RESEARCH PAPER

J Nanostruct 11(3): 498-513, Summer 2021

Electro-spinning of Cellulose Acetate/Au, Ag, Cu and Polyvinyl
Acetate/Au, Ag, Cu Nanofibers for Wound Healing Applications

Davood Ghanbari *, Shiva Eghdamian, Amirhossein Amini

Department of Science, Arak University of Technology, Arak, Iran

ARTICLE INFO

Article History:
Received 11 March 2021
Accepted 15 June 2021

Published 01 July 2021

Keywords:

Composite nanofibers
Electrospinning

Gold

Silver

Nanoparticles
Polyvinyl acetate

ABSTRACT

One the most important property of a wound dressing is its anti-
bacterial performance. Electrospun nanofibers showing great promise for
fabricating nanostructured materials might help to wound dressing and
skin engineering applications. The present study aimed to investigate and
compare the wound healing potential of cellulose acetate (CA) nanofiber
containing gold, silver, and copper also poly vinyl acetate (PVAc)/Au,
PVAc/Ag and PVAc/Cu composite nanofibers. The samples with efficient
antimicrobial capability was prepared via an electrospinning process. The
comparison between these samples is aimed at selecting the best composite
nanofibers for wound healing applications. For better comparison also
aluminum and zinc nanoparticles were prepared by ball milling method,
also amino-modified multiwall carbon nano tube were added to polymeric
matrixes. Results approve gold, silver and copper have better antibacterial
activities and we prepared their polymeric nano fibers composites. Various
samples shows different morphology, structure, enhanced blood clotting
ability and cell attachment as well as antimicrobial activity. Optimized
combinations the samples were characterized by X-ray diffraction
(XRD) pattern, field emission scanning electron microscopy (FE-SEM),
transmission electron microscopy (TEM), and Fourier-transform infrared
spectroscopy (FT-IR).
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INTRODUCTION

Among different nanomaterial, nanofibers

proved the high potential of nanofibers against the

are more potentially significant than other
nanomaterials. Nanofibers are one dimensional
material with less than 1um (1000 nm) in diameter
and the ratio of length to diameter is more than
100. Up to now nanofibers are made of materials
such as artificial polymer, natural polymer,
nanocomposite, semiconductor nanomaterial
and etc. Large surface area to volume ratio, high
interconnected porosity and mechanical resistance
are the features that separate nanofibers from
other nanomaterial [1-7], as many researches
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existing challenges in the medical field [8,9]. These
prominent features of nanofibers have made them
quite useful in drug delivery systems [10, 11], air
(aerosol) filters [12] biosensors [13, 14], tissue
engineering and tissue scaffolds [15, 16], covering
and wound healing [17, 18], textile industry [19]
and etc. Among the listed features the process
of healing skin scars and wounds has highly
appreciated since human skin is the widest organ
which consists of three layers, dermis, epidermis
and hypodermis. Therefore, process of wound
healing is a complicated important biological
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process and an ideal healing process after a wound
is caused, has four consecutive stages; hemostasis,
inflammation, proliferation and maturation or
remodeling. All the mentioned stages depending
on the scar, could take up to months or years of
treatment [20]. In addition to the proper medical
treatments in this field, other effective treatments
such as clearance and preventing infection against
external microbial elements, is necessary since
any open skin lesion due to environmental reasons
such as warmth, moist and nutritious is a perfect
place for microorganisms to grow and increase;
through these open wounds bacteria can easily
enter the body and reach lower levels of the tissue
and create internal infections. Based on the cause
of creation, wounds are categorized into various
types such as type of injury, wound complication,
wound’s depth, time for wound healing and
the color of infected tissue. Therefore, covering
the wound is important based on its type [21].
Temporary dressing of a wound eases the process
of healing but since it does not create stem cells
for skin regeneration thus healing and covering
wounds needs a more sophisticated procedure
which can be designed by bioengineered
knowledge. Materials for wounds healing are in
different forms such as nanoparticles, nanofibers,
hydrogels and etc. Ideal dressing for a wound has
a similar tissue to that of human skin with a high
absorption of exudates. Among all, nanofibers
show the most promising results in wound
healing and is a perfect dressing for wounds. Due
to porous structure of nanofiber membranes,
high surface area and structural similarities with
extracellular matrix (ECM), they can be a perfect
replacement for a better skin performance and
treating superficial wounds or profound [22].
Although currently a lot of researches are out and
many products have made based on nanofibers
but they are still debatable in biomedical and
healthcare fields and expanding researches for
reaching a better target is essential. It is thought
as with more progress in finding new ways for
making nanofibers and expanding utilization, this
technology will move towards commercialization
more than ever. Because of their structure,
nanofibers can keep moister and keep the scar
moisturized during the healing process. Besides
porous structure of nanofibers releases more
oxygen in the wound’s surface and protects the
wound against dust particles [23].

