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ABSTRACT 

This study provides a comprehensive guide for novice researchers to synthesize gold nanoparticles (AuNPs) with a target size of 15 
nm using the Turkevich method. By employing a systematic approach, we successfully produced well-defined AuNPs with a moderate 
size distribution and spherical morphology. A step-by-step procedure flowchart of the synthesis procedure, along with equations for 
molar ratio calculations, is provided to assist novice researchers. A fixed molar ratio of 2.8 for the reducing agent to precursor was 
chosen, as previous studies indicate this ratio reliably yields nanoparticles of approximately 15 nm. Characterization techniques, 
including Ultra-High Resolution Scanning Electron Microscope (UHR-SEM), UV-visible spectroscopy, zeta potential measurements, 
and zeta sizer, were employed to confirm the desired properties. Additionally, Energy-Dispersive X-ray Spectroscopy (EDX) was 
utilized to verify the elemental composition of the nanoparticles, confirming the presence of pure gold and the absence of impurities. 
SEM analysis revealed an average particle size of 15 nm, aligning with the target size. Zeta potential measurements revealed an average 
value of -38.56 mV. Additionally, an average polydispersity index (PDI) of 0.367, obtained from triplicate measurements, further 
supports the monodisperse nature of the synthesized AuNPs. The synthesized AuNPs have potential applications in various fields, 
especially those requiring precisely sized particles, such as biomedicine and catalysis. Future research may focus on optimizing the 
synthesis process to enhance reproducibility and explore additional applications, including the production of AuNPs with different 
sizes by adjusting the molar ratio of reducing agent to precursors. 
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1. INTRODUCTION 

The Turkevich method, known for its simplicity and 
reproducibility, is a widely adopted chemical synthesis 
technique for producing spherical gold nanoparticles 
(AuNPs). The Turkevich method is favored by researchers 
due to its straightforward protocol using accessible 
reagents like gold chloride and sodium citrate. The method 
relies on the reduction of gold ions in solution, resulting in 
the formation of AuNPs [1]. Essential steps involve 
dissolving gold chloride (AuCl₄) in a solution, adding 
sodium citrate as a reducing agent, and initiating the 
reaction by heating the solution, resulting in the reduction 
of gold ions by citrate molecules and the formation of 
AuNPs [2]. The technique's versatility and mild reaction 
conditions make Turkevich-synthesized AuNPs broadly 
useful across diverse laboratories and fields, with 
prominent applications in areas like biomedicine, catalysis, 
electronics, and sensing, owing to the unique size-
dependent optical, electronic, catalytic, and 
physiochemical properties of the nanoparticles. 
Researchers can optimize the Turkevich method to achieve 
specific properties in the synthesized nanoparticles by 
adjusting various parameters such as the molar ratio of the 
reagent mixture [3], [4], [5], [6], batch size [3], initial 
reagent concentration  [3], temperature [3], [7], [8], [9], 
reaction time [10], pH [10], [11], the order of addition of 
the reagents   [12], [13], [14] as well as the reducing and 

