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Gold nanoparticles have attracted significant attention in recent years due to their wide-
ranging applications in catalysis, medicine, and electronics. While chemical synthesis
methods can yield pure, homogeneous nanoparticles, they are costly and environmentally
harmful. This approach also helps reduce environmental pollution caused by e-waste

accumulation. Therefore, the utilization of e-waste can promote the concepts of
sustainability and resource assessment. Green synthesis using plant extracts offers a cost-
effective and environmentally friendly alternative. This study aimed to synthesize gold
nanoparticles using cinnamon stick extract and investigate their optical and structural
properties. Gold salts were extracted from electronic waste and reduced using cinnamon
stick extract as a natural reducing agent. The reaction took place at 60 to 70°C, forming
nanoparticles within minutes. The optical properties were investigated using UV-visible
spectroscopy, the surface morphology was studied using atomic force microscopy
(AFM), and the crystal structure was determined using X-ray diffraction (XRD). The
UV-visible spectrum showed a distinct absorption peak at 564 nm, confirming the
formation of gold nanoparticles. Atomic force microscopy (AFM) analysis revealed an
average particle size of approximately 51 nm. X-ray diffraction (XRD) patterns revealed
distinct diffraction peaks at the (111), (200), and (220) planes, indicating good
crystallinity of the synthesized nanoparticles. The nanoparticles prepared by this method
were uniform in shape and had a clear structure. These results demonstrate that cinnamon
extract is an efficient, economical, and nontoxic reducing agent for the synthesis of gold
nanoparticles. This green synthesis method provides a simple and environmentally
friendly route with potential applications in nanomedicine, catalysis, and electronic
devices.
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1. INTRODUCTION byproducts, and raise concerns about environmental and

biological safety [5]. To address these challenges, researchers

Nanoparticles are defined as particles with dimensions less
than 100 nm, and they exhibit unique physical, chemical, and
biological properties compared to their bulk counterparts [1].
Among these, noble metal nanoparticles such as gold (AuNPs)
and silver (AgNPs) have attracted significant attention due to
their optical, catalytic, and biomedical properties [2]. Gold
nanoparticles, in particular, are known for their remarkable
stability, surface plasmon resonance (SPR) behavior, and
tunable size and shape, which make them highly valuable in
biosensing, drug delivery, and nanomedicine [3]. The
increasing global demand for nanoparticles has stimulated the
search for sustainable and environmentally friendly synthesis
approaches that avoid the drawbacks of conventional chemical
and physical methods [4]. Previous studies have demonstrated
that nanoparticles can be synthesized using physical and
chemical methods, typically involving the reduction of metal
salts in the presence of stabilizing agents. However, such
methods often require toxic chemicals, generate hazardous
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have increasingly focused on biological or “green” synthesis
approaches that employ microorganisms, enzymes, and
especially plant extracts as reducing and stabilizing agents [6].
A wide range of plants, including tea, clove, coriander, rose,
and olive, have been reported to mediate the synthesis of gold
and silver nanoparticles [7]. Plant-derived metabolites such as
polyphenols, terpenoids, proteins, and carbohydrates play a
crucial role in the reduction and stabilization processes [8],
imparting additional bioactivity and biocompatibility to the
resulting nanoparticles [9].

Despite the advances in green nanotechnology, there remain
significant challenges in reducing costs, scaling up production,
and utilizing waste-derived resources [10]. Electronic waste
(e-waste), which has dramatically increased worldwide due to
the rapid growth of the electronics industry, contains valuable
metals including gold. However, conventional recovery
methods are expensive and environmentally harmful [11].
Limited studies have investigated the possibility of integrating
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e-waste recycling with green nanoparticle synthesis using
plant extracts as eco-friendly reducing agents [12]. Thus, there
is a need to develop efficient, low-cost, and sustainable
strategies that simultaneously address the problem of e-waste
accumulation and enable the production of functional
nanomaterials [13]. In 2022, the global total amount of e-waste
was estimated to be approximately 31 billion kilograms, of
which approximately 19 billion kilograms had been recycled

