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Abstract
Silicon oxide nanoparticles (SiO2 NPs) attracted nanomaterials for tuning the structure, characterizations, band gap, and 
dielectric properties. Newly ternary blend polymers nanocomposites reinforced using SiO2 nanoparticles were fabricated 
and investigated. Poly(acrylamide) (PAAm), poly(vinyl alcohol) (PVA), and poly(vinyl pyrrolidone) (PVP) were mixed with 
different ratios and loaded with different ratios of SiO2 (x = 0.00, 0.01, 0.03, and 0.05) wt. % applying green-easy solution-
casting procedure. X-ray diffraction (XRD), infrared Fourier-transform spectroscopy (FTIR), optical microscopy (OPM), 
field emission scanning electron microscope (FE-SEM), UV–visible spectrophotometer, DC electrical meter and antibacte-
rial activity of the nanocomposite were used to characterizations the samples. FTIR spectra exhibited significant interfacial 
interaction between the component matrixes. XRD patterns for samples showed a broad peak between ~ 10–50°. OPM and 
FESEM images showed a homogeneous surface and excellent distribution of nanoparticles in the matrix. The optical absorp-
tion results enhanced from 0.73 to 0.91 at 200 nm, and the energy gap improved from 4.8 to 3.4 eV for allowed indirect 
transition and from 4.2 to 3.1 eV for forbidden indirect transition. The dielectric constant and loss improved from 0.20 to 
0.53, and outstanding enhancement was presented in the electrical conductivity. SiO2 NPs exhibited notable improvement 
in the inhibited zone of antibacterial activity from 0.00 to 24 mm of S. aureus and 23 mm of E. coli compared to ternary 
blend polymers. These nanocomposites are promising for various applications, such as solar cells, optoelectronic, and biol-
ogy applications.
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1  Introduction

The efficiency of polymer-based solar cells could be lower 
than silicon-based solar cells, which could relate to the 
lack of absorbing the whole solar light by the photoactive 
layer. The polymer with a large band gap presented emis-
sion quenching, which is a problem by presenting only one 
donor compared to the two acceptors in the ternary blend 
[1]. Therefore, many researchers tried solving this issue 
using binary blend counterparts. Other investigated using 

ternary blend polymers that showed better absorption opti-
cal range and can be easily expanded. This impact comes 
from additional absorption of the third material that can be 
more expeditiously get donor/acceptor interfaces through the 
transfer of the long-range energy [2]. Compared to binary 
blend counterparts, there is a significant enhancement to the 
photocurrent generation of ternary blend polymer solar cells 
[1, 2]. Recently, a ternary structure has been a promising 
strategy to enhance the performances in binary polymer, 
fullerene, and bulk heterojunction polymer (BHJ) devices 
[3]. To boost the achievement in the material properties, 
incorporating the nanostructures such as SiO2, TiO2, GO, 
and Ag nanoparticles in these ternary blends polymer can 
play a unique role in improving the emission of the large 
band gap polymer by a mechanism, which is named charge 
trapping [1].

Silicon is a promising material with significant charac-
terizations because it has chemical stability, a high melting 
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point of (1700 °C), etc. These important features make sili-
con a primary dielectric in silicon electronic technology and 
a superb thermal and electrical insulator [4]. Additionally, 
most of the standard current of optical fiber communica-
tion is made from silicon [5]. The nanoparticles are created 
by first depositing a silicon-rich material, followed by heat 
treatments that cause the excess silicon to precipitate [5]. 
Silicon dioxide or silica is a silicon oxide with the most com-
mon in nature as quartz [2]. Silicon dioxide (SiO2) is a usu-
ally diffused adsorbent resistant to high temperatures, low 
cost, and non-toxic material [6]. The development of mini 
bands and subsequent widening of the influential band gap 
result from reduced silicon particle diameter to the nano-
metric scale. In addition to crystalline silicon dioxide, mod-
ern electronics rely heavily on it to produce nanocomposite 
materials for semiconductors and microelectronic devices [5, 
7]. These nanomaterials can benefit from both parts' advan-
tageous traits to fabricate polymer-nanocomposite materi-
als [8]. Nanoparticles have been reported that bring unique 
properties and notable improvements in structural-property 
relationships [9, 10] and are used in modern applications 
when reinforcing the polymer blend [11, 12]. Meanwhile, a 
blend of two or more polymers could achieve unique prop-
erties of hybrid/nanocomposite materials and open a wide 
range of required properties for specific or general applica-
tions [7, 13]. These blended polymers could achieve more 
benefits and enable more by loading with nanofillers [10]. 
The final qualities of polymer-nanocomposite materials 
could change by adjusting the component concentration 
within the composition of the polymeric matrix [8].

Polyacrylamide (PAAm) is unique as it does not resem-
ble a monomer and is non-toxic due to the 19.7% nitrogen 
content and 3.6% hydroxyl groups. It is a chemical substance 
with a high absorption rate [14]. The formed polyacrylamide 
(PAAm) is a linear water-soluble polymer sensitive to tem-
perature and pH. Polyacrylamide lacks biological activity 
and weak chemical qualities [15]. Nevertheless, it possesses 
advantages like high adhesiveness, appropriate hygroscopic-
ity, and high hydrophilicity [16]. This polymer has recently 
been used in surface grafting polymerization and other cur-
rent applications such as oil recovery, mining, and water 
treatment [17]. Further, PAAm is utilized as a flocculant and 
a material thickener. Producing tissue covering burns, pros-
thetic retinas, and soft tissues [18]. One of the biocompat-
ible, hydrophilic polymers is polyvinyl pyrrolidone (PVP), 
which will be utilized for various biological applications and 
separation activities to augment the solubility of comprising 
polymeric materials mixed [19]. PVP has the real benefit of 
being thermally crosslinked, which increases the material's 
mechanical strength. Additionally, because PVP melts when 
exposed to water, it has promised to prevent phase separa-
tion in blends. The presence of long chains and carbonyl 
(C = O) groups in PVP make it an effective capping factor 

