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ARTICLE INFO ABSTRACT
Article history: In this research, silica (Si02) and SiO.@Ag core-shell nanoparticles were synthesized by the co-
Received: 6 June 2021 precipitation method in the presence of ammonia as a reducing agent. First, the effect of different
Revised: 26 July 2021 concentrations of tetraethyl orthosilicate (TEOS) as a precursor on the structural and optical properties
Accepted: 31 July 2021 of silica nanoparticles (SiOz) was investigated. Then, using this optimized concentration of TEOS, silica
nanoparticles with silver shell were prepared by two methods: (a) in the absence and (b) in presence of
Keywords: APTES (3-Aminopropyltriethoxysilane). The properties of Si0.@Ag core-shell nanoparticles prepared
Ag nano particles by two methods were compared and the best method was determined. For the synthesis of Ag
nanocore-metallic shell nanoparticles, silver nitrate (AgNOs) and sodium borohydride (NaBH4) as reducing agents were used.
sodium borohydride To functionalize the surface of silica nanoparticles, 3-Aminopropyl-triethoxysilane (APTES) was added
co-precipitation to the AgNOs solution with polyvinyl-pyrrolidone (PVP) as a dispersant. The structural properties of

silica and silica-silver core-shell nanoparticles were investigated by XRD and TEM. The average size of
a silver single crystal in the core shells prepared by the two methods is about 25 nm and 14 nm,
respectively. The optical absorption and bandgap were calculated for silica and SiO.@Ag core-shell
nanoparticles. The results indicated that with increasing the concentration of TEOS precursor, the
optical absorption of silica nanoparticles increased and their optical band gap reduced from 4.22 eV to
3.55eV.

1. Introduction nanoparticles, separately. Later shell particles can be
attached to cores by specialized procedures. In the first
method, known as controlled precipitation, the synthesis of
shell particles can be carried out in the presence of cores.
The core particles act as nuclei and shell material gets
condensed on these cores forming nano-shells [25].
Reduction of metal species can be performed using
conventional reducing agents such as trisodium citrate or
sodium borohydride. In this method, due to the rapid
reduction of silver ions, the coverage of the silver shell is
low [26]. In the second approach, the surface of the core
particles is often modified with bi-functional molecules to
enhance the coverage of shell material on their surfaces

Nano-core shell particles form a special class of
nanocomposite materials. They consist of concentric
particles in which particles of one material are coated with
a thin layer of another material using functionalized
procedures [1-6]. recently, efforts to develop core-shell
nanoparticles have focused on composite particles with
metal nanoshells that have potential applications as
catalysts, sensors, support for enhanced Raman scattering,
photo-thermal cancer therapy, phototherapy, drug
delivery, and colloidal entities with unique optical
properties [7-11]. Nanocore-shell materials can be
synthesized using any material, like semiconductors,  [27.28]. The surface of core particles such as silica can be
metals, and insulators. Usually, dielectric materials such as modified using bi-functional organic molecules such as
silica and polystyrene are used as core because they are  ApTES (3-Aminopropyltriethoxysilane) [12].
highly stable. They are chemically inactive and water-no In addition, many composites and core-shell nanostructures
soluble, therefore, they can be useful in biological  paye been synthesized from chemical solutions for various
applications [12-14]. applications such as nanocatalyst, bio, and optical sensing,

Metallic nano-shells such as gold and silver can be  Lyqrophilic and hydrophobic, and plasmonic resonance by

prepared by a variety of approaches [5, 7, 15-24]. One  §eduction approaches. [29-31].
approach involves a synthesis of core and shell
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So far, less has been present about the role of parameters
and synthesis factors on these nanoparticles. Hence, we
have examined the role of these factors such as; Tetraethyl
orthosilicate (TEOS) as a precursor, Sodium-borohydride
(NaBH4), and Ammonia (NHs) as reducing agent, 3-
Aminopropyltriethoxysilane (APTES) as activated surface,
and Polyvinylpyrrolidone (PVP) as dispersion agent. In
addition, providing a simple method with chemical
reduction has been one of our goals. In this study, silica
(Si02) nanoparticles are synthesized by the co-
precipitation method. Then, silica nanoparticles with silver
shells are prepared by two methods, in the absence and
presence of APTES. The optical and structural properties of
SiOz and SiO2@Ag nanoparticles were studied by XRD, TEM,
and UV-Vis spectroscopy.

