] Nanostruct 16(4): 4634-4642, Autumn 2026

RESEARCH PAPER

Concentration-Engineered AgNO -Derived Ag Nanoparticles
Embedded in Electro Spun PVA Nano fibers for Optical Band-
Gap Tuning and Fluorescence Enhancement

Muaamar A. Kamil *, S. K. Ibrahem

Department of Physics, College of Education for Pure Science, University of Tikrit, Tikrit, 34001, Iraq

ARTICLE INFO

Article History:
Received 05 May 2026
Accepted 15 July 2026

Published 01 October 2026

Keywords:

Concentration engineering
Electro spinning

Nano fibers Ag

NPs fluorescence band-gap
tuning

PVA

ABSTRACT

In view of the importance of polymers and their Nano fibers at the present
time and their uses in many medical, engineering, industrial and other
fields, and in order to improve the properties of these fibers, we have
prepared, in our study, a pure PVA polyvinyl alcohol solution, then it is
impregnated with AgNO3 salt in different concentrations (1, 2, 3 wt%)
and then shaped into Nano fibers using the electro spinning technique at
room temperature. XRD FE-SEM, UV, and PL characterizations are used
to study the structure, morphology and optical properties of materials.
XRD tests showed that the PVA polyvinyl alcohol fibers have a random
structure, and the doped films have a cubic crystalline structure, and it
was noted that their crystalline size increases with the increase in the
doping percentage. Finally, the XRD tests showed that the PVA polyvinyl
alcohol fibers have a random structure, and the doped films have a cubic
crystalline structure, and it was noted that their crystalline size increases
with the increase in the doping percentage. FESEM measurements showed
that the diameters of the doped membrane fibers decreased with increasing
mixing ratio. The optical properties showed a clear positive effect when
adding silver to the fiber structure, as the fiber’s absorption of light
increased and the energy gap of the polymer decreased with the increase
of silver concentration. In contrast, the fluorescent results showed that the
best intensity of the fluorescence spectra was obtained at a concentration
of 3% silver. The novelty of this work is the direct correlation of AgNO.,-
derived Ag nanoparticle concentration with fiber-diameter reduction, Ag
crystallite growth, band-gap narrowing, and fluorescence enhancement in
one electro spun PVA platform.
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INTRODUCTION

Polymer fibers, specifically Nano scale ones,
have attracted considerable interest for several
decades in view of their unique physical and
chemical nature. They have a high specific

* Corresponding Author Email: muaamar.a.kamil@tu.edu.iq

surface area, a wide range of surface features,
and outstanding mechanical properties; for
example, they can be utilized in engineering
membranes, textile production, and medical
devices for various industries [1-6]. The
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development of nanocomposites incorporating
metallic nanoparticles within a polymer matrix
has attracted increasing attention in the area of
materials science because of the extraordinary
capacity to synthesize materials possessing
variable characteristics. Polymer fibers, when they
are reduced to micro size (or nanometer diameter)
range, exhibit the following remarkable properties:
they have a very high surface area to volume ratio
as well as provide versatile surface functionalities
and excellent mechanical abilities like hardness
and anchoring strength in comparison to other
materials. These excellent properties make
polymer Nano fibers great candidates for various
important applications [7-10]. Electro spinning is
the major method employed to fabricate Nano
fibers, based on a conventional use rate which
is easily controllable [5,11,12]. Polyvinyl alcohol
(PVA) was used in the process involving silver
(Ag) due to its water solubility, biocompatibility,
nontoxic character, and excellent chemical and
thermal stability. Due to PVA’s inherent features,
fiber-forming behavior is quite easy; thus, PVA is
extensively used in different applications [6,7].
Researchers have conducted numerous studies
on the incorporation of Ag nanoparticles into
electro spun Nano fibers as the basis for the
fabrication of functional Nano fibrous composites
to utilize the inherent properties of both Nano
fibers and Ag nanoparticles [8-10]. PVA-based
Nano fibers have been extensively synthesized
by electro spinning techniques [11,12]. Also,
some literature has talked about the influence

of inorganic additives on the properties of Nano
scale fibers; but almost no information was
reported on how salt affects fiber morphology.
In this research, these experiments were carried
out in making and analyzing PVA/Ag-based Nano
fibers by electro spinning. Also, the effects of
silver nanoparticle concentration on optical and
structural properties in PVA films was studied
by using X-ray Diffraction (XRD), field emission
scanning electron microscopy (FESEM), UV-visible
spectroscopy (UV-vis), and photoluminescence
(PL) measurements. Therefore, the original
contribution of the present study is not only the
fabrication of PVA/Ag fibers, but the systematic
concentration-controlled evaluation of their
structural, morphological, absorption, band-gap,
and photoluminescence responses under identical
electro spinning conditions [2,3].

