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1. Introduction  

Those of us living today need to consider those who will inhabit the planet in the future. While we 
currently enjoy a relatively healthy environment, future generations also deserve the same privilege. 
Environmental activists have long championed this ideal, yet it appears increasingly difficult to 
achieve given the current trajectory of environmental degradation. Historically persistent pollutants—
such as oil spills, surfactants, pesticides, and heavy metals—have not been fully addressed. Worse 
still, we are now confronted with newer pollutants that pose even more insidious threats, such as 
microplastics [1]. 
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 Nanoparticles have emerged as promising materials for real-time 
environmental monitoring due to their unique optical and 
physicochemical properties. Among them, gold nanoparticles (AuNPs) 
have gained considerable attention for sensing applications, including 
the detection of emerging pollutants such as microplastics. However, 
conventional AuNP synthesis commonly relies on hazardous chemicals 
and energy-intensive processes, creating environmental and 
sustainability concerns. Therefore, the development of green synthesis 
methods using plant-based bioreductors offers a more sustainable 
alternative. This study aims to determine the optimal conditions for the 
green synthesis of AuNPs using Ocimum basilicum extract, characterize 
the synthesized nanoparticles, and evaluate their potential application for 
microplastic detection. The research involved the extraction of Ocimum 
basilicum, optimization of synthesis parameters, nanoparticle 
characterization, and assessment of microplastic monitoring capability. 
The results showed that stable AuNPs were successfully synthesized 
under optimum conditions at pH 6 with a precursor-to-bioreductor ratio 
of 6:3 (mL). The synthesized AuNPs-OB exhibited an average particle 
size of 3.52 nm, indicating the formation of small and highly reactive 
nanoparticles. Fourier Transform Infrared (FTIR) analysis revealed the 
presence of hydroxyl (O–H) and alkene (C=C) functional groups 
originating from Ocimum basilicum phytochemicals, which contributed 
to both the reduction and stabilization of the nanoparticles. Furthermore, 
AuNPs-OB demonstrated promising potential for microplastic detection 
through direct and indirect approaches. The direct method involved 
surface modification with non-polar compounds to enhance interactions 
with microplastics, while the indirect method employed acetone as an 
aggregating agent to induce detectable optical changes. These findings 
demonstrate that green-synthesized AuNPs-OB are environmentally 
friendly nanomaterials with strong potential for sustainable microplastic 
monitoring applications. 
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Microplastics result from the slow degradation of plastic. In modern life, plastic is ubiquitous due 
to its multipurpose nature: it is flexible, waterproof, and durable. Ironically, these advantageous 
properties also contribute to its resistance to degradation [2]. Even at the nanoscale, plastics retain 
their original characteristics, which becomes problematic when plants, animals, or humans ingest 
microplastics. Their presence can disrupt biological systems, for instance, by inducing fat 
agglomeration that interferes with metabolism [3], [4]. Additionally, the porous structure of 
microplastics enables them to adsorb heavy metals, which may then enter biological organisms [5]. 

Given the complexity of this issue, monitoring water quality to detect microplastic contamination 
is critical. Currently, such monitoring is carried out using instrumental techniques like SEM, FTIR, 
and Raman spectroscopy [6]. While effective, these methods are slow, expensive, require trained 
personnel, and are energy-intensive [7]. Consequently, alternative approaches are needed—ones that 
are simple, low-cost, environmentally friendly, and capable of delivering rapid detection. 

Gold nanoparticles (AuNPs) have emerged as promising candidates for addressing the challenge 
of microplastic detection. This is due to their unique properties, including small size, tunable surfaces, 
large surface area, and distinct optical features [8]. AuNPs have been widely used for colorimetric 
detection in applications ranging from water quality monitoring to cancer diagnostics [9]. 

However, conventional synthesis methods for AuNPs are not environmentally sustainable. They 
often rely on synthetic chemicals, excessive use of raw materials, and harsh reaction conditions. 
Ascorbic acid and sodium citrate are typically employed as reducing agents, and stabilizers are also 
required, making the process resource-intensive [10]. To address this issue, green synthesis methods 
utilizing bioreductants have been proposed [11]. 