2. Materials and methods
2.1. Materials

Tetraethyl orthosilicate (TEOS) as a precursor, silver
nitrate (AgNOs) as a precursor, Sodium-borohydride
(NaBH4) and Ammonia (NH3) as reducing agent, 3-
Aminopropyltriethoxysilane (APTES) as activated surface,
Polyvinylpyrrolidone (PVP) as dispersion, distilled water
(H20) and Ethanol (CH3CH20H) as solvent.

2.2. Synthesis of SiO2 nanoparticles as core

Silica nanoparticles were synthesized by the co-
precipitation method in the presence of ammonia as a
reducing agent with various concentrations of tetraethyl
orthosilicate (TEOS) as a precursor. Initially, 0.05 M, 0.1 M,
0.15M, and 0.2M of tetraethyl orthosilicate (TEOS) was
dissolved in 100 mL of distilled water and 100 mL of
ethanol, respectively. Then, 50 mL of ammonia as a
reducing agent was added to this solution as a droplet at
room temperature. The resulting mixture was centrifuged
at 4000 rpm for 15 min, washed with distilled water, and
dried in vacuum and a white powder of silica (SiO2)
nanoparticles was obtained (see Fig. 1). The size of these
particles was about 150-200 nm. The results showed that
the optimal concentration of TEOS is 0.1M.

Initial solution TEOS =0.05M, 0.1M, 0.15M, 0.2M

Dissolving in 100 mL distilled water and 100 mL ethanol

Adding 50 mL ammonia to solution

Centrifuging the resulting mixture with R=4000 rpm, t = 15 min

Washing and drying the precipitate in vacuum

Silica (Si02) nanoparticles (white powder)

Fig. 1. Flowchart of synthesis of SiOz nanoparticles

2.3. Preparation of colloidal solution of silver
nanoparticles as shell

A precursor solution of silver nitrate (AgNO3, 0.05M)
was prepared with 4 g of polyvinylpyrrolidone (PVP) in the
presence of ethanol and water as follows: 0.85 g of AgNO3
was dissolved in 50 mL of distilled water and 50 mL of
ethanol. Then, 4 g of PVP was dissolved in 25 mL of distilled
water and was added to the solution of silver nitrate and
refluxed for two hours at T=100 °C. Then, 0.2M of NaBH4
acting as a reducing agent was added to this solution as a
droplet under stirring. Here, the solution was opaque and
Ag nanoparticles precipitated.

2.4. Synthesis of SiO;@Ag core-shell nanoparticles in
absence APTES

In this step, for the synthesis of SiO:@Ag core-shell
nanoparticles, 25 mg of silica nanoparticles were added to
50 mL of distilled water and were dispersed into it by
ultrasonic set. In the next step, 0.05M silver nitrate (AgNO3)
was dissolved in 50mL of distilled water and 50mL of
ethanol and added to the above solution. Then,0.2M
aqueous solution of sodium borohydride (NaBH4) as a
reducing agent was added to the resulting mixture
dropwise under stirring at room temperature. The
resulting mixture was filtered and the precipitate was dried
in vacuum.

2.5. Synthesis of SiO;@Ag core-shell nanoparticles in
presence of APTES

For stability and functionalizing the surface of the silica
(Si02), we used APTES. Herein, 25 mg of silica nanoparticles
were added to 50 mL of distilled water and were dispersed
into it by ultrasonic set. Then, 36 mM of APTES was added
to it and refluxed for 4 hours at T=100 °C. This
functionalization process created an amine moiety coating
on the outer surface of the silica particles [7]. In the next
step, 150 ml of colloidal solution of silver nanoparticles
mentioned in section 2.3 was added to the above solution.
The resulting solution was refluxed at 110 ° C for 4 hours.
The resulting mixture was filtered and the precipitate was
dried in vacuum.

