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Abstract: This article presented the preparation of silver nanoparticles from AgNO3 salts with reducing agents 

ascorbic acid and capping agent Oleylamine by wet chemical method at 600C. The reduction of Ag+ into Ag was 

monitored by UV-Vis absorption spectroscopy method. The morphology and particle size were analyzed by 

transmission electron microscopy (TEM) and Dyamic Light Scattering (DLS). The operability of capping agent 

Oleylamine was confirmed by infrared absorption spectroscopy (FT - IR). The results showed that silver 

nanoparticles were prepared with uniform particle size, 6 – 7 nm, at 410 nm. 
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I. INTRODUCTION 
In recent years, nano-silver has received the attention of many researchers, because silver is a metal 

with high electrical conductivity, anti-oxidation and good corrosion resistance [1]. In addition, nano-size metal 

has more special properties than block metal, such as conductivity, melting temperature and light absorption 

ability [2], [3]. One of the important applications of nano-silver is the nano-silver ink applied to inkjet 

technology of electronic circuits [4]. Therefore, electrical conductivity, stability and antioxidant are important 

factors to assess the quality of ink as well as silver nanoparticles. Hence, the requirement is that synthetic nano- 

silver has to have high electrical conductivity, small particle size, and stable distribution in solvent and good 

oxidation resistance [5]. 

There have been many methods to synthesize nano-silver. In particular, wet chemical method using 
surfactants (or capping agents) have shown many outstanding advantages [6]. This method is quite simple, does 

not require sophisticated equipment, easy to control the reaction conditions to obtain the desired particle size, 

and high yields.  

The reducing agent for this method is quite diverse and is a factor that determines the size and shape of 

the particle. Ascorbic acid is a reducing agent, which is not too strong, helps to avoid too quick reaction which 

results in particle agglomeration, short time, low temperature and small particle size [7]. Moreover, the presence 

of capping agent is a key role to adjust the size of silver particles by controlling the growth of silver particles 

and creating a protective layer that prevents their coagulation. The capping agents are often studied and used in 

preparation nano silver such as: Polyvinylpyrrolidon (PVP) [8], [9], Polyethyleneglycol (PEG) [10], 

Polyvinylalcohol (PVA) [8]. However, the nano particles were synthesized with the bulk polymer protective 

layer, were limited the conductive capacity. Furthermore, polymers with hydrophilic heads, increasing the risk 
of oxidation of silver nanoparticles. Thence, the capping agents with amine tails have been noticed with many 

advantages:  good oxidation resistance, weak bonding with the other nano-metal, so it is easy to separate and 

increase the conductivity.  

 

II. EXPERIMENTAL 
Materials and methods 

AgNO3 (MW=169,87 g/mol, Merck), L-Ascorbic acid 99% C6H8O6 (MW=176,12 g/mol, Sigma 

Aldrich), Toluene C7H8 (MW=92,14 g/mol, d=0,87 g/ml, Fisher), Oleylamine 70% C18H37N (MW=267,49 g/mol, 

d=0,813 g/ml, Sigma Aldrich), Acetone 99,5% C3H6O (MW=58,08, d=0,791 g/ml, Xilong). 
The equipment used for preparation of silver nano-particles: hot plate stirrer, centrifuge Hermle Z326, 

ultrasonic tank EM 30HC (Germany). 

Analyze equipment: UV-Vis Spectrometer (Cary 100 Varian, USA), DLS instrument (LB-550, Horiba, 

Japan), Transmission electron microscopy (JEOL JEM – 1010, USA), X-ray diffractometer (SU8010, Hitachi, 

Japan), FT-IR Spectrometer (TensorTM 37, Brucker, USA). 
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Procedure 

Synthesis silver nano-particles capped by Oleylamine in Toluene solution was developed, based on 

report of K. Shirevas et al,. [11]. Therein, ascorbic acid played as the reducing agent. The reaction of nano 
particles formation could occur at low temperature (60oC) and short reaction time (8h). First, 15ml Toluene and 

4.4 mL Oleylamine were prepared in Schott flask, stirred well and heated to 60
o
C. Then, as 300 mg AgNO3 was 

added slowly in the flask, mixture color turned from light yellow, to orange, brown and dark brown in 2 

minutes. This mixture was stirred in 8h at 60oC. During the reaction, the mirror coating phenomena could 

appear on the wall of flask. After the end of reaction, added 20 ml acetone in the nano-silver mixture. The 

product were washed with acetone by centrifugation, and then dried at ambient temperature. Finally, obtained 

powder was smooth and navy blue. 