capping agent used [15]. Additionally, the addition of 
surfactants enhances the stability and dispersibility of 
nanoparticles in solution by attaching to their surface, 
lowering surface energy, limiting further growth, and 
confining them in the nanodomain [16].  Furthermore, it is 
worth highlighting that the utilization of flow reactors and 
pre-passivated precursors is yet another advantage of the 
Turkevich method. This method not only facilitates the 
production of gold nanoparticles but also enhances the 
reproducibility and control over the initial reaction stage. 
As a result, monodisperse nanoparticles with a narrow size 
distribution can be achieved consistently [17]. The 
optimization of the Turkevich method can lead to the 
synthesis of gold nanoparticles with specific properties 
tailored for various applications. Our study aimed to 
comprehensively explore the synthesis of gold 
nanoparticles (AuNPs) via the Turkevich method, focusing 
specifically on achieving a target size of 15 nm using a 
citrate-to-gold molar ratio of 2.8. While the Turkevich 
method for AuNP synthesis has been extensively studied 
and adapted across numerous works [4], [18], [19], [20], 
[21], [22], [23], [24], [25], [26], our approach specifically 
draws from Dong et al. [3], with modifications made to 
meet the objectives of this research. Building upon their 
foundational work, our experimental procedure focused 
exclusively on synthesizing 15 nm AuNPs, as the Turkevich 
method demonstrates reproducibility within the 10-30 nm 
range [27]. Additionally, this particular size is well-known 
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for its suitability in various applications due to its 
favourable physicochemical properties and stability [28], 
[29]. We employed the molar ratio of 2.8 (trisodium citrate 
dihydrate to gold(III) chloride), which Dong et al. identified 
as effective for producing particles of this size, with the 
expectation of achieving similar results. While maintaining 
the core parameter of a 2.8 molar ratio from Dong et al.'s 
work for synthesizing 15 nm AuNPs, our research 
addresses a common challenge in nanomaterial synthesis: 
the scarcity of detailed procedural information in 
published works, which often hinders result replication 
across different laboratories. Drawing upon our extensive 
literature review and experimental endeavours as 
newcomers, we encountered firsthand the frustration of 
piecing together critical details often omitted in reports of 
successful nanoparticle synthesis using the Turkevich 
method. To bridge this gap, the primary objective of this 
research is to provide a meticulously illustrated flowchart 
detailing the step-by-step synthesis procedure, an 
overview of molar ratio calculations, and transparent 
reporting of optimal synthesis parameters for well-defined, 
spherical 15 nm gold nanoparticles (AuNPs) using the 
traditional Turkevich method. The optimal synthesis 
parameters include precise volumes and concentrations of 
precursor and reducing agent, optimized reaction 
temperature profiles, as well as duration and speed for 
both stirring and centrifugation protocols.By explicitly 
detailing these parameters, we provide a tangible starting 
point for newcomers to fine-tune their own protocols. This 
approach transforms what is often an opaque and 
frustrating initiation for new researchers into a clear, data-
rich roadmap, enabling them to rapidly establish synthesis 
protocols and progress to more advanced research 
questions. In short, our work not only aims to contribute to 
the growing body of knowledge on gold nanoparticle 
synthesis using the traditional Turkevich method but also 
addresses the common challenges faced by researchers 
new to this field. By providing comprehensive details on 
this well-established method, we offer a valuable resource 
for both novice and experienced researchers in the field of 
gold nanoparticle synthesis. 
 
The characterization techniques, such as zeta potential 
measurement, zeta sizer, UHR-SEM, UV-Vis spectroscopy, 
and EDX, allow us to thoroughly investigate the physical, 
optical, and structural properties of the synthesized 
nanoparticles. UV-VIS spectroscopy gave insights into their 
optical properties, while zeta potential measurement with 
a zeta sizer provides a comprehensive evaluation of the 
colloidal system's stability and particle size distribution. 
This combination allows us to assess both the size of the 
particles as they exist in solution and the electrical forces 
that influence their stability and tendency to remain 
dispersed. UHR-SEM imaging revealed the surface 
morphology, agglomeration behavior, and precise size 
measurements of individual nanoparticles, providing a 
direct visual confirmation of the average particle size and 
size distribution. On the other hand, EDX confirmed the 
elemental composition of the nanoparticles, verifying their 
purity and composition. These analyses helped validate our 
approach in producing well-defined 15nm AuNPs using a 

specific molar ratio of 2.8. This research aspires to 
contribute valuable optimization knowledge, furthering 
understanding of the Turkevich method for the precise 
synthesis of 15nm AuNPs. Our findings hold critical 
implications for nanotechnology applications where the 
consistent and controlled production of specific 
nanoparticle sizes is pivotal. 
 