2.6. Characterization

X-ray powder diffraction (XRD) patterns were
measured using a D8 ADVANCE-BRUKER X-ray
diffractometer with the CukK, radiation (1 = 1.54056 A) at
a scanning rate of 0.04 degrees per second in 26 ranging
from 20°-70°. Transmission electron microscopy (TEM)
was performed with an LEO (912 AB) electron microscope.
The UV-visible absorbance spectra were recorded at room
temperature on a 4802 UNICO UV-Vis Double Beam
Spectrophotometer in the range of 300 to 1100 nm. All the
samples were diluted with ethanol before taking spectra.
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0.025 g SiO2 nanoparticles

Dispersing into 50 mL distilled water under ultrasonic

Functionalized process:

Refluxing the solution at T=100 °C (t=4 hours)

Adding150 mL colloidal solution of silver nanoparticles

Refluxing above solution at T=110°C (4 hours)

Filtering resulting mixture and drying the precipitate in vacuum

Si0.@ Ag core-shell nanoparticles

Fig. 2. Flowchart of synthesis of SiO2/Ag core-shells nanoparticles in
presense APTES

3. Results and Discussion

3.1.The XRD analysis: Effect of tetraethyl orthosilicate
(TEOS) and APTES

Figure 3 shows the X-ray diffraction (XRD) pattern of
the silica nanoparticles with various concentrations of
tetraethyl orthosilicate from 0.05 M to 0.2M. As shown,
they are noncrystalline, but produce a single broad
diffraction peak in the XRD pattern [12], which indicates
the amorphous phase of samples. Fig. 4(a) shows the XRD
pattern of silica-silver core-shell nanoparticles in absence
of APTES. The main diffraction peaks are observed at 20=
38.2°,44.39°, 64.55° which correspond to the (111), (200),

and (220) planes with fcc phase of silver. The FWHM () of
the peaks corresponding to (111), (200), and (220) planes
are 0.331, 0.429, and 0.435, respectively. According to the
well-known Scherrer diffraction formula (d = kA/Bcos0),
the average size of a silver single crystal in the composite is
about 20-25 nm. Fig. 4(b) shows the XRD pattern of silica-
silver core-shell nanoparticles in presence of APTES. The
main diffraction peaks are observed at 26=38.31°, 44.48°,
64.68°, which correspond to the (111), (200), and (220)
planes with fcc phase of silver. The FWHM of the peaks
corresponding to (111), (200), and (220) planes are 0.59,
0.598, and 0.728, respectively. The average size of a silver
single crystal in the composite is about 12-14 nm. In both
methods, results indicate the presence of silver in the
samples and the good crystallinity of the resultant nano
core shells [7]; however, silica particles have an amorphous
phase. The XRD peaks are relatively broad due to the small
size of the nanocrystals. In the second method i.e, in
presence of APTES, the XRD peaks of samples are broader
than the peaks of SiO2@Ag core-shell nanoparticles in
absence of APTES. Therefore, the size of the silver single
crystal in the composite is smaller than the size of the silver
single crystal in the first method (table 1). This is due to the
use of dispersant agent (PVP) in the second method [20].
Table 1 shows the information and results of XRD analysis
for SiO2@Ag core-shells for average crystalline size in two
methods of Sherrer and Williamson-Hall using the
following equations [21]:

d = kA/BcosO
Pcosf = 4e sinf + 09 1 /d (2)

(e=0 and k= 0.9) (D

Where € is lattice strain and d is nanocrystalline size and
can be computed from the slope and intercept of the 3 cos6
and 4sin® plots, respectively. It can be seen from Table 1
that to consider the ¢, the nanocrystalline size was
determined more accurately, which is slightly larger than
that obtained from the Sherrer equation.