MATERIALS AND METHODS

To prepare spinning solutions, polyvinyl alcohol
(PVA) which had Mw= 85,000 — 1,24,000 was
dissolved in distilled water as a first stage, to
obtain a pure PVA solution, where approximately
(6 gm) was dissolved in (60 ml) of distilled water,
then the solution was mixed for (75 min). At a
temperature of (60 °C) using a magnetic stirrer,
until it is completely melted and a homogeneous
solution is obtained. After that, (0.084 gm) of silver
nitrate (AgNO,) was dissolved in (10 ml) of distilled
water and mixed for a period not exceeding (5
min) using a magnetic mixer until the solution
became homogeneous and the silver nitrate was

Table 1. Optimized electro spinning parameters employed for the fabrication of pristine PVA and PVA/Ag Nano fibers with different
silver concentrations.

) . Needle Solution feed rate . )
Processing parameters  Applied DC voltage (KV) gauge (mi/h) Tip-to-collector distance (cm)
Operating Range 0-50 21-30 0.1-100 1-20
Optimized value 20 21 0.1 18
Table 2. Experimental design of pure PVA and AgNO3-modified PVA nanofiber samples.
Sample code Precursor composition AgNOs concentration Processing condition Purpose
kept constant
PVA Pure PVA solution 0 wt% Same elect'rospmnlng Reference sample
settings
PVA/1%Ag PVA + AgNO3 1 wt% same eIect.rosplnnlng Low Ag concentration
settings
PVA/2%Ag PVA + AgNO: 2 Wit Same elect.rospmnlng Intermed|atfe Ag
settings concentration
PVA/3%Ag PVA + AgNO; 3wt% same e::f;;";"'"”'”g High Ag concentration
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completely dissolved in water. Then, the silver
nitrate solution was added to the (PVA) polymer
solution that was previously prepared, and mixed
with it using a magnetic mixer at room temperature
for a period of (5-10 min), with three different
concentrations (1,2,3 ml). To create Nano fibers
using the electro spinning system, the parameters
were set as shown in Table 1. In this design, AgNO,
was used as the Ag source/precursor, allowing
the Ag-related phase and optical response to be
tuned through the selected concentration range
rather than by changing the polymer host. The

experimental design, sample codes, precursor
compositions, and AgNO; concentrations are
summarized in Table 2.

RESULTS AND DISCUSSION

Fig. 1 presents the XRD diffraction pattern of
pure PVA Nano fibers and shows a broad peak
at 26 = 20.35677° indicating the semi-crystalline
structure of PVA polymer. No discernible sharp
peaks are in accordance with previous studies
[13,14]. Fig. 2 shows diverse X-ray diffraction
features of pure polyvinyl alcohol (PVA) Nano

Intensity (a.u.)

—— Pure PVA fibers

20 (Degree)

Fig. 1. XRD diffraction pattern for pure PVA Nano fiber.

Table 3. XRD structural summary of pure PVA and PVA/Ag nanofibers.

Calculated crystallite

Sample Main observed feature 20 / planes . Structural interpretation
size (nm)
Broad semi-crystalline semi-
Pure PVA ¥ 20.35677° Not calculated crystalline/random
PVA peak
polymer structure
Formation of crystalline
Ag-related FCC (111), (200), (220), o
0
PVA/2%Ag diffraction peaks (311), 222) 59.63 Ag phasg inside PVA
fibers
Ag-related FCC o
PVA/3%Ag diffraction peaks with (111), (200), (220), 65.32 Crystallite size increases

increased size

(311), (222)