2. MATERIALS AND METHODS 

2.1. Materials 

Gold (III) chloride solution (99.99% trace metals basis, 30 
wt. % in dilute HCl) and trisodium citrate dehydrate (ACS 
reagent, ≥ 99.0%) were acquired from Sigma-Aldrich and 
Fisher Scientific, respectively. Deionized water served as 
the solvent for all experimental procedures. 

2.2. Molar Ratio Overview: Experimental 
Approach in This Work for AuNP Synthesis 

In gold nanoparticle (AuNP) synthesis, the molar ratio 
between reactants is a critical factor in controlling the 
properties of the final product, particularly size. This ratio, 
especially between the reducing agent and gold precursor, 
significantly influences the nucleation and growth 
processes of AuNPs. 
 
A higher molar ratio of reducing agent to precursor 
translates to a greater number of reducing agent molecules 
available in the reaction mixture. This abundance of 
reducing agent molecules leads to faster reduction of the 
gold ions (Au³⁺) to gold atoms (Au⁰). Faster reduction 
allows for the formation of numerous nucleation sites, 
resulting in a larger number of smaller nanoparticles. 
Conversely, a lower molar ratio of reducing agent leads to 
slower reduction, favoring the growth of existing nuclei 
into fewer, larger nanoparticles. 
 
Understanding and manipulating molar ratios allows 
researchers to tailor their syntheses for specific outcomes. 
The molar ratio is defined as the proportion of moles of two 
or more chemical species in a reaction, expressing the 
reaction's stoichiometry in terms of moles. 
 
In this section, we provide a brief overview of the molar 
ratios we used in our experiments to synthesize gold 
nanoparticles with an expected size of 15 nm. We 
employed a sodium citrate to gold chloride molar ratio of 
2.8. 
 
Gold chloride (HAuCl₄) was obtained as a solution, and 
trisodium citrate dihydrate (C₆H₉Na₃O₉) as a powder. A 
mixture with a high molar concentration (34 mM) of 
trisodium citrate was prepared.  A specific amount of 
trisodium citrate dihydrate powder was weighed and 
dissolved to create this concentrated solution. This 
solution was then used to precisely adjust the molar ratio 
to 2.8 with gold chloride, enabling controlled synthesis 
conditions that support reproducibility in similar 
experiments. 
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The calculation for the molar ratio of 2.8 for AuNP 
synthesis follows a systematic approach: 

● First, the concentration and molar mass of HAuCl₄ 

and C6H9Na3O9, respectively, are provided by the 

manufacturer. 

● Concentration of HAuCl₄ solution is 1.45 mol/L 

● Molar mass of C6H9Na3O9 is 294.10 g/mol.  

Different parameters were considered for each 
reactant due to their original form (solution vs 
powder). 

● Next, based on the desired molar ratios, the 

quantities of HAuCl₄ solution and C6H9Na3O9 

powder required for each synthesis were 

calculated using the following methods: 

● To determine the amount of HAuCl₄ solution 

needed, we apply the dilution formula as 

represented by Eq. (1) : 

 

𝐶𝑖𝑉𝑖 = 𝐶𝑓𝑉𝑓 (1) 

 

In this equation, Ci and Vi are the initial 

concentration and volume of the solution, 

while Cf and Vf represent the final 

concentration and volume of the diluted 

solution, respectively. To prepare a 0.25 mM 

diluted solution in 50 mL of deionized water, 

we pipetted 8.62 µl from the stock solution. 

● To determine the amount of C6H9Na3O9  powder 

needed, we apply the formula as represented 

by Eq. (2) : 

 

𝑀𝑎𝑠𝑠 𝑤𝑒𝑖𝑔ℎ𝑒𝑑 (𝑔)

= 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑚𝑜𝑙

𝐿
)

× 𝑉𝑜𝑙𝑢𝑚𝑒 (𝐿)   

× 𝑀𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 𝑜𝑓 𝐶6𝐻9𝑁𝑎3𝑂9 (
𝑔

𝑚𝑜𝑙
) 

 

(2) 

 
To prepare a 34 mM solution in 25 mL of 

deionized water, 0.25 g of C6H9Na3O9 powder 

was weighed from the stock. 