Table 1

Structural information of XRD analysis of SiO2@Ag core shell nanoparticles

?l\ljlliller 20 Intensity Lattice distance B(FWHM) girz};szilrlrge Crystallite size
index) (deg) (cps) (A) (deg) By Scherrer Cos® 4Sin6 I(_lnarlrll) By Williamson-
(a) In the absence of PVP and APS £=-0.0045
111 382 3494 2.354 0.331 25.41 0312 1.308 30.78

200 4439 1195 2.039 0.429 20.01 0397 1511 27.52

220 64.55 772 1.442 0.435 21.62 0367 2135 17.34

(b) In the presence of PVP and APS £=-0.009

111 3831 1063 2.347 0.59 14.26 0.557 1.312 22.31

200 4448 357 2.035 0.598 14.35 0.553 1.514 15.97

220 64.68 316 1.439 0.728 12.92 0.615 2.140 10.05
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Fig. 3. XRD patterns of silica nanoparticles with various concentrations of
TEOS
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Fig. 4. XRD patterns of silica silver core shell nanoparticles: (a) in
absence APTES and (b) in presence of APTES

3.2. Transmission Electron Microscope (TEM) analysis

The TEM images of silica nanoparticles with 0.1M and
0.2M of TEOS are shown in Fig. 5. The TEM images show
that, with an increase in the concentration of TEOS, the
sizes of silica (Si0z) nanoparticles are increased [21, 22].
Therefore, the optimal concentration of TEOS is 0.1M in
comparison with 0.2M. In this concentration, the shape of
silica nanoparticles is a completely spherical form with a
uniform size. The size of these nanoparticles is about 150-
200 nm. Fig. 6 shows TEM images of SiO2@Ag core-shell
nanoparticles synthesized (a) in absence of APTES and (b)
in presence of APTES. Fig. 6(a) shows that, in absence of
APTES, the silver shell coverage is low due to the fast
reduction rate of silver ions [26]. In Fig. 6(b), the surface of
silica core particles is modified with APTES bi-functional
organic molecules to enhance the coverage of shell material
on their surfaces [12, 27, 28]. The APTES molecule has an
ethoxy group at one end, and an NH group at the other end.
APTES forms a covalent bond with silica particles through
the OH group and their surface becomes NH-terminated.
Now, silver nanoparticles can be attached through the NH
group on the silica core [12]. The functionalized process
does not change the morphology of a silica particle. It was
found that pre-modification of silica with APTES is
necessary to generate tailored surface properties, which
could immobilize the silver nanoparticles on the surface of
silica particles. Silver nanoparticles with small size are
attached to the APTES functionalized silica surface; due to
the aminophilic nature of silver particles. These small
colloidal particles matched to lone pairs of the terminal
amine groups, which stabilize(s) the silver nanoparticles
on the surface of silica [7]. Table 2 shows the structural
properties of core/shell nanoparticles for metallic and
semiconductor oxides with various applications.

Table 2

Silver (Ag) containing multinary core@shell nanostructures
Nature gc())rl;fp/ cs)iliiﬁ)n Synthetic strategy Size (nm)  Application Reference
Binary Nanostructures Ag/Au Seed-mediated growth ~ 10.7 Antimicrobial activity [32]
Ternary Nanostructures  Ag/Au/Pd Seed-mediated growth  13.6 ?;;21§Zigsra dation) [33]
Ternary Nanostructures  Au/Ag/Pd Co-reduction <100 plasmonic catalysis [34]
Core/shell Si0z2/Au Co-reduction <200 water quality monitoring [35]
Core/shell Si0z/Cu Co-reduction 75-100 surface plasmonic resonance [36]
Core/shell Si0z2/Ag Co-reduction 80-100 Photothermal and bioimaging [37]
Core/shell Si0z2/Ag Co-reduction <100 nonlinear optical [38]
Core/shell Si0z2/Ag Co-reduction <150 Optical shift and photocatalysis  this work
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Fig. 5. TEM images of silica nanoparticles with TEOS concentrations: (a) 0.1 and (b) 0.2 M
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Fig. 6. TEM images of silica silver core shell nanoparticles: (a) in absence of APTES and (b) in presence of APTES
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3.3. Determination of band gap energy of Si0.@Ag
core shell by UV-Vis spectroscopy

