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Abstract: Gold nanoparticles (Au NPs) were synthesized rapidly using the Sono-electrochemical 

method, using gold electrodes and hexadecyltrimethylammonium bromide (CTAB) as the reducing 

agent. This method offers high productivity, simple equipment, and is cost-effective. The resulting 

Au NPs exhibited sizes ranging from 20 to 60 nm. The UV-vis absorption spectra of the 

synthesized Au NPs show a peak due to surface plasmon resonance absorption at around 530–548 

nm, corresponding to transverse electronic oscillation. The relationship between the size of the Au 

NPs and their absorption spectrum was also investigated. Additionally, the impact of current 

density, CTAB surfactant concentration, and acetone volume on the size and characteristic 

plasmon properties of the Au NPs was examined. The formation mechanism of the Au NPs was 

also discussed. 
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1. Introduction 

Gold nanoparticles (Au NPs) have been receiving significant attention from scientists due to their 

unique properties and potential applications in various fields [1-4]. Au NPs exhibit fascinating optical 

properties due to a phenomenon called localized surface plasmon resonance (LSPR) [5, 6]. LSPR 

arises when the electrons in the nanoparticle collectively oscillate in response to incident light, leading 

to enhanced absorption and scattering of light. This property makes Au NPs valuable in applications 

such as surface-enhanced Raman spectroscopy (SERS) [7-9] and plasmonic solar cells [10, 11],... Au 
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NPs are also considered biocompatible, meaning it is generally well-tolerated by living organisms. 

This characteristic makes Au NPs suitable for various biomedical applications [2-4, 12-15] such as 

drug delivery, targeted therapy, and bioimaging. They can also be functionalized with specific 

molecules to enhance their compatibility and targeting abilities. Au NPs exhibit unique catalytic 

properties, often referred to as heterogeneous catalysis. They can act as highly efficient catalysts for 

various chemical reactions, including oxidation, hydrogenation, and carbon-carbon bond formation. 

These catalytic properties have applications in areas such as green chemistry, energy conversion, and 

environmental remediation [16, 17]. 

Au NPs can be synthesized through various methods, including the reduction of the gold salt 

HAuCl4, typically with commonly used reducing agents such as sodium borohydride [18], trisodium 

citrate [19], or X-ray irradiation [19]. Another approach involves the creation of Au NPs through 

Laser ablation of a gold target surface [20, 21]. However, a common drawback of these manufacturing 

methods is their reliance on expensive HAuCl4 raw materials or specialized equipment like laser 

systems and X-ray sources, which necessitate stringent management and large investment cost. In an 

effort to enhance the cost-efficiency of producing Au NPs, researchers have developed 

electrochemical and sono-electrochemical methods [22]. 

In this particular study, Au NPs were successfully synthesized directly from bulk gold using an 

innovative ultrasonic electrochemical method. Notably, this method incorporates several novel 

features. Instead of using a high-capacity specialized ultrasound machine, a smaller-capacity 

ultrasound machine was used, which significantly reduced the overall cost of the ultrasonic 

electrochemical system [23, 24]. Rather than using an ultrasonic buzzer as an electrode, a platinum 

(Pt) plate was used as the electrode. This design allows for the arbitrary adjustment of the electrode's 

surface area, leading to increased efficiency in Au NPs generation. Additionally, by using gold anodes 

instead of gold salts, this alternative helps reduce the cost of gold colloidal solutions compared to 

other methods [18, 19]. 

2. Experimental 

2.1. Preparation of Au NPs 

The synthesis was conducted within a simple two-electrode electrochemical cell, as shown in the 

schematic diagram in Figure 1a. The anode was a gold plate measuring   10 mm × 10 mm × 0.5 mm, 

while the cathode was a platinum plate with the same dimensions. The spacing between the electrodes 

was maintained at approximately 10 mm. 

To synthesize Au NPs, a 20 ml electrolytic aqueous solution was used. The solution contained 

hexadecyltrimethylammonium bromide (CTAB) [(C16H33)N(CH3)3Br] as a surfactant, with a 

concentration ranging from 0.02 M to 0.08 M, with concentrations of 0.02 M, 0.04 M, 0.06 M, and 