 

● Following the determination of the required 

quantities of HAuCl₄ solution and C6H9Na3O9 

powder, the number of moles for each reactant 

was calculated using Eq. (3). 

 

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 (𝑚𝑜𝑙)

= 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (
𝑚𝑜𝑙

𝐿
)

× 𝑉𝑜𝑙𝑢𝑚𝑒 (𝐿)   

(3) 

 

 

●  The concentration and volume of HAuCl₄ are 

0.25 mmol/L and 50.00862 mL, respectively. 

● The concentration and volume of C6H9Na3O9  

are 34 mmol/L and 1.03 mL, respectively. 

 

● Finally, the molar ratio of 2.8 is calculated by 

dividing the number of moles of one reactant by 

the number of moles of the other reactant, as 

shown in Eq. (4). 

 

𝑀𝑜𝑙𝑎𝑟 𝑟𝑎𝑡𝑖𝑜 (𝑀𝑅)

=
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝐶6𝐻9𝑁𝑎3𝑂9 (𝑚𝑜𝑙)

 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑚𝑜𝑙𝑒𝑠 𝐻𝐴𝑢𝐶𝑙4 (𝑚𝑜𝑙)
 

 

(4) 

 

 
Table 1. Preparation Details for Gold Nanoparticles at a Molar 

Ratio of 2.8 
 

Trisodium Citrate 
Dihydrate 

Gold (III) chloride  
 
 
 
 

Final 
Molar 
Ratio 

Achieved 

Mass of 
Trisodiu
m Citrate 
Dihydrate 
Used (g) / 
Volume of 

Stock 
Solution 

Prepared 
(mL) 

Volume of 
Trisodium 

Citrate 
Dihydrate 

Stock 
Solution 

Used (mL) 

Concentratio
n of Gold (III) 

Chloride 
Stock 

Solution 
(mM) 

Volume 
of Gold 

(III) 
chloride 
pipette
d from 
stock 

solution 
to dilute 

in 50 
mL DI 

0.25 g in 
25 mL DI 

1.03 1.45 8.62 µL  2.8 

 
Table 1 presents the parameters used to achieve the final 
molar ratio of 2.8 for the synthesis of gold nanoparticles. It 
includes the mass of trisodium citrate dihydrate used to 
prepare the concentrated stock solution, the volume of this 
stock solution utilized, the concentration of the gold (III) 
chloride stock solution, and the volume of gold (III) 
chloride pipetted for dilution. This table provides a detailed 
overview of the quantities and concentrations involved in 
the preparation process, offering clear reference points for 
replicating the experiment and understanding the specific 
conditions under which the final molar ratio was achieved. 
In our experiment, we used gold (III) chloride 
concentrations below 0.8 mM based on several key 
observations in the literature [3], [5], [30]. As introduced 
by Frens, Kimling et al.’s work established that while the 
gold-to-reductant ratio primarily determines particle size, 
the absolute concentration becomes crucial below 2 mM, 
with optimal size definition achieved at concentrations 
below 0.8 mM. At these lower concentrations, a narrow size 
dispersion of 13-16% can be attained for particles smaller 
than 40 nm [5]. They further reported a significant increase 
in both size and polydispersity when gold salt 
concentrations exceeded 0.8 mM, particularly at citrate-to-
gold ratios below 2 [30]. This is further corroborated by 
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Zabetakis K. et al., who reported that lower initial HAuCl4 
concentrations (< 0.8 mM) result in reduced polydispersity 
[3].  
 