for nanoparticles. It is possible to alter the physical prop-
erties of polymers and include new features in a polymer 
blend by mixing inorganic NPs with polymers [20]. Water 
solubility, biodegradability, biocompatibility, non-toxicity, 
strong dielectric (> 1000 kV/mm), strong capacity to store 
charges, dopant-dependent electrical property, and non-car-
cinogenicity are just some of the exceptional properties of 
polyvinyl alcohol (PVA), a polymer with the ability to create 
hydrogels to use various methods [21, 22]. Commercially, it 
is produced by hydrolyzing polymers (vinyl acetate). Among 
other uses, PVA has been extensively employed as a thermo-
plastic polymer in living, non-toxic, and safe tissues. Many 
studies have investigated using PVA as fillers or crosslinking 
products [23]. PVA is a good anti-aggregation shield for 
nanoparticles [24]. Therefore, this investigation used PVA 
as a linker between the polymers and the NPs. H. They are 
frequently employed in producing paper, textiles, oxygen-
retardant films, and coating photographic film [25].

Wang Y. et al. (2018) [2] reported preparing ternary blend 
solar cells. Poly(3-hexylthiophene) (P3HT), [6, 6]-phenyl-
C61-butyric acid methyl ester (PCBM), diketopyrrolopyrrole 
(DPP), and carbazole (Cz) units used to prepare a ternary 
low-bandgap polymer (PCDPP4T). The results showed an 
increase in the photocurrent and power conversion efficiency. 
This improvement in photocurrent was ascribed partly to the 
near-infrared (near-IR) absorption region CDPP4T. Also, 
they reported a part of efficient energy transfer from P3HT 
to PCDPP4T. These ternary blend polymers significantly 
improve compared to P3HT/PCBM binary reference cells. 
M. Ragab and A. Rajeh, 2020 [26] reported a promising 
technique for producing polyacrylamide (PAAm) and chi-
tosan (Cs) nanocomposite polymer systems. Hosting poly-
mer for Ag/Se nanofiller in applications involving electrical 
energy storage. They reported a reduced optical energy gap, 
implying enhanced optical characteristics. The AC behav-
ior was examined using the nanocomposites' frequency-
dependent AC conductivity. The sample’s ionic conductivity 
improved as the Ag/Se concentration rose, improving nano-
composite ionic and optical conductivity. Nanocomposites 
were appropriate for electrochemical applications, such as 
energy storage, elastic capacitors systems, and battery sepa-
rators. Gaboury, L. (2019) [27] fabricated nanocomposite 
from chitosan and polyacrylamide containing silica nano-
particles (SiO2) -based nanocomposite. The Cs/PAM blend's 
semi-crystalline nature is present. Due to the Cs/PAM blend 
matrix's masking impact brought on by the low amount of 
SiO2, no peaks identifying SiO2 have been present. The pri-
mary IR bands observed correspond to the functional groups 
for Cs/PAAm. After the SiO2 nanoparticles were added, the 
positions of the IR bands remained unchanged. A 253 nm 
absorption band revealed the Cs/PAM matrix's semi-crys-
talline structure with a strong absorption edge in the UV–vis 
spectra. The optical characteristics of the spectrum were 
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recorded and described as a photon energy function. Alsaad 
AM et al. [28] used the dip-coating method, silica nanopar-
ticle with weight percentages of SiO2 NPs = 2%, 4%, 8%, and 
16%)- based on PVA and PMMA. The optical transparency 
is significantly reduced when SiO2 NPs are introduced into 
the PMMA-PVA matrix at certain concentrations. Tarek S. 
Soliman et al. (2020) [29] integrated different concentra-
tions from 1 to 10% of the SiO2 nanoparticles into polyvinyl 
alcohol (PVA) polymer for optoelectronic applications using 
a sonication technique and a solution casting approach. The 
XRD readings confirmed the semicrystalline character of 
the PVA. The SiO2 nanoparticle homogeneity of the SEM 
was verified in the polymer matrix results. The films made 
of nanocomposite materials showed better thermal stabil-
ity than polymer. The contribution of the increase of SiO2 
reduced the direct optical band gap and Urbach energy. At 
the same time, the extinction coefficient and refractive index 
were improved. Al-Asbahi, B. et al. (2021) [1] reported the 
impact of SiO2/TiO2 nanoparticles on the photoelectric prop-
erties for PFO/MEH-PPV/ F7GA ternary hybrid film using 
solution blending and spin-coated method. Incorporating 
nanomaterials exhibited charge transfer in the ternary sys-
tem and improved charge carrier mobility. These improved 
the performance of the organic light-emitting and the current 
and decreased activation energy and resistance of the for-
diode device. A. M. Mansour et al., 2022 [30] investigated 
the bandgap of SiO2:ZnO: TiO2 nanocrystallites prepared 
using the sol–gel route and co-firing at 600 °C temperature. 
This temperature calcined involves the ZnTiO3, Zn2SiO4, 
and ZnTiO3 leading rhombohedral phase, which displays 
several electronic transitions and indirect bandgap transition 
of 2.8 eV and 3.35 ± 0.01 eV, respectively, with the increase 
the ratios of silica. The AC conductivity is between 10− 10 to 
10− 7 S/cm, and the dielectric constant is eight at a frequency 
higher than 104 of Zn2SiO4.