Green synthesis of AuNPs employs reducing agents derived from natural sources such as plant 
extracts, bacteria, or fungi [12]. Plants are particularly suitable as bioreductants due to their abundance 
of secondary metabolites that facilitate electron transfer and reduction reactions [13]. Extracts rich in 
phenolics, saponins, tannins, and flavonoids can serve dual roles—as reducing agents and 
stabilizers—enhancing the sustainability of the synthesis process [12]. 

Several successful syntheses of AuNPs have been reported using extracts from Curcuma 
pseudomontana, Capsicum annum, and Zingiber officinale. These biogenic AuNPs have demonstrated 
various bioactivities, including antimicrobial, anti-inflammatory, and antioxidant effects [12], [14], 
[15]. However, green-synthesized AuNPs also exhibit immense potential as sensors, owing to their 
unique optical behaviors. These nanoparticles can shift their absorption wavelength as their size 
changes. Moreover, their agglomeration capability induces detectable color changes, which can be 
harnessed for simple detection methods [11]. Surface modification with non-polar compounds also 
enables both direct and indirect detection of microplastics [17].  

Ocimum basilicum stands out as a plant with strong potential as a bioreductant [16]. Ocimum 
basilicum makes it a strong candidate for use in nanoparticle synthesis, especially considering its 
richness in phytosterols, alkaloids, phenolics, lignins, tannins, starches, saponins, flavonoids, and 
terpenoids—all of which are relevant to the reduction process [16]. Notably, no previous reports have 
described the synthesis of AuNPs using Ocimum basilicum for microplastic detection, suggesting a 
promising research opportunity. 

Therefore, the objectives of this study were to determine the optimal synthesis conditions for green 
AuNPs using Ocimum basilicum by varying the pH and precursor-to-reducing agent ratios, to 
characterize the physicochemical properties of the synthesized nanoparticles, and to evaluate the 
theoretical potential of these AuNPs as a future microplastic detector. The novelty of this research lies 
in introducing a new green synthesis approach using Ocimum basilicum and investigating the resulting 
AuNPs for microplastic detection. 

2. Research Methodology  

2.1. Materials  

The materials required for the study comprised Ocimum basilicum (basil) leaf powder, distilled 
water, pure gold metal, hydrochloric acid (HCl, 37%), and nitric acid (HNO3, 65%). 
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The instruments used in this study included a UV–Visible spectrophotometer (Agilent 
Technologies Cary 60), Fourier Transform Infrared Spectroscopy (FTIR, Agilent Technologies), 
Particle Size Analyzer (PSA, Malvern Panalytical), hot plate, thermometer, stopwatch, glass vials, 
filter paper, Büchner funnel, stirring rod, analytical balance, and a complete set of standard laboratory 
glassware. 

2.2. Procedures 

1) Extraction of Ocimum basilicum Leaf 

A total of 0.075 g of dried Ocimum basilicum leaf powder was weighed and added to 100 mL of 
boiling distilled water. The extraction was carried out for 10 minutes without stirring. The resulting 
extract was filtered using a Büchner funnel with vacuum filtration. The filtrate was stored in a 
refrigerator for two weeks and regenerated before use. 

2) Preparation HAuCl4 Precursor 

HAuCl4 precursor solution was prepared by dissolving 0.1 g of pure gold metal in a 3:1 (v/v) 
mixture of concentrated HCl (37%) and HNO3 (65%). The reaction was conducted under closed 
conditions in a fume hood for 48 hours. The resulting solution was heated to evaporate, yielding solid 
HAuCl4, which was subsequently dissolved in distilled water to a final volume of 100 mL, yielding a 
final concentration of 5.07 mM. 

