes and polymeric films based on
hydroxyapatite (HA) has been seen, owing to their possibil-
ity applications in orthopedics [5]. It is greatlyaccepted that
substituting a small quantity of Ca>* ions in the HA structure
can cause lattice disorder, reduction in particle size, decrease
in the degree of crystallinity and an increment in bioresorp-
tion [6]. Multiple studies have shown that, incorporation of
Eu, Ag, Cu, Zn, Ce, and Nd ions in HA structure can influ-
ence its physical, chemical and biological properties where
existance of dopant in HA structure can lead to increased
release of Ca?* ions in surrounding fluid, which can induce
rapid deposition of apatite on the template's surface. It was
reported that Ce>* doped HA can increase the HA solubility,
which could lead to improved biodegradability and antibac-
terial properties [7]. While, Substitution of Nd** into HA
lattice promotes the healing of bone fractures because its
good electrical conductivity [8]. Whilst, Eu’* doped HA is
a good drug carrier, which can be easily tracked in vivo due
to its strong photoluminescence emission [9]. It is thought
the doping of HA with silver nanoparticles (AgNPs) may
improve the biological characteristics of HA, where silver
and silver-based materials have been utilized since ancient
times for wound disinfection and also in the treatment of
microbial infections [10]. Silver exhibits good thermal
stability, low volatility, is biocompatible and non—toxic
to human cells at low concentrations along with excellent
antibacterial properties [11]. A lot of the regard in devel-
opment of nanocomposites for healing and wound-dressing
applications stems from the specific features of nanofillers
themselves. Recent advancements in effective antimicrobial
wound dressing incorporating silver nanoparticles have stim-
ulated a deeper search for development of such composites
for improved wound healing [12-15].

Biocompatible and bioresorbable polymers are usu-
ally utilized among the most commonly used polymers for
obtaining the aforementioned composites because of their
ability to be desorbed into the human body over time and
to encourage osteoblast proliferation during bone implant.
Consequently, the development of biopolymers-based
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biocomposite consisting of biopolymers strengthened with
ceramic inorganic micro-/nanofillers has a large importance
in the bone tissue regeneration research [16]. Among biopol-
ymers, the semicrystalline PVA and amorphous CMC are
hydrophilic, non-toxic and biodegradable. Moreover, these
polymers have the capability to form excellent flexible-type
films using solution casting technique [17]. The cross-linked
polyvinyl alcohol (PVA, CH2CHOR) is a helpful material
for a broad range of applications particularly in the fields of
medicine and pharmaceutical science [18]. Owing to good
characteristics such as biocompatibility, chemical resistance,
and many intriguing physical properties that are employed
for different applications, polyvinyl alcohol (PVA) is cur-
rently trending as a candidate of synthetic articular cartilage.
PVA is a promising material with great storage capacity,
dielectric strength, and electrical characteristics [19]. Other-
wise, one of the important cellulose derivatives, Carboxym-
ethyl cellulose (CMC),is usually prepared through the reac-
tion of alkali cellulose with monochloroacetate or its sodium
salt in organic medium. CMC has many desired properties,
such as filming, emulsification, suspension and water reten-
tion. As a result, it is utilized in various applications like
food science as a viscosity modifier or thickener and to sta-
bilize emulsions in many products such as ice cream. Also,
It is a constituent of various nonfood products, including
toothpaste, detergents, water-based paints, textile sizing,
electrical elements and a variety of paper products [20]. Due
to the existence of the hydroxyl group (OH) inside the chain
backbone of PVA and CMC structures, stronger inter- and
intra- hydrogen bonding can be produced. In recent years,
research on PVA and Carboxylmethylcellulose sodium CMC
blend films has been a popular topic [21].

Novel composite films based on PVA/CMC/silver doped
hydroxyapatite NPs have been prepared, in order to produce
nanocomposite films with enhanced optical and electrical
properties. The current study presents a simple method to
prepare compact PVA/CMC/AgHA composite films by dis-
persing different concentrations of HA nanoparticles doped
with Ag+ions in the blend solution. These films were char-
acterized microstructurally using FTIR and XRD; where as
its morphology was assessed using SEM. They were also
evaluated for optical and dielectric analysis. Antimicrobial
activity of the samples was also studied.

Experimental procedures

Materials

CMC powder, El Nasr Pharmaceutical Chemicals Co.,
Cairo, Egypt and PVA grains (M.W. = 4 x 10* g/mol)

Alfa Aesar—Karlsruhe—-Germany were used to form the
blend sample. The double distilled water (DD), from
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Al-Gomhoria Company, Cairo, Egypt, was utilized as a
solvent for the polymeric materials. Calcium nitrate tet-
rahydrate [Ca(NO;),-4H,0] and di-ammonium hydrogen
orthophosphate [(NH,),HPO,] were purchased from Loba
Chemie, Colaba, Mumbai (India), silver nitrate (AgNO5)
was purchased from Alfa Aesar—Karlsruhe—Germany to be
used as a raw material for the preparation of the silver doped
hydroxapatite NPs.

Preparation of the silver doped hydroxapatite NPs

Silver doped hydroxyapatite nanoparticles AgHA-NPs was
synthesized by solution-precipitation method using calcium
nitrate tetrahydrate [Ca(NO;),-4H,0], di-ammonium hydro-
gen orthophosphate [(NH,),HPO,] and silver nitrate (AgNO;)
as sources of calcium (Ca), phosphorous (P) and silver (Ag)
ions, respectively. The Ca,,_, Ag, (PO,)s (OH), [Ag doped
HA], with x,,=0.5 was prepared by replacing Ca with Ag
(x=0.5) and keeping the molar ratio [Ca+ Ag]:P to 1.67.
Calcium and silver nitrate solution was formed by dissolv-
ing a required amount in 250 ml of distilled water to prepare
[Ca+ Ag] molar solution. Subsequently, 0.6 M phosphate
solution produced in distilled water was added drop by drop to
[Ca+ Ag] solution at 70 °C on a hot plate with vigorous stir-
ring. The pH of the solution was kept at 10 by adding ammo-
nium hydroxide. The solution left under stirring for two hours
until white Ag doped HA precipitates formed. The obtained
suspension was aged for one day at room temperature. After
that, the filtered AgHA precipitates were washed with dis-
tilled water and left to dry in a furnace at 100 °C. Finally, the
obtained white powders were grounded to fine particles.