2.3. Synthesis of AuNPs 

All reaction vessels were meticulously cleaned prior to 
synthesis using acetone and deionized (DI) water. The 
vessels were then bath sonicated for 10 minutes with DI 
water.  Figure 1 provides a comprehensive flowchart using 
text to detail the step-by-step procedures from initial 
preparation to completion. The entire synthesis process 
was carried out in a functional fume hood. In our 
procedures, 25 mL of 34.0 mM trisodium citrate dihydrate 
(C6H9Na3O9) solution was prepared by dissolving 0.25 
gram in 25 mL DI water. After thorough stirring of the 
mixture, a 1.03 mL portion was carefully extracted using a 
syringe, and this sample was labelled as Sample A. Then, a 
250 mL flask was used to prepare 50 mL of 0.25 mM gold 
chloride solution (HAuCl4) separately. The solution was 
prepared by dissolving 8.62 µl of HAuCl4 in 50 mL of DI 
water, namely Sample B. The HAuCl4 solution (Sample B) 
was then heated on a hotplate while stirring at 1000 rpm. 
When the HAuCl4 solution (sample B) attained a 
temperature of 90°C, sample A solution was promptly 
injected into it. The resulting mixture, namely sample C, 
underwent continuous heating and stirring for 5 minutes 
within the fume hood, during which a distinct color 
transition from light yellow to grey and ultimately to a wine 
red was observed. After the 5-minute duration, sample C 
was allowed to cool down naturally to room temperature. 
The cooled solution was then transferred to a 
centrifugation tube and subjected to centrifugation at 9000 
rpm for 5 minutes. 

 

Figure 1. Turkevich AuNP synthesis flow at a 2.8 molar ratio 
 

Figure 2 shows the separation of the cooled solution into a 
supernatant and a pellet after the centrifugation step. The 
supernatant, indicated by the clear liquid layer on top, 
contains the dispersed gold nanoparticles and other 
dissolved components. This supernatant fraction was 

carefully pipetted out and transferred to a dark bottle, 
where it was stored in a 4°C environment for further 
characterization analyses. The pellet, represented by the 
solid material at the bottom of the centrifuge tube, 
consisted of any denser particles, aggregates, or 
precipitates that sedimented during the centrifugation 
process. After separating the supernatant, the remaining 
pellet was diluted with deionized water before being 
discarded as waste. 

 

Figure 2. Separation of the synthesized gold nanoparticle 
solution after centrifugation 

2.4. AuNP Sample Preparation: Solution-Based and 
Substrate Deposition Techniques 

In this subsection, we describe the preparation and 
deposition methods of our synthesized AuNPs for various 
characterization techniques. Following the Turkevich 
synthesis method, the colloidal AuNP solution was used in 
both its original liquid form and as deposited films, 
depending on the specific analytical requirements. For 
UHR-SEM and EDX analyses, we employed the spin-coating 
technique. The spin-coating technique was performed 
using a two-step program, starting with a gradual increase 
in speed from 0 to 1000 rpm over 20 seconds, then 
maintaining a steady rotation at 1000 rpm for 90 seconds. 
In contrast, for zeta potential and zeta sizer measurements, 
as well as UV-Vis spectroscopy, we utilized the AuNPs in 
their original colloidal solution form. This approach 
preserves their native charge, size distribution, and optical 
properties, ensuring accurate assessment of their 
plasmonic characteristics and colloidal stability. 
 
2.5. Characterization of AuNPs 

The characterization of the synthesized AuNPs was carried 
out using a range of analytical techniques to 
comprehensively assess their properties. These techniques 
included spectroscopic methods for optical analysis, 
microscopy for morphological and elemental examination, 
and light scattering methods for determining particle size 
distribution and stability. Table 2 provides a summary of 
the instruments used in this study, detailing the specific 
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techniques, instrument types, brands, models, and the 
corresponding measurements obtained. This array of 
analytical tools allowed for a thorough investigation of the 
AuNPs' physicochemical properties, ensuring a robust 
characterization process. 

