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Effect of Reducing Agent Type on the Morphology, 

Size, and Stability of Gold Nanoparticles (AuNPs): A 

Comparative Study of Sodium Citrate and 

Ethylenediaminetetraacetic Acid (EDTA)  

Eduwin Saputra1*  

Abstract. Gold nanoparticles (AuNPs) were successfully synthesized using two types 

of reducing agents (sodium citrate and EDTA) to investigate the effect of reducing 

agent type on the physicochemical properties of the resulting nanoparticles. The 

citrate-mediated synthesis yielded optimal results at pH 4 with the addition of 0.25 mL 

of 0.25% citrate solution, whereas the EDTA-mediated synthesis was optimal under 

the same pH conditions with 0.50 mL of 0.25% EDTA solution. Transmission Electron 

Microscopy (TEM) analysis revealed that citrate-AuNPs were spherical with an 

average size of 56 nm, while EDTA-AuNPs exhibited a hexagonal morphology with an 

average size of 27 nm. Furthermore, EDTA-AuNPs demonstrated superior stability 

during long-term storage compared to citrate-AuNPs. These results suggest that the 

type of reducing agent significantly affects the morphology, size, and stability of 

synthesized AuNPs.
 
 

Introduction  

Nanoparticles are particles with nanometer dimensions 

(1-100 nm) that exhibit significantly different physical, 

chemical and biological properties compared to materials 

in macroscopic (bulk) form. There are many materials that 

are often used as nanoparticles such as gold (Au)(Dong et 

al., 2025), silver (Ag)(Tareq et al., 2025) and copper (Cu) 

(Serdar et al., 2025)metals. Gold nanoparticles (AuNPs) are 

one of the research topics that are experiencing rapid 

development due to their vast potential applications in 

various fields, including biomedicine(Samad et al., 2025), 

electronic(Wang et al., 2025), health(Saputra et al., 2025), 

and environment(Coelho et al., 2024). Gold nanoparticles 

have characteristics such as their large surface to volume 

ratio. This gives AuNPs the property of surface plasmon 

resonance, which gives them a color change that can 

be observed with the naked eye(Austin et al., 2014) 

This character arises due to the collective oscillation 

of electrons in the conduction band after the interaction 

between AuNPs and electromagnetic radiation. This 

character   is   very   useful   to   be   applied  as  a colorimetric 

 

 

sensor (Dong et al., 2025; Laghari & Khuhawar, 2020; 

Saputra, 2024). 

The synthesis of AuNPs has been carried out by various 

methods such as reduction(Jingyue Zhao, 2015), thermal 

decomposition(Odularu, 2018), sonochemical(Fuentes-

García et al., 2021), photochemical(Dong et al., 2025), and 

electrochemistry(Lewa et al., 2023). Among these methods, 

chemical reduction is the most popular way of synthesizing 

gold nanoparticles due to its simplicity, low-cost, and the 

possibility of being produced on a large scale(Hammami et 

al., 2021). The reduction method only requires reductants 

and precursors in the process of synthesizing gold 

nanoparticles. The sensitivity and selectivity of the AuNPs-

based colorimetric sensor to detect analytes is influenced 

by the optimum conditions of the colorimetric sensor. 

The optimum conditions for synthesis of AuNPs are 

influenced by several factors, including precursor pH, 

reductant concentration, incubation time, and the type of 

reductant used. Highly acidic solutions result in an excess 

of H⁺ ions, which can reduce the availability of electrons 

needed to convert Au³⁺ ions into neutral Au⁰ atoms. An 

increase in the amount of reductant added to HAuCl₄ 

is generally  proportional  to  the  amount of AuNPs formed. 
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Determining the optimum incubation time is essential to 

identify the duration required for complete reduction of 

Au³⁺ to Au⁰. Additionally, the type of reductant used plays 

a critical role in determining the physicochemical 

characteristics of the resulting AuNPs(Yoo et al., 2022). 

Therefore, further investigation into the effects of various 

reducing agents is essential for optimizing the synthesis of 

AuNPs. 