Preparation of PVA/CMC/AgHA nanocomposite samples

Pure PVA/CMC and its nanocomposite films were prepared
by conventional solution cast technique. Firstly, 2 gm of
(polyvinyl alcohol and carboxyl methyl cellulose) were dis-
solved in100 ml of the double distilled water (DD) in two
distinct flasks with constant stirring at 40°C for 4 h. Then,
the two polymer solutions were added together for 6 h to
obtain more homogeneous PVA/CMC solution with (50/50
wt. %). PVA/CMC/AgHA nanocomposite films were pre-
pared by adding different proportions of AgHA-NPs (10,
20, 30, 40 wt. %) to the previously prepared blend solution.
After stirring for another 8 h, the mixture had turned turbid
and milky white and then poured into glass petri dishes and
left to dry in an oven at 50 °C for 24 h. Finally, the films
were carefully removed from the petri dishes. The thick-
ness of the films was measured with the use of a digital
micrometer with accuracy +0.001 mm and given as the
mean values of five random points for each sample.

Techniques used for samples characterization

To investigate the crystalline structures of the prepared
nanocomposite samples PVA/CMC/AgHA, Philips
X-ray diffractometer, with a Cu Ka source of A=1.54
A° was used to obtain the XRD spectra in the range
5-70".The interactions between PVA/CMC and (AgHA)
NPs were examined using Fourier transform infrared
spectroscopy (pruker vertex 70) in the wavenumber
range (4000—400 cm™'). Scanning electron microscope
(SEM),(JEOLJSM 6510 LV, USA)was used to examine
the morphological properties at an accelerating voltage of
30 kV. The surface was coated with 4 nm thick gold layer
to reduce the charging e-beam effects. The optical proper-
ties were studied using an ultraviolet/visible spectropho-
tometer (UV/Vis., V-570 UV/VIS/NIR, JASCO, Japan) at
room temperature in the wavelength range 200-800 nm.
The ac conductivity and dielectric parameters of the
synthesized films were investigated using an automatic
programming RLC meter (FLUKE PM6306) at the fre-
quencies ranging from 100 Hz to 1 MHz, and in the tem-
perature ranges between 303 and 373 K at approximately
10 K intervals. The AC conduc-tivity 6 was estimated
from the relation:

d
o(w) = RA " Cac +0opc (1

where d (cm) is the thickness of the sample, R is the resist-
ance and A represents the cross-section area. The o4 is the
electrical conductivity, w is the angular frequency (w = 2xf)
and o, is the DC conductivity. The dielectric constant ¢’
was obtained from [22]:

_Cd

=ed @
where C is the capacitance and £, = 8.85 x 107'2Fm™!. The
silver coated disk-shaped samples were placed between two
polished brass electrodes to directly measure the capacitance
Cp and the resistance Ry in parallel.

Silver ion release test

The prepared films were cut into small equal size. Then the
films were immersed into a sterilized plastic container includ-
ing 30 ml of phosphate buffer solution (pH 7.4), and incu-
bated at 37 °C for 24 h. The silver ion concentrations in the
solutions were then measured by Agilent 5100 Inductively
Coupled Plasm —Optical Emission Spectrometer (ICP-OES)
with Synchronous Vertical Dual View (SVDV). The number
of samples (n=3) for each concentration and the average
value of the silver ion concentrations was taken to confirm
the results.
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Antimicrobial evaluation

The anti-microbial activity of the prepared films was exam-
ined against gram positive bacteria (Bacillus subtilis) and
Gram-negative bacteria (Escherichia coli) as well as the anti-
fungal activity was tested against (Candida albicans). Sam-
ple of each film was dissolved in DMSO and then prepared
a solution of 1 mg /ml concentration separately. Whitman
filter paper discs of standard size (5 cm) were made, cut and
sterilized in an autoclave. The paper discs were placed asepti-
cally in the petri dishes containing nutrient agar media (agar
20 g+ beef extract 3 g+ peptone 5 g) loaded with Bacillus
subtilis, E. coli and Candida albicans after being soaked in
the necessary concentration of the complex solution. The
inhibitory zones were measured after 24 h of incubation of
petri dishes at 36 C°. Each procedure was carried out three
times. The percent activity index for the samples was esti-
mated by the formula as follow:

Inhibition zone by test compound (diametre)

= n % 100
Inhibition zone by standard (diametre)

% Activity Index =

Results and discussion
X-ray diffraction analysis (XRD)
The patterns of X-ray diffraction were investigated in the

range of 20 between 4° and 70°. Figure 1a demonstrates
the XRD pattern of AgHA-NPs, the peaks identified at

20=25.85"°,28.97 °, 31.79 °, 32.15 °, 32.92 °, 46.72 °,
49.47 ° and 53.14° corresponds to the diffraction planes
(002), (012), (121), (112), (030), (222), (123) and (004),
respectively. The diffraction peaks of AgHA-NPs can be
well indexed to hexagonal crystalline hydroxyapatite in
P63/m space group (ICDD card No.00-064-0738). The
absence of any secondary phase implies that silver ions
have successfully replaced calcium ions in hydroxyapatite
crystal structure without causing any disruption. This find-
ing is consistent with earlier studies [23, 24]. Figure 1b
reveals XRD patterns of virgin blend and blend filled with
different amounts of AgHA-NPs. It can be observed that
the pure PVA/CMC matrix and loading AgHA-NPs films
have a broad peak around 20 =20° which attributed to the
amorphous nature of the PVA and CMC. Also, it could be
inferred that the intensity of this peak decreases upon the
addition of AgHA-NPs. The changes might be due to the
interaction that occurred between the host polymer blend
and AgHA-NPs. Additionally, the more inter- and intra-
molecular attraction could take place and in turn soften the
polymer backbone. Moreover, it has to be distinguished
that the XRD of the prepared PVA/CMC/AgHA nanocom-
posites exhibited the existence of AgHA-NPs within the
polymeric matrix as shown in Fig. 1b, confirmed the well
formation of nanocomposite. Correspondingly, the inten-
sity of AgHA-NPs peaks in the prepared nanocomposite
increases with rising the percentage of AgHA-NPs in the
polymeric matrix.