Table 2. Analytical Instruments Used for AuNPs 
Characterization 

 

Instrument Brand Model Measurement 

UHR-SEM Hitachi Regulus 
8220 

Size and shape 
of the 

nanoparticle 

EDX Detector 
(integrated with 

UHR-SEM) 

Oxford Ultim 
Extreme 

Elemental 
composition 

UV-Vis 
Spectrophotometer 

Perkin 
Elmer 

Lamda 
750 

Optical 
properties 

Zetasizer Malvern Master 
Sizer 
2000 

Zeta potential 
(mV) 

Zetasizer Malvern Master 
Sizer 
2000 

Particle size 
distribution 

(PDI) 

 

 
3. RESULT AND DISCUSSION 

This section presents an examination of the synthesized 
gold nanoparticles' characteristics. Here, we focus on the 
comprehensive characterization of AuNPs using zeta 
potential measurement, zeta sizer, UHR-SEM, UV-Vis 
spectroscopy, and EDX. The tables, graphs, and figures in 
this section illustrate and support our findings, offering 
deeper insights into the morphological, optical, structural, 
and compositional properties of the AuNPs for the studied 
molar ratio.  
 

3.1. Surface Morphology Observation 

In this subsection, we present the UHR-SEM results, which 
offer direct visual confirmation of the nanoparticles' size 
and shape. These observations are pivotal for 
understanding the effectiveness of the synthesis conditions 
and verifying that the nanoparticles exhibit the intended 
characteristics. The images were captured at a consistent 
magnification of 80,000x, with observations made at two 
spots. The obtained images are presented in Figure 3. 

(a)                                              (b) 

Figure 3. UHR-SEM of AuNPs at (a) Spot 1, (b) Spot 2 

Figure 3(a) and 3(b) present UHR-SEM micrographs of gold 
nanoparticles (AuNPs) synthesized using the Turkevich 
method, at two spots. The nanoparticles in these figures 
consistently exhibit sizes ranging from approximately 14.1 
nm to 15.3 nm, which aligns with the hypothesis that a 
molar ratio of 2.8 produces AuNPs around 15 nm, as 
supported by previous literature. This consistency in size 
supports the hypothesis that the chosen synthesis 
conditions effectively produce AuNPs of the desired size. 
UHR-SEM imaging also confirmed the spherical shape of 
these nanoparticles, further demonstrating the 
effectiveness of the synthesis conditions in achieving 
uniform morphology. In each figure, the nanoparticles 
exhibit a predominantly spherical morphology, which is 
advantageous for applications requiring uniform particle 
shape and surface properties. This spherical shape 
indicates successful control over the synthesis process, as 
intended. Some degree of agglomeration is visible in all 
figures, with nanoparticles clustering into larger 
aggregates. Despite this, the individual nanoparticles 
remain spherical in shape. The zeta potential results 
indicate moderate stability, allowing the observed 
agglomeration to be disregarded. In summary, these 
figures collectively demonstrate the successful synthesis of 
spherical AuNPs with the desired size around 15 nm and 
spherical morphology. 

3.2. Stability and Particle Size Distribution 

These analyses complement our previous findings on size 
and shape, providing crucial information about the 
nanoparticles' surface charge, stability, and size 
distribution uniformity. The zeta potential, reported in 
millivolts (mV), offers insights into the electrostatic 
stabilization of the AuNPs in solution. Concurrently, the 
PDI, determined using Zeta sizer, quantifies the 
homogeneity of the nanoparticle population. The findings 
of our work, summarized in Table 3, demonstrate that 
utilizing a 2.8 molar ratio yields AuNPs with satisfactory 
colloidal stability and acceptable size distribution 
uniformity. 
 
Table 3. Characteristics of Gold Nanoparticles Synthesized Using 

a Molar Ratio of 2.8 
 

Parameter Value 

Monodispersity (PDI) 0.367 

Stability -38.56 mV 
 

The data presented in Table 3 reveal several important 
characteristics of the gold nanoparticles (AuNPs) 
synthesized using the chosen citrate-to-gold ratio of 2.8.  
 