0.08 M, corresponding to pH values of 7.25, 6.91, 6.74, and 6.59, respectively. Additionally, an 

acetone volume ranging from 50 µl to 500 µl was added to the solution. The glass electrolytic cell 

containing the CTAB solution was then placed into an ultrasonic bath (ULTRASONIC LC 30H) with 

ultrasonic power is 100 w, ultrasonic cleaning frequency is 80 kHz. Throughout the preparation 

process, ultrasound irradiation was kept constant. The electrochemical process was carried out at a 

current density ranging from 6 mA/cm² to 22 mA/cm². The synthesis duration was 30 minutes, and the 

process was conducted at room temperature (25 oC). By combining electrochemical reduction and 

ultrasonic, the Au NPs were formed from the gold metal anode. 
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2.2. Characterization of the Synthesized Samples 

The crystal structure of the Au NPs was analyzed using an X-ray diffractometer (SIEMENS 

D5005, Bruker, Germany) with Cu-Kα1 (λ = 0.154056 nm) irradiation. The morphology of Au NPs 

was characterized using a transmission electron microscope (JEOL JEM 1010). The composition of 

the samples was determined by energy dispersive X-ray (EDX) spectrometer (EDS, OXFORD ISIS 

300) attached to the JEOL-JSM 5410 LV scanning electron microscope. UV-vis absorption spectra of 

solutions containing dispersed Au NPs were collected with a Shimadzu UV 2450 PC spectrometer. 

3. Results and Discussion 

3.1. Structure of Au NPs  

 

Figure 1. (a) The set-up for preparation of Au NPs by sono-electrochemical method. 1. Ultrasonic bath, 2. Glass 

vessel containing electrolyte, 3. Cathode (Pt), 4. Anode (Au), and 5. Power supply; (b) XRD patterns of Au NPs. 

Figure 1b presents the X-ray diffraction (XRD) pattern of the Au NPs. The pattern exhibits three 

distinct diffraction peaks located at 38.15°, 44.35°, and 64.58°, which correspond to the diffraction 

planes of (111), (200), and (220), respectively. These results indicate that the Au NPs possess a face-

centered cubic structure. The XRD analysis of the Au NPs revealed a lattice constant of a = 4.077 Å, 

which is found to be in excellent agreement with the standard diffraction patterns of cubic metallic 

gold (Pattern 7440-57-5). The close match between the determined lattice constant and the standard 

value provides strong evidence for the crystalline nature of the Au NPs and validates their structural 

properties. The average size of the Au NPs is estimated to be 14 nm using the Scherrer formula. 

3.2. TEM Image of Au NPs in Correlation with UV-Vis Absorption Spectra 

Figure 2 depicts the transmission electron microscopy (TEM) image of the fabricated Au NPs, 

along with the corresponding absorption spectrum. The results show that the absorption spectrum of 

the Au NPs exhibits characteristic plasmon peaks at different wavelengths depending on their size. 

Specifically, Au NPs with a size of approximately 20-25 nm show a plasmon peak at around 530 nm, 

while larger gold nanoparticles, ranging from 30-40 nm, exhibit a plasmon peak at approximately  

545 nm. 
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According to Mie theory [6], a shift in the absorption peaks toward longer wavelengths signifies 

the presence of larger nanoparticles, while a shift toward shorter wavelengths indicates the presence of 

smaller nanoparticles. This phenomenon occurs due to the interaction of light with the nanoparticle's 

size and shape. When the nanoparticles are larger, they exhibit greater scattering and absorption of 

light, resulting in a shift toward longer wavelengths. Conversely, smaller nanoparticles scatter and 

absorb light differently, leading to a shift toward shorter wavelengths. 

 

Figure 2. The TEM images and UV-Vis absorption spectrum of Au NPs. 

3.3. Effect of Preparation Conditions on Optical Properties of Au NPs 

 

Figure 3. (a)  The UV-Vis absorption spectrum of Au NPs produced under different current density  

of  6 mA/cm2, 15 mA/cm2, and 22 mA/cm2; (b) The UV-Vis absorption spectra  

of the fabricated Au NPs by varying CTAB concentration. 

In this study, we focused on the influence of current density, surfactant concentration, and acetone 

volume on the UV-Vis absorption spectrum of Au NPs. The UV-vis absorption spectrum of the 
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synthesized Au NPs under different current densities (6 mA, 15 mA, and 22 mA) is presented in 

Figure 3a. Throughout the experiment, we maintained a constant electrode distance of 10 mm, an 

electrochemical time of 30 minutes, a CTAB concentration of 0.08 M, and an acetone volume of     50 

µl. The results indicate that as the current density increases, the absorption peak corresponding to 

surface plasmon resonance in the UV-Vis absorption spectrum of Au NPs tends to shift toward longer 

wavelengths. Concurrently, the intensity of these absorption peaks also exhibits a significant increase. 
Figure 3b displays the UV-Vis absorption spectrum of the fabricated Au NPs by varying the 

CTAB surfactant concentration (0.02 M, 0.04 M, 0.06 M, and 0.08 M). The experimental conditions, 

such as a current density of 6 mA, electrochemical time of 30 minutes, and acetone volume of 50 µl, 

were kept constant. The results indicate that when the CTAB concentration is low (0.02 M), the 

plasmon resonance absorption peak position of the Au NPs is significantly red-shifted (at 548 nm). 