Scherrer's equation was used to compute the average crys-
tallite size of the AgHA-NPs and nanocomposites.

Intensity (a.u)

Intensity (a.u)

W o, 30
k....-'/\«-..m._A 2
W/\‘wm_, - 10

20 (degree)

Fig. 1 (a) X-ray diffraction pattern of AgHA-NPs, (b) X-ray diffraction pattern of PVA/CMC nanocomposites incorporated with different con-

centrations of AgHA-NPs (0, 10, 20, 30 and 40 wt.%)
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D =kA/Bcos(0) 3)

where, A express X-ray wavelength (0.154056 nm), 6 is the
Bragg angle, p represents the full width at half maximum
(FWHM) intensity of the high intensity peak (radians) and
k is constant related to the crystallite shape (K~ 1). The
average calculated crystallite size of synthesized AgHA
nanoparticles was found to be 25.88 nm. On the other hand,
the average values of crystallite sizes of PVA/CMC/AgHA
nanocomposites lie in the range of 11.7-14. 5 nm. This size
is very close to the value of 18.6-16.4 nm for bone apatite.

The crystallinity (X,) of the crystalline phase was deter-
mined according to the following equation [25]:

X, = (Ky/B1 ) @)

where K, is a constant set at 0.24 and ,/, is the FWHM of
the (002) reflection (in degrees). The crystallinity of AgHA
nanoparticles was 1.728, however the cystallinity of AgHA-
NPs decreases as they were incorporated into the PVA/CMC
matrix then increases with increasing the AgHA-NPs con-
tent. The cystallinity of AgHA-NP in the composites ranging
from 0.884 to 1. The increasing of the AgHA-NPs content
provoked a decrease in the broadening of the diffraction peak
(002) as shown in Fig. 1b, as it is noticeable in crystallinity
(X,) increases.

Fourier transform infrared spectroscopy (FTIR) analysis

Figure 2 shows the FTIR spectra of pure PVA/CMC blend
and blend filled with various concentrations (10, 20, 30,
40 wt. %) of AgHA-NPs. FTIR spectrum of PVA/CMC
blend reveals the major characteristics bands for the virgin
polymers PVA and CMC. The broad bands at 3282 cm™!
and 2920 cm ~! could be assigned to the O—H stretching
vibrational mode and C-H starching vibration, respectively.
The observed band at 1594 cm ~! is ascribed to carboxyl
group’s asymmetric vibrational mode, whereas the exist-
ence of CH, and C-O bending is shown by the bands around
1416 and 1322 cm !, respectively. Furthermore, the band
at 1048 cm™! is from stretching of C—O while, the band
at 843 cm™! is due to the rocking of CH,. According to
Saadiah et al. [26], the development of intermolecular forces
of H-bonding between the PVA and CMC of the blend is
expected, and these take place at the bending —OH region
and asymmetric -COO ~ functional group. From the FTIR
spectra for PVA/CMC/AgHA films, the incorporation of
AgHA-NPs influences the functional groups for PVA/CMC
matrices as a result of interactions between these groups and
AgHA-NPs. As shown in Fig. 2, the intensity of OH stretch-
ing vibration band of pure blend at 3282 cm™! decreased
and slightly shifted to lower wave number (blue shift) with
the addition of AgHA-NPs. The intensity of C=0 band

40
30
S
Fl
g
E
£ |10
=
Pure blend /
3282 cm!
1731 cm’!

4000 3600 3200 2800 2400 2000 1600 1200 800 400
‘Wavenumber (cm'l)

Fig.2 FT-IR spectra of pure PVA/CMC polymeric blend and filled
with different concentrations of AgHA-NPs (0, 10, 20, 30 and 40
wt. %)

at 1731 cm™! of PVA gradually decreased with increasing
AgHA-NPs content. The intensity of COO™ band of CMC
increased and moved toward lower wave number than that of
pure blend, exhibiting a shift from 1594 cm™ to 1584 cm™".
Also, it can be observed an increment in the intensity of the
band at 1022 cm™~! with increasing the content of AgHA-
NPs. Furthermore, at a high concentration of AgHA NPs (40
wt.%), it is noticed a band at 558-604 cm™! which appears
as a doublet and attributed to the PO,*>~ bending mode of
AgHA-NPs. All this finding supports the establishment of
hydrogen bond between AgHA-NPs and the pristine PVA/
CMC and provide important structural modification infor-
mation [27].

Morphological features

The scanning electron microscopy (SEM) is a practical
method to observe the miscibility of the prepared samples.
Figure 3a—e depicts the surface morphology of the PVA/
CMC doped with various amounts of AgHA-NPs at magnifi-
cations 1500 times. It is possible to notice that the neat poly-
meric blend of PVA/CMC film was constructed as hexagonal
grains with size distribution around 18.36-24.11 pm [28].
Miscibility of PVA and CMC components (in the blend) is
confirmed by a uniform and homogeneous smooth surface.
As shown in Fig. 3b—e, adding AgHA-NPs causes a sig-
nificant change in the surface morphology of PVA/CMC
matrix in the form of rising the surface roughness as the
nanofiller concentration is increased. From Fig. 3 b, c, the
grains seem to be decorated with spherical particles. These
particles assigned to the presence of AgHA-NPs, which
are uniformly distributed in the form of bright spots with
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SEl  30kV WD15mm  SS41 x1,500  10pm  —
16 Jun 2021
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Fig.3 (a-e): SEM micrograph for PVA/CMC polymeric blend and filled with different concentrations of AgHA-NPs (0, 10, 20, 30 and 40 wt.%)

no aggregation [29]. By noticing Fig. 3d, e, AgHA-NPs  particles. The agglomeration of AgHA-NPs across bound-
are accumulated among grains boundaries, which can be  aries may strengthen the connection mechanism among
interpreted by assuming that boundaries have more energy  neighboring grains [28]. Because the PVA/CMC blend was
than grains’bulk, and therefore attract towards additional  loaded with varied quantities of (AgHA) nanoparticles, the
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-NPs contents —=—0%
25 1 AgHA-NPs contents mpp 10%

Fig.4 UV/Vis. Absorbance spectra of PVA/CMC loaded with (0, 10,
20, 30 and 40 wt.% AgHA-NPs)

PVA/CMC/AgHA nanocomposites were undergoing slight
destruction throughout the swelling of grains boundary in
a non-uniform manner. It can be concluded that, the mor-
phological changes in the neat polymeric blend revealed
nanoparticle-polymer interaction indicating that inorganic
and organic components within the nanocomposite samples
are compatible.