Among different reported ways of creating
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nanofibers such as template synthesis, self-
assembly, force spinning, phase separation and
electrospinning, electrospinning draws more
attention, since it can be used to create nanofibers
fora wide range of materials such as polymer, metal
oxide, carbon and composite with unique features
like large surface area to volume ratio, inter\
intra fibrous porosity, superior tensile strength
and many other features [24, 25]. This way leads
to creating tissues with a diameter of less than
micron to nanometer. Many of polymers, such as
poly lactic acid (PLA) [26], poly (€-caprolactone),
poly (lactide-co-glycoside) [27], polyvinyl alcohol
(PVA) [28], polyvinyl acetate (PVAc) [29], cellulose
acetate (CA) [30] and etc. have been successfully
made by electrospinning method.

Electrospinning is an electro hydrodynamic
(EHD) procedure which uses a high electric field
(KV range) for rapid stretching of viscoelastic
liquid and directing it to the collector. As seen in
Fig. 1 high voltage power supply connected to
the syringe’s needle, is to make a polymer soluble
jet; under high voltage a conical shaped drop is
made from the polymer soluble in the syringe
and through inducing ejection the liquid moves
towards the counter electrode by the spinneret. As
the voltage amplifies, the droplet slowly starts to
stretch and meanwhile a jet is made from the drop
that creates a good condition for making fibers
so that with the increasing diameter of spiraling
loops, jet turns longer and thinner, turns to solid
and then placed on the collector connected to the
ground. In other words, when applied high electric
field (high voltage) overcomes the droplet’s
surface tension, a charged jet exits the polymer
soluble inside the syringe and controlled by the
applied electric field [31].

Electrospun nanofibers are quite practical in
wound healing tissues since their size is compatible
with human cells. Electrospun nanofibers’ scaffolds
are the cause of multiplication of skin cells such
as fibroblasts, keratinocytes and facilitate the
secretion of critical ECM components like collagens
and help heal injured tissues. Electrospun
nanofiber mats is an ECM like matrix with high
interconnected  porosity, perfect absorption,
hydrophilic and high water absorbance capacity
between 18 and 231% more than thin films are
made from the same polymers.[32]

Among the biocompatible polymers for
creating electrospun nanofibers, CA as biopolymer
nanofibers is noted for many applications including
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medical purposes, hydrophilicity, transporting
liquid, great compatibility with human body’s
condition, solubility in organic solvents, non-
toxic, economical in effective for wounds
healing. Still with so many applications due to
low tensile strength and weak resistance, CA is
not appropriate to be used in clinics and limits
its functions in human skin regeneration. Due to
this CA is combined with other polymers such as
poly (€- caprolactone), polyurethane, gelatin or
combined with metal nanoparticles doped inside
(within) electrospun CA nanofibers to decrease
the limitations when it is used singly and creates
a better function in tissue regeneration [33-38].
Composite polymer nanofibers show anti-bacterial
qualities against gram-positive and gram-negative
bacteria.

Also, polyvinyl acetate (PVAc) is often used as
a carrier polymer for the creation of inorganic
nanofibers. PVAc is one of the most important
artificial polymers with lots of use in medical
area; PVAc is highly noted due to their good
biocompatibility with blood, tissue and body fluids.
PVAc includes acetate functional groups which is
common in biological metabolites systems [39,
40].