Many investigations [1-3, 27-31] showed that the raw 
materials of SiO2 and the oxide additions have different 
particle sizes and densities are the key factors for chang-
ing the properties of the polymers [31]. Advanced peaceful 
materials are widely listed in rubber, plastic, and polymers, 
but they suffer from several problems and need improve-
ments using nanomaterial [7]. There are several applications, 
including biological, antibacterial activity, and electrical 
applications, such as sensors for light, heat, etc. [9, 11, 32].

Even though several studies [1, 27-30, 33] investigat-
ing the effect of SiO2 nanoparticles, PAAm, PVA, and 
PVP polymers were not mixed as ternary hybrid blended 
polymers or integrated with different loading ratios of 
SiO2 nanoparticles to the best of our knowledge. There 
is a very limited investigation focused on ternary hybrid 
blended polymers. In addition, these factors are still not 
fully understood and need many investigations to cover 
these influences. Therefore, these investigations focused 

on newly fabricated different ratios of three ternary hybrid 
blended polymers with different loading ratios of SiO2 
nanoparticles for optoelectronic and antibacterial activ-
ity applications. The nanocomposites were investigated 
with various characterizations to examine their structure, 
morphology, optical and electrical properties, and anti-
bacterial activity.

2 � The Experimental Part

2.1 � Materials

PAAm with an Mw. of (71.07) g/mol, formula: (C3H5NO)n 
white color, and crystal-granular appearance supplied from 
Wuxi Lansen Chemicals Co., Ltd, China. PVA with an 
Mw of (160,000) g/mol and molecular formula: (C2H4O)n 
provided from Dindori, Nashik, India. The Mw of PVP is 
(40,000) g/mol, linear formula (C6H9NO)n, white color to 
light yellow, and hygroscopic, delivered by Alpha chemi-
cal company, India. SiO2 nanopowders with grain size (of 
20–30) nm, white color, purity of (99.8%) melting point 
of (1610–1728 °C), and boiling point range (of 2230 °C), 
supplied from Hongwu Inter National group ltd, China.

2.2 � Methods

2.2.1 � Preparation of Blended Polymers 
and Nanocomposites

Independently, polymers were dissolved, and SiO2 nano-
materials were dispersed in distilled water (DW). The pol-
ymer mixture was fabricated using different proportions 
of polymers (45:10:45) for PAAm:PVA: PVP. Firstly, 10 
wt.% of PVA/DW was added after dissolving in distilled 
water to 45 wt.% of PAAm/DW and combining the mixture 
for two hours. Secondly, PVA was added in this stage to 
increase the interaction between the polymers. It is con-
sidered a factor that strengthens the link between the poly-
mers. Thirdly, PVP/DW with 45 wt.% concentration was 
added to the PAAm-PVA matrix and blended for two hours 
to fabricate PAAm-PVA-PAA using the magnetic stirrer to 
achieve BP1. Fourthly, the nanocomposites were prepared 
following the same procedure by adding different ratios 
of SiO2 (0.01, 0.03, and 0.05) wt. %. Finally, the samples 
matrix was placed in a petri dish (5 cm) and dried in the 
vacuum oven at 40 °C for 73 h until fully dried. Samples 
were saved in the desecrator till characterizations were 
done. The samples were coded simply according to the 
nanomaterial’s ratios, as shown in Table 1, and the proce-
dure is presented in Fig. 1.
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2.3 � Characterizations

Table 2 Summaries the characterizations employed in this 
investigation.

The term absorbance (A) refers to the percentage between 
the absorbed light intensity (IA) to its incoming light inten-
sity (Io) in the materials. That is given in the following equa-
tion [34].

T is transmittance and is calculated by the relation [34].

To calculate the absorption coefficient (α), Eq. 3 was 
applied [35].

where (t) means the thickness of the sample. There is a spec-
ified energy gap calculated by [36].

where (B), (hυ) , and (Eg) mean constant, photon energy, and 
the energy gap, respectively, whereas r = 2 and 3 to permitted 

(1)A =
IA

Io

(2)T = logA

(3)α = 2.303
A
/

t

(4)αhυ = B(hυ−Eg
)r

Table 1   Displays mixing weight percentages of samples

Sample ID Concentration wt. %

PAAm PVA PVP SiO2

BP1 45 10 45 0.00
NC2 45 9.99 45 0.01
NC3 20 9.97 70 0.03
NC4 70 9.95 20 0.05

Fig. 1   Scheme of the experi-
mental work procedures of 
fabricated sample films

Table 2   Outlined the characters' 
traits that were employed

Device Model Details Manufacturing and State

FTIR vertex 70 Range, 4000 -500 cm−1 Bruker Company, Germany
X-rays Powder XRD, 

DX2700PH, multi-
function x-ray

Current 0–80 MA, Volt-
age 0–60 kV, Cu target 
1.50 nm

Haoyuan instrument co. ltd

OMI Nikon 73,346 40X Magnification Olympus Company, Japan
FE-SEM TESCAN Veg Tescan company, Czech Republic
UV–Visible Vertex 701 Double beam Phillips Company, Japan
AC Electrical Hi TESTER, (3532–50) LCR meter Hioki, Japan
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and prohibited indirect transitions. As stated, the refraction 
index (n) is specified by Eq. (5) [37].

where (R) and (k) are the reflectance and extinction factor 
that is given [38]:

(λ) means the wavelength, whereas the real dielectric (ε1) 
and imaginary (ε2) constants are given by Eqs. (7 and 8) 
[39].