The Turkevich method is one of the most widely 

employed approaches for the synthesis of gold 

nanoparticles (AuNPs), wherein colloidal AuNPs are 

produced via the chemical reduction of chloroauric acid 

(HAuCl₄) using an appropriate reducing agent(Zhao et al., 

2013). Trisodium citrate is commonly utilized in this 

method due to its dual role as both a reducing and 

stabilizing agent, attributed to the presence of three 

carboxylate groups (-COO-) and one hydroxyl group (-OH) 

in its molecular structure. Ethylenediaminetetraacetic acid 

(EDTA), an organic chelating agent with four carboxylate 

groups, serves as an alternative reducing 

agent(Mohammadi et al., 2013). In the present study, 

AuNPs were synthesized using EDTA to evaluate its effect 

on nanoparticle formation. The distinct structural features 

of trisodium citrate and EDTA are anticipated to 

significantly influence the physicochemical characteristics 

of the resulting AuNPs under optimized synthesis 

conditions.  

 

Experimental 

Material and Methods 

The materials used in this study included 1.0 g of 99.9% 

pure gold supplied by Antam, aqua regia prepared from 

hydrochloric acid (HCl, 37%) and nitric acid (HNO₃) in a 3:1 

ratio (12 mL:4 mL), and distilled water. Additional reagents 

obtained from Merck (Germany) included trisodium citrate 

(Na₃C₆H₅O₇), ethylenediaminetetraacetic acid (EDTA), and 

sodium hydroxide (NaOH). The instruments employed 

were a UV-Vis spectrophotometer (Shimadzu UV-Vis 

Thermo Scientific Genesys 10S), a Transmission Electron 

Microscope (TEM; JEOL JEM-1400), a Particle Size Analyzer 

(PSA; HORIBA Scientific SZ-100), a mini photo studio, and 

a Galaxy A33 smartphone camera.  

 

Procedures 

Synthesis of gold nanoparticles (AuNPs) 

Preparation of HAuCl4 solution. Amount of 1.0 g of gold 

was dissolved into aqua regia (a mixture of 37% HCl and 

65% HNO3 solutions in a ratio of 3:1 (12 mL: 4 mL)). The 

mixing was carried out in a fume hood and the dissolution 

process was carried out on an electric heater at 50oC and 

stirred at 60 rpm until all the gold metal was completely 

dissolved. The solution was then diluted with distilled 

water to a volume of 1000 mL.  

 

pH Optimization of HAuCl₄ 

The pH of the HAuCl₄ precursor in this study was 

adjusted to 2, 3, 4, and 5. The pH adjustment was performed 

by adding several drops (approximately 0.1-0.3 mL) of 1.4 

M NaOH to the precursor solution, followed by pH 

measurement using a pH meter. A 1.50 mL aliquot of the 

HAuCl₄ solution at each pH level was heated on a hotplate 

with stirring at 100 °C until boiling, then 0.50 mL of 0.5% 

(w/v) sodium citrate or EDTA was added. The synthesis 

continued until a visible color change occurred, ranging 

from yellow to gray, purple, reddish-purple, and red. After 

the formation of colloidal AuNPs, the absorbance of each 

solution was measured using a UV-Vis spectrophotometer. 

 

Precursor concentration optimization 

Amount of 0.50 mL of 0.5% (w/v) reductant solution was 

added to 1.50 mL of HAuCl4 solution at optimum pH and 

varied in concentration from 50, 100, 150, and 200 mg/L.  

Synthesis of AuNPs was carried out at 100°C with 

stirring. After the formation of colloidal AuNPs, each 

solution was measured for absorbance using a UV-Vis 

spectrophotometer. 

 

Optimization of reductant concentration and volume 

The HAuCl₄ solution at the optimum concentration and 

volume was adjusted to pH 5 and then mixed separately 

with sodium citrate and EDTA at varying concentrations of 

0.10%, 0.25%, 0.50%, 0.75%, and 1.00% (w/v). The 

synthesis of AuNPs was conducted at 100 °C under stirring. 

Subsequently, the volume of the reducing agents was 

varied at 0.10, 0.25, 0.50, 0.75, and 1.00 mL. After the 

formation of AuNPs, the absorbance of each solution was 

measured using a UV-Vis spectrophotometer. 