Furthermore, nanoparticles play an important
role in medical areas, wound healing and skin
reparation due to their function as an antioxidant.
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Among metal nanoparticles, silver nanoparticles
play an important role in healing wounds due
to their lower toxicity, safety, cost-effectiveness
and broad spectrum resistance against different
microorganisms. Ag nanoparticles (Ag NPs) have
a high surface to volume ratio which increases
the effectiveness and wound healing process.
Moreover, based on the researches in this field,
silver nanoparticles have the ability to block
respiratory tracts of living cells and reproliferation
skin cells (fibroblasts and keratinocytes) will lead to
reparation and healing of the skin. They also show
strong antibacterial effects against gram-negative/
positive bacteria [41, 42]. Gold nanoparticles are
also known as the most compatible and stable
nanoparticles due to their unique qualities. Au
nanoparticles (Au NPs) have noted for their optical,
chemical, magnetic features and etc. for biological
functions. Au NPs also have antimicrobial,
antioxidative effects and high surface reactivity in
healing wounds and reparation of injured tissues.
Au NPs also have an important role in exuding
proteins which because of their antiangiogenicand
anti-inflammatory activities are one of the most
important options in reparation of injured skin
tissue [43, 44]. Copper is among the elements with
antioxidants, matrix metalloproteases stability
and direct role in angiogenesis in human skin; for
this reason, lack of this element postpones the
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Fig 1. Schematic of electrospinning setup
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scar-healing process. Based on researches in this
field it was also observed that Cu nanoparticles
(Cu NPs) accelerate and sustain the scar-healing
in the first the stages of healing process due to
antibacterial activities. Cu NPs are also noted for
their high redox features and low cost [45, 46].
Also, since discovering Carbon Nanotubes (CNTs)
in 1991 by Lijima [47] they are largely used in
medical functions. CNTs can attach to proteins
and receptors on the cell membrane. Because of
their tube like shape, they offer a high surface
area. With due attention to researches in wound
healing field, composite polymer nanofibers have
effective (the best) influence on wounds healing
process and controlling microbe’s growth inside
and around the wounds. In the current research,
considering hopeful potentials of composite
nanofibers in wound healing, for analyzing the
optimal sample for wound dressing material, with
the goal of increasing hydrophilicity, antibacterial
activity, multiplication of human skin cells and
the ability of blood clotting, first a comparison
between Au, Ag, Cu, Zn and Al NPs was done and
then CA/Ag, CA/Au, CA/Cu, PVAc/Cu, PVAc/Ag and
PVAc/Au composite nanofibers were compared.
Also sample’s antibacterial effects, structure,
compatibility, morphology were investigated
using electrospinning technique. For increasing
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conductivity modified carbon CNTs were used. In
this study from Fourier transform infrared (FT-IR),
emission scanning electron microscopy (FE-SEM),
x-ray fluorescence (XRF), x-ray diffraction (XRD),
UV/Vis spectroscopy and Transmission Electron
Microscopy (TEM) are used for precise analysis of
tested samples.

MATERIALS AND METHODS
Preparation of Au, Ag, Cu, Zn, Al nanoparticles.

As shown in Fig. 2.a, for making gold
nanoparticles, first 0.01 mol of was placed in the
beaker and for dissolving , 200cc of deionized
water was added. Then a magnet was placed
in the beaker and the beaker was placed on
a heater stirrer. At the end, tri-sodium citrate
(Na,C,H,0,) in 50° C temperature was added to
the soluble so that its color turns into red wine;
in this stage, since size of the droplet is important,
it is necessary for soluble’s color to remain the
same. For making silver nanoparticles, first 0.01
mol of was poured in the beaker then 200cc of
deionized water was added to for dissolving and
was placed inside the beaker. Then a magnet was
placed inside and the beaker was placed on the
heater stirrer with the previous specifications.
After it was cleared, the soluble was exposed to
ultrasound waves and 150W power. Inside another

Au nanoparticles (a)

Q/ )