Polydispersity Index (PDI) is a key parameter that 
represents the distribution of size populations within a 
given nanoparticle sample. The numerical value of PDI 
ranges from 0.0 to 1.0, where 0.0 indicates a perfectly 
uniform sample with respect to particle size, and 1.0 
represents a highly polydisperse sample with multiple 
particle size populations [31]. The moderate polydispersity 
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index (PDI) of 0.367 obtained in this work, which is an 
average value obtained from three separate Zeta Sizer 
measurements of the same sample, reflects a relatively 
moderate size distribution with some variability in particle 
size. This average PDI indicates that, while there is some 
size variation among the nanoparticles, the overall 
distribution is reasonably controlled.  
 
Zeta potential (ZP) is a crucial parameter that provides 
valuable insights into the stability of nano dispersions.  
Generally, higher absolute values of zeta potential suggest 
a greater probability of suspension stability. Colloidal 
systems with absolute ZP values in the range of 31 to 40 mV 
are often considered to have moderate stability. 
Conversely, small ZP values (from +5 to −5 mV) typically 
indicate a tendency for system destabilization [32]. In these 
cases (low potentials), attractive forces may exceed 
repulsive forces, potentially leading to coagulation or 
flocculation [2][33][34]. In our case, the notably negative 
ZP of -38.56 mV, which is an average value derived from 
three separate measurements, indicates strong 
electrostatic repulsion between particles. This high 
negative value suggests that the citrate ions provide 
effective stabilization, minimizing particle aggregation and 
enhancing the stability of the colloidal dispersion. 
 
The use of multiple measurements from the same sample 
for both polydispersity index (PDI) and zeta potential (ZP) 
ensures that the average values accurately represent the 
size distribution and stability characteristics within that 
specific sample.  
 
3.3. Optical Properties and Localized Surface 
Plasmon Resonance (LSPR) Behavior 

In our investigation of AuNP synthesis via the Turkevich 
method, UV-Vis spectroscopy provided crucial insights into 
the relationship between citrate-to-gold ratio and 
nanoparticle characteristics. The observed spectral shifts 
and peak characteristics correlated strongly with particle 
size, dispersity, and morphology as confirmed by 
complementary techniques. 
 
The band intensity and wavelength in UV-Vis spectra 
depend on various AuNP properties, including structure, 
shape, metal composition, and size [35], [36], [37]. 
Typically, spherical AuNPs of approximately 10 nm 
diameter exhibit a surface plasmon band with peaks 
around 521 nm [2]. As particle size increases, the 
wavelength of this peak shift to higher values [37]. This 
relationship between particle size and spectral 
characteristics formed the basis for interpreting our 
results. 
 
Figure 4 presents the UV-Vis spectrum of our gold 
nanoparticle sample, synthesized using the Turkevich 
method. A prominent, single peak is centered at 521 nm. 
Interestingly, this wavelength is typically reported for 10 
nm AuNPs [2], but our nanoparticles, with an average size 
of approximately 15 nm, exhibit the same SPR peak 
position.  

  

 
 

Figure 4. UV-Vis spectrum of synthesized gold nanoparticles 
using MR of 2.8 

 

While the literature suggests that larger nanoparticles 
generally show a red-shift in the SPR peak [2], the observed 
result can be explained by several factors. Gold 
nanoparticles with a spherical shape tend to have more 
predictable SPR behavior compared to non-spherical 
particles, which often show more significant peak shifts as 
their size changes. In our case, the spherical shape of the 
nanoparticles likely contributes to the stability of the SPR 
peak, limiting the wavelength shift even with the size 
increase to 15 nm. Additionally, the moderately broad peak 
and the polydispersity index (PDI) of 0.367 from our zeta 
sizer analysis suggest a moderate size distribution, with 
some smaller particles likely contributing to the optical 
response. The spherical shape and relatively narrow size 
range (14.1–15.3 nm), confirmed by UHR-SEM analysis, 
further support the idea that the expected red-shift in the 
SPR peak is minimized despite the increase in particle size. 
In conclusion, while our AuNPs have a larger average size 
than 10 nm, the observed SPR peak at 521 nm is consistent 
with the combined effects of particle size distribution and 
shape. This demonstrates successful synthesis with 
controlled growth and a moderately uniform size 
distribution, corroborated by UHR-SEM and zeta sizer 
results. 
 