 

Stability of AuNPs 

The stability test was conducted by storing the colloidal 

AuNPs for specific time intervals, followed by absorbance 

measurements. AuNPs synthesized using trisodium citrate 

and EDTA under optimum conditions were analyzed on 

days 1, 2, 3, 7, 14, 21, and 28. 

 

Characterization of AuNPs 

Characterization of the AuNPs was conducted using UV-

Vis spectrophotometry, transmission electron microscopy 

(TEM), and particle size analysis (PSA). TEM and PSA were 

performed on 5 mL aliquots of Cit-AuNPs and EDTA-AuNPs. 
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Result and Discussion 

Synthesis of gold nanoparticles (AuNPs) 

Gold nanoparticles (AuNPs) can be synthesized using 

reducing agents such as sodium citrate or 

ethylenediaminetetraacetic acid (EDTA), each 

demonstrating distinct reduction mechanisms and 

efficiencies in producing nanoscale particles. In citrate-

mediated synthesis, gold ions (Au³⁺) derived from the 

HAuCl₄ precursor are reduced to elemental gold (Au⁰) 

under elevated temperature conditions. Sodium citrate 

functions both as a reducing and stabilizing agent; the 

resulting Au⁰ atoms initiate nucleation, followed by particle 

growth through the successive addition of Au⁰ atoms to the 

growing nuclei. Citrate ions subsequently adsorb onto the 

nanoparticle surface, imparting negative charges that 

induce electrostatic repulsion, thus preventing aggregation 

and enhancing colloidal stability(Monti et al., 2017). 

Meanwhile, in the EDTA-based system, the reduction of 

Au³⁺ ions to Au⁰ is facilitated by the reductive carboxylate 

and amine groups present in the EDTA molecule(Dozol et 

al., 2013). This process also occurs under heating 

conditions and proceeds through similar nucleation and 

particle growth stages. EDTA further acts as a stabilizing 

agent via chelation and adsorption mechanisms, providing 

steric hindrance and imparting a negative surface charge 

that enhances particle stability. Due to its strong metal-

chelating ability, EDTA yields AuNPs with smaller particle 

sizes and greater colloidal stability compared to those 

synthesized using citrate. The reaction mechanism 

between the precursor and the reducing agent is illustrated 

in figure 1. 

The synthesis of AuNPs was conducted by optimizing 

several parameters, including precursor pH, reductant 

concentration and volume, and reaction time, based on the 

resulting UV-Vis spectra.  

 

pH Optimization of HAuCl₄ 

The formation of AuNPs is highly influenced by the pH of 

the reaction medium(Malassis et al., 2016). pH 

optimization is essential to establish the ideal conditions 

for reducing Au³⁺ to Au⁰, particularly when using sodium 

citrate, which is highly sensitive to pH changes. In this 

study, the pH of the HAuCl₄ solution was varied from 2 to 5. 

Optimization was performed by adjusting the pH of the 

precursor solution prior to synthesis. Since the initial pH of 

HAuCl₄ was 1.7, it was adjusted with 1.4 M NaOH until the 

desired pH was reached, as confirmed by a pH meter. The 

NaOH solution was added only in small volumes; therefore, 

it did not significantly alter the concentration of HAuCl₄ in 

the reaction system. The effect of pH variations on AuNPs 

synthesis using citrate and EDTA as reductants is 

illustrated in the figure 2: 

The optimum pH condition for the synthesis of citrate-

AuNPs and EDTA-AuNPs was determined to be pH 4. Based 

on the absorbance data, the formation of gold nanoparticles 

was observed even at a precursor pH of 2, as indicated by 

absorbance peaks in the wavelength range of 500–550 nm 

and the appearance of a reddish-purple colloidal 

color(Shang et al., 2022). This color change is attributed to 

the phenomenon of localized surface plasmon resonance 

(LSPR), where incident light interacts with the free 

electrons on the nanoparticle surface, causing collective 

oscillations of electrons in the conduction band(Alebrahim 

et al., 2024). Under highly acidic conditions, the excess of 

H⁺ ions reduce the availability of electrons for the 

reduction of Au³⁺ to Au⁰, thereby inhibiting efficient 

nanoparticle formation. The formation of AuNPs is strongly 

influenced by the acidity of the solution, in accordance with 

Le Chatelier's principle. As the concentration of H⁺ ions 

increase, the reducing ability of citrate diminishes, thereby 

decreasing the availability of electrons required to reduce 

Au³⁺ ions to elemental gold (Au⁰) and form AuNPs(Tyagi et 

al., 2011). 