— Ag nanoparticles

\5000 rpm- (c)
\‘J/ > Cu nanoparticles

Centrifuge

Fig. 2. Schematic route for preparation of a) Au NPs b) Ag NPs and c) Cu NPs
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container, precipitating agent of soluble that are
lactose and ammonia () were dissolved in 50cc of
water; main reason for using receiver sediment
is nucleation, creating nanomaterial and the
transforming to suspension; while the ultrasound
waves apparatus was running, for precipitating,
lactose and ammonia were slowly added to the
in 80" C, reason for this temperature is for better
precipitating of silver. Then the collected sediment
was placed inside a centrifuge with 5000 rmp and
washed with water and acetone so that only silver
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sediment nanoparticles remain. The procedure for
making silver nanoparticles is shown in Fig. 2.b. For
making copper nanoparticles, was placed inside
the beaker and then 200cc of deionized water
was added inside the container. Then a magnet
was placed and the beaker was placed on the
heater stirrer with the same specifications. After
making transparence in soluble, it was exposed
to ultrasound waves with previous power settings.
First NaBH, as precipitating agent was dissolved
in under the nitrogen atmosphere and added to
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Fig. 3. Schematic route for preparation of CA/Au, CA/Ag composite nanofibers and b) PVAc/ Au, PVAc/ Ag, and
PVAc/ Cu composite nanofibers
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until the sediment’s color turned copper. Then the
sediment was placed inside the centrifuge with
5000 rmp and washed with deionized water for
removing the extra materials and eventually copper
nanoparticles were made. Procedure of making Cu
NPs is shown in Fig. 2.c. Also for comparison Zn and
Al nanoparticles were made by a balling mill with
specifications of inert atmosphere and zirconium
balls (2000 rpm) .Moreover, for better comparison
also modified-CNTs were added to polymer matrix
and antibacterial test was examined.

CA/Au, CA/Ag, CA/Cu and PVAc/Au, PVAc/Ag, and
PVAc/Cu composite nanofibers fabrication

As shown in Fig. 3.3, for synthesizing CA, 5g of CA
was dissolved inside 15cc of acetone to turn into
jelly form. Then 5% of Au NPs made from previous
stage was added to polymer. Combination of CA
with Au NPs was placed inside ultrasound waves
with 75W power for 30 minutes. Ultrasonic waves
have been used to better disperse nanoparticles
in nanofibers. Beside dispersion application,
ultrasonic waves also can decrease size of the
particle by micro-jets. Then was placed in the
heater stirrer for 5 hours. After 5 hours, for de-
bubbling, the sample was inside the heater stirrer
for one hour in a stable state and without any
changes; meanwhile, to prevent the soluble from
evaporating, paraffin was placed on top. Then
the syringe filled with the soluble was placed
inside the electrospinning device (ES1000 model,
company of FNM) with 13 KV voltage. Distance
between the nozzle and collector was 20 cm for
the sample and temperature was set to about 30
° C; it was spinned with 0.01 ml/min ratio. Then
composite nanofibers CA/Au was picked up from
the plate with a cutter. The same method was
used for making composite nanofibers containing
silver and copper nanoparticles.

As shown in Fig. 3.b, for synthesizing PVAc
polymer, 5gr of that was dissolved in acetone
to turn into jelly form. Then 5% of AuNPs made
from previous stage was added to the polymer.
The sample was placed inside ultrasound wave
instrument with 75W for 30 minutes. Then, the
sample was placed inside heater stirrer for 5 hours.
After 5 hours, for de-bubbling, sample was placed
inside heater stirrer in a stable state, meanwhile, to
prevent the soluble from evaporating, paraffin was
placed on it. Then a syringe filled with the soluble
was placed inside the electrospinning machine
with previous specifications and after spinning,
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PVAc/Au composite nanoparticles was taken from
the plate with a cutter. With the same procedure
PVAc/Ag and PVAc/Cu composite nanofibers were
made.

