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Abstract. In this work, Ag nanoparticles (NPs) were fabricated by the solvothermal method of
silver nitrate in different organic solvents with the presence of sodium oleate (SOA) and 1-
octadecanol (OCD-ol). The effects of different solvents and concentrations of OCD-ol on the
morphology and properties of the Ag nanomaterials were investigated in detail. The products
were characterized by using transmission electron microscopy (TEM), X-ray diffraction (XRD),
and absorption spectroscopy. The results showed that the type of solvents significantly affected
the size and uniformity of the synthesized particles as well as the synthesis efficiency. Among
three solvents, toluene, 1,2-dichlorobenzene (DCB), and tetralin, DCB with a moderate boiling
point (181 °C) is the most appropriate solvent for synthesizing Ag nanoparticles. The
concentration of the reductant OCD-ol clearly affects the morphology and size of Ag NPs. The
concentration of 137.5 mM was proper for obtaining spherical and uniform Ag nanoparticles.
The XRD analysis showed that the synthesized nanoparticles had good crystallinity. The surface
plasmon resonance (SPR) properties of the Ag NPs was also dependent on the fabrication
condition. The obtained Ag nanoparticles show potential applications in biomedicine, catalysis,
or electronics.
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1. INTRODUCTION

Ag NPs as the multifunctional nanomaterial have attracted the research interest of many
scientists due to their remarkably physical, chemical, and biological characteristics such as
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thermo-optic effect, electromagnetic properties, catalytic function, anti-bacterial and anti-fungi
activities [1 - 3]. Previous studies showed that the application of Ag NPs relied on their size and
shape. The spherical Ag NPs with a small size (< 15 nm) have been widely used in
photothermia and antimicrobial therapies since they could take the advantage of small size for
cell penetration [4]. The triangular Ag NPs have been applied extensively in analytical
chemistry, pharmaceutical products, optical sensors, and catalysts [5 - 6]. Besides, Ag nanorods
have been playing a significant role in many scientific fields owing to their high conductivity
and excellent optical properties when compared to other forms in terms of surface plasmonic
resonance. In practice, Ag nanorods are used in optoelectronic devices and electromagnetic field
generators in field-emission displays [7].

Generally, Ag NPs can be fabricated by using physical, biological, and chemical methods
[8 - 10] in which the chemical method is relatively low-cost and does not require expensive
specialized devices. In this method, Ag NPs can be fabricated in the aqueous or organic media.
The reported study showed that the synthesis of Ag NPs in the aqueous environment still faced
the limitation such as difficulty in controlling the size and shapes [11] while the synthesis in
organic solvents has exhibited the effectiveness in tuning the size, dispersion and uniformity of
the NPs [12]. However, the control of morphology and size of Ag NPs in organic solvent has not
been studied systematically yet. In this work, we synthesized Ag NPs in different solvents at
their boiling points, using 1-octadecanol as reductant and sodium oleate as an intermediate
complexing agent and simultaneously surfactant. By changing reaction conditions (organic
solvent and reductant concentration), the shape of Ag NPs could be varied from spherical to
triangular, cubic, and rod shapes with diverse sizes. The morphology and surface plasmon
resonance property of Ag NPs were also tuned through reaction conditions.

2. EXPERIMENTAL
2.1. Chemicals

The chemicals used for the synthesis of Ag NPs were analytical grade and ordered from
Sigma Aldrich company with purity > 99 %, including silver nitrate (AgNO3), sodium oleate
(SOA), 1l-octadecanol (OCD-ol), toluene, 1,2-dichlorobenzene (DCB), 1,2,3,4-
tetrahydronaphthalene (tetralin), ethanol and n-hexane.

2.2. Synthesis of Ag NPs

The Ag NPs were synthesized by the solvothermal method in organic solvents at the boiling
point of the solvents. In detail, a mixture containing 1 g of AgNO3, 2 g of SOA, and 40 mL of
organic solvent (toluene, DCB or tetralin) was magnetically stirred under nitrogen flow in 30
min at room temperature. The reductant OCD-ol with a concentration range of 92.5 - 370 mM
was added to the reaction mixture. The reaction system was then refluxed at the boiling point of
the corresponding solvent for 90 min.

The as-synthesized Ag NPs were collected and washed as follows: An amount of sample
solution was well-mixed with ethanol and then centrifuged at 10 000 - 12 000 rpm for 10 min.
After discarding the solvent, the particles were re-dispersed into n-hexane and precipitated by
ethanol. The washing process was repeated five times. The obtained Ag NPs were re-dispersed
into n-hexane.
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2.3. Characterization methods of Ag NPs

The morphology of Ag NPs was determined by Transmission Electron Microscopy (TEM)
using JEM 1010 (Japan). The crystalline phase analysis was carried out on an X-ray
diffractometer — SIEMENS D5005 using radiant Cu K, (A = 1.5406 A). The UV-Vis spectra of
the samples were recorded on a Jasco V-670 spectrometer (Japan).