As the pH of the precursor solution increases, the color 

of the resulting colloid shifts to burgundy, accompanied by 

a rise in maximum absorbance, which reaches its optimum 

at pH 4. Elevating the pH above 3 reduces the concentration 

of H⁺ ions, allowing more carboxylate groups to ionize into 

their anionic form (-COO-). These anionic groups can 

interact with Au(III) ions to form complexes, thereby 

generating a negatively charged layer on the surface of gold 

nanoparticles (AuNPs) during the reduction process. An 

increased number of anionic carboxylate groups enhances 

the negative surface charge, promoting greater 

electrostatic stabilization of the nanoparticles. 

Furthermore, pH measurement conducted after AuNPs 

synthesis showed that the final pH of the colloidal solution 

increased to approximately 6. This result supports the 

proposed mechanism, indicating the consumption of H⁺ 

ions and the involvement of citrate and EDTA ionization 

during the reduction of Au³⁺ to Au⁰. However, at pH 5, the 

UV-Vis spectra exhibit a decrease in maximum absorbance, 

indicating a reduced number of particles formed. The 

absorbance intensity observed in the UV-Vis spectra 

correlates with the concentration of nanoparticles in the 

solution(Notriawan et al., 2021). Thus, nanoparticle 

formation increases from pH 2 to 4, but declines at pH 5. 

Based on the absorbance data of Citrate-AuNPs and 

EDTA-AuNPs, it was observed that increasing the 

precursor pH from 4 to 5 resulted in a decrease in 

absorbance. This reduction is attributed to nanoparticle 

aggregation under more alkaline conditions. These findings 
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are consistent with the study by Rizki et al., (2020), which 

reported that increasing the pH from 6 to 10 during 

synthesis led to AuNPs aggregation, indicated by a color 

change of the solution to blue or gray. This phenomenon is 

caused by the high concentration of OH⁻ ions in alkaline 

media, which enhances hydrogen bonding between 

reducing molecules on the surface of adjacent AuNPs, 

thereby reducing the interparticle distance and promoting 

aggregation. 

 

 

 
Figure 1. Mechanism of AuNPs Formation by Citrate and EDTA 

Reducing Agents. 

 
 

The stability and formation of AuNPs are strongly 

influenced by the protonation state of citrate, which 

changes according to the pH of the solution. Citrate has 

three dissociation constants, namely pKa₁ = 3.14, pKa₂ = 

4.67, and pKa₃ = 6.40, indicating the transition of citrate 

species at different pH ranges. In the pH range of 3.14–4.67, 

citrate predominantly exists in the monodeprotonated 

form, which provides favorable electrostatic interactions 

with gold ions. Under these conditions, citrate effectively 

acts as both a reducing stabilizer and capping agent, 

thereby preventing excessive particle growth and 

maintaining the nanoparticles within the nanoscale 

dimension(Krishnamurthy & Yun, 2013). 

At lower pH conditions, the proportion of 

monodeprotonated citrate decreases, reducing its ability to 

stabilize the AuNPs surface. Therefore, the particles tend to 

aggregate, forming larger particles that may eventually 

precipitate. When the pH increases to the range of 4.67–

6.40, the dominant citrate species shifts to the 

dideprotonated form, while above pH 6.40 the 

trideprotonated species becomes predominant. These 

highly deprotonated citrate species are considered less 

effective in maintaining nanoparticle stability compared to 

the monodeprotonated form, which can also lead to 

increased aggregation of AuNPs at higher pH values (Amir 

Tabrizi, Fatma Ayhan, 2009). 