Characterization

Prepared nanoparticles and nanocomposite
fibers morphology, using field emission scanning
electron microscopy (FESEM: MIRA3 model,
made by company TESCAN) was done and the
diameter of nanoparticles and nanofibers was
observed. Images of TEM using transmission
electron microscope (EM 208S model, point to
point (resolution, 0.45 nm), Tungsten Filaments
(electron gun), voltage: 100KV) were checked for
Au and Ag NPs samples. X-ray diffraction analysis
(XRD) using X, pert PW3040/60 Philips Holland
with chromium radiation (= 2.289 A) was done to
analyze nanoparticles’ crystal structure. Fourier
transform infrared spectroscopy (FTIR) for studying
evaluate the chemical structural properties was
done by ALPHA model from Bruker Company.
Spectra were obtained over a range of 400-400
at room temperature. For analyzing and detecting
elements, X-Ray Fluorescence (XRF) apparatus
(BRA-135F model made by Bourevestnik Company)
was used. UV visible spectroscopy is one of the
most prevalently used analytical techniques for
structural characterization of Ag, Au and Cu NPs.
UV-VIS absorption spectra were recorded on a
UV-Vis spectrophotometer (SCO TECH, SPUV -21
model).

RESULTS AND DISCUSSION

XRD pattern of Au NPs is shown in Fig. 4.a
The pattern of as-prepared Au NPs is indexed as
a pure cubic phase (space group: Fm3m, space
group number: 225) which is very close to the
literature values (ICDD, PDF-2 NO. 00-004-0784)
the narrow sharp peaks indicate that Au NPs
are well crystallized. The diffraction peak of gold
nanoparticles observed at the 20 values of 58°,
68°, and 105° which are corresponding to the set of
lattice planes (111), (200) and (220), respectively.
In the present study, the observation of strong
peaks indicates the synthesized Au NPs are pure
and crystalline in nature.

XRD pattern of Ag NPs is illustrated in Fig. 4.b
Peaks of Ag NPs are observed. This analysis was
performed to identify the crystalline nature
and structure of the silver nanoparticles. The
diffraction peak of synthesis of Ag nanoparticles
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observed at the 20 values of 58.01°, 68°, and 104°
which are corresponding to the set of lattice
planes (111), (002) and (022). The results show
that there were no other peaks observed in
the XRD spectrum indicates the synthesized Ag
NPs is pure. Pure cubic phase of silver (ICDD, PDF-
2 NO. 96-150-9867, space group is Fm -3m and
number is 225) can be observed in this pattern.
Therefore, XRD confirms that Ag NPs had cubic
structure with peaks sharpness due to nano-sized
structure of the nanoparticles.

XRD pattern of Cu NPs is shown in Fig. 4.c,
to obtain evidence that the Cu NPs formed,
X-ray diffraction was performed after sample
preparation. The pattern of as-prepared Cu NPs is
indexed as a pure cubic phase (space group: Fm-
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3m)whichis very close to the reference code (ICDD,
PDF-2 NO. 01-085-1326). Bragg'’s reflections for Cu
NPs are observed in XRD pattern at representing
(111) and (200) planes and revealed that the
resultant particles were pure metallic Cu. The
sharp peaks in the pattern indicated the existence
of Cu NPs and its crystalline nature.

For better comparison also aluminum and
zinc nanoparticles were prepared by ball milling
method, also amino-modified multi wall carbon
nano tube were added to polymeric matrixes.
Results approve Au, Ag and copper have better
antibacterial activities and we prepared their
polymeric nano fibers composites. XRD pattern of
synthesized Zn NPs was obtained by ball milling
as displayed in Fig. 5. a the crystalline peaks
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Fig. 4. XRD pattern of (a) Au, (b) Ag and (c) Cu nanoparticles.
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positioned at (208) peaks angles of 55°, 59°, 66°,
85°, 117°, and 118° correspond to the reflection
from (002), (100), (101), (102), (103) and (110)
crystal planes, respectively. Pure hexagonal phase
of Zn (ICDD, PDF-2 NO. 01-087-0713, space group
is P63/mmc, number is 194) can be observed in
this pattern. The absence of any other peak in
the XRD patterns of Zn NPs illustrates purity of
nanoparticles.