However, as the CTAB concentration increases, this peak experiences a pronounced blue-shift toward 

shorter wavelengths. Concurrently, the intensity of the resonance absorption peak also shows an 

increase. CTAB, being a surfactant, plays a crucial role in this phenomenon. As the CTAB 

concentration increases, its ability to encapsulate the gold particles immediately after formation 

improves, preventing the agglomeration of nanoparticles and impeding the formation of larger Au 

NPs. Moreover, higher CTAB concentrations aid in stabilizing the dispersion of nanoparticles in the 

solution, ensuring their stable dispersion. 

To investigate the effect of acetone volume, we maintained a constant electrolysis time of 30 

minutes, an electrolytic current density of 6 mA, and a CTAB concentration of 0.08 M, while varying 

the acetone volume in the solution from 50 µl to 500 µl. Analyzing the UV-Vis absorption spectrum of 

the synthesized Au NPs as the acetone volume changed (Figure 4a), we observed that with increasing 

acetone volume, the surface plasmon resonance absorption peak position of the Au NPs exhibited a 

redshift toward longer wavelengths. However, beyond a certain threshold, the absorption peak began 

to shift in the opposite direction, showing a blue shift. This phenomenon is intriguing. 

 

Figure 4. (a) UV-Vis absorption spectrum of fabricated Au NPs by varying acetone volume;  

(b) CTAB molecular model and Association of CTAB molecules with Au NPs. 

The formation of gold nanoparticles is attributed to the interaction between the surfactant (CTAB) 

and the gold electrode. CTAB possesses a hydrophilic terminal structure connected to a hydrophobic 

chain. At relatively low concentrations, the hydrophobic ends of CTAB molecules are linked together 
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by ionic bonds, resulting in a spherical shape, while the hydrophilic ends point outward, these 

structures are called micelles (Figure 4b) [25]. Under the action of the electric field, AuBr4
− is 

generated at the interface of anode . These ions are subsequently discharged from the surface of the 

anode and move toward the cathode. Upon reaching the cathode, these ions undergo adsorption onto 

the electrode's surface before undergoing a reduction process, eventually transforming into individual 

gold atoms.   

AuBr4
− +2e− = AuBr2

− +2Br. 

AuBr2
− - e− = Auo +2Br−. 

Gold atoms combine to form atomic clusters that gradually grow into Au NPs and surrounded by 

micelles (Figure 4b). When subjected to ultrasound waves, the Au NPs formed on the cathode surface 

are dislodged from the electrode and dispersed into the solution. 

In the experiment, acetone was used as a catalyst to expand the diameter of the micelles. 

Increasing the concentration of acetone resulted in an enlargement of the micelle diameter, allowing 

them to encapsulate larger clusters of gold atoms, thereby yielding larger gold nanoparticles. However, 

due to the limited bonding between the micelles, further increases in acetone concentration led to a 

disruption of the micelle structure and bond rupture. This disruption was exacerbated by acetone's 

strong evaporative activity, which altered the surface tension. Consequently, some acetone was 

released as the bonds broke, and the remaining acetone was only sufficient to form smaller micelles, 

resulting in the formation of smaller Au NPs (as observed in Figure 4(a)). 

4. Conclusion 

Au NPs have been successfully fabricated by Sono-electrochemical method. The X-ray diffraction 

(XRD) analysis confirms that the Au NPs possess a face-centered cubic structure with a lattice 

constant of 4.077 Å. Transmission electron microscopy (TEM) images reveal that the size of Au NPs 

can be controlled by adjusting experimental parameters such as current density, CTAB concentration, 

and acetone volume. UV-Vis absorption spectra indicate that increasing acetone concentration initially 

leads to larger nanoparticles, but further increases cause a redshift followed by a blue shift due to 

micelle disruption. CTAB plays a vital role in stabilizing the nanoparticles, preventing agglomeration, 

and promoting uniform size distribution. This study provides valuable insights into the fabrication of 

Au NPs and highlights the importance of controlling preparation conditions to achieve desired 

nanoparticle sizes and optical properties. 
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