Optical properties
UV-visible spectral analysis

Figure 4 displays the UV—Visible absorption spectra in the
wavelength range (200-800 nm) for pure PVA/CMC blend

1.0
| @
0.8 -

0.6 -

0.4 -

Transmittance

02 AgHA-NPs contents ———»

0.0

400 500 600 700 800 900
Mnm)

—
200 300

1000

as well as PVA/CMC polymeric films containing various
concentrations (10, 20, 30 and 40 wt.%) of silver doped
hydroxyapatite nanoparticles (AgHA-NPs). The spectra of
pristine PVA/CMC blend has an absorbance band at about
195 nm which is assigned to the n— x* transition of C=0
[17].The intensity of this band gradually increases with the
continuous increase of AgHA-NPs contents in the samples
due to high absorbance of AgHA-NPs. It was also noted that,
the narrow size distribution of the AgHA-NPs in the polymer
matrix leads to symmetric and narrow absorption band. This
enhancement in absorbance of the filled samples is due to
the agglomeration of AgHA-NPs, which scatter the light, and
enhance the absorption coefficient of the nanocomposite sam-
ples. This manner of absorbance behavior of these spectra of
the nanocomposite samples implies a change in their optical
energy band gap with a change in the embedded AgHA-NPs
contents and also displays AgHA-NPs complexation with the
functional groups of PVA and CMC structures which is con-
firmed by FTIR analysis. These results suggest that adding
AgHA-NPs to PVA/CMC blend modify its optical properties.

Figure 5a, b show the dependence of percentage trans-
mittance (T%) on the wavelength and opacity at 600 nm
for undoped blend and nanocomposite films of thickness
0.241 +0.010.mm. The opacity of the films was calculated
based on Eq. (5) [30]:

A
Opacity = % 5)

where, the absorbance value at 600 nm is A, and the film
thickness (mm) is X. A greater value of opacity means
a smaller transparency of a film. It was observed that,
the optical transmittance was increased with wavelength
for all samples. In addition, the optical transmittance for

14
|
. 40wt (AGHA)
- 0,
o 30wt %(AgHA)
2 08
£ 20wt %(AgHA)
& 0.6 -
04 - 10wt %(AgHA)
02 Pure PVAICMC blend
T T T T
0 1 2 3 4
Samples

Fig.5 (a) UV/Vis-Transmittance spectra for PVA/CMC loaded with (0, 10, 20, 30 and 40 wt.% AgHA-NPs), (b) opacity of samples
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pure blend was nearly 90% while it decreased to 50% with
increasing AgHA-NPs contents up to 40 wt.%. This can be
observed from a simple visual examination of the prepared
films as their color gradually transforms from transparent
to relatively white, where the PVA/CMC blend film was
more transparent (lower opacity value) than films incor-
porated with AgHA-NPs. On the other hand, the percent-
age of light transmittance at the wavelengths of 300 and
600 nm are tabulated in Table 1. It was noticed that, filling
the PVA/CMC blend with AgHA-NPs results in a drop in
T percent to about 22.699% and 47.351% at A=300 nm
and 600 nm, respectively. Thus, AgHA-NPs included into
the blend matrix may behave as scattering centers leading
to the observed decrement in T% [31].The results showed
that inclusion of AgHA-NPs resulted in a considerable
reduction in light transmission in both UV and visible
regions. It is worth mentioning that, the effect of AgHA-
NPs incorporation was stronger in the UV range than in
visible range, implying that the UV barrier properties of
film were improved with a reduced influence on its trans-
parency. Because UV ray has a high oxidizing property
and can cause deteriorative impact on food products, thus
blocking UV ray plays a significant role in food pack age-
ing industry and has resulted in an increase in food product
shelf life [32].

The fundamental absorption edge and optical gap

Determining the band gap value of amorphous materials such
as polymers, is crucial in their applications. The most popular
method for stimulating the band gap of amorphous materi-
als is to use optical absorption coefficient measurements to
establish the fundamental absorption edge that related to the
gap. For exact estimation of the absorption edge, the absorp-
tion coefficient of the prepared samples was determined using
the obtained absorbance (A) according to the equation [33]:

- 2.303A
d(m) 6)

where d is the film thickness. The fluctuation in the absorp-
tion coefficient with incident photon energy for pristine as

14000 - = 0%
{ | e 10%}] ~———AgHA-NPs contents

12000 4 | —4—20%

4 v— 30%)

10000 { [_<_40%

o

3
E(eV)

D

Fig.6 Absorption coefficient () spectra for PVA/CMC loaded with
(0, 10, 20, 30 and 40 wt.% AgHA-NPs)

well as doped PVA/CMC blend films is shown in Fig. 6. As
observed, the pristine blend films exhibit significant absorp-
tion in the UV spectral range indicating a high degree of
amorphousity in the films [34]. The position of absorption
edge for all prepared samples was determined by plotting
the absorption coefficient (@) versus photon energy (hv), as
seen in Fig. 6. Extrapolating the linear absorption part of the
graphs to the energy axis of the plot yielded the absorption
edge (E,) value. The plot show a progressive red shift in
(E,) values from 2.252 to 1.168 eV by raising the AgHA-
NPs levels in the PVA/CMC matrix as tabulated in Tablel.
The absorption edge shift in the UV region is interpreted by
changes in the electron hole in the conduction and valence
bands [35]. This result predicts with the decrease in the opti-
cal band-gap for the nanocomposites films.