Total metals in E-Waste

I Fe 24 Gkg
I Al 4 Gkg

B Ccu2 Gkg
[ Ni 0.52 Gkg
[ Other 0.46 Gkg

1.7%  1.5%

6.5%

12.9%

)

77.5%

0.7%

7.4%

16.8%

.
—

and processed, as shown in Figure 1. This demonstrates the
scale of global e-waste management and highlights its
importance as a secondary source of precious metals,
particularly gold. Given that the gold content of some
electronic components is far higher than that of natural ores,
recovering gold from e-waste not only contributes to resource
sustainability but also provides a viable alternative to
traditional mining [14].
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Figure 1. Metals recovered from e-waste according to e-waste management [15]

The present study aims to investigate the synthesis of gold
nanoparticles from electronic waste using cinnamon stick
extract as a natural reducing and stabilizing agent. The
research focuses on assessing the efficiency of this green
approach under different reaction conditions, such as
temperature and extract concentration, to control nanoparticle
size and morphology. Furthermore, the study seeks to
characterize the structural and optical properties of the
synthesized nanoparticles using advanced analytical
techniques, including UV—Vis spectroscopy, AFM, and XRD.
This research is significant because it addresses two critical
issues simultaneously: the environmental challenges
associated with electronic waste and the demand for
sustainable nanomaterial production. By utilizing electronic
waste as a resource and employing cinnamon extract for green
synthesis, this approach provides a cost-effective and eco-
friendly alternative to conventional methods. The findings are
expected to contribute to the advancement of green
nanotechnology, promote waste valorization, and open new
opportunities for applications of gold nanoparticles in
medicine, sensing, and other nanotechnology-driven fields.

2. MTERIALS AND METHODS
2.1 Gold deposition from electronic waste

The first method (mobile phone SIM): Mobile phone SIM
cards were carefully collected and accurately weighed. 0.7 g
of the SIM card chip was placed in a 1000 mL borosilicate
glass beaker. To completely submerge the sample,
concentrated hydrochloric acid (37%) was added, followed by
a small amount of deionized water to ensure optimal mixing.
Next, 50 mL of concentrated nitric acid (65-70%) was
carefully added to form aqua regia. The mixture was gently
stirred with a glass rod to ensure uniform interaction between
the acid and the metal components in the SIM card chip. The
reaction mixture was then exposed to direct sunlight, which
served as a sustainable, clean heat source to promote the
dissolution of the metal components. After approximately 48
hours, the solution color changed noticeably to dark green,
indicating the formation of a gold-containing complex. A
small amount of nitric acid (HNOs) was then added to ensure
complete dissolution of any remaining metal. The solution was



then filtered through commercially available filter paper to
remove any undissolved solid residue [16].

The resulting filtrate, containing dissolved gold ions, was
treated with a freshly prepared solution of distilled sodium
metabisulfite (Na-S:0s). Additional distilled water was added
to improve mixing and ensure uniform precipitation. This
treatment resulted in a black, granular precipitate of metallic
gold, which remained on the filter paper. The collected solid
residue was carefully dried under ambient conditions, then
weighed and analyzed to determine the gold content [17].

Gold (Au) content in samples is determined using atomic
absorption spectrometry (AAS) at a wavelength of 242 nm
using a gold-specific hollow cathode lamp. Standard solutions
are prepared to generate a calibration curve, and samples are
chemically treated and transferred into appropriate solutions
[18]. By comparing the sample absorbance with the calibration
curve, the gold concentration is determined and expressed as a
percentage. Atomic absorption spectrometry (AAS) revealed
the gold content of the mobile phone SIM sample, with a
measured concentration of 9.0746% (Figure 2).
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Figure 2. Gold percentage measured by atomic absorption
spectrometry for the first method
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Figure 3. A diagram showing how to prepare gold salts from
electronic waste

The second method (CPUS): To improve gold recovery,
the precipitation process was repeated on freshly collected
CPU samples, which are known to contain higher
concentrations of precious metals. The CPU chips were
cleaned, weighed, and treated under conditions similar to those
used for SIM cards, including soaking in aqua regia and
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exposure to sunlight to promote dissolution, as shown in
Figure 3 [19].

