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In this study, Ag@graphene nanocomposites were synthesized in order to examine
their structure and optical behavior. For preparation of nanocomposites, silver
nanoparticles (AgNPs) were chemically reduced using sodium borohydride. Then,
they were integrated with graphene through ultrasonic-assisted mixing. After
synthesis of Ag@graphene nanocomposites, they were structurally assessed using
various characterization analyses, consisting of X-ray diffraction spectroscopy
(XRD), field emission scanning electron microscopy (FESEM), Fourier transform
infrared spectroscopy (FTIR), transmission electron microscopy (TEM), energy-
dispersive X-ray spectroscopy (EDXS), and Raman spectroscopy. Moreover, the
optical behavior of prepared nanocomposites was investigated with UV-Visible
absorption and photoluminescence spectroscopy. The results obtained from

characterization analyses confirmed that AgNPs were successfully incorporated
within the graphene sheets. In addition, the Ag@graphene nanocomposites
revealed UV-Visible absorption peaks with higher intensity as well as higher
extinction coefficient compared to their individual components, implying that
compositing AgNPs with graphene improved their optical properties. These
promising optical characteristics could provide a basis for future investigations
into the employment of Ag@graphene nanocomposites for different applications,
including photocatalysis and optoelectronic.

© 2026 MIM Research Group. All rights reserved.

1. Introduction

The convergence of nanotechnology and material science has enabled the design and fabrication of
advanced nanocomposites with tailored physical, chemical, and electronic properties. Among many
types of nanomaterials, noble metal nanoparticles, in particular silver nanoparticles (AgNPs), have
received lots of interest because of their special physical and chemical properties, including great
electrical conductivity, ability to speed up chemical reactions, and strong surface plasmon
resonance (SPR) effects [1-3]. However, AgNPs are inclined to clump together and react with
oxygen in the air, which can limit their performance over time, especially in devices using light or
are hired for chemical reactions [4].

To overcome the aforementioned limitations, compositing AgNPs with two-dimensional (2D)
materials, such as graphene, could be a promising strategy. Graphene is a single layer of carbon
atoms arranged in a hexagonal pattern, and it exhibits excellent electrical conductivity, vast surface
area, high mechanical strength, and remarkable thermal stability [5-7]. These properties have
made graphene an ideal substrate or matrix for anchoring metal nanoparticles, thereby stabilizing
their structure, enhancing dispersion, and facilitating efficient charge transfer [8-10]. The
integration of AgNPs with graphene results in Ag@graphene nanocomposites that exhibit
synergistic effects. These nanocomposites not only bring together the benefits of both materials,
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but also show better light absorption, improved separation of electrons and holes, and adjustable
electronic properties. Such features are particularly attractive for applications in photocatalysis,
sensing, plasmonic devices, and surface-enhanced Raman scattering (SERS) [11-14].

Despite numerous studies on individual AgNPs and graphene materials, the structural evolution,
interfacial interactions, and optical behavior of Ag@graphene nanocomposites remain subjects of
ongoing investigation [15]. The preparation route plays a crucial role in determining the final
performance of the composite. Among different methods available for fabrication of Ag@graphene,
using chemical reduction to make AgNPs and then, compositing them with graphene through
ultrasonic-assisted mixing is simple and cost-effective. Integrating AgNPs with graphene is usually
carried out by means of ultrasonication, which ensures that the nanoparticles are evenly spread
out on the graphene sheets, resulting in a nanocomposite that has a smooth surface and is stable
[16,17].

To scrutinize Ag@graphene nanocomposites, scientists usually adopt X-ray diffraction (XRD) to see
the crystal structure, Fourier-transform infrared spectroscopy (FTIR) and Raman spectroscopy to
analyze the chemical bonds, and electron microscopy (FESEM/TEM) to look at their shape and size.
These tools give information about the microstructures and confirm successful composite
formation [18-20]. On the other hand, UV-Visible absorption and photoluminescence (PL)
spectroscopy are essential for probing the optical properties and electronic transitions in
nanocomposites [21]. Recent studies have shown that integrating AgNPs with graphene matrix
could bring about reduction in the bandgap, which improves the ability to absorb visible light and
helps electrons move better at the interface [8, 21]. This phenomenon makes such hybrids
promising for next-generation optoelectronic systems and energy conversion devices. Additionally,
the way light is absorbed and the light emission properties of Ag@graphene composites can be
tuned by manipulating the size and the shape of particles [15,22,23].