with Ag concentration
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fibers mixed with silver at concentrations of PVA/
(2%, 3%) Ag. The characteristic diffraction peaks
for indices (111), (200), (220), (311), and (222) at
angles 26 = 38.2634°, 44.13°, 60.0228°, 77.5481°,
81.5023° with a preferential (111) orientation are
apparent. This suggests a crystalline structure
indicative of a face-centered cubic arrangement of
silver, consistent with previous literature [15-17].
The value of grain size (d) was established using
the equation [17]:

where A is the X-ray wavelength, B is the full
width at half maximum (FWHM) in radians, and
0 is the Bragg angle. The determined grain sizes
of PVA/(2% Ag) and PVA/(3% Ag) Nano fibers are
around 59.63 nm and 65.32 nm, indicating an
increase in grain size with higher concentrations
of silver nanoparticles. The main findings obtained
from the XRD analysis are summarized in Table 3.

FE-SEM image of collected fiber mats is shown
in Fig. 3. The diameter of PVA obtained Nano
fibers varied from 150 to 400 nm (mean diameter
258.5 nm) (Fig. 2a) [18]. Seen from the FE-SEM

avg = m pictures which depicted the distribution of PVA
o - Pure PVA fibers
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= 8 —— PVA fibers with 3%Ag
— PVA fibers with 2%Ag
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Fig. 2. XRD patterns of pure PVA and Ag-doped PVA Nano fibers with different silver contents.

Table 4. FE-SEM morphological summary of electro spun PVA/Ag Nano fibers.

Fiber diameter range
Sample g

Average diameter (nm)

Morphological Effect of Ag addition

(nm) observation
Pure PVA 150-400 258.5 Cont|nu9us PVA Reference morphology
nanofibers
homsomzr?:;ua:;:bers Fiber diameter
PVA/Ag nanofibers 50-350 174.7 . & . decreases with Ag
without obvious

concentration
structural defects
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Nano fibers (PVA Nano fibers) mixed with AgNO, the added salt exhibited uniform homogeneity
at concentrations of 1, 2 and 3 wt%, morphology within the polymer structure, reaffirming that the
indicated a thin film that could fit well into fibers maintained no structural defects as shown
polyvinyl alcohol without clustering. Additionally, in Fig. 3b-d. As the concentration of silver changed,

Fig. 3. FE-SEM micrographs of electro spun Nano fibers: (a) pure PVA, (b) PVA-1 wt.% Ag, (c) PVA-2 wt.% Ag, and
(d) PVA-3 wt.% Ag.

Table 5. Optical absorption and band-gap variation with Ag concentration.

Sample Absorption behavior Optical band gap (eV) Trend Interpretation
Pure PVA Broad absorption near 217 Highest Eg Transparent polymer
347 nm reference
Absorption increases Initial Ag-induced
PVA/1%Ag P . 4.16 Slight decrease charge-transfer
after Ag addition X )
interaction
. Increased dopant
PVA/2%Ag Further absorption 4.15 Slight decrease interaction in PVA
enhancement .
matrix
. . More defect/dipole
PVA/3%Ag Highest absorption 4.10 Clear decrease states within the band
among doped samples gap
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the diameters of PVA Nano fibers were noticeably
decreased with 2% and 3% silvery concentrations,
respectively. The diameters of these fibers varied
from 50 to 350 nm and were an average of 174.7
nm size which was significantly smaller compared
to pure PVA Nano fibers. This is thought to relate
with the proper substitution of AgNO, [19]. It
modified viscosity and prolonged the flow of the
solution because of an increased conductivity at
high-voltage application—such high voltage can
facilitate the detachment of particles or minimize
their agglomeration [20]. For clarity, the main FE-
SEM observations, including fiber diameter and
morphological characteristics, are summarized in
Table 4.