EDTA acts as both a reducing and stabilizing agent in the 

synthesis of gold nanoparticles (AuNPs). During the 

reaction, EDTA initially forms complexes with Au(III) ions 

and subsequently undergoes oxidative decarboxylation, 

producing intermediates such as ED3A, S-EDDA, glyoxal, 

and formaldehyde. In this process, Au(III) is reduced to 

Au(I) and finally to metallic Au(0), leading to the formation 

of gold nanoparticles. The formaldehyde generated during 

EDTA oxidation also contributes to the reduction and 

nucleation processes. Furthermore, the reaction 

mechanism is strongly influenced by pH; acidic conditions 

promote faster reduction and the formation of larger 

particles, whereas alkaline conditions result in slower 

reduction and the formation of smaller, more stable 

nanoparticles due to enhanced stabilization by 

EDTA (Dozol et al., 2013). 

 

 

 
Figure 2. Absorbance data of synthesized Citrate-AuNPs and 

EDTA-AuNPs at various precursor pH. 

 
 

Precursor concentration optimization 

Optimization of HAuCl₄ precursor concentration was 

conducted to determine the optimal amount of HAuCl₄ 

required to produce AuNPs under ideal synthesis 

conditions. The data from the precursor concentration 

optimization experiment are presented in the following 

figure. 
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Figure 3. Absorbance data of AuNPs synthesis at various 

precursor concentrations. 

 

 
Figure 4. Absorbance data of synthesized (a) Citrate-AuNPs 

and (b) EDTA-AuNPs at varying reductant concentration. 

 
 

Figure 3 shows a graph illustrating the relationship 

between the concentration of the HAuCl₄ precursor at pH 5 

(in ppm) and the absorbance value of AuNPs synthesized 

using two types of reducing agents: citrate and EDTA. 

Higher absorbance values indicate a greater concentration 

of nanoparticles or a more efficient AuNPs formation 

process. It can be observed that for both Citrate-AuNPs and 

EDTA-AuNPs, the absorbance increases with increasing 

HAuCl₄ concentration, reaching a maximum at 100 ppm. 

This suggests that 100 ppm is the optimum concentration 

for AuNPs formation with both reducing agents. Beyond 

this point, further increases in precursor concentration 

lead to a decrease in absorbance, indicating the formation 

of larger particles or an imbalance in the precursor-to-

reductant ratio.  

 

Reductant concentration optimization 

The effect of sodium citrate concentration was studied 

by reacting 1.5 mL of 100 mg/L HAuCl4 with 0.75 mL of 

sodium citrate at various concentrations of 0.10; 0.25; 0.50; 

0.75 and 1.00% (b/v). Addition of EDTA as much as 0.5 mL 

at various concentrations namely 0.1%; 0.25%; 0.50% and 

0.75%. Figure 4 shows the absorbance value and color of 

colloidal AuNPs. 

From Figure 4a, it is observed that the optimum 

conditions for AuNPs synthesis are achieved at 

concentrations of 0.25% (b/v) trisodium citrate and 0.1% 

(b/v) EDTA. At 0.10% (b/v) trisodium citrate and 0.1% 

(b/v) EDTA, the presence of the reducing agents in 

sufficient amounts led to a change in colloidal color from 

yellow to red. The red coloration indicates that the 

reduction capability of both citrate and EDTA at these 

concentrations is optimal for AuNPs formation. Increasing 

the trisodium citrate concentration to 0.25% (b/v) did not 

result in a significant color change, but the absorbance 

increased slightly. The addition of 0.25% (b/v) EDTA 

produced a more intense red color in the colloidal AuNPs 

and a higher absorbance value, indicating the formation of 

more nanoparticles. Further increases in trisodium citrate 

concentration to 0.50%, 0.75%, and 1.00% (b/v) resulted 

in a color shift of the colloid from red to reddish purple. 

Similarly, increasing EDTA concentrations to 0.50% and 

0.75% (b/v) yielded colloidal AuNPs with color and 

absorbance values comparable to those at 0.25% EDTA. 

Electrosteric stabilization may occur at high 

concentrations of reductants due to their dense 

arrangement around the formed Au nanoparticles. 

However, excessively high reductant concentrations can 

also lead to a decrease in absorbance. At elevated levels of 

citrate and EDTA, the absorbance values tend to decline, 

indicating the formation of fewer Citrate-AuNPs and EDTA-

AuNPs. Since absorbance correlates with nanoparticle 

concentration, it is possible that overly high concentrations 
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of citrate and EDTA reduce the effectiveness of the 

reduction process. This may be attributed to less efficient 

interactions between the reducing functional groups and 

Au(III), potentially due to increased solution viscosity. 