The optical conductivity (σop) is defined by relation (9) 
[40].

where (c) means the light velocity. The dielectric constant 
(έ) is given by [41].

(cp) means the parallel capacitance, and (co) means the 
vacuum capacitor.

(5)n =
1 +

√

�

1 −
√

�

(6)k =
αλ

4π

(7)�
1
= n

2−k2

(8)ε
2
= 2nk

(9)σop = αnc∕4π

(10)
�

ε=
CP

Co

Dielectric loss (ε˝) is calculated by Eq. (11) [42]

D means the dispersion factor.

3 � Results and Analysis

FT-IR spectroscopy is one of the main tools that provide 
information to help recognize the interconnections between 
the matrix functional groups and their interactions to identify 
the mixture and the nanoparticles at the intermolecular level. 
The FTIR spectrum in pure PAAm in Fig. 2A, the broad 
band observed at 3329 and 3182 cm−1, is linked to the asym-
metric variation of NH2 and symmetric vibration of NH2. 
The two intense peaks at 2908 and 2321 cm−1 correspond to 
the CH2 asymmetric stretching and strong O = C = O stretch-
ing vibration. The two peaks are 1651 and 1604 cm−1 due 
to the C = O vibrational stretching and N–H bending [43]. 
In the FTIR spectrum for pure PVA in Fig. 2A, the broad 
band observed at 3278 cm−1 is linked to the stretching O–H 
from intramolecular hydrogen bonds [44]. The two intense 
peaks at 2908 and 2320 cm−1 correspond to the CH2 asym-
metric stretching and O = C = O stretching vibration. The 
peak at 1711 cm−1 is due to the stretching C–O from the 
carbonyl group, and the peak at 1361 cm−1 corresponds to 
the C–H deformation vibration. The peak at 1244 cm−1 is 
attributed to the deformation stretching vibration of the C-N 
link. Moreover, the peaks observed at 1089 and 850 cm−1 
could be attributed to the twisting vibration of the strong 

(11)εε =
�

ε D

Fig. 2   FTIR spectrum of (A) polymer and SiO2 and (B) nanocomposites
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C-O stretching vibration band and medium C = C bending 
[45, 46]. Three peaks at 1398, 1290, and 1120 cm−1 cor-
respond to the CH2/CH group, CH2/CH moiety, and CH2/
CH group, respectively [47]. The FTIR spectrum of PVP 
in Fig. 2A had a peak at 3388 cm−1, which indicates O–H 
stretching. The peaks at 2903, 2321, and 1652 cm−1 proved 
the existence of asymmetric stretching of CH2, O = C = O 
stretching vibration, and stretching of C-O, respectively. The 
C-H bending and CH2 wagging was observed at 1419 cm−1 
and 1284 cm−1, respectively. The peak at 1089 cm−1 was 
identified as the N–C = O bending [48]. In the FTIR spec-
trum in pure SiO2 in Fig. 2A, the broad band observed at 
3569 cm−1 is linked to the stretching O–H from intramo-
lecular hydrogen bonds. The two intense peaks at 2083 cm−1 
correspond to the CH2 asymmetric stretching and O = C = O 
stretching vibration. The peak at 1711 cm−1 is due to the 
stretching C–O from the acetate group, and the peak at 1378 
corresponds to the C–H deformation vibration. The peak at 
1178 cm−1 is attributed to the deformation stretching vibra-
tion of the C-N link. Moreover, the peaks observed at 949 
could be attributed to the twisting vibration of the strong 
C-O stretching vibration band and medium C = C bending.

Figure 2B shows the FTIR spectrum of the ternary blend 
polymers BP1 and NC films with (0.01.0.03.0.05) wt. % of 
SiO2 in range (500–4000) cm−1 wavenumber. Several peaks 
were observed in the BP1 spectrum that observed peaks at 
3343, 2959, 2384, 1648, 1505, 1421, 1288, and 1028 cm−1 
and was connected with the expansion hydroxyl (O–H) 
group and methylene oscillations (C-H2), strong O = C = O 
stretching vibration, (C = C) stretching, (N–O) stretching, 
(O–H) bending, (C-O) stretching, and (C-O) stretching. The 

results of the PAAm-PVA-PVP/SiO2 vibration pattern (NC2) 
revealed the same peaks, whereas some peaks were shifted 
to 3311 and 3183, 2960, 2384, 1649, 1509, 1421,1288, and 
1009 cm−1, in addition to present two peaks in the O–H 
area at 3311 and 3183 cm−1 than one abroad peak for BP1. 
Increasing the SiO2 to 0.03 wt. % and change the ratios of 
polymers revealed shifting of the most peaks position to 
3393, 2959, 1647, 1288, and 1011 cm−1. Additionally, it 
noted one peak in the O–H area. The peaks at 2384 and 
1509 cm−1 were dispersed, which could relate to increasing 
the PVP ratio of 70 wt. % as a higher ratio in this sample 
NC2. Increasing concentration of SiO2 NPs to 5 wt. % and 
increasing the ratio of PAAm to 70 wt. % in the NC4 showed 
the same peaks of NC2. Most of the peaks were shifted to 
2950, 1649, 1502, 1418, and 1019 cm−1, respectively, com-
pared with PB1. Also, it is noted increasing the intensity of 
some peaks 2384 and 1502 cm−1. The FTIR spectrum of 
these polymer nanocomposite films demonstrated the inter-
facial interactions between the miscible chain architectures 
and the SiO2 nanoparticles and PAAm-PVA–PVP blend. 
The presented functional groups approved the fabrication 
of BP1 ternary blend polymers and NCs, whereas the loaded 
of SiO2 exhibited changes in the position peaks and intensity 
of such as O–H, C-O, and C-H as a result of the network 
formed between SiO2 and oxygenated groups of polymers. 
These results strongly agreed with other reports [7, 11].