As previously mentioned, determining the optical energy
gap is essential for controling the material application in opti-
cal and electrical technologies. Indeed, according to Mott and
Davis [36, 37], the optical gap Ego” " for non-crystalline materi-
als can be evaluated using the relation:

(ahv)" = p(hv — E,) @)

where, a is the absorption coefficient, hv is the photon
energy, f is a constant and n is the index number differs

Table 1 Percentage transmittance T%, fundamental absorption edge E, and optical energy gap E, for pure blend PVA/CMC sample and its filled

samples with different concentrations of AgHA- NPs

PVA/CMC blend loaded T% at 300 nm T% at 600 . Indirect ET Direct E (eV) eh EASP)
with AgHA-NPs (wt.%) nm (eV) V) & & (nm) %)

0 74.989 89.125 2252 4.819 5.595 254 4.887
10 56.494 77.804 2.157 4.692 5.538 262 4.722
20 40.365 62.951 1.785 4.466 5.487 272 4.563
30 28.84 51.168 1.379 4311 5.639 284 4.351
40 22.699 47.351 1.168 4.015 5.245 295 4.175
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according to the type of electronic transition. For Egp " cal-
culations, value of ‘n’ is taken equal to 1/2 for indirect and 2
for direct allowed transitions. Figure 7a, b show the (ahv)l/ 2
and (ahv)? versus hv for PVA/CMC before and after being
doped with AgHA-NPs. The E!(;T) values for indirect and
direct transitions are obtained by extrapolating the linear
part of these plots to zero absorbance. An alternative method
based on the absorption spectra fitting model (ASF) can be
used to determine the optical band gap by measuring the
optical absorbance A(4) without having to measure the film
thickness via the relation [38]:

1 1"
AW = DA = 1) @®)

m—1
where D = [ﬂ (’;C; R d] and 4, is the wavelength corresponding

to the optical gap <E§ASF ) ) For indirect transition, the value

of 4, can be evaluated from extrapolation of the linear part
of A/2/) versus (1/ \) as seen in Fig. 8. By using the esti-
mated values of4,, the optical band gap (EéASF ) (in eV) can

be determined as EASF) = 12403
8 Ag(nm)

The fundamental absorption edge (E,), the estimated indirect
and direct optical gap EéT) based on Tauc’s relation and the opti-
cal gap E;ASF ) calculated by the ASF model are listed in Table 1.
The obtained Eng) value for pure PVA/CMC is consistent with
previously published values [31]. By increasing AgHA-NPs
content, all of these values are fall significantly where the val-
ues of Eg) and EéASF ) are nearly equal. The addition of AgHA-
NPs with comparatively low energy band gap (~5.26 eV) into
the high energy band gap PVA/CMC blend matrix is predicted
to result in this reduction. Furthermore, this decrease can be

1000 |—=—0% (a )
—o— 10%)

—A—20%)

-NPs contents

(0E)"*(cm™eV)

0.009
0.008 | = 0%
1| 10%] . E
0.007 4 | o 20%| AgHA-NPs contents

T

0.001

0.002 0.003

1/ Mnm)

0.004 0.005

Fig.8 The relation between A'/?/4 versus (1/ 1) for estimating E, by
ASF model for all the prepared samples

understood in terms of the formation of hydrogen bond between
AgHA-NPs and the pure PVA/CMC blend as explained previ-
ously in FTIR part. Also, the decrease in E,, of PVA/CMC films
with increasing AgHA-NPs content may be attributed to the
creation of localized states in the band gap of host PVA/CMC
matrix which acts as tapping and recombination center [39].

Refractive index and extinction coefficient evaluation

The refractive index () is extremely essential in optical com-
munication and optical device design. The most popular
approach for calculating the refractive index (n) is the use of
reflectance (R) spectra which is related to n by the following
relation

2.0x10"
" ~-NPs contents
1.5x10™
3
§ 1.0x10" - ,
N /
g / /A
) /
5.0x10° - /P

4.0 45 5.0 55 6.0

Fig.7 Tauc’s plot: (a) (ahv)l/ 2vs.hv (the indirect optical band gap), (b) (ahv)zvs.hv (the direct optical band gap) for PVA/CMC blend loaded

with (0, 10, 20, 30 and 40 wt.% AgHA-NPs)
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Figure 9 shows the dependence of 7 on the wavelength
(4). In most of the investigated range of A, the values of
n dramatically decrease with A increment from 275 to
450 nm, then drop slightly but increase with increasing
AgHA-NPs content in the blend films, where the inter-
molecular hydrogen bonding between AgHA nanoparti-
cles and the adjacent OH groups of the polymer blend
is thought to be responsible for this behavior leading to
increasing the density of the films, and thus the films
became more packing [40]. Also increasing the refractive
index with raising the doping ratio of AgHA-NPs in the
virgin blend can be interpreted by increasing the roughness
of the doped films where AgHA-NPs agglomerate on the
surface as indicated in SEM graphs.

One of the most important optical characteristics that
reflects changes in the material absorption when exposed
to electromagnetic radiation is the extinction coefficient
(k). The following equation gives (k) coefficient [41]:

k_ai

T 4z

(10)

The extinction coefficient of PVA/CMC/AgHA nano-
composites as well as pure blend varies with photon wave-
length as shown in Fig. (10). The extinction coefficient of
PVA/CMC blend rises as the concentration of AgHA-NPs
rises. The rising number of charge carriers as a result of
the increase in the absorption coefficient can explain this
behavior of extinction coefficient. In addition, the loss in
incident photon energy due to the interaction between the
energy carries in the samples and the incident light, which

4.0

—a— 0%

35 AgHA-NPs contents

Refractive index (n)

Mnm)

Fig.9 Variation of Refractive index for pure PVA/CMC blend and
PVA/CMC/AgHA nanocomposites with wavelength
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Fig. 10 Variation of extinction coefficient for pure PVA/CMC blend
and PVA/CMC/AgHA nanocomposites with wavelength

leads to polarize of the medium charges. This result indi-
cates that AgHA-NPs will modify the structure of the host
PVA/CMC matrix blend.