UV-Visible spectroscopy was employed for further
qualitative characterization of the optical properties of the
samples. The optical absorbance of silica nanoparticles
with various concentrations of TEOS is shown in Fig. 7. As
seen, it can be noticed that with increasing the
concentration of TEOS, the optical absorbance of
nanoparticles has been increased and their optical band
gap (Fig. 8) is decreased from 4.22 eV to 3.55 eV, because
with increasing the concentration of TEOS, the size of silica
nanoparticles is increased [7, 12, 23-25], and the dielectric
function of silica is constant in the wavelength range of
300-1100nm [7, 12, 28].

7x10° T T T T T T T
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Fig. 7. Optical absorbance diagrams of silica nanoparticles with various
concentrations of TEOS
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Fig. 8. Bandgap diagrams of silica nanoparticles with various
concentrations of TEOS

However, in absence of APTES, there is a weak broad peak
at about 400 nm (Figure 9a) after deposition of discrete
silver nanoparticles. This is due to surface plasmon
resonance excitations from the metal nanoparticles [25]. As
shown in Figure 9b, in presence of APTES, there is a broad
peak at about 400 nm due to surface plasmon resonance
from the single Ag nanoparticles [26, 27] and a new
absorption peak at a longer wavelength (about 600 nm)
appeared, which may be ascribed to the collective
absorption behavior of Ag particles on the core surface [27,
28]. As indicated, the formation and growth of silver nano-
shells in presence of APTES is better than in absence of
APTES [7]. This is because APTES enhances the coverage of

silver shells on the surface of silica core particles [12, 27-
28]. APTES forms a covalent bond with silica particles
through the OH group and their surface becomes NH-
terminated. Then, silver nanoparticles attached through
the NH group on the silica core [12].

Recently, various nanostructures and nanocomposites
have been prepared by hydrothermal and hammer
reduction methods for magnetic and photocatalytic
applications [29-31].
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Fig. 9. Optical absorbance diagrams of silica silver core shell
nanoparticles: (a) in absence of APTES and (b) in presence of
APTES

4. Conclusion

In summary, silica nanoparticles are synthesized by the
co-precipitation method. Then, silica nanoparticles with
silver shells are prepared by two methods, (a) in absence of
APTES and (b) in presence of APTES. In these methods, the
results show the presence of silver in the samples and the
good crystallinity of the resultant nano core shells;
however, silica particles were amorphous. The XRD peaks
are relatively broad due to the small size of the
nanocrystals. In the second method due to the use of
dispersant agent (PVP), the XRD peaks of samples are
broader than the peaks of SiO:@Ag core-shell
nanoparticles in the first method. Therefore, the size of the
silver single crystal in the composite is smaller than the size
of the silver single crystal in the first method. By increasing
the concentration of TEOS, the sizes of silica nanoparticles
are increased. Therefore, the optimal concentration of
TEOS is 0.1M in contrast with 0.2M. In this concentration,
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the shape of silica nanoparticles is a completely spherical
form with a uniform size. In absence of APTES, the silver
shell coverage is low due to too the fast reduction rate of
silver ions. Therefore, the surface of silica core particles is
modified with APTES bi-functional organic molecule to
enhance coverage of silver shell on their surfaces. The size
of silica nanoparticles increases with increasing the
concentration of TEOS; therefore, the optical absorbance of
silica nanoparticles is increased and their optical band gap
was decreased from 4.22 eV to 3.55 eV. However, in
absence of APTES, there is a weak broad peak at about 400
nm due to surface plasmon resonance excitations from the
metal nanoparticles after deposition of discrete silver
nanoparticles. In presence of APTES, there is a broad peak
at about 400 nm due to surface plasmon resonance from
the single Ag nanoparticles and a new absorption peak at a
longer wavelength (about 600 nm) appeared, which may be
ascribed to the collective absorption behavior of Ag
particles on the core surface. This is because APTES
enhances the coverage of silver shell on the surface of silica
core particles. Silver nanoparticles attached through the
NH group on the silica core.
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