The crystallographic structure of polymers and SiO2 was 
determined using XRD patterns, as shown in Fig. 3A. PAAm 
spectra display an amorphous structure with a broad peak 
between 10 to 50°, where the higher intensity of the top 
peaks was at 2θ = 22° with other small features exhibited 

Fig. 3   XRD patterns of (A) polymer and SiO2 and (B) nanocomposites
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at 7°, 50.2°, 68.6° in agreement with the literature [46, 49]. 
PVA spectra display an amorphous structure with a broad 
peak where the higher intensity of the top peaks was at 
2θ = 19° and other small features exhibited at 35.8°, 40.2° 
[9, 50]. PVP spectra display an amorphous structure with a 
broad peak where the higher intensity of the top peaks was 
at 2θ = 21°. Other small features were exhibited at 11.2° and 
13° [51]. SiO2 spectra display an amorphous structure with 
a broad peak where the higher intensity of the top peaks 
was at 2θ = 21.8°. Other small features exhibited at 31.8°, 
42.4°,49.6°, 62.2°, 65° and 75.6° in agreement with other 
report [11].

The crystallographic structure of BP1 polymer blend and 
its nanocomposite films with different ratios of (1, 3, and 
5) wt.% SiO2 NPs were determined using XRD patterns, as 
shown in Fig. 3B. BP1 spectra display an amorphous struc-
ture with a broad peak between 10 to 50°, where the higher 
intensity of the top peaks was at 2θ = 22.2°. Other small 
features exhibited at 9.3, 14.2, 25.5, 33.1, and 54.3°.This 
behavior is similar to the PAAm-PVP behavior reported in 
the literature [33, 52]. PVA crystallite pattern at 19.9° dis-
appeared, which could be overlapped in the abroad peaks, 
or the lower percentage could assist in this disappearing in 
agreement with the other reports [53, 54]. NC2 showed the 
same behavior as BP1, but the contribution of SiO2 exhib-
ited shifting in the top abroad peaks from 2θ = 22.2° to 
20.1°, and 10.0, 13.9, 25.6 and 30.1°, respectively. Whereas 
NC3 revealed a different behavior than BP1 and NC2, NC3 
exhibited two main peaks at 9.6° and 19.8°. This behavior 
matched the behavior of pure PVP because it consists of 
70 wt. % of PVP in strong agreement with the literature 
[55]. It showed a reduction or diapered in the SiO2 peaks 
presented in the NC2. NC4 showed the same behavior as 
BP1 and NC2. The contribution of the increase in the SiO2 
nanoparticle concentration to 0.05 wt. % showed a shift of 
the main top peak back from 2θ = 22.2° to 23.9°, in addition, 
another shifting of peaks from 9.3 to 11.9°, 25.5 to 26.1°, 
and 54.3 to 54.6°. Furthermore, it also revealed new small 
peaks at 2θ = 11.9, 36.2, 68.8, and 71.8o compared with BP1. 
NC4 showed an increase in the number of peaks from 5 to 8 
compared with NC2 and from 2 to 8 compared to NC3. The 
ratios of both polymers and nanoparticles showed impor-
tant factors that affected the behavior of nanocomposites as 
that presented the general behavior turned with the specific 
behavior of the higher ratio of main consist of the polymer 
as presented in the NC3 and NC4. Notably, incorporating 
SiO2 nanoparticles considerably changes the crystallinity 
degree of PAAm-PVA-PVP blended polymers. In addition, 
presents the small features of crystalline peaks after increas-
ing the concentrations of nanoparticles from 0.01 to 0.05 
wt. %. This behavior is strongly agreed with other research-
ers who reported the impact of SiO2 on the PVP/PVA/SiO2 
membrane [33].

Several factors could be estimated from the XRD peak 
position to comprehend the XRD outcomes of the samples 
better. Bragg Eq. (12) was implied to calculate the interpla-
nar d-spacing [56].

(n), (λ), (d), and (Ѳ) refer to the integer, the wavelength, 
the incident angle, and the X-ray and the scattered beams, 
respectively. The crystallite size (D) in nm is measured using 
the Scherrer formula (13) [57].

The crystal means, and the complete breadth at half the 
highest point (FWHM) (k = 0.9) are factors (2), according to 
Table. The lattice strain (ε) can be calculated using Eq. (14) 
[57].

As the amount of SiO2 nanoparticles in the matrix’s struc-
ture increased, the samples’ crystallite sizes (D) increased. 
D was raised from 0.834 to 1.253 nm in that location. Fur-
thermore, as shown in Table 3, the contribution of the nano-
particles (2) affected the (D).

The optical images of PAAm-PVA-PVP blended poly-
mers and PAAm-PVA-PVP/SiO2 at magnification 40X are 
shown in Fig. 4. These images illustrated good homogeneity 
and the distribution of SiO2 with some aggregations into the 
polymer blend, which means a good procedure for preparing 
the blended polymers and PAAm-PVA-PVP/SiO2 nanocom-
posites. Nanocomposites showed a noticeable alteration with 
an increase in the SiO2 ratios. The influence of SiO2 revealed 
several changes in all of these films, with some aggregates 
in the films without effects on the films’ transparency, as 
shown in the inset images in Fig. 4, in agreement with others 
finding [58, 59].