Dielectric characterization
Dielectric constant

Figure 11 shows the dependence of dielectric constant &'
of PVA/CMC blend, and blend loaded with (10, 20, 30, 40
wt.%) AgHA-NPs at different temperatures. The plot of
' is systematically decreases with incremental frequency
over the studied frequency range (100 Hz-1 MHz). These
graphs show that at low frequency and high temperatures,
the dielectric constant values are extremely high. The large
observed values of ¢’ at low frequencies are owing to charge
accumulation at the prepared films and the permanent
dipoles having enough time to rotate in the applied field’s
direction, respectively [42]. It can be seen that after a certain
critical frequency, &’ values start to drop eventually reach-
ing constant values at a higher frequency. This is due to the
lack of ion diffusion, which prevents dipole molecules from
orienting themselves in the direction of the applied electric
field at high frequencies, resulting in no interfacial polariza-
tion (IP) [43]. Similar effect was found by Makled et al. for
PVA/ copper iodide (Cul) polymer composite [44].

By observing the variation of €' with T, it was found that
the €' values gradually increase with temperature over the
entire range of frequencies of the applied electric field. The
behavior of ¢’ with temperature can be interpreted as fol-
lows: at lower temperatures, the thermal energy absorbed
by the polymeric film is low and the dipoles remain frozen
and unable to respond to the applied electric field, resulting
in a low dielectric constant. Furthermore, as the temperature
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Fig. 11 Dielectric constant as a function of temperature of PVA/CMC blend, and blend loaded with (10, 20, 30, 40 wt.%) AgHA NPs

rises, the viscosity of polymeric films decreases and the
dipoles have a sufficient energy to efficiently orient them-
selves in the direction of the applied electric field, caus-
ing the gradual increase of &’ with temperature up to 333 K
according to the free volume theory [45]. Also, it can be
observed that €’ increases with T till reach a definite value

(i.e., 333 K) then decreases after (T > 343 K) according to
the film composition. This behavior of €' could be explained
as follows: when the temperature rises more than a certain
value, the PVA/CMC crystalline phase starts to melt, trying
to trasform from a semi-crystalline phase to the flow region.
Hence, the dielectric permittivity will decrease when the
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contacts between the AgHA-NPs and the polymer matrix Figure 12 displays the temperature dependence of &’ for
will diminish [46]. Similar findings were also published for =~ PVA/CMC polymer blend doped with different concentra-
Co0;0,/(CMC +PVA) nanocomposite film [47]. tions of AgHA-NPs at some selected frequencies. At lower
%0 208K
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S ] —e—353K
£ 304 —eo— 363K
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Fig. 12 The dependence of the dielectric constant on the applied frequency for PVA/CMC blend, and blend loaded with (10, 20, 30, 40 wt.%)
AgHA NPs
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T (£320 K), the €’ values are considered to be constant
indicating that the thermal energy absorbed by PVA/CMC
blend at a fixed frequency, is small and can’t influence the
motion of the polymer chains. On the other hand, tempera-
ture increment improves the chain mobility of the polymer
system causing €' to increase linearly until it reaches a maxi-
mum (peak) value after which it decreases with T. Besides
the IP at Ag HA-NPs and PVA/CMC interfaces, €' exhibits
extremely significant values at lower frequencies, which can
be attributed to the free charge motion inside the polymer
and to the motion of polar groups [48]. However, at the high
values of applied frequencies, €' is small and remains con-
stant due to the polarized orientation and chain motion can-
not keep up with the quickly oscillating electric field.

It is also reported that, in the studied frequency range, €’
has higher values in all nanocomposites films than the pure
blend. At room temperature (RT =303 K), the dielectric con-
stant €’ increased with an increase of Ag HA-NPs percent-
age till 40 wt. % (¢'=40.3 at 100 Hz) and reduces at higher
frequencies (¢'=24.8 at 1 MHz) but remains higher than
that of pure blend (¢'=19.13 at 100 Hz). The SEM graphs
strongly support the enhanced dielectric constant due to the
improved effective interaction between the polymer matrix
and the incorporated NPs as a result of their uniform dis-
persion, separation, and distribution all through the matrix.

AC conductivity and conduction mechanism evaluation

Figure 13 illustrates the calculated AC conductivity, In(c,.),
as a function of the reciprocal of temperature (10,000/T)
for the un-filled and AgHA filled PVA/CMC films. It is
obvious that ¢, of each polymeric film increases with the
frequency increment. It is worth noting that the value of
c,. of PVA/CMC blend at RT and 1 kHz is 8.81x 10 8
Q~' m~'and its conductivity increases greatly by adding 40
wt.% AgHA-NPs up to 1.84x 10”7 Q™' m~!. The In(c,,) vs.
(10,000/T) curves can be divided into two obvious regions
(I and II) both of which exhibit Arrhenius behavior with
high rate of conductivity increase in region I and a retreat-
ing conductivity with increasing temperature in region II.
This behavior is identical to that of &’ with T, as already
discussed in a prior section. As shown in this figure, for
the tested samples, o, grows nonlinearly with temperature
and the change of o,, becomes more significant at higher
temperatures. This implies that 6, is a thermally induced
process originating from various localized states in the band
gap. As the temperature increases, the polymer chains take
an easy path to transport segments that give ion migration
channels resulting in an increase in the ac conductivity o,
[49]. Also, when the content of AgHA-NPs reaches to 40.0
wt. %, the values of ¢, increases which is consistent with
the decrease of the E, values. The remarkable small value
of E, of (AgHA- NPs~5.26 eV) may promote the growth

of new energy levels in the energy band gap of the blend,
creating an increase in ¢, by charge carriers hopping from
semi-conducting clusters to neighbors. Similar findings were
obtained for PbO/CMC/PVP [50].

The ac electrical conductivity o,.(w) values of PVA/
CMC blend and their nanocomposites films can be calcu-
lated using the equation [51] o, = 2zfe,e”. The real part
of the AC conductivity, o(w), is obtained by the formula:
o(w) = B, where B is constant depend on temperature and
s is the frequency exponent.