Fig. 5.b shows the x-ray diffraction pattern of
Al NPs, the absence of any other impurities peaks
confirms the high purity of the Al NPs structure.
Also, the sharp and intense peaks demonstrated
good crystallinity. It is observed that sample is
in well agreement with the reference cubic Al
structure (ICDD, PDF-2 NO. 01-085-1327, space
group: Fm-3m, space group number: 225).

Studies have clearly shown that NPs are an
important platform for skin wounds treatment ,
FE-SEM images of Au NPs are shown in Fig. 6.3,
b that confirm preparation of gold nanoparticles.
Gold nanoparticles are so fine, they are not clearly
visible in SEM images.

The surface morphology of Ag NPs was
investigated using FE-SEM (Fig. 6.c, d). As the
results confirm mono-disperse nanoparticle with
average size less than 30 nm were synthesized.

The morphology of Cu NPs was investigated by
FE-SEM. Fig. 6.e, f shows copper nanoparticles. In
general, in recent researches have been revealed
that Cu NPs increased endothelial, keratinocyte,
and fibroblast cell migration [46].

FE-SEM images of Zn NPs that were prepared
by ball milling method are shown in Fig. 7.a, b

4000
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(a)

30004
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10004

Images approve suitable and fine mono-disperse
nanoparticles with mediocre size less than 90 nm
were prepared.

Fig. 7.C, d depict various magnification FE-SEM
images of Al NPs obtained from ball milling that
confirm preparation of nanostructures, average
diameter size is about 100 nm.

Fig. 8 shows FE-SEM of carbon nanotubes that
have used to improved conductivity properties,
modified CNTs without agglomeration were
regularly formed.

The nano-composite mats were investigated
using FE-SEM for evaluating the morphological
details. According to Fig. 9.a, b electrospun PVAc/
Au nanocomposite fibers are randomly oriented
including continuous fibers with smooth surface
and diameters ranging from 100 nm to 200 nm,
because gold nanoparticles are so fine, they are
not visible on PVAc nanofibers. PVAc/Au nanofibers
had a smooth surface, uniform fiber diameter,
and favorable morphology. Since the viscosity,
weight of the molecule, surface charge, dielectric
constant and tension affect the nanofiber size, so
for the preparation of all composite nanofibers in
this study, a voltage of 13 kV and a distance of 20
cm were used.

Fig. 9.c, d depict FE-SEM (various places of
sample and different magnifications) of PVAc
nanofibers/Ag that also were synthesized at
13KV, 20 cm, as the SEM confirms size of the
nanostructures are less than 150 nm. Images
obviously show nanoparticles on the surface of the
polymers. Ag NPs distributed inside the produced
PVAc nanofibers as very little spherical spots.
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Fig. 5. XRD pattern of (a) Zn and (b) Al nanoparticles.
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Fig. 6. FE-SEM images of (a), (b) Au, (c), (d) Ag and (e), (f) Cu nanoparticles.

Diameters of the PVAc/Au composite nanofibers
were higher in comparison to PVAc/Ag sample.

FE-SEM images of PVAc/Cu nanofibers that
have achieved at 13 kV and 20 cm distance is
illustrated in Fig. 9.e, f Product obtained shows at
these images which contain some Cu beads and a
lot of PVAc nanofibers.

The CA was chosen as a polymer for
incorporation of Au NPs and Ag NPs to prepare a
nanofiber composite for antibacterial applications.

506

The results given in Fig. 10.a, b show regular CA/Au
composite nanofibers. It is clear from these figures
that no phase separation has been observed and
the homogeneity of the obtained Nanofiber can
be easily observed and the doping of Au has been
proved. The fibers were randomly oriented with
almost uniform diameters along their lengths.

By FE-SEM analysis, the morphological
characteristics of developed CA/Ag were studied in
Fig. 10.c, d, silver nanoparticles have significantly
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Fig. 7. FE-SEM images of (a), (b) Zn and (c), (d) Al nanoparticles.
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Fig. 8. FE-SEM images of carbon nanotubes.
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Fig. 9. FE-SEM images of (a), (b) PVAc/ Au, (c), (d) PVAc/ Ag and (e), (f) PVAc/ Cu
composite nanofibers.

accumulated in CA nanofibers.