In the current work, Ag@graphene nanocomposites are synthesized by means of chemical methods
in order to closely look at their structures and optical properties. While numerous studies have
reported the synthesis and conventional characterization of Ag@graphene nanocomposites, most
of which have primarily emphasized on their applications, for instance antibacterial or sensing,
with limited attention devoted to a comprehensive examination of their optical behavior. As a
consequence, the aim of this study lies in the integrated investigation of the optical characteristics
of the Ag@graphene hybrid nanocomposites through complementary UV-Visible absorption and
photoluminescence analyses. The combined interpretation of these techniques provides valuable
insights into the optical response of the hybrid structures, thereby extending the current
understanding of Ag@graphene nanocomposites beyond conventional structural characterization.

2. Experimental Section
2.1 Materials

Silver nitrate (AgNO3, 299%) and sodium borohydride (NaBH,, =298%) were purchased from
Merck. Graphene powder and sodium dodecyl sulfate (SDS) were obtained from Sigma-Aldrich. All
experiments were conducted using deionized water as the primary solvent.

2.2 Synthesis of AgNPs

In order to prepare AgNPs, chemical reduction procedure was employed, where silver nitrate acts
as the source of silver ions. Initially, 10 mL of 1 mM silver nitrate solution was added dropwise to
30 mL of 2 mM sodium borohydride solution (20 drops per minute), followed by stirring
incessantly. Afterward, the resultant mixture was kept in an ice bath at 4 + 1°C to maintain the
nanoparticles stable. In the next step, the solution was centrifuged at 12000 rpm for 15 minutes
and then, filtered. Finally, the separated precipitate was washed several times with deionized
water, followed by drying at room temperature for 24 hours.

2.3 Synthesis of Ag@graphene Nanocomposite

Fabrication of Ag@graphene nanocomposites was carried out by ultrasonic-assisted mixing
approach. In this step, colloidal AgNPs were prepared by dispersing the synthesized AgNPs (section
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2.2) in deionized water, followed by sonicating at 400 W for 10 minutes to obtain a homogeneous
suspension. To prepare a graphene nanocolloid, 0.2 g of purchased graphene powder and 0.01 g of
sodium dodecyl sulfate (SDS), serving as dispersing agent, were added to 200 mL of deionized
water. The resulting mixture was sonicated using a 400 W probe sonicator for 20 minutes to obtain
a homogeneous and stable colloidal dispersion. At the end, the silver and graphene nanocolloids
were mixed (1:1, v/v%), followed by sonicating for 10 minutes to form Ag@graphene
nanocomposite. The resultant precipitate was washed several times with deionized water, followed
by drying at 60 °C in a vacuum oven for 24 hours.

3. Results and Discussion
3.1 Characterization Tests

Fig. 1 demonstrates X-ray diffraction patterns of AgNPs, graphene, and Ag@graphene
nanocomposite. In order to scrutinize crystal structures of nanoparticles and nanocomposites, XRD
spectroscopy is commonly adopted. This analysis is also useful for determining the mean size of
the crystallites.

As evidenced by XRD pattern of AgNPs depicted in the 26 range from 20 to 80 degrees, several
diffraction peaks are easily detectable at 38.1, 44.2, 64.4, and 77.4°, which respectively correspond
to Miller indexes of (111), (200), (220), and (311). The JCPDS file (No. 04-0783) evidences that the
peaks match to the face-centered cubic (fcc) structure of metallic Ag [24-27]. The remaining weak
reflections not assigned to fcc structure of AgNPs may originate from trace impurities or residual
precursor species. Like Ag, XRD spectroscopy was conducted for graphene. According to Fig. 1, a
pronounced broad peak at the 26 of 26.1° and also a weak peak at 42.8° can be found, which are
characteristics of graphene’s (002) and (100) crystal planes, respectively [28,29].
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Fig. 1. XRD patterns of AgNPs, graphene, and Ag@graphene nanocomposite

XRD pattern of Ag@graphene nanocomposite can be observed in Fig. 1. In this regard, the
characteristic peak related to (002) crystal plane of graphene appears at 26.6°. In addition, the peak
showing (111) crystal plane of AgNPs is evident at 38.2°. Consequently, Ag nanoparticles are
included within the structure of graphene. The average crystallite size of AgNPs and Ag@graphene
could be estimated by Debye-Scherrer’s formula, which is as follows [30,31]:

KA

- Bcosb (1)

Where D is associated with mean crystallite size, the Scherrer constant (K) equal to 0.98, the X-ray
wavelength (A=1.541 A), 6 exhibits Bragg diffraction angle, and B is imputed to full width at half
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maximum (FWHM). The FWHM values were obtained through the peak fitting procedure in which
Origin software was adopted. Accordingly, the mean crystallite sizes calculated for AgNPs and
Ag@graphene respectively are 24 and 34 nm. The results show that incorporation of AgNPs inside
graphene resulted in an increment in their size.