3) pH Optimization of AuNPs-OB Synthesis 

The pH optimization was carried out by first adjusting the Ocimum basilicum extract (0.075% w/v) 
to the target pH values (2, 4, 6, 8, and 12) using HCl for acidic conditions and NaOH for alkaline 
conditions. Then, 3 mL of each adjusted extract was mixed with 6 mL of 5.07 mM HAuCl4 solution 
under boiling conditions. The reaction was maintained under a boil for 10 minutes, followed by 
additional stirring at room temperature for 10 minutes. 

4) Optimization of Precursor-to-Bioreductant Ratio 

The optimization of the volume ratio between the gold precursor and Ocimum basilicum extract 
was performed using the same procedure as the pH optimization, with the previously determined 
optimum pH applied. The ratios tested (in mL) were 12:3, 12:6, 6:3, 6:6, and 6:12 
(precursor:bioreductant). 

5) Characterization of AuNPs-OB and Study of Potential for Microplastic Detection 

The synthesized AuNPs-OB were characterized using UV–Visible spectroscopy in the wavelength 
range of 300–800 nm to determine the optimum synthesis conditions. Functional group analysis was 
conducted using FTIR in the wavenumber range of 4000–400 cm⁻¹. Particle size distribution was 
analyzed using a Particle Size Analyzer (PSA). Furthermore, their potential for microplastic detection 
was evaluated theoretically through a comprehensive literature review. To support this assessment, 
initial aggregation experiments were carried out using acetone as the medium. 

3. Results and Discussion 

Gold nanoparticles (AuNPs) represent a modern scientific advancement that significantly 
influences technological progress. Owing to their unique physicochemical characteristics, 
nanoparticles have reshaped conventional scientific understanding [8]. Traditionally, the properties of 
a substance were primarily attributed to its valence electrons; however, at the nanoscale, these 
properties are also determined by particle size [18]. This paradigm shift underscores the exceptional 
behavior of nanomaterials, which exhibit attributes such as a high surface area-to-volume ratio, 
tunable magnetic properties, nanoscale dimensions, and surface modifiability. These features have led 
to their widespread application in medical treatments, optical technologies, and environmental 
monitoring [19]. 

In particular, AuNPs have great potential for detecting emerging environmental pollutants, such as 
microplastics, which pose a growing threat to ecosystem stability. Due to their hydrophobic nature, 
microplastics can be targeted with detection strategies involving surface-modified nanoparticles. By 
modifying the AuNP surface to be hydrophobic, it is possible to induce interactions with microplastics, 
enabling detection via precipitation or colorimetric responses [20]. However, to ensure reliable 
detection performance, it is crucial first to establish the optimal synthesis conditions that yield AuNPs 
with suitable size and stability for further use as microplastic sensors. 
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3.1. Synthesis of AuNPs at Varied pH 

The synthesis of gold nanoparticles (AuNPs) began with the extraction of Ocimum basilicum using 
boiling water without stirring, yielding a plant extract that served as a bioreductant. The application 
of heat during extraction facilitated the breakdown of plant cell walls and the release of secondary 
metabolites [21]. Concurrently, the gold precursor (HAuCl4) was prepared by digesting pure gold 
metal in aqua regia. Following the dissolution, the solution was evaporated to yield solid HAuCl4 salt 
[22]. Once both components were ready, the synthesis was initiated. 

The initial stage involved optimizing the pH conditions for the synthesis. The HAuCl4 solution 
was brought to a boil under continuous stirring. The heating process provided sufficient kinetic energy 
for the gold precursor to overcome the activation energy barrier required for nanoparticle formation 
[10]. Stirring was applied to maintain a homogeneous reaction medium [23]. Separately, the pH of the 
O. basilicum extract was adjusted to 2, 4, 6, 8, and 12. Varying the pH alters the ionization state of 
the extract’s secondary metabolites, affecting their ability to reduce Au ions [24]. At this stage, the 
HAuCl4 solution appeared pale yellow, while the extract was turbid green. 

    

    

  

Fig. 1. Synthesis outcomes of AuNPs-OB under varying pH conditions of the reducing agent. (left) UV-

Visible absorption spectra of the synthesized AuNPs; (right) corresponding visual appearance of the 

AuNPs-OB. 