FESEM examined the surface morphology and dispersion 
of the nanoparticles in the polymer matrix, as exposed in 
Fig. 5. Samples presented the nano communications poly-
mers viewed on the sample’s surface (left side) with micron-
size (right side) nanosized images, as revealed in Fig. 6. Pure 
polymer membranes (BP1) (left side) showed homogene-
ous, grainy, coarse surface shapes. The right side shows that 
the surface suffers from some cracks and that the polymer 
crystals. On the left side, SiO2 nanoparticles with 0.01 con-
centration in the NC2 revealed affected the polymer matrix 
and showed good dispersion of nanoparticles with granular 
structure but without assemblies. (Right side) revealed that 
the surface was rough and homogeneous, but the crack still 
appeared. Increasing the load ratio of SiO2 nanoparticles to 
0.03 and 70 wt. % of PVP represented the grainy surface of 
the NC3 (left side). Meanwhile, on the (right side), crack 
numbers and size were generally reduced.

(12)n� = 2dsin(�)

(13)D = k�∕�cos(�)

(14)� = �∕4tan(�)
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Table 3   Summarizes the size 
of the crystallites, typically 
FWHM, diffraction angle, and 
nanocomposite and mixed 
polymer lattice strain

Samples 2θ (˚) d (nm) β (°) D (nm) Average crys-
tallite size
Davarge (nm)

Lattice
Strain * 10–3

Average Lattice
Strain * 10–3

BP1 9.3 0.894 0.951 7.840 7.83 0.051 0.027
14.2 0.586 1.439 5.158 0.050
22.2 0.376 1.087 6.753 0.024
25.5 0.328 0.765 9.538 0.014
33.1 0.254 1.306 5.491 0.019
54.3 0.158 0.786 8.470 0.006

NC2 10 0.832 0.822 9.066 10.5 0.040 0.024
13.9 0.599 0.846 8.777 0.030
20.1 0.415 0.689 10.691 0.016
25.6 0.327 1.502 4.856 0.028
30.1 0.279 0.649 11.131 0.010

NC3 9.6 0.866 1.125 6.626 7.5 0.058 0.040
19.8 0.421 0.956 7.708 0.023

NC4 11.9 0.699 0.53 14.038 7.62 0.022 0.018
14.1 0.590 0.942 7.881 0.033
23.9 0.370 1.087 7.592 0.021
26.1 0.321 1.011 7.208 0.019
36.2 0.233 1.581 4.497 0.021
54.6 0.158 1.494 4.450 0.012
68.8 0.128 1.339 4.610 0.008
71.8 0.123 1.792 3.382 0.010

Fig. 4   Photomicrographs of 
OPM (40X) and inset images 
for samples

NC3

BP1 NC2

NC4
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The incorporation of increasing nanoparticles to 0.05 wt. 
% and PAAm to 70 wt. % in the NC4, FSEM images on (the 
left side) showed a rough, coarse surface. Interestingly, the 
cracks in the NC4 surface were significantly reduced too dif-
ficult to recognize and became very smooth compared with 
other samples. Moreover, the surface of the NC4 showed the 
type of specific shape order or type of semi-crystalline shape 
of polymer particles existing on the surface. This supported 
the existence of crystalline peaks in the NC4 compared with 
other samples. Another observed the SiO2 appeared on the 
surface of the samples that started reducing in NC3 and 
diapered in NC4. This could referee good adhesions and 
stronger interfacial interaction of the NC4 in agreement with 
FTIR results that showed a change in the functional peaks 
and XRD results.

Figure 6 shows the optical absorbance in the range of 
(200–1100) nm wavelength range samples. All samples had 
higher absorbance values in the UV band. The donor elec-
trons were conduction band excitations at high energies by 
taking in a photon with known energy. The donor electrons 
were excited energy level increased from lower to higher. 
Additionally, the outcomes demonstrated a strong photon 
absorbance by the samples in the UV area. This resulted in 
these photons having sufficient to exert energy on atoms, 
especially at 200 nm. At high energies (200 nm), the sharp 

absorption peak could relate to the transition of plasmonic 
π-π* stacking (C = C) or the covalent bonding that indicated 
the interaction between the component’s matrixes. This 
result matches the functional group with strong (C = C) 
vibration at 1648 cm−1.

Where increasing the contribution of the loading ratio 
of nanoparticles from 1 wt. % to 5wt. % SiO2 NPs and 
PAAm from 20 wt. % to 70 wt. % revealed an enhancement 
in the absorbance from 0.73 to 0.91 with 25%. Whereas, 
at higher wave numbers between (340 to 1100 nm), the 
absorbance values were also improved from 0.013 to 0.113 
at 1100 nm. Also, it is not that the increasing wide of 
the absorption peak increased that begin absorption from 
260 nm then increased up to 320 nm. This may be con-
nected with the incident photons’ inability to interact with 
atoms because they lack sufficient energy and the trans-
mitted photon at high wavelengths. These findings agreed 
with the literature [28, 60, 61]. SiO2 nanoparticles exhibit 
an abrupt reeducation in the (0–400 nm) low UV region 
suggesting strong electron transition within the bandgap 
[28]. The red shift toward high wavelengths suggests an 
electronic transition from n → π* and confirms the compl-
exation process between ternary blend polymers and SiO2 
nanoparticles [46]. Ternary blend polymer concentrating 
does not show a strong effect on the results. At the same 

Fig. 5   FESEM (left side) and 
FESM (right side) images of 
samples

B
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P1 

2 
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1 
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time, the results demonstrated reduced results with boost-
ing the amount of SiO2 in the matrix. Increasing the nano-
materials could increase light absorbance while decreas-
ing transmittance for the same reason [62]. Additionally, 
the shift indicates an increase in the conjugation lengths 
of the polymers in agreement with the other finding [1]. 
Despite increasing the absorption of light amount, this did 

not impact the transparency of the samples, as shown in 
the inset optical images in Fig. 4.