Table 1. Peak position and its assigned crystal plane along with FWHM and crystallite size
calculated for AgNPs and Ag@graphene

Sample 20 (©) Crystal plane FWHM (°)  Crystallite size (nm)
Ag 38.1 (111) 0.350 24
Ag@graphene 38.2 (111) 0.247 34
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Fig. 2. FTIR spectra of AgNPs, graphene, and Ag@graphene nanocomposite in the wavelength
ranging from 400 to 4000 cm!

FTIR spectroscopy was another analysis adopted for characterization of the fabricated samples.
This technique is typically hired to probe the organic and inorganic bonds within the nanoparticles
and nanocomposites. Fig. 2 exhibits the FTIR spectrum of AgNPs. In this regard, an absorption band
is evident at the wavenumber of 509 cm-!. According to literature, this peak may be associated with
interaction of AgNPs with residual surface oxygen-containing species or defect sites present in
commercial graphene. Similar interactions between AgNPs and oxygen-containing surface
functionalities of graphene-based materials have been reported previously [32].

The FTIR spectrum of graphene is present in Fig. 2. Accordingly, the low-intensity, broad
absorption band located at 3284 cm-! is imputed to stretching vibration of hydroxyl (0-H) groups
within water molecules [33,34]. In addition, a peak is distinguishable at 1579 cm-!, which is
attributed to the stretching mode of the C-C bond [35]. The peak position at 1315 cm! show
stretching vibration of C-O [36].

The absorption bands relevant to Ag and graphene can be seen in the FTIR spectrum of
Ag@graphene nanocomposite. In this direction, the peak at 3436 cm! related to stretching
vibration of hydroxyl groups, the peak at 1577 cm-! showing C-C bond (marked by an asterisk), and
the peak at 1384 cm ! pertinent to stretching vibration of C-O are observed. Moreover, the peaks
features at about 2923 and 1660 cm™ are due to C-H [37] and C=C [38] stretching vibrations,
respectively.

Morphological analysis of AgNPs, graphene, and Ag@graphene nanocomposite was carried out by
means of FESEM test. According to FESEM image of AgNPs depicted in Fig. 3a, agglomerated
spherical-shaped nanoparticles of Ag can be seen. In the FESEM image of graphene Fig. 3b, the
layered sheets of this carbonaceous material with full of wrinkles and folded regions can be seen.
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Compositing graphene with Ag nanoparticles resulted in its morphology, as evidenced by Fig 3c.
Accordingly, and compared to bare graphene Fig. 3b, a much more compact structure can be
observed for its counterpart composited with Ag [39]. Moreover, the number of wrinkles and
folded regions found for bare graphene decreased in the FESEM image of Ag@graphene composite
and a very flat surface is seen for this sample.

B Map Sum Spectrum
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Fig. 3. (a,b,c) FESEM images of AgNPs, graphene, and Ag@graphene nanocomposite,
respectively. (d,e,f) EDXS patterns of Ag, graphene, and nanocomposite, respectively

A T

EDXS analysis was utilized to identify elemental composition of prepared samples. In this regard
and based on EDXS pattern of synthesized Ag nanoparticles (Fig. 3d), the silver element exhibits a
characteristic peak around 3.0 keV. As evidenced by EDXS pattern of graphene (Fig. 3e), the carbon
element (C) is detectable peak close to 0.25 keV. Moreover, the oxygen (0) peak element is evident
at about 0.5 keV. The oxygen element peak can be arisen from the oxygen-containing bonds like C-
0, which were detected by FTIR analysis.

Fig. 3f demonstrates EDXS pattern of Ag@graphene nanocomposite whose quantitative results are
tabulated in Table 2. Moreover, the EDXS mapping taken from nanocomposite is available in Fig. 5.
Accordingly, the characteristic peak of silver element can be found at 3.0 keV, which attests the
presence of Ag nanoparticles in nanocomposite. Carbon and Oxygen give peaks at about 0.25 keV
and 0.5 keV, respectively, which were detected in the EDXS pattern of graphene (Fig. 3e). The trace
amounts of Au, Na, Si, S, K, Ni, and Ca evident in the EDXS patterns of the samples originate from
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residual synthesis reagents like SDS, trace impurities within the chemicals, and the Au coating used
for FESEM characterization.