The absorption spectra from thin films of pure
PVA and PVA doped with silver and recorded
in visual form as per the UV-visible spectra are
shown in Fig. 4. Pure PVA is given a distinctive
peak at 347 nm in the UV-Vis spectra with a
small displacement to 350 nm, where this peak

goes up as Ag concentration increases. The result
indicates that the energy band gap between
PVA/Ag nanoparticles, in the PVA Nano fiber, is
smaller than that between pure PVA Nano fiber
due to the changes in the form of PVA Nano fiber.
Interestingly, no absorption band in the 500-800
nm range was found in all samples analyzed as
pure PVA is a colorless polymer that has no visible
absorption showing transparency in this region
[21]. The increase in the absorbing capacity with
higher dopant concentrations can be ascribed
to charge transfer complex formation [22], as
Ag is incorporated in the PVA polymer. In Fig. 5
the energy gap (Eg) for pure PVA is 4.17 eV. Eg
values for Ag-doped thin films are as follows: 4.16
eV, 4.15 eV and 4.10 eV at 1 wt%, 2 wt%, and 3
wt%, respectively. There are no alterations to
the optical band gap energy in low silver-doped
samples, but a decreasing decrease in optical band
gap energy occurs at higher doping concentration
levels. Such point defects might arise as a result
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1 —— PVA fibers with 3% Ag
0.7 - —— PVA fibers with 2% Ag
| —— PVA fibers with 1% Ag
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Fig. 4. The UV-vis absorption spectra for PVA Nano fiber thin film doped with Ag.
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of formation of molecular dipoles in the band gap
[23]. The changes in optical absorption behavior
and band gap with increasing Ag concentration are
summarized in Table 5.

The fluorescence spectra of pure PVA and the
PVA loaded with different concentrations of Ag
nanoparticles for absorption were obtained at a
room temperature excitation wavelength of 350
nm. The thin films display well-defined peaks at
395 and 460 nm for the pure PVA and for the Ag-
doped thin film formulations. But the strength of
these peaks decreases when AgNPs are mixed into
the PVA at 1% and 2% concentrations. Similarly,
the width of surface Plasmon resonance peak on
the surface seems to have an influence on the
efficiency of electron transmission, leading to the
lowering of the efficiency of fluorescence at the

lower concentrations. On the other hand, the thin
film with 3 wt% Ag has very pronounced visible
emission band at 650 nm. The emission at 390
nm is related to the surface trap effects, whereas
the sharp emitted band at 650 nm confirms the
electron-hole recombination that takes place
among the nanoparticles. The increasing level of
peak emission for PVA doped with NP at 3 wt%
in particular suggests a redshift. This change has
also been attributed to the broad band emission
induced by the Nano dopants added, caused by
the increase of crystalline size. Especially the
increased visible emissions observed at 3 wt%
Ag indicating concentration-dependent photo
luminescent response highlights the effect of
Ag related electronic states and differences in
crystallite size on radiative recombination of PVA
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Fig. 5. Optical band gap estimated from Tauc plots for pure PVA and PVA/Ag Nano fibers containing 1, 2, and 3 wt.% Ag.
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Fig. 6. The fluorescence spectra for PVA doped with Ag electro spun Nano fibers.

Nano fiber matrix [24-26].

CONCLUSION

The result described demonstrates an Ag-
concentration-engineered PVA Nano fiber system,
in which high levels of structural ordering, low
fiber diameter, high optical absorption, low band
gap and PL enhancement occur in one material
platform. The electro spinning technique was
used to produce Nano fibers using pure polyvinyl
alcohol (PVA) that were infused with different
concentrations of silver (1%, 2%, and 3% wt). High-
quality PVA/Ag fibers were obtained as confirmed
by XRD, and homogeneous structures and smooth
surfaces were shown using field emission scanning
electron microscopy (FESEM) measurements. It
was observed that the fiber diameter diminished
as the silver concentration increased. Moreover,
the absorption spectra rose with increased content
of Ag and the optical energy gap decreased from

J Nanostruct 16(4): 4634-4642, Autumn 2026
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4.17 eV to 4.10 eV at a 3% concentration of Ag.
Thus, the material offers great promise for many
applications including sensors.

CONFLICT OF INTEREST

The authors declare that there is no conflict
of interests regarding the publication of this
manuscript.

REFERENCES

1. Ding B, Yamazaki M, Shiratori S. Electrospun fibrous polyacrylic
acid membrane-based gas sensors. Sensors Actuators B: Chem.
2005;106(1):477-483.

2. Villarreal-Gémez LJ, Pérez-Gonzédlez GL, Bogdanchikova N,
Pestryakov A, Nimaev V, Soloveva A, et al. Antimicrobial
Effect of Electrospun Nanofibers Loaded with Silver
Nanoparticles: Influence of Ag Incorporation Method. Journal
of Nanomaterials. 2021;2021:1-15.