Figure 14 shows the dependence of the conductivity loga-
rithm /ne(w) of PVA/CMC polymeric blend and their nano-
composites filled with various concentrations of AgHA-NPs
on the applied frequency /nw, at different temperatures. As
seen o(w) of the studied samples increased almost linearly
with increasing temperature, AGHA-NPs doping and fre-
quency. The calculated values of o(w) at (RT =303 K) and
frequencies of 1.0 kHz, 10.0 kHz, and 1.0 MHz are recorded
in Table 2. We can notice that the conductivity of PVA/CMC
polymeric films is in the range from 8.81x 10 ~* Q™! m~!
to 4.61x 10~ Q! m~!. By raising the temperature up to
403 K, these values increased from 6.03x 107 Q' m™! to
3.67x 107 Q7' m™!. Regarding to the PVA/CMC nanocom-
posites films, addition of AgHA-NPs slightly enhanced o(w)
values at small temperatures, as shown in Fig. 14a—e and
Table 2. Despites at T=403 k, 40 wt.% AgHA-NPs samples
show conductivity in the range from 5.05x 1077 Q™! m~!
t0 6.61x 10 Q~! m~! which is high as compared to their
values at RT. In general, introducing AgHA-NPs and/or rais-
ing the frequency and T increases the number and mobil-
ity of the charge carriers inside the polymeric blend and its
nanocomposites films, resulting in higher AC conductivity
values.

The dependence of frequency exponent s on the tem-
perature can aid in explaining the dominant type of ac con-
duction mechanism in materials when ac electric field is
applied. The conduction processes in materials under the
influence of alternating field were found to match with one
of the following models: (i) the quantum mechanism tun-
neling (QMT), (ii) the correlated barrier hopping (CBH)
model [52]. According to QMT model, the power s is either
increasing function of temperature or independent on tem-
perature. Otherwise, according to CBH model, the power s
decreases as temperature increases. Based on the equation
o(w) = Ba*, the plot of Lno(w)vs.Ln(w) produces a series of
straight lines with varying slopes (i.e., s values). The values
of s were estimated using the plots in Fig. 14, which was
then graphed as a function of T, as shown in Fig. 15. It is
clear that, when the temperature rises, the s exponent for
pure blend and PVA/CMC/AgHA films decreases and their
values are less than unity, i.e., 0.6 <s * 1. Findings from this
study, the correlated barrier hopping (CBH) appears to be
the most appropriate mechanisms for the electric conduction
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Fig. 13 The dependence of the conductivity (In(c,,)) on (10,000/ T) for PVA/CMC blend, and blend loaded with (10, 20, 30, 40 wt.%) AgHA

NPs

in the blend and the blend doped with AgHA-NPs. In CBH
model, the charge carrier jumps between the sites overcom-
ing the potential barrier that separates them. As a result,
one can consider that the AC conduction might be consid-
ered a thermally stimulated process. A similar outcome was
recorded in the case of CMC /PVA and PVA-H;PO, films
[47,53].

@ Springer

Evaluation of silver ion release

The silver ion releasing from the samples doped with
AgHA-NPs (10, 20, 30, 40 wt.%) was investigated to clar-
ify the results of the antimicrobial tests. Figure 16 shows
the concentration of silver ion released from the prepared
samples after 24 h from the incubation in phosphate buffer



Journal of Polymer Research (2022) 29: 86

Page 150f 20 86

-10 1 Pure blend
12 4 P . 208K
—e— 303K
Q —a— 313K
g 14 v 323K
= —<— 333K
—— 343K
-16 4 —e— 353K
*— 363K
—e— 373K
18 4 —*— 383K
18 0{/. —o— 393K
403K
'20 T T T T T T !
6 8 10 Tnw 12 14 16
-10 4 -10 -
12 4 -12 4
1) - 1)
© ¥ o]
£ / £ 14-
o »— 343K
—o— 353K 16
-16 - A/A/‘ 363K 16
—e— 373K
—x— 383K 18 |
18 4 393K 18
403K 403K
-20 T T T T T T -20 T T T T T T
6 8 10 12 14 16 6 8 10 12 14 16
Inw Inw
101 300%AgAH-NPs A 10 -
12 4 —=— 298K 12 -
—e— 303K
8 —a— 313K )
g 14 v 323K 5 44
£ DA <
—»— 343K
16 - —e— 353K 16 4
—e— 363K
—e— 373K
—x— 383K
18 4 —x 383K -18 - ./" —o— 393K
. —o— 393K 403K
¥ 403K
-20 T T T T T T T T T T T -20 T T T T T T T T T T T
6 8 10 12 14 16 6 8 10 12 14 16
Inw Inw
Fig. 14 AC conductivity (Ino,.)vs.In(w) of PVA/CMC blend, and blend loaded with (10, 20, 30, 40 wt.%) AgHA-NPs

solution. As the results indicated, the film loaded with
10 wt.% AgHA-NPs showed a small release of silver ion
which amount to 0.0667 +0.005 mg/L and the amount of
the Ag™ released from the samples increased slowly with
increasing the content of AgHA-NPs. The amount of Ag*
released from samples loaded with AgHA-NPs (20, 30 and

40 wt.%) was 0.1146 +0.004 mg/L, 0.1193 +0.006 mg/
LA and 0.1286 +0.007 mg/L, respectively. The release of
Ag™ should be first detached from the HA-NPs and then be
released from the PVA/CMC matrix. Subsequently, a signifi-
cant amount of Ag* was released within 24 h, which might
result a strong antibacterial effect. Another mechanism is
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Table 2 the AC conductivity Q~! m™! (at RT=303 K) and at differ-
ent frequencies for pure blend PVA/CMC sample and its filled sam-
ples with different concentrations of AgHA-NPs

PVA/CMC blend loaded Frequency
with AgHA-NPs (wt.%)

1 kHz 10 kHz 1 MHz

0 8.81x10% 9.28x107 4.61x10~°
10 1.11x107  9.83x107  7.59%10°°
20 1.33x107  143x10° 7.89x10°°
30 372x10°%  398x107 4.82x10°°
40 1.84x107 1.87x10° 1.25x10™*

that a part of Ag" diffused into the solution along with the
degradation of PVA/CMC and HA-NPs.

