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ABSTRACT: Ag nanoflakes were synthesized by chemical reduction method using cetyltrimethylammonium bromide (CTAB) as 

a surfactant. The results of transmission electron microscope (TEM) analysis, ultraviolet-visible spectroscopic (UV-Vis) analysis, 

X-ray diffraction (XRD) analysis showed that the obtained Ag nanoflakes had size of ~50 – 60 nm, thickness of 16 nm, with flake 

shape reached 96 %. The particles crystallized in cubic structure of Ag. The Ag nanoflakes synthesized with pH = 4 were dispersed 

stably after 60 days from synthesis. The properties of the obtained Ag nanoflakes were suitable for using them as conductive 

particles in fabrication of functional inks for electrohydrodynamic printing technique. 
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1. INTRODUCTION 

Ink-jet printing technology has a long development history 

with many advantages, allowing high quality printing on 

various materials such as paper and textile. In the recent years, 

scientists have been interested in applying this technique in 

various high technologies such as electronics, biology, and 

nanotechnology [1-8]. These new applications have just been 

developed in the recent years based on the idea of using 

printers that can control ink droplets with volume of several 

picoliter containing desired materials to drop at exact positions 

on substrate following a template. The inks contain functional 

materials with desired structure and electrical, optical, chemical, 

and biological properties. This process uses a computer to 

control the jetting of inks, allowing easy printing of 

complicated templates. The technique shows a potential to print 

metal electronic boards that open up various applications in 

fabrication of printed electronic boards, flat antennas, or RFID 

cards with fast and easy production at low cost. Moreover, this 

technique shows a potential to print electrically conductive 

lines not only on flat surfaces but also on 3D objects. Recently, 

Ag nanoparticles have been used for fabrication of conductive 

inks for ink-jet printing. Ag nanoparticles have many 

advantages because the electrical conductivity of Ag is the best 

among metals, and it is also difficult to be oxidized under 

normal conditions [9, 10]. In this paper, we report a method to 

synthesize Ag nanoflakes with high concentration and suitable 

particle size for use as conductive material in conductive inks 

for ink-jet printing using electrohydrodynamic printing 

technique to print microelectronic boards. Electrical 

conductivity of inks depends on functional nanoparticles in the 

inks (Ag nanoparticles). We think that electrical conductivity 

of printed lines can be improved by increasing contact area of 

Ag nanoparticles in the lines. The Ag nanoflakes will have 

greater contact area than spherical particles, thus electrical 

conductivity of printed lines or microelectronic boards will be 

improved. 

 

2. MATERIALS AND METHODS 

2.1. Materials 

Silver nitrate (AgNO3) (Merck), trisodium citrate 

(Na3C6H5O7) (Merck), ascorbic acid (C6H8O6) (Merck), sodium 

borohydride (NaBH4) (Merck), cetyltrimethylammonium 

bromide (C19H42NBr) (Merck) were used as received. 

2.2. Synthesis Method and Measurements 

2.2.1. Synthesis method 

Ag nanoparticles were synthesized by chemical reduction 

method using reducing agents to reduce Ag+ ions to obtain 

metal nanoparticles. The mechanism of this synthesis is 

presented as followed: 

Ag+ + X  →  Ago  →  nano Ag 

In this mechanism, Ag+ ions are first reduced by reducing 

agent X to form Ago atoms. After that, these atoms combine to 

form Ag nanoparticles. In this research, the synthesis of Ag 

nanoflakes included two steps. The first step was to synthesize 

Ag seed particles. AgNO3 and Na3C6H5O were dissolved in DI 

water with concentrations of 0.05 M and 0.25 mM, respectively, 

followed by stirring for 10 minutes. After that, NaBH4 solution 

(0.02 M) was added and the solution was stirred for 15 minutes 

to obtain the Ag seed particle solution (solution A). The second 
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step was the growing step of Ag seed particles to form Ag 

nanoflakes. AgNO3 and CTAB were dissolved in DI water with 

concentrations of 0.05 M and 0.1 M, respectively, followed by 

adding C6H8O6 solution (0.1 M) and stirred for 30 minutes to 

obtain solution B. After that, solution A was added into 

solution B and stirred for 30 minutes, followed by adding 

NaOH solution (5 M) dropwise to adjust pH. 