3. Mutlak FAH. Photovoltaic enhancement of Si micro- and
nanostructure solar cells via ultrafast laser texturing. TURKISH
JOURNAL OF PHYSICS. 2014;38:130-135.

4. Pathak C, Vaidya FU, Pandey SM. Mechanism for Development
of Nanobased Drug Delivery System. Applications of Targeted
Nano Drugs and Delivery Systems: Elsevier; 2019. p. 35-67.

4641


http://dx.doi.org/10.1016/j.snb.2004.09.010
http://dx.doi.org/10.1016/j.snb.2004.09.010
http://dx.doi.org/10.1016/j.snb.2004.09.010
http://dx.doi.org/10.1155/2021/9920755
http://dx.doi.org/10.1155/2021/9920755
http://dx.doi.org/10.1155/2021/9920755
http://dx.doi.org/10.1155/2021/9920755
http://dx.doi.org/10.1155/2021/9920755
http://dx.doi.org/10.3906/fiz-1302-2
http://dx.doi.org/10.3906/fiz-1302-2
http://dx.doi.org/10.3906/fiz-1302-2
http://dx.doi.org/10.1016/b978-0-12-814029-1.00003-x
http://dx.doi.org/10.1016/b978-0-12-814029-1.00003-x
http://dx.doi.org/10.1016/b978-0-12-814029-1.00003-x

M. Kamil, and S. Ibrahem / AgNO -Derived Ag Nanoparticles in PVA Nanofibers

5. A. Chayad F, R. Jabur A, M .Jalal N. Effect of NaCl Solution
Addition on Improving Some of the Physical Properties of Nylon
6 Solutions used for Electro spinning Purpose. Engineering and
Technology Journal. 2016;34(7):1265-1274.

6. Islam MS, Ang BC, Andriyana A, Afifi AM. A review on fabrication
of nanofibers via electrospinning and their applications. SN
Applied Sciences. 2019;1(10).

7. Jabur A. Multiwall Carbon Nanotube / Polyvinyl Alcohol
Nanofibers  Film, Electrical Conductivity Improvement.
Engineering and Technology Journal. 2020;38(3A):431-439.

8. Xiao S, Xu W, Ma H, Fang X. Size-tunable Ag nanoparticles
immobilized in  electrospun  nanofibers:  synthesis,
characterization, and application for catalytic reduction of
4-nitrophenol. RSC Adv. 2012;2(1):319-327.

9. Mahanta N, Valiyaveettil S. In situ preparation of silver
nanoparticles on biocompatible methacrylated poly(vinyl
alcohol) and cellulose based polymeric nanofibers. RSC
Advances. 2012;2(30):11389.

10. Mbhele ZH, Salemane MG, van Sittert CGCE, Nedeljkovi¢
JM, Djokovi¢ V, Luyt AS. Fabrication and Characterization
of Silver-Polyvinyl Alcohol Nanocomposites. Chem Mater.
2003;15(26):5019-5024.

11. Beachley V, Wen X. Effect of electrospinning parameters on
the nanofiber diameter and length. Materials Science and
Engineering: C. 2009;29(3):663-668.

12. Ding W, Wei S, Zhu J, Chen X, Rutman D, Guo Z. Manipulated
Electrospun PVA Nanofibers with Inexpensive Salts.
Macromolecular Materials and Engineering. 2010;295(10):958-
965.

13. Ali FM, Kershi RM, Sayed MA, AbouDeif YM. Evaluation of
structural and optical properties of Ce 3+ ions doped (PVA/PVP)
composite films for new organic semiconductors. Physica B:
Condensed Matter. 2018;538:160-166.

14. Yang X, Shao C, Liu Y. Fabrication of Cr203/AI203 composite
nanofibers by electrospinning. Journal of Materials Science.
2007;42(20):8470-8472.

15. Chen Y, Cao J, Wei H, Wu Z, Wang X, Pei Y. Synthesis of polyvinyl
alcohol/Ag electrospun nanofibers as highly efficient flexible
SERS substrates. Vib Spectrosc. 2021;114:103246.