Nevertheless, given the abundance of carboxylate and 

hydroxyl groups capable of reducing Au(III), this 

explanation may be less likely. An alternative hypothesis is 

that stronger interactions between the citrate and EDTA 

molecules and the AuNPs surfaces dominate, causing the 

absorbance of the reductants to overshadow the 

characteristic surface plasmon resonance of the 

nanoparticles. 

The results of this study prove that the formation of 

AuNPs is influenced by the concentration of reductant. The 

more trinatrium citrate and EDTA added to HAuCl4, the 

more functional groups available to reduce Au(III), so that 

nucleation is intensified. The addition of reductant at a 

certain concentration will not increase the absorbance 

intensity at the maximum wavelength. In this study, the 

optimum concentration of citrate and EDTA reductant is 

0.25% (b/v).  

 

Reductant volume optimization 

After it is known that the synthesis of AuNPs is optimum 

at the concentration of citrate and EDTA 0.25% (b/v), then 

the effect of citrate and EDTA 0.25% (b/v) at various 

volumes is investigated. The optimum conditions for the 

synthesis of AuNPs at various volumes of reductant can be 

seen in figure 5.  

Figure 5 shows that the optimum conditions for the 

synthesis of citrate-AuNPs at a concentration of 0.25% 

(b/v) citrate as much as 0.25 mL and 0.25% (b/v) EDTA as 

much as 0.5 mL. At a volume of 0.1 mL citrate and 0.25 mL 

EDTA has been successful to synthesize AuNPs, marked by 

a change in color to red. When the volume of reductant was 

increased to 0.25 mL, the color of the colloid formed still 

remained red, but the UV-Vis spectrum produced was 

higher and slender. This means that the particles formed 

are more numerous and have a more homogeneous size. 

When the volume of citrate reductant was increased to 1.00 

mL, the color of the colloid formed was still red but the 

resulting UV-Vis spectrum decreased. The addition of EDTA 

up to 1 mL causes the AuNPs formed to be reddish purple 

in color and accompanied by a decrease in absorbance 

value. It can be concluded that the citrate-AuNPs synthesis 

is optimum at the addition of 0.25% (b/v) citrate volume of 

0.25 mL and EDTA-AuNPs at 0.25% EDTA volume of 

0.5 mL. 

Based on the optimum conditions for the synthesis of 

citrate-AuNPs and EDTA-AuNPs, the UV-Vis spectra can be 

seen in figure 6. 

 

 

 

 
Figure 5. Absorbance data of synthesized (a) Citrate-AuNPs and 

(b) EDTA-AuNPs at varying reductant volume. 

 

 
Figure 6. UV-Vis spectra of citrate-AuNPs and EDTA-AuNPs at 

optimum conditions. 
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Figure 7. TEM analysis of Citrate-AuNPs(up) and 

EDTA-AuNPs(down). 

 

 
 

Based on the spectra results, it can be seen that citrate-

AuNPs have UV-Vis spectra at a wavelength of 526 nm, 

while EDTA-AuNPs have UV-Vis spectra at a wavelength of 

521 nm. The appearance of the peak in the UV-Vis spectra 

of AuNPs is caused by the Surface Plasmon Resonance 

(SPR) phenomenon. SPR is a collective oscillation of free 

electrons on the surface of metal nanoparticles triggered by 

interaction with light at a certain wavelength. In addition, 

the slimmer shape of the spectra on EDTA-AuNPs indicates 

that the particles formed have a more homogeneous size 

than citrate-AuNPs. The position of the absorption 

maximum band depends on the average size of the 

nanoparticles and shifts to larger wavelengths with 

increasing particle diameter(Apyari et al., 2014). 

 

TEM analysis of AuNPs 

TEM analysis aims to determine the shape, size, and 

morphology of the synthesized nanoparticles. TEM image 

results represent differences in morphology and size 

distribution of nanoparticles as a function of synthesis 

parameters, such as pH, concentration of reductant, 

concentration of masking agent, concentration of metal 

precursor, temperature, etc. The results of the analysis 

using TEM can be seen in figure 7. 

The synthesized nanoparticles at optimum conditions 

were analyzed for shape and size distribution using TEM. 