After filtration, the gold-containing filtrate was treated with
sodium metabisulfite under controlled conditions to
precipitate the metallic gold. The precipitate was collected,
dried, and quantitatively analyzed. Atomic absorption
spectroscopy (AAS) revealed a significantly higher gold
content in the CPU sample, with a measured concentration of
49.72% (Figure 4).

These results clearly demonstrate that CPUs are a more
efficient and higher-yielding source of gold than SIM cards.
The improved recovery highlights the potential of CPU scrap
as a practical and economically viable material for producing
gold nanoparticles and other nanotechnology applications.
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Figure 4. Gold percentage measured by atomic absorption
spectrometer for the second method

2.2 Preparing herbal extract

Cinnamon stick samples were thoroughly washed, air-dried
in a cool place, and then ground into a fine powder using a
dedicated grinder. To prepare the extract, 5 g of cinnamon
powder was mixed with 150 mL of deionized water in a 250
mL round-bottom flask. The mixture was placed on a magnetic
stirrer with a reflux condenser and stirred continuously at 50°C
for 2 h. After extraction, the solution was filtered to remove
solid residues, and the clear extract was collected for
subsequent gold nanoparticle synthesis [20].

3. SYNTHESIS OF GOLD NANOPARTICLES (AuNPS)

The gold used in this study was extracted from electronic
waste. To prepare the gold salt solution, 0.1 g of the extracted
gold was dissolved in a small amount of aqua regia (a mixture
of concentrated nitric acid and hydrochloric acid) to obtain a
gold (IIT) chloride solution (HAuCls). This solution was then
diluted with deionized water to a final volume of 25 ml. To
synthesize the nanoparticles, 150 ml of the previously
prepared plant extract was added to a 250 ml beaker equipped
with a magnetic stirrer. Subsequently, 3.6 ml of the HAuCls
solution was added to the extract, and the reaction mixture was
heated to 60-70°C and stirred for less than an hour. The
formation of gold nanoparticles was confirmed by visually



observing the reaction progress through color change [21], as
shown in Figure 5.
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Figure 5. A diagram showing the method of preparing gold
nanoparticles using plant extracts

4. REULTS AND DISCUSSION

4.1 UV-vis spectroscopy
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Figure 6. UV-vis analysis of gold nanoparticles prepared
using plant extracts

The successful formation of gold nanoparticles was verified
by recording absorption spectra in the wavelength range of
400-800 nm using UV-vis spectroscopy [22]. As shown in
Figure 6, the nanoparticles exhibited a clear surface plasmon
resonance (SPR) band at 564 nm, which originates from the
collective oscillation of free electrons in the conduction band.
The position and sharpness of this SPR peak are characteristic
of gold nanoparticles and are directly affected by the particle
size, shape and degree of aggregation. The maximum
absorption observed at approximately 564 nm indicates the
presence of a strong plasmon response, confirming the
presence of uniformly distributed nanoparticles with minimal
aggregation. Since solid gold does not exhibit such obvious
optical properties, the appearance of this absorption band in
the visible light range further proves the formation of
nanoparticles. In addition, the observed peak position is highly
consistent with the values of previous studies [23]. This
indicates that the biosynthesized nanoparticles exhibit optical
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properties comparable to those prepared by traditional
chemical methods. These results highlight the effectiveness of
plant extracts in reducing gold ions and stabilizing
nanoparticles, thereby creating materials with desirable optical
properties for potential applications in sensing, catalysis, and
biomedicine.