16. Rithesh Raj D, Prasanth S, Vineeshkumar TV, Sudarsanakumar

4642

17.

1

o]

19.

20.

21.

22.

23.

24.

25.

26.

C. Ammonia sensing properties of tapered plastic optical fiber
coated with silver nanoparticles/PVP/PVA hybrid. Opt Commun.
2015;340:86-92.

Chen Y, Cao J, Wei H, Wu Z, Wei Y, Wang X, et al. Fabrication
of Ag NPs decorated on electrospun PVA/PEI nanofibers as
SERS substrate for detection of enrofloxacin. Journal of Food
Measurement and Characterization. 2022;16(3):2314-2322.

. Medeiros ES, Mattoso LHC, Ito EN, Gregorski KS, Robertson GH,

Offeman RD, et al. Electrospun Nanofibers of Poly(vinyl alcohol)
Reinforced with Cellulose Nanofibrils. Journal of Biobased
Materials and Bioenergy. 2008;2(3):231-242.

LiS, Zhang R, Xie J, Sameen DE, Ahmed S, DaiJ, et al. Electrospun
antibacterial poly(vinyl alcohol)/Ag nanoparticles membrane
grafted with 3,3',4,4'-benzophenone tetracarboxylic acid for
efficient air filtration. Appl Surf Sci. 2020;533:147516.

Jabur A, Al-Tuhafi R. Preparation and Characterization of NiTi/
PVA Nanofibers by Electrospinning. Engineering and Technology
Journal. 2021;39(11):1674-1680.

Hamza AM, Alhtheal ED, Shakir AK. Enhancement the Efficiency
of ZnOnanofiber mats antibacterial Using Novel PVA/Ag
nanoparticles. Energy Procedia. 2017;119:615-621.

Ghanipour M, Dorranian D. Effect of Ag-Nanoparticles Doped
in Polyvinyl Alcohol on the Structural and Optical Properties of
PVA Films. Journal of Nanomaterials. 2013;2013(1).

Jabbar WA, Habubi NF, Chiad SS. Optical Characterization of
Silver Doped Poly (Vinyl Alcohol) Films. Journal of the Arkansas
Academy of Science. 2010;64(1).

Jawad RA, Shiltagh N, Aboud LH, Watkins MJ. The Effect
of Silver Nanoparticles on a Mixture of MB-dye/PVA-
Polymer as Determined by Absorption and Emission Spectra
Measurements. NanoWorld Journal. 2021;07(01)-

Saini I, Rozra J, Chandak N, Aggarwal S, Sharma PK, Sharma
A. Tailoring of electrical, optical and structural properties of
PVA by addition of Ag nanoparticles. Materials Chemistry and
Physics. 2013;139(2-3):802-810.

Gananatha Shetty B, Crasta V, Rithin Kumar NB, Rajesh K, Bairy
R. Effect of nano fillers on electrical, mechanical, fluorescent
and third order non linear optical properties of PVA. Materials
Research Express. 2019;6(7):075055.