Table 2. Quantitative results recorded from EDXS pattern of Ag@graphene nanocomposite

Map Sum Spectrum

Element Line Type Weight % Weight % Sigma Atomic %

C K series 72.62 0.37 79.29

Na K series 3.30 0.08 1.88

S K series 0.71 0.05 0.29

Ag L series 0.75 0.10 0.09

0 K series 22.42 0.37 18.38

Ca K series 0.20 0.04 0.06
Total 100.00 100.00

Fig. 4. TEM images of (a,b) AgNPs, (c,d) graphene, and (e,f) Ag@graphene nanocomposite

In addition to FESEM, TEM analysis was used to examine morphology of AgNPs, graphene, and
Ag@graphene nanocomposite. (Fig. 4 a, b) illustrates TEM images of AgNPs. Accordingly, the
spherical-shaped nanoparticles (size < 25 nm) seen in Fig. 3a can be observed, which are uniformly
distributed. In accordance with TEM image of graphene (Fig. 4c), the sheets of graphene are
obvious. Lots of wrinkles and folded regions were detected on the surface of graphene sheets (Fig.
3b), which is consistent with its TEM image (Figure 4d). As evidenced by Ag@graphene
nanocomposite TEM image (Fig. 4€), the spherical-shaped Ag nanostructures having the size of <
25 nm can be seen, which are evenly dispersed on the surface of graphene sheets (Fig. 5, EDXS
mapping of Ag). Compared to bare graphene sheets (Fig. 4d), the ones composited with Ag are much
smoother and approximately lack of wrinkles and folded regions (Fig. 4f).
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Fig. 5. Elemental mapping taken from the surface of Ag@graphene nanocomposite

Fig. 6 illustrates Raman spectra of AgNPs, graphene, and Ag@graphene nanocomposite, which were
recorded using a 532 nm Nd:YAG laser. Fig. 6a demonstrates Raman spectrum of Ag
nanostructures. Accordingly, the peaks at 279 and 948 cm-! are reported in some studies on AgNPs
[40]; however, their origin remains under debate because metallic Ag does not exhibit conventional
first-order Raman modes. Therefore, these bands are regarded only as Ag-related features rather
than definitive evidence for metallic Ag. In addition to positions of 279 and 948 cm-!, two well-
defined peaks are detectable at ~1580 and near 3000 cm-L.
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Fig. 6. Raman spectra of (a) AgNPs, (b) graphene, and (c) Ag@graphene nanocomposite

Based on Raman spectra of graphene (Fig. 6b) and its nanocomposite with Ag (Fig. 6c), two
noticeable peaks can be observed at 1346 and 1578 cm-1. Referring to literature, in the Raman
spectra of carbonaceous materials like graphene two pronounced peaks appear, which are D-band
and G-band. The peak situated at 1346 cm-! shows D-band, which is pertinent to sp3 defects in the
structure of graphene. D-band could present information regarding surface defects as well as
structural imperfections. It has the symmetry of A1lg and demonstrates breathing mode of k point
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phonons [41-44]. Apart from the peak at 1346 cm-, the peak at 1578 cm-! can also be detected,
which is relevant to G-band. G-band has the vibrational mode of E2g and points out in-plane
vibration of sp2 carbon atoms. It is an indication for the symmetry and crystallizability of carbon
[41-44]. In addition to peaks related to D-band and G band, another peak is evident at 2713 cm-1,
which is attributed to 2D band [45]. The peak at ~1580 seen in the Raman spectrum of AgNPs may
overlap with G band in spectra of graphene and nanocomposite.

The ID/IG ratio was employed in order to probe structural disorders induced in graphene as a
result of compositing process. The higher ratio corresponds to a more disordered structure [42].
In this regard, the ratios calculated for graphene and Ag@graphene are 0.1 and 0.3, respectively,
implying an increment in the defect density and structural disorder of the graphene framework
after the incorporation of AgNPs.

3.2 Optical Properties Investigation

The optical characteristics of AgNPs, graphene, and Ag@graphene nanocomposite were studied
using UV-Visible spectroscopy. As indicated by UV-Visible spectrum of AgNPs (Fig. 7), there are two
clear absorption peaks appear, with one near 214 nm and the other around 405 nm. Based on
references, the absorption peak of Ag is typically situated at the wavelength of 400 nm [46].

Compared to peak at 405 nm, the one seen at 214 nm is sharper and has more intensity. The UV-
Visible absorption spectrum of graphene is illustrated in Fig. 7. Obviously, no definite absorption
band is observed for graphene. Compositing AgNPs with graphene gave rise to an increment in the
intensity of absorption peaks seen in the spectrum of silver. The UV-Visible absorption spectrum
recorded for the Ag@graphene nanocomposite shows similarity to the spectrum recorded for
AgNPs. However, the peaks at 214 and 405 nm possess more intensity, which can be ascribed to
the efficient role of compositing process.