4.2 Atomic force microscopy (AFM)

Atomic force microscopy (AFM) is considered one of the
most powerful techniques for studying the surface
morphology and topological features of nanostructured
materials [24]. AFM generates three-dimensional images by
scanning the sample surface, providing high-precision
information about the particle shape, size, and distribution
[25]. Figure 7 shows a three-dimensional AFM image of
biosynthesized gold nanoparticles. Analysis shows that the
particles are mainly spherical, relatively well dispersed, and
have minimal aggregation. Figure 8 illustrates average particle
size is approximately 51 nm, which is within the typical
nanoscale range of gold nanoparticles [26].
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Figure 7. AFM images of gold nanoparticles prepared using
plant extracts
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Figure 8. AFM images of gold nanoparticles prepared using
plant extracts

Overall, AFM analysis not only confirms the spherical
shape and nanoscale size of the synthesized gold nanoparticles
but also supports the results of UV-visible spectroscopy,
providing comprehensive evidence for successful synthesis.



The combined application of AFM with spectroscopic and
microscopic techniques underscores the reliability of the
biosynthetic method and provides a deeper understanding of
the nanoparticle structure and optical properties.

4.3 X-RAY diffraction (XRD)

The crystal structure and phase purity of gold nanoparticles
(AuNPs) synthesized from plant extracts were investigated by
X-ray diffraction (XRD). The diffraction pattern shown in
Figure 9 shows characteristic Bragg reflections corresponding
to the (111), (200), and (220) planes, confirming the face-
centered cubic (FCC) structure of the gold crystals. The (111)
reflection has the highest intensity, thus dominating the
preferred orientation. This is consistent with JCPDS standard
card No. 04-0784 and is consistent with previously published
research results [27]. The average crystal size of the gold
nanoparticles was calculated using the Scherrer equation:

D= K2
~ Bcosb

(1

where, D is the crystal size, K is the shape factor (0.9), A is the
X-ray wavelength, B is the half-maximum width (FWHM) of
the diffraction peak, and 0 is the Bragg angle [28].
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Figure 9. XRD results of gold nanoparticles prepared
using plant extracts

The crystal size estimated from the main peak (111) is in the
nanometer range and agrees well with the particle size
determined by atomic force microscopy (AFM) measurements
(= 51 nm). This agreement between XRD and AFM confirms
the reliability of the biosynthesis method and indicates that the
nanoparticles have well-defined crystalline domains. In
addition, the observed crystallite size correlates with the
optical properties determined by UV-visible spectroscopy. A
strong and sharp surface plasmon resonance (SPR) band at 564
nm supports the formation of nanoscale crystalline particles,
as the SPR behavior is highly dependent on particle size and
crystallinity. The consistency of XRD, AFM, and UV-vis data
provides comprehensive evidence for the successful synthesis
of morphologically uniform, stable, and crystalline gold
nanoparticles. Importantly, no other peaks related to impurities
were detected, except for some weak signals caused by
residual phytochemicals in plant extracts, which act as
reducing agents and stabilizers during the synthesis process
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[29]. The absence of obvious external reflections further
confirms the purity of the biosynthesized gold nanoparticles.
In summary, XRD analysis shows that the prepared gold
nanoparticles have a highly crystalline FCC structure
dominated by the (111) orientation, and the grain size
determined by the Scherrer equation is consistent with the
morphological and optical results. These findings emphasize
the efficiency of the green synthesis method and the
applicability of the nanoparticles for a variety of applications
such as catalysis, optics, and biomedicine.

5. CONCLUSIONS

This study demonstrates the feasibility of utilizing e-waste
as a valuable and environmentally friendly source for the
extraction of gold and the subsequent synthesis of high-purity,
highly stable nanoparticles. The method employed involves a
series of carefully designed physical and chemical separation
steps, optimized based on the composition of the selected e-
waste. The results confirm that e-waste can be a cost-effective
alternative to traditional chemical precursors and can produce
gold nanoparticles with desirable physical and chemical
properties. Furthermore, the biosynthesized nanoparticles
exhibit promising properties, making them suitable for a wide
range of applications, including optical devices, biomedical
systems, and catalytic processes. Importantly, this approach
not only facilitates the synthesis of functional nanomaterials
but also helps alleviate the environmental issues associated
with e-waste disposal. Overall, the results highlight a
sustainable and economically viable strategy for developing
nanomaterials through the environmentally friendly recycling
of e-waste.
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