The transmittance was considered from relation (2). Fig-
ure 7 shows T spectra with the samples' wavelength. The 
transmittance behavior for all samples was rapidly raised 
with increasing the wavelength at about 240 nm, and then 
it was steady after 280 nm. Polymer concentrating does 
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Fig. 5   (continued)
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Fig. 7   The transmittance spectrum with a wavelength of samples
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not show a strong effect on the results. At the same time, 
the results demonstrated reduced results with boosting the 
amount of SiO2 in the matrix. Increasing the nanomaterials 
could increase light absorbance while decreasing transmit-
tance for the same reason [53].

Figure 8 displays the impact of SiO2 nanoparticles on 
the absorption coefficient (α) of sample films with photon 
energy. The absorption coefficient (α) was considered from 
Eq. (3). The behavior of the absorption coefficient showed a 
constant increase in values with increasing photon energy to 
about 4 eV of most samples. This may be connected to the 
electron’s lower transition, where to transfer from the elec-
tron of the conduction band to the valence band, more input 
photon energy was required. In contrast, the absorption coef-
ficient rapidly increases after 4.6, 4.2, 4, and 3.8 eV of BP1, 
NC2, NC3, and NC4 to reach 340, 362, 388, and 420 cm−1 
at 6.2 eV, respectively. Increasing the SiO2 nanoparticles in 
the polymer matrix is linked with increases in the absorption 
amount; at lower energy (1 to 4 eV), the absorption coeffi-
cient enhanced from 23.3 to 53.6 cm−1, and at higher energy 
(4 to 6.4 eV) 340.2 to 419.4 cm−1. The increasing outcomes 
result from the strong electron transitions in the conduc-
tive band and scattering induced by the SiO2 in the ternary 
matrix, as rise with an increase in the amount of SiO2, which 
is promising for optoelectronics and solar cell applications 
in agreement with the literature [1, 11].

Figures 9 and 10 exhibit the indirect band gap of per-
mitted (h)1/2 and Prohibited (h)1/3 of PAAm-PVA-PVP and 
PAAm-PVA-PVP/SiO2 with the power of photons. These 
values were estimated using the formula (4) with (hv)1/2 = 0. 
Using the intercept of the extrapolated linear portion. A 
straight line was drawn from the curve’s upper portion in 
Figs. 9 and 10 to consider the energy gap. This figure shows 
that the energy gap significantly reduced with increasing 
concentration of SiO2, as shown in Table 4. It is reduced 
from 4.8 eV for PAAm-PVA-PVP blended polymers to 
3.4 eV for PAAm-PVA-PVP/SiO2 nanocomposites for the 
allow band gap. The forbidden band gap exhibited a reduc-
tion in the value from 4.2 eV for PAAm-PVA-PVA-PVP to 
3.1 eV polymer mix for PAAm-PVA-PVP/SiO2, as a result 

of polymer ratio manipulation and increased load ratio from 
0.00 to 0.05 wt.%. The contribution of SiO2 NPs was dis-
played as an important factor in the adjustable range gap.

Additionally, raising the load ratio of SiO2. This revealed 
a significantly reduced in the energy gap values in non-com-
munications. The energy gap is reduced by increasing the 
concentration of nanomaterials. This is because of the rise in 
the positioning levels between the parity and delivery pack-
ages. In this scenario, the electron moves from the parity 
package to the positioning levels and then to the two stages. 
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Fig. 8   Absorption coefficient with the photon energy of samples
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Fig. 10   Tauc optical energy gap of the forbidden indirect transition 
with the photon energy of samples

Table 4   The optical energy gap of samples

Samples Eg of Allowed Indirect (eV) Eg of Forbidden 
Indirect (eV)

BP1 4.8 4.2
NC2 4.1 3.9
NC3 3.6 3.5
NC4 3.4 3.1
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The positioning levels of the connectivity package agree 
with other finding [60, 63].

Figure 11 demonstrates the refraction index curves of 
samples with the desired wavelength. The refraction index 
(n) was calculated from relation (5). The reflect index 
presented a high value at a lower wavelength, which was 
reduced gradually with increasing the wavelength. The 
loading of SiO2 to the NPs nanocomposites increased the 
samples' refractive indices. The density of nanocomposites 
may be increasing, which could explain this phenomenon in 
agreement with other finding [64, 65]

Figure  12 illustrates the samples' wavelength-based 
extinction coefficient (K). The extinction coefficient (K) 
was considered from the relation (6). In the UV area, nano-
composites revealed a greater extinction coefficient value, 
connected to the high absorption for every nanocomposite. 
The same effect also exhibits in the visible and near-infrared 
spectrum. These findings showed that adding SiO2 NPs to 
the polymer mixture considerably improved the behavior of 
the nanocomposites.

The real and hypothetical dielectric constant was 
measured from relation (7). The relationship between 

the wavelength and the actual and imaginary dielectric 
constant of the PAAm-PVA-PVP/ SiO2 nanocomposite is 
illustrated in Figs. 13 and 14. These graphs demonstrate 
how raising the SiO2 to NP concentration ratio enhanced 
both portions' real and fictitious dielectric constants. The 
nanocomposites' increased electrical polarization is to 
blame for this. Optical conductivity was calculated using 
Eq. (8). The σop for the samples with a wavelength is dem-
onstrated in Fig. 15. From this fig, the σop enhanced with 
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increasing the content of SiO2 NPs in the matrix, which 
is connected to the formation within the localized energy 
gap, rising nanoparticle content induced rise in the band 
structure's density of localized phases. Therefore, a higher 
absorption coefficient indicates a higher in σop of the nano-
composites. This outcome is consistent with a previous 
study [66] and promising for solar cell applications [3].