 

III. RESULTS AND DISCUSSION 
Each type of metal nano-particles has the characteristic oscillation of valence electrons when absorbs 

rays with different wave length in UV-Vis zone [12]. This phenomenon called the surface plasmon resonance. 

Based on this theory, the presence of metal nano-particles is determined by UV-Vis spectrometer. The surface 

plasmon resonance peak changes when the particle size changes, because the scattering of their valence 

electrons changes. For silver nano-particles, the characteristic peak responses at 390 nm to 420 nm. The closer 

the peak to 420 nm, the bigger the size of silver nano-particles .  

The silver nano-particles were prepared in toluene solution with the concentration 0.02 mg/ml for UV-

Vis analysis. The result was shown in figure 1, the synthesized silver nano-particles absorbed at wave length of 

410 nm, this is the characteristic absorption peak of silver nano-particles size at the range 10 – 40 nm [13]. 

 

 
Figure 1: UV – Vis spectrum of nano-silver solution. 

 

The nano-particle size was determined by DLS instrument, and the result was presented in figure 2. 

The average size of silver nano-particles was 11±3 nm, accordance completely with UV-Vis result. Moreover, 
the size difference was relative small; it indicated that the synthesis silver nano-particle size was evenly 

distributed. However, DLS method just gave the preliminary results, because this result was taken from many 

conversion formulas, causing high error.  
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Figure 2: DLS result. 

 
For observation the form and precise size, the silver nano-particles were studied by TEM, the result 

was demonstrated in Figure 3. ImageJ software was used to determine the size distribution of nano-particles 

based on the TEM images; the distributed chart was presented in Figure 4. This results shown that the synthesis 

nano-silver had the sphere form, small size, separation and congruence. The average size was 6.5±0.5 nm.  

 

 
Figure 3: TEM image of the silver nano-particles with capping agent Oleylamine. 
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Figure 4: The distribution chart of nano-particle size. 

 

EDS was used also to determine the relative quantity of every element in the nano-silver sample (figure 

5). There was the appearance of the characteristic peaks of Ag, C and N elements. Therein, Ag and C were two 

elements which had the highest concentration. C and N were belong to the capping agents, in which C was the 

principal element. Furthermore, the EDS result indicated that it did not have the existence of O element, so there 

was not Ag2O in the sample. Thus, the reducing reaction of silver nano-particles formation was occurred 

completely.  

 
Figure 5: EDS result. 

 
To confirm the presence of the protection layer Oleylamine on the silver nano-particle surface, the 

silver sample was analyzed by FT-IR. The spectrum (figure 6) demonstrated that there were the characteristic 

peaks of amine group (-NH2) at 3300 cm-1 and 1590 cm-1. The strong absorption peaks at 2954 cm-1 and 2927 

cm-1 were the symmetric and asymmetric vibration of –CH2 group. The peak at 1650 cm-1 of the C=C vibration 

could not observe obviously because of the baseline noisy [11]. 
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Figure 6: FT-IR spectrum of nano-silver sample. 

 

The conductive capacity of silver nano-particles was determined. The synthesis nano-particles were 

dispersed in Toluene solution with the concentration 100 mg/ml, shaken well and put in the ultrasonic in 30 

minutes. The solution was dripped on the glass substrate, and heated at 2000C in 30 minutes. The obtained 

membrane was thin, polished, fastened well on the substrate. The electric resistance was 0.5-1 Ω. 

 

 
Figure 7: Silver membrane. 

 

IV. CONCLUSIONS 
The silver nano-particles were synthezied successfully by wet chemical method with ascorbic acid as 

the reducing agent, and Oleylamine as the capping agent, in Toluene solution. The synthesis nano-particles had 

the sphere form and congruence. The average particle size was 6.5±0.5 nm. There was not presence of Ag2O, so 

the reaction was conducted completely at 60oC, in 8h. The conductive result test shown good conductive 

capacity, with electric resistence 0.5-1 Ω. With many advantages, the synthesis silver nano-particles were 

suitable to apply in the conductive membrane. In addition, product was in powder and easy to conserve and 

adjust quantity of silver in ink. 
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