Antimicrobial activity of the PVA/CMC/AgHA
nanocomposite films

Antimicrobial activities of the prepared samples were
examined against microorganisms that potentially cause
implant related infections [54]. The antimicrobial activity
test of PVA/ CMC blend and blend doped with different
concentrations of AgHA-NPs was done against gram posi-
tive (Bacillus subtilis) bacteria, Gram negative (Escherichia
coli) bacteria and (Candida albicans) fungus. The diameter
of the inhibition zone in mm was used to evaluate the anti-
microbial activity of samples as shown in Fig. 17. The pure
PVA/CMC films did not display an anti-bacterial effect (no
zone of inhibition) toward (E. coli), but showed inhibitory
index against (Bacillus subtilis) bacteria and (Candida albi-
cans) fungus. The results illustrated that the antimicrobial
activity increased with increasing the concentration of the
AgHA-NPs, this implies that the antimicrobial efficiency of
the materials is dependent on the amount of the AgHA-NPs
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Fig. 15 The behavior of the exponent s with T (conduction mecha-
nism evaluation) of PVA/CMC blend, and blend loaded with (10, 20,
30, 40 wt.%) AgHA NPs
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Fig. 16 Concentration of silver ion released from samples loaded
with AgHA-NPs (10, 20, 30 and 40 wt.%) in phosphate buffer solu-
tion after 24 h of incubation

present. Table 3 showed the diameters of the zones of inhibi-
tion against gram positive (Bacillus subtilis) bacteria, Gram
negative (Escherichia coli) bacteria and (Candida albicans)
fungus. The antibacterial activity of hydroxyapatite is related
to either Ca*? alkaline earth metal ions, which according
to Xie and Yang [55] are active membrane bactericide
that destabilize cell membrane and kill stationary phase
Staphylococcus aureus, or hydroxyl ions, which according
to findings of Siqueira and Lopes [56] are highly reactive
oxidant free radicals that produce a lethal effect on bacterial
cells, However, the antibacterial spectrum of both Ca”>* and
hydroxyl ions is limited.

On the other hand, for the hydroxyapatite doped with
silver, the bactericidal action is thought to be caused by
the release of silver (Ag*) ions from hydroxyapatite lat-
tice. Silver is an antibacterial agent with a broad spec-
trum of action [4]. According to Igbal et al. [57] and
Mocanu et al. [58], Ag* ions interact with bacteria’s pro-
tein and enzymes,causing structural damage of the cell
membrane and of bacterial cell death. Ag™ ion also dis-
rupt bacteria reproduction by penetrating the cell mem-
brane, binding to bacteria DNA and inhibiting bacterial
replication.

Based on the data presented in Table 3, the samples
interact with the microbial targets in distinct ways. Bacil-
lus subtilis is slightly more sensitive to all samples than
E. coli. One probable explanation for the differential in
susceptibility between E. coli (Gram-negative) and Bacil-
lus subtilis (Gram-positive) bacteria is the thickness and
structure of their cell wall [59]. In case of C. albicans, all of
the samples showed extremely strong antimicrobial effects.
The inhibition zone of the (C. albicans) fungus did not alter
significantly between the concentrations (30 and 40 wt.%),
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Fig. 17 The antimicrobial
performance of PVA/CMC
blend and the nanocomposite
film against Escherichia coli,
Bacillus subtilis and Candida
albicans, where 1, 2, 3, 4% refer
to (10, 20, 30, 40 wt.%) AgHA
NPs

showing that (C. albicans) is not as sensitive to variations  antibacterial activity against gram positive Bacillus subti-
in the concentration of AgHA-NPs. These results showed  lis and gram negative E.coli, implying that they might be
that PVA/CMC/AgHA nanocomposite films had good  used in food packaging and wound dressing applications.

Table 3 Diameter of inhibition  py/cVC blend E. coli Bacillus subtilis C. Albicans

zone (mm) and percentage loaded with AgHA-NPs

activity index of the prepared (WL%) Diameter of % Activity Diameter of % Activity Diameter % Activity

samples against different inhibition  index inhibition index of index

microorganisms (E. coli, zone zone inhibition

Bacillus subtilis and C. (mm) (mm) zone

albicans) (mm)
0 NA — 3 13.0 7 25.9
10 NA — 4 174 10 37.0
20 3 11.5 6 26.1 5 18.5
30 5 19.2 10 43.5 8 29.6
40 8 30.8 12 52.2 14 51.8
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Conclusions

The AgHA-NPs have been successfully synthesized and
embedded at various contents (10, 20,30 and 40 wt. %) in
PVA/CMC blend. A system of PVA/CMC/AgHA nanocom-
posite films were prepared via the solution casting method
and characterized by different techniques. This study shows
that AgHA-NPs significantly affected the microstructure,
optical, electrical and antimicrobial properties of nanocom-
posite films. XRD patterns of virgin blend and blend filled
with different amounts of AgHA-NPs have a broad peak
around 20 =20° which attributed to the amorphous nature
of the PVA and CMC and FTIR confirmed that AgHA-NPs
stimulated the formation of intermolecular hydrogen bonds
between PVA and CMC. SEM images indicated the mis-
cibility of PVA and CMC components (in the blend) by a
uniform and homogeneous smooth surface. Moreover, the
surface morphology of PVA/CMC blend is dependent on
the AgHA-NPs loading ratio. The optical properties for
PVA/CMC/AgHA nanocomposites revealed that when the
amounts AgHA-NPs in the blend increases, the absorbance,
absorption coefficient, refractive index and extinction coef-
ficient of PVA/CMC blend rise, while the transmittance
and optical band gap decreased. Studying the dielectric
constant proved its dependence on the frequency as well as
temperature. The ac conductivity and frequency exponent
s of PVA/CMC blend and their nanocomposites are found
to obey the correlated barrier hopping model (CBH). The
silver ion releasing from the samples doped with AgHA-NPs
(10, 20, 30, 40 wt.%) increased slowly with increasing the
content of AgHA-NPs. A significant improvement in anti-
microbial activity of films against gram positive (Bacillus
subtilis), gram-negative (Escherichia coli) bacteria and fungi
(Candida albicans) was obtained by raising the content of
AgHA-NPs suggested that the incorporation of silver doped
hydroxyapatite nanoparticles AgHA-NPs into PVA/CMC
can be used in many antimicrobial application.
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