The dependence dielectric constant was calculated 
from relation (8) for (PAAm-PVA-PVP/SiO2) nanocom-
posites that are depicted in Fig. 16 A. The graph indicates 
redaction in the dielectric constant values as the applied 
frequency rises. This could relate to the polarization of 
space charges relative to the total polarization decrease. 
Space charge polarization contributes more to the electric 
field at low frequencies and less at higher frequencies, 
which would cause the dielectric constant values for every 
instance for nanocomposites to drop as the electric field's 
frequency increases [63]. Where Fig. 16 B displays con-
stant dielectric changes with increasing the concentration 
of SiO2 NPs. The weight percentages of SiO2 NPs grow 
together with the dielectric constant, which causes the 
increase. Creating a continuous network of SiO2 NPs ions 

inside the composite and the charge carriers. This finding 
agrees with other publications' previous findings [7, 67].

The dielectric loss was calculated from Eq. (9), revealed 
in Fig.  17A. Figure  17A demonstrates the relationship 
between dielectric loss for samples and frequency. The 
behavior values of dielectric loss showed a redaction with 
increasing frequency. This could be explained according to 
the space charge polarization contribution decreased as fre-
quency rise, where the highest value of the dielectric loss is 
presented at a low frequency of f = 100 Hz and then reduced 
with increasing frequency. This figure shows an applied 
field's highest dielectric loss, or greatest absorption, at a 
particular frequency. Because the phases of nanocompos-
ites have different dielectric constants and conductivities, 
the absorption occurs due to the Maxwell–Wagner phenom-
enon carried on by A.C. current [65]. Figure 17B shows the 
correlation between silica content and dielectric loss. It is 
obvious from the figure that the notable increase in values of 
the charge carriers was brought by an increase in SiO2 NPs 
concentration. This behavior follows previous studies [68].

AC electrical conductivity was intended from rela-
tion (10) and revealed with frequency in Fig. 18A. As 
shown in the figure, the space charge polarization at low 

Fig. 16   Dielectric constant vari-
ation with (A) frequency and 
(B) the concentration of SiO2 
NPs for samples
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frequencies and the migration of charge carriers due to 
the hopping process are responsible for the rise in AC 
conductivity. The conductivity improved with increased 
SiO2 NPs in the polymer matrix at high frequencies, as 
presented in Fig. 18B. The electronic polarization and 
the charge carriers that move by the hopping process 
also increase, along with AC electrical conductivity. The 
impact of space fees is to blame for this increase and the 
formation of a continuous network from SiO2 inside the 
(PAAm-PVA-PVP). This behavior is bright for optoelec-
tronics and solar cell devices, in agreement with previous 
studies [2, 68].

Figure 19 shows the image for inhibition zones of sam-
ples against the Escherichia coli (gram-negative) and Staph-
ylococcus aureus (gram-positive) bacteria. The BP1 revealed 
negative resistance and no killing bacteria for both bicri-
teria. This finding agrees with other researchers proved of 
these polymers, where PAAm exhibited a lack of biological 
activity [15]. Interestingly, the contribution of 1 wt. % of 

nanoparticles with the same polymer consecrations of NC1 
revealed notable improvements of the antibacterial activity 
from 00 to 20 and 18 mm, respectively, compared to BP1.

Fig. 18   The dependence on 
A.C. electrical conductivity 
(A) with frequency and (B) the 
concentration of SiO2 NPs of 
samples
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Fig. 19   Image for inhibition 
zones of (A) S. aureus and (B) 
E. coli for samples
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Meanwhile, increasing the SiO2 loading to 5 wt. % 
revealed significant improving the inhibition zone up to 24 
and 23 mm, respectively, as shown in Fig. 20. Nanopar-
ticles form reactive oxygen species (ROS) and cause the 
bactericidal action of nanostructures. The electromagnetic 
interaction could present between the nanoparticles in nano-
composites with the bacteria causes the germs to oxidize 
and die instantly since the nanocomposites contain positive 
charges, while the microbes have negative charges. Singlet 
oxygen (O2) may be the culprit for destroying the DNA 
and proteins of bacteria, and ROS, which includes radicals 
like superoxide radicals, Hydrogen peroxide with hydroxyl 
radicals (OH) (O-2) (H2O2), is the primary mechanism of 
nanocomposites that is causing the antibacterial activity by 
using the nanoparticles [63, 69, 70].

4 � Conclusions

The following procedure successfully fabricated new nano-
composites using ternary blend polymers PAAm-PVA-PVP 
reinforced by SiO2 NPs. The FTIR and XRD present strong 
interfacial interactions. OM and FESEM images showed a 
homogeneous surface, and cracks were significantly reduced 
in the surface with increasing the nanoparticle concentra-
tions. The optical properties of nanocomposite improved 
with increasing the concentration of SiO2. The absorbance 
increases, and the energy gap improves with increases in the 
concentration of SiO2 nanoparticles. The dielectric constant 
and the dielectric loss for nanocomposites were reduced, 
whereas AC electrical conductivity increases for nanocom-
posites with the increase in the SiO2 contained in the matrix. 
Antibacterial activity for nanocomposites showed enhance-
ment in the inhibition zone value of S. aureus and E. coli 
with an increasing concentration of SiO2 nanoparticles 
which may be used for antibacterial application. The opti-
cal and electrical results revealed promising nanocomposites 
for optoelectronic and solar cell applications.
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