The synthesis was carried out for 10 minutes under boiling conditions, followed by an additional 
10 minutes of stirring without heating to allow gradual cooling and complete nanoparticle formation 
[12]. Experimental observations revealed that pH values of 2, 4, 6, and 8 successfully yielded AuNPs, 
indicated by the formation of a burgundy (wine-red) color. In contrast, under highly alkaline 
conditions (pH 12), AuNP formation was inhibited, evidenced by a purple solution. A red color 
typically signifies the formation of nanoscale AuNPs, whereas a purple hue suggests the presence of 
larger, aggregated particles beyond the nanoscale [25]. 
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UV-Visible spectrophotometry was employed to confirm AuNP formation. At pH 2, a 
characteristic absorption peak appeared at around 520 nm—an indicative surface plasmon resonance 
(SPR) signal for AuNPs. However, the peak intensity was relatively low, suggesting limited 
nanoparticle formation. Stronger, narrower SPR peaks were observed at pH 4 and pH 6, indicating 
higher yields of AuNPs with a more uniform particle-size distribution. A narrower peak typically 
correlates with improved monodispersity [26]. 

At pH 8, visual observation still indicated a wine-red color, suggesting nanoparticle formation. 
However, spectral analysis revealed a broader, less intense SPR band, indicative of a lower particle 
concentration and increased size heterogeneity. At pH 12, neither color change nor a distinct SPR 
peak was detected, confirming the absence of AuNP formation [27]. These results are presented in 
Fig. 2. 

 

Fig. 2. Simulation of AuNPs synthesis under various pH conditions. 

From these findings, it can be concluded that pH 6 is the optimal condition for the synthesis of 
AuNPs using O. basilicum extract. In general, AuNPs synthesis mediated by O. basilicum 
bioreductant favors mildly acidic conditions. Under such conditions, the gold precursor predominantly 
exists as AuCl4

⁻, a form highly susceptible to reduction [28]. In contrast, basic conditions promote 
ligand substitution of chloride ions with hydroxide, forming complexes such as AuCl3(OH), 
AuCl2(OH)2, AuCl(OH)3, and Au(OH)4

⁻, which are significantly more stable and less reactive [24]. 

Moreover, the reactivity of secondary metabolites is also influenced by pH. Under acidic 
conditions, reducing agents such as ascorbic acid predominantly exist in the protonated forms (C6H8O6 
and C6H7O6

⁻), which exhibit strong electron-donating ability. Conversely, in alkaline environments, 
ascorbic acid is deprotonated to C6H6O6

²⁻, which is considerably less reactive [29]. Therefore, mildly 
acidic conditions provide an optimal environment in which both the precursor and the reducing agent 
are in their most reactive states. Nevertheless, extremely low pH values (very high H⁺ concentrations) 
may also hinder reduction efficiency due to competitive interactions between H⁺ and Au³⁺ ions, 
thereby suppressing nucleation and limiting nanoparticle formation [30]. 

Overall, pH 6 enables effective reduction of AuCl4
⁻ without interference from excessive proton 

concentration, allowing stable and uniform AuNP formation. These findings are consistent with 
previous studies [31], which reported that optimal AuNP synthesis using bioreductants typically 
occurs under mildly acidic to neutral conditions (pH 6–8). 

3.2. Synthesis of AuNPs with Variations in Precursor: Bioreductant Ratios 

This stage followed the same procedure as the previous experiment, using the optimized pH of 6 
for the bioreductant. The volumes of precursor and bioreductant were varied at 12:3, 12:6, 6:3, 6:6, 
and 6:12 (mL). Unlike during the pH optimization stage, visual observation indicated successful 
formation of AuNPs across all ratio variations, as evidenced by the consistent appearance of a wine-
red color. However, UV-Visible spectrophotometry revealed contrasting results. AuNP formation 
occurred only in variations with a higher proportion of gold precursor. In conditions where the 
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precursor amount was equal to or less than the bioreductant, no AuNP formation was observed (Fig. 
3). 