3. RESULTS AND DISCUSSION
3.1. Influence of solvents on the morphology and optical properties of the Ag NPs

The morphology of Ag NPs can be controlled by seed formation and growth stages. This
process is strongly influenced by parameters such as concentration of reactants, type of solvents,
reaction temperature, etc. [13]. Figure 1 shows the effect of some solvents (toluene, DCB,
tetralin) on the morphology, size, and synthesis efficiency of the as-synthesized Ag NPs.
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Figure 1. TEM images (a-c), size distribution chart (d) and the synthesis efficiency (e) of the Ag NPs
in different solvents.

From Figure 1, the shape and size of Ag NPs are affected by the type of solvents used in
the synthesis procedure. The Ag NPs fabricated in toluene solvent at 110 °C (boiling point of
toluene) are spherical but non-uniform with an average size of 5.4 + 2.0 nm and a high stdev
(standard deviation) of 37 % (Figure 1a). For DCB solvent with a boiling point of 181 °C, the
obtained particles have a relatively uniform spherical shape with a clear border, an average size
of 12.6 £ 1.2 nm, and the stdev in this case is quite small (9.5 %) (Figure 1b). The NPs obtained
in tetralin solvent at 208 °C (boiling point of the solvent), the NPs are uniform and spherical
with an average size of 13.2 = 1.4 nm, and the stdev of 10.6 % (Figure 1c). Hence, it can be
concluded that using solvent at the higher boiling point can create Ag NPs with a larger average
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size (Figure 1d) and a higher synthesis efficiency (Figure 1e). This observation can be
explained that in toluene solvent with a lower boiling point (110 °C), the reaction is slow and
incomplete, leading to the non-uniformity of Ag NPs, the wideness of the size distribution,
and the low synthesis efficiency (45.7 %). For DCB and tetralin solvents, the higher
temperature (181 and 208 °C) accelerates the
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Figure 2. UV-vis spectra of Ag NPs synthesized

The optical properties of Ag NPs were in different solvents.

studied by UV-Vis spectroscopy and the
results are presented in Figure 2. In all three spectra, there is a clear surface plasmonic resonance
(SPR) range with high absorption intensity corresponding to the characteristic peaks of Ag NPs.
When the particle size increased from 5.4 to 13.2 nm, these SPR peaks shifted from 396 to 402
nm. Obviously, the position and shape of the SPR ranges of Ag NPs are governed by the size and
shape of the fabricated particles in different solvents. According to the Mie theory [14], there is
only one SPR peak in the absorption spectrum of the spherical particles, while anisotropic
particles can generate two or more SPR peaks depending on their shapes. In Figure 2, only one
SPR peak can be observed, indicating that the Ag NPs have a spherical shape. This result is also
proved by TEM images (Figure 1).

3.2. Influence of reductant concentration on morphology and optical properties of Ag NPs

During the formation of Ag NPs, sodium oleate (SOA) acts as the intermediate complexing
agent with Ag” and surfactant preventing the agglomeration of particles, while OCD-ol functions
as the reductant (reducing Ag* to form Ag). To further understand the influence of OCD-ol
concentration on the morphology and properties of Ag NPs, the OCD-ol concentration was
varied from 92.5 to 370 mM. All samples were synthesized in DCB solvent at 181 °C. The
morphology of material was studied by TEM and the results are presented in Figure 3 and Table 1.
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Figure. 4. UV-Vis spectra of Ag NPs synthesized at different concentrations of the reductant OCD-ol.