——— Ag(@graphene
Graphene

Absorbance (a.u.)

200 300 400 500 600 700 800
Wavelength (nm)

Fig. 7. UV-Visible spectrum of AgNPs, graphene, and Ag@graphene nanocomposite in the
wavelength from 200 to 800 nm

In order to obtain energy band gap (Eg) of Ag@graphene nanocomposite, its Tauc’s plots was
plotted (Fig. 8). For other samples, since Ag is metallic and lacks an intrinsic band gap, and on other
hand graphene is a zero-band gap semiconductor or semimetal [47], their Tauc’s plots were not
drawn for calculation of their Eg values.

The Eg parameter is estimated by extrapolating the straight-line segment of the (ahv) # versus
photon energy (hv) curve, which intersects the hv axis. In the Tauc’s plot, a is pertinent to the
absorption coefficient, h denotes Planck’s constant and v represents the light frequency [48,49].
Accordingly, the band gap value calculated for Ag@graphene is 4.1 eV.
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Fig. 8. The Tauc’s curve plotted for calculation of band gap energy (Eg) of Ag@graphene
nanocomposite

The extinction coefficient curves of AgNPs, graphene, and Ag@graphene nanocomposite are
brought in Fig. 9. Extinction coefficient is calculated by the following formula where a and A
respectively are absorption coefficient and wavelength [50,51]. Absorption coefficient is obtained
according to the Beer-Lambert law using Equation 3, where A is the measured absorbance and 1 is
the optical path length (1 = 1).

ai
=z (2)
K 4T
2.303 x A
g=2 X4 (3)

l

Extinction coefficient is a factor for evaluating the ability of a material in absorbing the light.
According to Fig. 9, no distinct peak can be seen in the extinction coefficient curve of graphene and
it increases linearly by increasing the wavelength. Moreover, the extinction coefficient of
Ag@graphene nanocomposite is more than the one obtained for Ag nanostructures, testifying its
higher ability in absorbing the light, which is consistent with UV-Visible spectroscopy results.
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Fig. 9. The extinction coefficient curves of AgNPs, graphene, and Ag@graphene nanocomposite
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The Photoluminescence (PL) spectra of AgNPs, graphene, and Ag@graphene nanocomposite are
illustrated in Fig. 10. Accordingly, and based on PL spectrum of AgNPs, a distinct emission peak is
observed, which is located at 416 nm in the visible spectrum. Referring to literature, the UV
emission peaks observed in the PL spectra correspond to near-band-edge emissions, originating
from excitonic recombination between conduction band electrons and valence band holes. On the
other hand, the emission peakslocated in the visible region are deep-level emissions and originated
from structural defects for instance oxygen vacancies [52,53]. Like UV-Visible spectrum of
graphene, no emission peak is observed in its PL spectrum. However, mixing graphene with AgNPs
brought about appearance of a weak broad emission peak, which is in the range from 395 to 435
nm.

Ag@graphene
S *
=
2
E) Graphene
A=
Ag
250 300 350 400 450

Wavelength (nm)
Fig. 10. The PL spectra of AgNPs, graphene, and Ag@graphene nanocomposite

4. Conclusions

In this study, AgNPs, graphene, and Ag@graphene nanocomposite were synthesized to investigate
their optical properties, and their structure was analyzed using multiple characterization
techniques. As evidenced by XRD technique, AgNPs have face-centered cubic structure. Moreover,
the characteristic peak related to (002) crystal plane of graphene was observed in its XRD pattern.
The presence of diffraction peaks showing Ag nanostructures and graphene in the XRD pattern of
Ag@graphene nanocomposite confirmed its successful fabrication. FTIR was another
characterization analysis for structurally investigation of the samples where the main absorption
bands of Ag and graphene were detected in the spectrum of nanocomposite. FESEM images
revealed that compositing spherical-shaped nanoparticles of Ag with graphene changed the layered
structure of graphene into a much more compact one. In addition, compositing decreased the
number of wrinkles and folded regions on graphene and made its surface much smoother.

UV-Visible and PL spectroscopy were two analyses employed for evaluation of optical properties
of the samples. Unlike graphene showing no absorption peak in its spectrum, two pronounced
peaks, mainly the one related to Ag, were observed in the spectra of Ag and nanocomposite.
Ag@graphene nanocomposite reached UV-Visible absorption peaks with higher intensity as well
as higher extinction coefficient with respect to Ag. The promising optical properties of the
Ag@graphene nanocomposite warrant further investigation of its potential in photocatalytic and
optoelectronic applications.
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