In the 12:3 variation, a dark red color was observed. The UV-Vis spectrum showed that although 
a large quantity of AuNPs was formed, the size distribution was heterogeneous. A high concentration 
of precursor increases the likelihood of nanoparticle formation [32]. However, the limited amount of 
bioreductant may not be sufficient to fully reduce the available gold ions. Consequently, some 
unreduced Au3+ ions may act as ionic bridges between nanoparticle surfaces, leading to particle 
aggregation and an increased average particle size [33]. This leads to the coexistence of both free-
standing AuNPs and those interconnected via Au³⁺ ion bridges, contributing to the observed size non-
uniformity. Moreover, the insufficient amount of bioreductant also implies fewer stabilizing agents, 
further promoting agglomeration [34]. 

    

    

 

 

 

Fig. 3. Synthesis outcomes of AuNPs-OB under varying precursor-to-reducing agent ratios. (left) UV-Visible 

absorption spectra of the synthesized AuNPs; (right) corresponding visual appearance of the AuNPs-

OB. 

The most favorable synthesis conditions were obtained at precursor:bioreductant ratios of 12:6 and 
6:3. These variations produced vivid red solutions, and their UV-Vis spectra showed sharp and narrow 
peaks, indicating the formation of uniform and monodisperse AuNPs [35]. However, an unexpected 
finding emerged: despite the same ratio, the larger absolute volume (12:6) yielded fewer nanoparticles 
than the smaller one (6:3). 

This phenomenon can be interpreted using the concept of reaction kinetics. One of the factors 
influencing reaction rate is the concentration of the reactants. Higher precursor concentrations can 
accelerate the reduction process; however, excessive speed may lead to uncontrolled nucleation and 
aggregation [36]. In such cases, rapid particle growth may prevent the formation of stable and well-
dispersed nanoparticles due to steric crowding and insufficient stabilization. 
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On the other hand, when higher amounts of bioreductant were used, as seen in the 6:6 and 6:12 
ratios, the resulting colors became progressively lighter—from pale red to orange. This color change 
was corroborated by the UV-Vis spectra, where the characteristic absorption peak around 520 nm, 
typically associated with AuNPs, diminished or disappeared. These observations indicate that AuNPs 
were either not formed or formed in very low quantities. 

 

Fig. 4. Schematic illustration of AuNP agglomeration induced by unreduced gold ion bridging. 

 

Fig. 5. Schematic representation of AuNP formation failure due to steric hindrance by excess secondary 

metabolites. 

This outcome can be attributed to an excessive amount of bioreductant, which causes the precursor 
to be reduced too rapidly. Such rapid reduction leads to immediate core agglomeration, preventing 
proper nucleation and nanoparticle formation. Moreover, an excess of reducing agent may act as a 
steric hindrance, physically obstructing the gold atoms from assembling into stable nanoparticle 
structures [37]. 

Based on these findings, the optimal ratio for AuNP synthesis using O. basilicum extract is 6:3 
(mL). This result aligns with previous research [38], which reported that nanoparticle size and yield 
can be effectively controlled by adjusting the precursor-to-reducing-agent ratio during green synthesis 
protocols. 

3.3. AuNPs-OB Characterization: FTIR and PSA 

1) FTIR 

Fourier Transform Infrared Spectroscopy (FTIR) was employed to identify functional groups 
interacting with metal particles and biomolecules [39]. The FTIR spectrum of the Ocimum basilicum 
extract showed characteristic peaks at 3265.1 cm⁻¹, 2124.6 cm⁻¹, 2001.6 cm⁻¹, and 1636.3 cm⁻¹. In 
contrast, AuNPs synthesized using Ocimum basilicum (AuNPs-OB) displayed peaks at 3261.4 cm⁻¹, 
2128.3 cm⁻¹, and 1636.3 cm⁻¹. 

The bands around 3265.1 cm⁻¹ and 3261.4 cm⁻¹ are attributed to O–H stretching vibrations, 
indicating the presence of hydroxyl groups. This observation aligns with findings from [40], which 
reported that polyphenolic compounds in green tea leaves exhibit strong O–H stretching in the 3600–
3200 cm⁻¹ region. 