J Nanostruct 16(4): 4634-4642, Autumn 2026
(@)er |


http://dx.doi.org/10.30684/etj.34.7a.1
http://dx.doi.org/10.30684/etj.34.7a.1
http://dx.doi.org/10.30684/etj.34.7a.1
http://dx.doi.org/10.30684/etj.34.7a.1
http://dx.doi.org/10.1007/s42452-019-1288-4
http://dx.doi.org/10.1007/s42452-019-1288-4
http://dx.doi.org/10.1007/s42452-019-1288-4
http://dx.doi.org/10.30684/etj.v38i3a.530
http://dx.doi.org/10.30684/etj.v38i3a.530
http://dx.doi.org/10.30684/etj.v38i3a.530
http://dx.doi.org/10.1039/c1ra00127b
http://dx.doi.org/10.1039/c1ra00127b
http://dx.doi.org/10.1039/c1ra00127b
http://dx.doi.org/10.1039/c1ra00127b
http://dx.doi.org/10.1039/c2ra20637d
http://dx.doi.org/10.1039/c2ra20637d
http://dx.doi.org/10.1039/c2ra20637d
http://dx.doi.org/10.1039/c2ra20637d
http://dx.doi.org/10.1021/cm034505a
http://dx.doi.org/10.1021/cm034505a
http://dx.doi.org/10.1021/cm034505a
http://dx.doi.org/10.1021/cm034505a
http://dx.doi.org/10.1016/j.msec.2008.10.037
http://dx.doi.org/10.1016/j.msec.2008.10.037
http://dx.doi.org/10.1016/j.msec.2008.10.037
http://dx.doi.org/10.1002/mame.201000188
http://dx.doi.org/10.1002/mame.201000188
http://dx.doi.org/10.1002/mame.201000188
http://dx.doi.org/10.1002/mame.201000188
http://dx.doi.org/10.1016/j.physb.2018.03.031
http://dx.doi.org/10.1016/j.physb.2018.03.031
http://dx.doi.org/10.1016/j.physb.2018.03.031
http://dx.doi.org/10.1016/j.physb.2018.03.031
http://dx.doi.org/10.1007/s10853-007-1769-5
http://dx.doi.org/10.1007/s10853-007-1769-5
http://dx.doi.org/10.1007/s10853-007-1769-5
http://dx.doi.org/10.1016/j.vibspec.2021.103246
http://dx.doi.org/10.1016/j.vibspec.2021.103246
http://dx.doi.org/10.1016/j.vibspec.2021.103246
http://dx.doi.org/10.1016/j.optcom.2014.11.092
http://dx.doi.org/10.1016/j.optcom.2014.11.092
http://dx.doi.org/10.1016/j.optcom.2014.11.092
http://dx.doi.org/10.1016/j.optcom.2014.11.092
http://dx.doi.org/10.1007/s11694-022-01299-0
http://dx.doi.org/10.1007/s11694-022-01299-0
http://dx.doi.org/10.1007/s11694-022-01299-0
http://dx.doi.org/10.1007/s11694-022-01299-0
http://dx.doi.org/10.1166/jbmb.2008.411
http://dx.doi.org/10.1166/jbmb.2008.411
http://dx.doi.org/10.1166/jbmb.2008.411
http://dx.doi.org/10.1166/jbmb.2008.411
http://dx.doi.org/10.1016/j.apsusc.2020.147516
http://dx.doi.org/10.1016/j.apsusc.2020.147516
http://dx.doi.org/10.1016/j.apsusc.2020.147516
http://dx.doi.org/10.1016/j.apsusc.2020.147516
http://dx.doi.org/10.30684/etj.v39i11.2272
http://dx.doi.org/10.30684/etj.v39i11.2272
http://dx.doi.org/10.30684/etj.v39i11.2272
http://dx.doi.org/10.1016/j.egypro.2017.07.087
http://dx.doi.org/10.1016/j.egypro.2017.07.087
http://dx.doi.org/10.1016/j.egypro.2017.07.087
http://dx.doi.org/10.1155/2013/897043
http://dx.doi.org/10.1155/2013/897043
http://dx.doi.org/10.1155/2013/897043
http://dx.doi.org/10.54119/jaas.2010.6412
http://dx.doi.org/10.54119/jaas.2010.6412
http://dx.doi.org/10.54119/jaas.2010.6412
http://dx.doi.org/10.17756/nwj.2021-087
http://dx.doi.org/10.17756/nwj.2021-087
http://dx.doi.org/10.17756/nwj.2021-087
http://dx.doi.org/10.17756/nwj.2021-087
http://dx.doi.org/10.1016/j.matchemphys.2013.02.035
http://dx.doi.org/10.1016/j.matchemphys.2013.02.035
http://dx.doi.org/10.1016/j.matchemphys.2013.02.035
http://dx.doi.org/10.1016/j.matchemphys.2013.02.035
http://dx.doi.org/10.1088/2053-1591/ab17f6
http://dx.doi.org/10.1088/2053-1591/ab17f6
http://dx.doi.org/10.1088/2053-1591/ab17f6
http://dx.doi.org/10.1088/2053-1591/ab17f6

	Concentration-Engineered AgNO3-Derived Ag Nanoparticles Embedded in Electro Spun PVA Nano fibers for
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	MATERIALS AND METHODS 
	RESULTS AND DISCUSSION 
	CONCLUSION  
	CONFLICT OF INTEREST 
	REFERENCES 