2.2.2. Measurements 

The obtained nanoparticles were characterized using X-ray 

diffractometer (XRD), ultraviolet-visible spectrometer (UV-Vis) 

(Cary 100), transmission electron microscope (TEM) (JEM 

model 1400, 100 kV). Particle size distribution was obtained 

using ImageJ software. 

 

3. RESULTS AND DISCUSSION 

3.1 The formation of Ag seed particles 

In this research, Ag nanoflakes were synthesized by 

chemical reduction method using cetyltrimethylammonium 

bromide (CTAB) as a surfactant. The synthesis included two 

steps. The first step was to synthesize Ag seed particles. The 

seed particles were spherical Ag nanoparticles with small 

particle size in the range of 4 to 6 nm (Figure 2). The Ag seed 

particles were synthesized by chemical reduction method using 

trisodium citrate (TSC) as a surfactant and sodium borohydride 

as a reducing agent. The second step was the growing step of 

the Ag seed particles to form the Ag nanoflakes. In this step, 

ascorbic acid was used as a reducing agent to reduce Ag+ ions 

with CTAB as a surfactant. The mechanism for the formation 

of the Ag nanoflakes is presented in Figure 1. 

 

Figure 1. Mechanism for the formation of Ag nanoflakes using 

CTAB as surfactant 

 

Because the adsorption of the CTAB molecules on the (111) 

plane was better than on the other planes, the CTAB molecules 

were adsorbed and covered this plane, inhibiting the growth of 

Ag particles in this direction. Thus, the Ag particles only grew 

in the directions parallel to the (111) plane to form the Ag 

nanoflakes. 

Figure 2 shows the TEM image and particle size distribution 

of the Ag seed particles. The results show that the seed 

particles had spherical shape with particle size in the range of 4 

- 6 nm. 

 

 

 
Figure 2. TEM image and particle size distribution of Ag seed particles 
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Figure 3. UV-Vis spectra of Ag seed particle solutions after different time from synthesis 

 

Figure 3 shows the UV-Vis spectra of the Ag seed particle 

solutions after 1 day, 30 days, and 60 days from synthesis. The 

spectra of all samples exhibit an absorption peak at around 400 

nm. The previous studies [11, 12] reported that Ag 

nanoparticles having spherical shape exhibited UV-Vis 

absorption peaks in the range of 390 - 450 nm depending on 

the uniformity and size of the particles (Mie theory). Thus, the 

results indicate the presence of Ag nanoparticles in the samples. 

Absorption intensity of the sample after 1 day was highest. 

After 30 and 60 days, the absorption intensity of the samples 

was reduced but not much. This indicated that the Ag seed 

particle solution was stable for a long time.  

3.2. Effects of pH on the formation of the Ag nanoflakes  

Metal nanoparticles dispersed in a solution always have a 

surface electric charge to avoid aggregation. The mechanism 

for the formation of electric charge depends on the properties 

of the metal nanoparticles and the solvent. In this method, we 

used DI water as solvent, thus the surface electric charge of the 

metal nanoparticles will be affected by the pH of the solution 

(Nernst equation). The samples were synthesized with different 

pH: 2, 4, 6, 8, 10, 12 to investigate the effects of pH on the 

formation of the Ag nanoflakes.  

UV-Vis spectroscopy is an important analysis method with 

high accuracy in research of metal nanoparticles. This method 

is based on Mie theory and Lambert-Beer’s law [13]. However, 

a limitation of the Mie theory is that it does not consider the 

optical resonance when metal nanoparticles are not spherical. 

The recent researches on Ag nanoflakes dispersed in solution 

reported that the UV-Vis spectra of the samples exhibited three 

absorption peaks, the first peak at around 325 - 350 nm, the 

second peak at around 400 - 450 nm, and the third peak at the 

longest wavelength [12, 14, 15]. These peaks were attributed to 

outer quadrupole resonance, outer dipole resonance, and inner 

dipole resonance, respectively [11, 12, 14, 15]. However, some 

other researches proposed different reasons for the appearance 

of the first and second peaks [16, 17].  