As presented in Figure 3a, the concentration of the reductant OCD-ol clearly affects the
morphology and size of Ag NPs. The sample prepared in OCD-ol at the concentration of 92.5
mM contains non-uniform spherical particles with an average size of 7.8 £ 2.6 nm and a high
value of the small stdev (33.3 %). When the concentration increases to 137.5 mM, the obtained
spherical Ag NPs are more uniform with an average size of 12.6 £ 1.2 nm and the stdev of 9.5%
(Figure 3b). The Ag NPs obtained with the OCD-ol concentration of 185 mM have various
shapes such as spheres, triangles, and cubes with large average size of 48.7 + 3.4 nm. In the
sample with OCD-ol concentration of 230 mM, besides nanospheres, nano triangles, and
nanocubes, a small amount (approximately 4 %) of Ag nanorods with an average diameter of
30.2 nm and lengths ranging from 100 to 220 nm can be observed. At OCD-ol concentration of
275 M, only a small amount of Ag nanospheres formed while the product mainly contains Ag
nanorods with an average diameter of 32.5 nm and diverse lengths. When the concentration
increases to 370 mM, Ag nanospheres agglomerated with a large average size of 78.6 £ 7.3 nm
can be observed. Thus, the size and shape of Ag NPs significantly depend on the concentration
of OCD-ol. Data of particles size can be explained by the classical nucleation/diffusion growth
model [15]. Herein, Ag° atoms initially formed can gather and create seeds to form a certain
quantity of particles at the early stage of reaction and the Ag NPs formed later can deposit on the
present particles. When the OCD-ol concentration of 92.5 mM is not enough to completely
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reduce Ag® ions, the Ag® reduction rate is slow then a small amount of Ag is formed. At the
concentration of 137.5 mM, the reduction rate increases, facilitating the growth of Ag NPs with
uniform size. The non-uniformity in size of the sample with the reductant concentration of 92.5
mM is caused by the lower concentration of Ag® seed crystals compared to that in a solution
containing 137.5 mM, whilst the critical size becomes larger. On the other hand, based on the
theory of the growth process of seed crystals, low concentration of monomers and low reaction
rate of precursors during synthesis lead to Ostwald ripening process [16]. That explains the wide
size distribution of Ag NPs at low concentrations of OCD-ol. When the reductant concentration
increases to 185 mM, the Ag seeds continuously form and ripen to Ag nanoparticles with
different shapes (spheres, triangles, cubes) and larger sizes. This may be caused by the selective
adsorption of the newly formed Ag atoms on the surface of the previously formed seed crystals.
As the reductant concentration is 230 mM and 275 mM, the reduction rate of Ag* continues to
rise and the amount of Ag atoms increases, then Ag particles transform to Ag rods. However,
huge quantity of Ag° seeds formed at OCD-ol concentration of 370 facilely agglomerate into
nano globe. The results indicate that the different reduction rates of OCD-ol play a crucial role in
controlling the morphology of Ag nanomaterials from nanosphere to nanorod.

Effects of OCD-ol concentrations on optical properties of materials were also studied by
UV-Vis spectroscopy and results are demonstrated in Figure 4 and Table 1. Clearly, the samples
synthesized at concentrations of 92.5 and 137.5 mM have only one SPR peak at 400 and 402
nm, respectively, with a relatively narrow half-width of plasmonic peak characterizing for Ag
element. For the samples prepared at 185 and 230 mM of OCD-ol, there is a maximum
absorption at the wavelength of 405 and 440 nm, respectively, with a significantly broad SPR
peak compared to those of the samples prepared at 92.5 mM and 137.5 mM. These results can be
explained by the increase in the size and the change in morphology of Ag NPs. As the size of Ag
NPs becomes larger, the SPR peak broaden and strongly shift toward the longer wavelength
range (redshift). When the concentration of OCD-ol of 275 mM, the UV-Vis spectra show two
SPR peaks at 416 and 458 nm due to the formation of Ag nanorods. However, if the
concentration of OCD-ol is 370 mM, the UV-Vis spectrum has only one SPR peak at the
position of 434 nm because of the formation of the giant agglomerated Ag globes. Therefore, the
position and shape of SPR ranges of Ag nanomaterials are governed by the size and shape of the
particles. This conclusion is totally in agreement with Mie theory [14].

Table 1. Effect of OCD-ol concentrations on morphology and optical properties of Ag NPs.

Concentrations of OCD-ol (mM) Morphology SPR (nm)
92.5 Spheres 400
137.5 Spheres 402
185 Spheres, triangles and cubes 405
230 Spheres, triangles, cubes, and 440
rods
275 Spheres, and rods 416 and 458
370 Spheres 434
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3.3. Crystalline phase of Ag NPs
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Figure. 5. Xray diffraction patterns of the spherical Ag NPs (a) and Ag nanorods (b).

To evaluate the crystallinity of Ag NPs, we conducted X-ray diffraction analysis on some
representative samples among the synthesized materials. Figure 5 illustrates the X-ray
diffraction patterns of spherical (137.5 mM of OCD-ol) and rod (275 mM of OCD-ol) Ag NPs.
The patterns show that the products only contain Ag NPs with high purity and a face-centered
cubic structure (fcc). Both samples have characteristic peaks at 20 = 38.0°% 44.2° and 64.21°
corresponding to the crystal planes (111), (200) and (220) characterizing for Ag crystals
(JCPDS, 004-0783).

4. CONCLUSIONS

The Ag NPs with various morphologies have been successfully synthesized by the
solvothermal method. The reaction parameters including types of solvents and the reductant
OCD-ol concentrations influenced the shape, size, uniformity, and optical properties of Ag NPs.
On large-scale fabrication, the facile approach can easily tune the shape and size of materials,
opening great application potential of Ag NPs in biomedicine, catalysis, and electronics fields.
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