A distinct absorption band at 1636.3 cm⁻¹ was observed in both the extract and AuNPs-OB 
samples, suggesting the presence of C=C stretching vibrations. This is consistent with the results 
obtained by Mardina et al. [41], who identified a similar band at 1626.85 cm⁻¹ in AuNPs synthesized 
using cinnamon essential oil. 

Additionally, absorption bands in the 2000–2130 cm⁻¹ range (specifically at 2124.6 cm⁻¹, 2128.3 
cm⁻¹, and 2001.6 cm⁻¹) may correspond to C≡C stretching vibrations, indicating the presence of alkyne 
groups. [42] Similarly, it was reported that alkyne ester functional groups absorb within the 2260–
2000 cm⁻¹ range. 
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Phytochemicals such as monoterpenoids, sesquiterpenes, and phytol in O. basilicum—which 
contain hydroxyl (O–H) and alkene (C=C) groups—are known to function as both reducing and 
stabilizing agents by binding to Au³⁺ ions. However, it is important to note that the FTIR data obtained 
in this study do not exhibit strong shifts or the emergence of new peaks that are typically associated 
with Au–functional group interactions. This may be attributed to the limitations of mid-infrared FTIR, 
which covers only the wavenumber range of 400–4000 cm⁻¹ [43]. Furthermore, it suggests that the 
stabilizing capping layer is weakly bound via physical adsorption (physisorption) rather than through 
strong covalent interactions that would significantly perturb the original peak positions. 

 

Fig. 6. FTIR spectra of Ocimum basilicum extract and synthesized AuNPs-OB. 

 

Fig. 7. PSA results of AuNPs-OB synthesized using Ocimum basilicum extract. 

Table 1.  PSA Data of Green-Synthesized AuNPs-OB 

Data Value (Average) 
Peak 1, mean size (nm) 3.519 

Peak 1, percentage size (%) 99.98 

Peak 2, mean size (nm) 15.44 

Peak 2, percentage size (%) 0.01917 

2) PSA 

Particle Size Analyzer (PSA) was utilized to determine the size distribution of AuNPs-OB [44], 
using samples synthesized under optimal conditions (pH 6 and precursor:bioreductant ratio of 6:3). 
The average particle size was found to be 3.519 nm. This result is highly satisfactory, as it 
demonstrates that O. basilicum extract—despite being a natural bioreductant—was capable of 
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synthesizing ultra-small, well-dispersed nanoparticles. As summarized in Table 2, the particle size is 
well within the nanoscale range (1–100 nm), confirming the successful formation of AuNPs. 

3.4. Study of the Potential of AuNPs-OB as a Colorimetric Detector for Microplastics  

The application of gold nanoparticles (AuNPs) for the colorimetric detection of microplastics 
represents a novel, underexplored approach, particularly when the nanoparticles are synthesized using 
environmentally friendly methods. AuNPs exhibit significant potential as agents for environmental 
monitoring, as demonstrated by Zhao and Hong in their studies on microplastic detection using 
nanoparticles [45], [46]. 

In this context, two analytical strategies are commonly referenced: the direct and indirect detection 
methods. The direct method involves interaction between AuNPs and microplastics, leading to 
physicochemical changes—most notably, a visible color change. This approach leverages the inherent 
hydrophobicity of microplastics. Because microplastics are hydrophobic, they can interact with 
similarly hydrophobic-modified nanoparticles in a “like dissolves like” manner [47], [48]. In the study 
[45], for instance, AuNPs were surface-modified with hydrophobic protein moieties. Upon contact 
with microplastics, dipole–dipole interactions triggered nanoparticle aggregation, thereby increasing 
their size. This change in size alters the surface plasmon resonance of the particles, causing a 
noticeable color shift from red to purple (Fig. 8). 