Figure 4 shows that, the spectra of all the samples exhibit 

two peaks at around 425 nm and 530 - 550 nm. The spectra of 

the samples synthesized with pH=2 and pH=4 exhibit the third 

peak at around 345 nm with low intensity. The results indicate 

the presence of Ag nanoflakes in the samples. The peak at 

around 425 nm has higher intensity compared to that of the 

peak at around 530 - 550 nm. As presented above, the peak at 

around 425 nm was attributed to outer dipole resonance which 

was dominant for spherical Ag nanoparticles. Thus, the results 

suggest that the concentration of spherical Ag nanoparticles 

was higher than that of Ag nanoflakes in the samples.  

The spectra of the samples synthesized with pH=2 and pH=4 

exhibit the peak at around 345 nm. This peak was attributed to 

outer quadrupole resonance which gave information about 

thickness of Ag nanoflakes. Thus, these two samples had 

highest concentration of Ag nanoflakes.  
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Figure 4. UV-Vis spectra of the samples synthesized with pH from 2 to 12 

 

Figure 5. UV-Vis spectra of the samples after 60 days from synthesis 

 

Figure 5 shows the UV-Vis spectra of the samples synthesized 

with different pH after 60 days from synthesis. The spectra 

show that, the second peak shifted to a longer wavelength at 

around 440 nm and the third peak shifted to a shorter 

wavelength at around 492 nm compared to the results of the 

samples measured just after synthesis. The second peak was 

also broader, suggesting the broader distributions of absorption 

centers and particle size. The third peak relates to the length of 

the Ag nanoflakes. This peak shifted to a shorter wavelength, 

suggesting the change of size and shape of the Ag 

nanoparticles. Figure 6 shows the change of intensity ratio of 

the second peak of the samples synthesized with pH = 2 and 

pH = 4 after 60 days from synthesis. The absorption intensity 

of the sample with pH = 2 was lower than that of the sample 

with pH = 4, indicating that the stability of the sample with pH 

= 4 was better. The spectrum of the sample with pH = 4 still 

exhibits three peaks of Ag nanoflakes, showing that this pH 

was optimal for this method.  
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Figure 6. Absorption intensity at 440 nm of the samples synthesized with different pH after 60 days from synthesis 

pH=2   

pH=4   

Figure 7. TEM images and shape distribution of Ag nanoparticles of the samples with pH=2 and pH=4 

 

Figure 7 shows the formation of the Ag nanoparticles having 

different shapes including triangular nanoflakes, nanodisk, and 

long nanoflakes [10]. The Ag nanoparticles had a good 

dispersibility with average particle size of around 50-60 nm 

and thickness of the triangular nanoflakes of around 16 nm. 

Table 1 shows that content of Ag nanoflakes (including 

triangular nanoflakes and nanodisks) in the sample with pH=4 

was 96 %, higher than that of the sample with pH=2 of 82 %. 

 

 



“Synthesis of Functional Nanoparticles for Application in Inkjet Printing” 

930 Chinh Dung Trinh1, ETJ Volume 6 Issue 06 June 2021 

 

Table 1. Shape distribution of Ag nanoparticles of the samples with pH=2 and pH=4 

Samples 

Ratio of triangular 

nanoflakes morphology 

(%) 

Ratio of long 

nanoflakes morphology 

(%) 

Ratio of nanodisk 

morphology (%) 

pH=2 13 18 69 

pH=4 30 4 66 

 
Figure 8. XRD pattern of the sample with pH=4. 

 

To evaluate the crystallization and crystal structure of the Ag 

nanoflakes, XRD pattern of the sample with pH=4 was 

measured. Figure 8 shows the pattern of the sample, exhibiting 

the peaks at 36.19, 44.37, 64.56 and 76.47 degree, 

corresponding to the (111), (200), (220), (311) planes of cubic 

structure of Ag. The result shows that the Ag nanoflakes were 

well crystallized. 

 

4. CONCLUSION 

The Ag nanoflakes were synthesized by chemical reduction 

method using CTAB as a surfactant. The XRD, TEM, and 

UV-Vis results show that the obtained Ag nanoflakes had 

particle size of around 50 – 60 nm, thickness of around 16 nm, 

and content of the nanoflakes in the sample reached up to 96 %. 

The Ag nanoflakes crystallized in cubic structure of Ag. The 

Ag nanoflakes synthesized with pH = 4 dispersed stably after 

60 days from synthesis under normal conditions. The properties 

of the obtained Ag nanoparticles were suitable for using them 

as conductive material in functional inks for ink-jet printing 

using electrohydrodynamic printing technique to print 

microelectronic boards. 
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