Figure 7 (a) shows that the successfully synthesized 

citrate-AuNPs have a spherical shape. While EDTA-AuNPs 

have an almost round shape and some are even hexagon-

shaped. This particle shape is also the same as the research 

produced by Diamai & Negi (2016). The difference in 

particle shape between citrate-AuNPs and EDTA-AuNPs 

can be caused by the type of reductant used to synthesize 

AuNPs (Iqbal et al., 2016). The citrate structure has three 

carboxyl groups and one hydroxyl group. According to 

Frost et al., (2017), only one carboxylic group on citrate is 

bound to the surface of AuNPs, and the other two 

carboxylic groups are not bound to the surface of AuNPs. 

While EDTA has four carboxyl groups, with one carboxyl 

group attached to the surface of AuNPs and leaving three 

carboxyl groups free on the surface of AuNPs. The 

difference in the number of carboxyl groups on the surface 

of AuNPs is what causes the difference in particle shape on 

AuNPs. 

 

 

 
Figure 8. Particle size distribution of citrate-AuNPs and EDTA-

AuNPs. 

 
 

PSA analysis of AuNPs 

PSA analysis aims to determine the size and size 

distribution of nanoparticles that have been synthesized. 

The measurement results using PSA can be seen in figure 8. 

Figure 8 shows the average size distribution of citrate-
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AuNPs and EDTA-AuNPs which are 56 nm and 27 nm, 

respectively. This size difference can be caused by several 

factors such as the strength of the reducing agent. EDTA is 

a stronger reducing agent than citrate. Faster reduction 

results in more nuclei so that the particle growth is divided 

into more particles and therefore the particle size becomes 

smaller. In addition, EDTA-AuNPs have greater repulsion 

compared to citrate-AuNPs. This repulsion is related to the 

stability of the AuNPs generated by the charge on the 

surface of the AuNPs. The surface of EDTA-AuNPs has more 

carboxyl groups. These groups are negatively charged, so 

the more negative the surface, the greater the repulsion 

between surfaces. This repulsion will prevent the AuNPs 

particles from forming larger particles (aggregation). 

 

Stability test of AuNPs 

In this study, absorbance measurements were taken to 

evaluate the stability of AuNPs over a storage period lasting 

some time. The results of the AuNPs stability test can be 

seen in the following figure. 

 

 

 
Figure 9. stability data of citrate-AuNPs and EDTA-AuNPs. 

 
 

Based on the absorbance data of AuNPs at various times, 

citrate-AuNPs have storage stability until the seventh day 

while EDTA-AuNPs have stability until the twenty-first day. 

This can be seen from the relatively stable absorbance 

value. Whereas after longer storage, there is a significant 

decrease in absorbance value. This difference can be 

attributed to EDTA's ability as a strong and multifunctional 

chelating agent, which not only reduces gold ions but also 

forms strong bonds with the nanoparticle surface through 

carboxylate and amine groups. These bonds provide dual 

stabilization, namely electrostatic and steric, which 

effectively prevents particle aggregation and growth 

during storage. In addition, EDTA is also able to bind to 

residual metal ions that may trigger oxidation or changes 

in particle size, and is more resistant to changes in pH, 

temperature, and environmental ionic strength, making it a 

more effective protectant than citrate, which only provides 

relatively weak electrostatic stabilization. 

 

Conclusion 

Gold nanoparticles (AuNPs) can be synthesized using 

reducing agents such as sodium citrate and EDTA. The 

different types of reducing agents cause different optimum 

conditions for the synthesis of AuNPs. Synthesis using 

citrate showed optimum results at pH 4 with the addition 

of 0.25 mL of 0.25% citrate solution, while synthesis using 

EDTA reached optimum conditions at pH 4 with the 

addition of 0.50 mL of 0.25% EDTA solution. Based on the 

TEM image, citrate-AuNPs are spherical with an average 

size of 56 nm, while EDTA-AuNPs are hexagonal with an 

average size of 27 nm. In addition, EDTA-AuNPs showed 

higher stability during storage compared to citrate-AuNPs. 

These results indicate that the type of reducing agent has a 

significant effect on the physicochemical characteristics of 

the gold nanoparticles produced. 
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