SEM images of composite nanofibers confirm
that by increasing charge density of nanoparticles
in the electrospinning, the nanofibers diameters
decrease. It is because they ejected with stronger
elongation force in electric field and thinner
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nanofibers are prepared. According to previous
published works, viscosity of solution has a major
role in size of fiber and morphology in polymer
fiber spinning process [48].

Synthesis of Au NPs and Ag NPs was further
studied by TEM observations. Transmission
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Fig. 10. FE-SEM images of (a), (b) CA/Au and (c), (d) CA/Ag composite nanofibers.

electron microscopy was used for precise nanoparticles, respectively. Due to the smaller size
investigation of Au NPs and Ag NPs. Fig. 11(a) of gold nanoparticles than silver nanoparticles,
and (b) illustrate TEM images of gold and silver 300 nm magnification was chosen for gold TEM

@) S

Fig. 11. TEM images of (a) Au and (b) Ag nanoparticles.
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Fig. 13. . Fourrier transform infra-red of the CA/Au nanofiber.

imaging and 200 nm magnification for silver TEM
imaging. The Au NPs had sizes between 50nm
~100nm and for Ag NPs average size is less than
100 nm. These spherical Au and Ag NPs with these
particle size ranges are suitable for wound healing
applications and can be made of electrospun
nanofibers. Furthermore, in these images, some of
Au and Ag NPs were in non- spherical shaped due
to two or three spherical particles interference
through nucleation process.
Fourrier transform infra-red of the Au, Ag

and Cu nanoparticles are shown in Fig. 12 a-c
respectively, peaks at 670 cm™ is for metal-oxygen
bonds and wide absorption at 3416 cm™ is related
to O-H bond. Absorption peaks around 1600cm"
1 are related to carbonyl groups of tri sodium
citrate as a precipitating and capping agent. Fig.
13 depicts Fourrier transform infra-red of the CA/
Au nanofiber.As can be seen, the absorption bands
of samples are in the identical range. The peak
appears at about 600 cm™ corresponds to tensile
vibration mode of the metal- oxygen bond. The

B3 ‘

%

Fig. 14. Inhibition zone for (a) gold nanoparticles (b) silver nanoparticles (c) copper
nanoparticles (d) CA/Ag nanocomposite.
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peaks of 945 and 1091 cm™ represents the C-O
bonds. Absorption at 1713 and 1731 cm™ related
to C=0 stretching bonds, bending vibration of
C-H and C=0 are about 1247, 1373 and 1426 cm"
!, which are related to polymer matric. As shown
in the figure the absorption band at 3265cm™ and
2909 are for tensile vibration of the O-H and C-H
bonds respectively.

In antibacterial test, the disk diffusion is used
to determine the susceptibility of clinical isolates
of bacteria to different antibiotics. Applying an
effective antibacterial nanoparticles leads to
a large zone of inhibition, while an ineffective
nanoparticles may not affect bacterial growth
at all. Inhibition zone for gold nanoparticles,
silver nanoparticles, copper nanoparticles and
CA/Ag nanocomposite are shown in Fig 14a-d
respectively.

CONCLUSION

Cellulose acetate nanofiber containing gold,
silver and copper nanoparticles, also poly
vinyl acetate (PVAc)/Au, PVAc/Ag and PVAc/
Cu composite nanofibers was studied and were
compared to each other’s for wound healing
potential. The samples with efficient antimicrobial
capability was prepared via an electrospinning
process. Various samples shows different
morphology, structure, enhanced blood clotting
ability and cell attachment as well as antimicrobial
activity. X-ray diffraction pattern confirm
crystallinity, field emission scanning electron
microscopy and transmission electron microscopy
approve particle and fiber size, Fourier-transform
infrared spectroscopy show bonds and purity of
the samples without major impurities. For better
comparison also aluminum and zinc nanoparticles
were prepared by ball milling method, also amino-
modified multiwall carbon nanotube were added
to polymeric matrixes. Results approve Au, Ag and
copper have better antibacterial activities and we
prepared their polymeric nanofibers composites.
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