Conversely, the indirect method employs an external agent—such as acetone—to induce 
nanoparticle aggregation. Acetone acts as a molecular aggregator that gradually changes the color of 
AuNPs from red to blue as its concentration increases [10], [49]. This occurs due to an increase in 
particle size caused by aggregation. However, in the presence of microplastics, the particles act as a 
steric barrier, obstructing the aggregation process. As a result, the solution retains its original red color, 
indicating the presence of microplastics (Fig. 9). 

 

Fig. 8. Schematic of colorimetric interaction between modified AuNPs and microplastics [45]. 

 

Fig. 9. Schematic of AuNP-based microplastic detection assisted by acetone aggregation [46]. 

These two colorimetric approaches offer promising alternatives to conventional instrumentation 
such as Raman spectroscopy, FTIR, and SEM, particularly for their simplicity, speed, and low 
operational cost. Viewed through the lens of the 12 Principles of Green Chemistry, this method offers 
multiple advantages over traditional instrumentation-based approaches. First, it significantly reduces 
energy consumption. While conventional instruments demand substantial energy input across various 
stages—including sampling, analysis, and data processing—the colorimetric method requires only 
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minimal energy, limited to the nanoparticle synthesis phase [50]. Second, the process itself is 
straightforward and inherently safe. The synthesis is conducted under mild conditions, without the 
involvement of hazardous reagents or extreme reaction environments [51]. Third, the use of naturally 
derived bioreductants—such as Ocimum basilicum extract—enhances the environmental friendliness 
of the synthesis by avoiding reliance on synthetic chemicals and promoting the use of renewable 
resources [52]. Finally, the application of this method to real-time, in situ environmental monitoring 
directly supports the eleventh principle of green chemistry, which emphasizes the design of safer 
analytical methodologies that minimize pollution at the source [53]. 

Table 2.  PSA Data of Green-Synthesized AuNPs-OB 

Type of Nanoparticle Bioreductant Particle Size (nm) Reference 
gold nanoparticles Jatropha integerrima 38.8 [54] 

gold nanoparticles Curcuma pseudomontana 20.0 [15] 

gold nanoparticles Capsicum annum 20.0-30.0 [12] 

gold nanoparticles Ocimum basilicum 3.52 This work 

 

In summary, this study not only introduces an environmentally benign synthesis of AuNPs but also 
demonstrates their promising utility in the real-time detection of microplastics. The integration of 
green synthesis with innovative analytical applications marks a significant step forward in both 
nanomaterials research and sustainable environmental monitoring. 

4. Conclusion 

This study successfully demonstrated the green synthesis of gold nanoparticles (AuNPs) using 
Ocimum basilicum extract as a bioreductant. The optimal synthesis conditions were established at pH 
6 with a precursor-to-reducing agent ratio of 6:3 (mL). Characterization results confirmed the 
successful formation of AuNPs through visual color changes, UV-Visible spectrophotometry, FTIR 
analysis, and particle size analysis (PSA). The synthesized colloid exhibited a distinct red coloration, 
with a maximum absorption wavelength around 520 nm, which is characteristic of AuNPs. FTIR 
analysis indicated the presence of functional groups associated with polyphenolic and terpenoid 
compounds, supporting the role of Ocimum basilicum metabolites as effective reducing and stabilizing 
agents. PSA measurements showed a nanoparticle size of approximately 3.52 nm, indicating not only 
successful formation of nanosized particles but also high monodispersity and stability, despite the use 
of natural extract-based synthesis. These findings highlight the feasibility of using plant-derived 
bioreductants in green nanotechnology and offer a sustainable alternative to conventional chemical 
synthesis routes. Moreover, this work advances the application of biosynthesized AuNPs in 
environmental monitoring, particularly as a potential colorimetric sensor for microplastics. Further 
studies are recommended to explore the effects of additional synthesis variables, including extraction 
temperature, synthesis temperature, and reaction duration. Additional characterization techniques, 
such as transmission electron microscopy (TEM), are also suggested to further confirm the 
morphology and size distribution of the AuNPs-OB synthesized in this study. Additionally, future 
studies should investigate surface modification with non-polar compounds alongside comprehensive 
colorimetric or aggregation assays. 
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