3.4. Elemental Composition Assessment 

To further assess the elemental composition and purity of 
the synthesized gold nanoparticles, energy-dispersive X-
ray spectroscopy (EDX) analysis was performed. Our EDX 
results reveal a significant composition of gold, along with 
other elements such as carbon, oxygen, chloride, and 
sodium. These findings provide a comprehensive 
understanding of the elemental makeup of the 
nanoparticles, confirming the successful synthesis and 
highlighting the presence of residual components from the 
synthesis process. The results of the EDX analysis are 
summarized in Table 4. 
 
Table 4 presents a detailed summary of the elemental 
composition data obtained from EDX analysis. The EDX 
analysis of the gold nanoparticles synthesized using the 
Turkevich method, where trisodium citrate dihydrate was 
employed as the reducing agent and gold (III) chloride as 
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the precursor, reveals a significant composition of 25.75% 
gold, indicating successful synthesis of gold nanoparticles. 
The detection of carbon in the EDX analysis corroborates 
the presence of the citrate capping layer on the AuNPs. 
 

Table 4. Elemental Composition of Synthesized Gold 
Nanoparticles using MR of 2.8 

 

Element Weight%  
(EDX) 

 Gold (Au) 25.75 

Oxygen (O) 1.70 

Carbon (C) 64.59 

Chloride (Cl) 6.89 

Sodium (Na) 1.07 

 

The high carbon content (64.59%) is due to the citrate ions 
from the reducing agent, which remain on the nanoparticle 
surface. The high percentage of carbon and gold suggests a 
gold-coated carbon-based material. Chloride (6.89%) and 
sodium (1.07%) are likely remnants from the gold (III) 
chloride precursor and the trisodium citrate, respectively. 
This elemental composition confirms the successful 
reduction of gold ions and formation of gold nanoparticles, 
with some residual components from the synthesis 
process. Additionally, the presence of oxygen (1.70%) can 
be attributed to the citrate capping agent used during 
synthesis. Hence, our results confirm the reliability of our 
transparent approach, effectively aiding novice 
researchers in understanding the relationship between 
synthesis parameters and nanoparticle characteristics. 
 
4. CONCLUSION 

In this study, we successfully synthesized gold 
nanoparticles (AuNPs) using the Turkevich method with a 
suggested molar ratio of reducing agent to precursor (2.8). 
This approach achieved a target size of 15 nm, 
demonstrating a reliable and reproducible method for 
novice researchers. The consistent reaction conditions and 
systematic methodology resulted in well-defined AuNPs 
with a moderate size distribution and spherical 
morphology. Comprehensive characterization confirmed 
the desired properties, including an average particle size of 
15 nm with strong electrostatic repulsion preventing 
aggregation. The EDX analysis reveals an acceptable gold 
content, coupled with the detection of the citrate capping 
agent, which indicates the synthesis of AuNPs with the 
desired surface functionality. The inclusion of detailed 
molar ratio calculations in our work provides a valuable 
resource for novice researchers, offering guidance on how 
to modify the synthesis process to achieve their desired 
nanoparticle size. While our protocol reliably produces 15 
nm AuNPs, the optimization of parameters such as reagent 
concentration, temperature, pH, and reaction time remains 
necessary for controlling particle characteristics such as 
their size, shape, dispersity, and stability. Future research 
should explore tuning these variables, alongside molar 
ratio adjustments, to enhance reproducibility and achieve 
application-specific outcomes. 
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