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Abstract 
Size controlled silver nanoparticles were obtained via chemical reduction using one-pot synthesis. Differently from other reported methods 
for silver nanoparticles, 1-octanol was used as both solvent and reduction agent, oleylamine and oleic acid acted as capping agents and 
silver nitrate was used as the metal precursor. Ultraviolet-visible and Raman spectroscopy were used to monitor the in situ growth of the 
nanoparticles and to corroborate the oxidation of the alcohol to caprylic acid. X-ray diffraction (XRD) and transmission electron 
microscopy (TEM) served to find the size and shape of the nanoparticles. It was found that the temperature used and the reagents proportions 
were appropriated to produce silver nanoparticles. A growth mechanism was proposed including the formation of silver carboxylates as an 
intermediate step of the reaction. As a systematic use of oleic acid, we could observe that a higher concentration of this capping agent led 
to smaller and more homogenous nanoparticles, less than 5nm in size. 
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Fácil síntesis en un paso y mecanismo de formación de 
nanopartículas de plata 

 
Resumen 
En este trabajo se obtuvieron nanoparticulas de plata por la ruta de reducción química usando síntesis en un paso. Diferente a otros métodos 
reportados para nanoparticulas de plata, se usó 1-octanol como solvente y agente reductor, oleilamina y ácido oleico como agentes 
estabilizantes, mientras que el precursor del metal fue nitrato de plata. El crecimiento de las nanopartículas fue monitoreado por 
espectroscopia de absorción ultravioleta-visible y Raman, lo cual corroboró la oxidación del alcohol a ácido caprilico. Los ensayos de 
difracción de rayos X y microscopia electrónica de transmisión permitieron conocer la forma y el tamaño de las nanopartículas. Se encontró 
que la temperatura y los reactivos empleados fueron apropiados para producir nanopartículas de plata. Se formaron carboxilatos de plata 
como un paso intermedio en la reacción. Finalmente, el incremento en la concentración de ácido oleico permitió la obtención de 
nanopartículas de plata de menos de 5nm. 
 
Palabras clave: nanopartículas de plata, crecimiento, agentes estabilizantes. 

 
 
 

1.  Introduction 
 
Silver nanoparticles are very attractive due to their 

remarkable size and shape-dependent electronic and optical 
properties [1,2]. Hence, they have been used in a broad range 
of fields which include catalysis, photonics and surface-
enhanced Raman scattering (SERS) [3-10]. It has also been 
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demonstrated that they have highly effective bactericide 
properties related to the continuous release of silver ions, and 
therefore they have become one of the most commercialized 
nanotechnology products in the area of health care; i.e., for 
bandages, clothing, and cosmetics [11]. 

The absorption spectrum of silver nanoparticles is sharp 
and strong, a feature which is ascribed to the so called surface 
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plasmons, which consists in the excitation of collective 
electron oscillations, in response to an electromagnetic field 
[12]. The optical properties of silver nanoparticles are 
dictated by the morphological parameters, such as size and 
shape; hence it is crucial to be able to control these 
parameters [13]. 

Many strategies have been developed for the preparation 
of silver nanoparticles. Mehta S.K. et al [14] prepared silver 
nanoparticles with controlled shapes and size in 
homogeneous aqueous solutions using silver nitrate and 
different saccharides in a micellar media with sodium 
dodecyl sulfate as surfactant. More complex methods have 
also been developed, like the use of gamma radiation known 
as the radiolytic reduction method, in which an aqueous 
solution of the silver precursor (commonly silver nitrate) is 
irradiated with gamma rays in order to generate reactive 
species capable of reducing silver ions Ag+ into zero-
oxidation state silver atoms (Ag0) [15,16]. Tri-sodium citrate, 
tannic acid and silver nitrate have also been used [17], but 
some other methods require the usage of uncommon silver 
tetradecanoate as a precursor reagent [18]. One of the most 
common reducing agents for the synthesis of nanoparticles is 
1,2-hexadecanediol [19,20], and other less expensive 
capping and reducing agents like liquid paraffin [21] have 
also been used. In this case, 1-octanol, which is a very 
common and available solvent, is explored both as a solvent 
and a reducing agent. 

 
2.  Experimental methods 

 
In order to fulfill the requirements of a standard, high 

purity (>99.8%) silver nitrate and 1-octanol were purchased 
from Merck, Oleic Acid (90%) from Alfa Easer and technical 
grade oleylamine (70%) from Sigma-Aldrich. All these 
reagents were used without any further purification. 

 
2.1.  Synthesis of silver nanoparticles 

 
Silver nanoparticles were obtained by a facile method via 

one-pot synthesis. The reagents used are described in Table 
1. Changes were made to the quantity of Oleic acid rather 
than the quantity of oleylamine or 1-octanol because of this 
reagent’s lower cost. In order to synthesize nanoparticles 
with uniform sizes, a “hot injection” rather than “heating up” 
method was adopted as proposed by Chen Y. et al [22]. 1-
octanol, oleylamine and oleic acid were added in a 100 mL 
two-neck flask, and the mixture was heated to 180°C under 
magnetic stirring. Upon reaching the set temperature, AgNO3 
was added and the reaction continued and at the same time 
aliquots were taken at different times and cooled in an ice 
bath in order to follow the kinetic by Raman and UV-vis 
absorbance measurements. The resulting dark brown solution 
was cooled down to room temperature, and the product was 
precipitated by adding ethanol to the solution and collected 
by centrifugation at 5000 rpm for 5min, which was further 
purified by washing with ethanol 2–3 times. Final products 
were re-dispersed in hexane for later use and analysis. 
 
 
 

Table 1. 
Reagents used in the synthesis. 

Nomenclature AgNO3 
(mg) 

Oleic 
acid (ml) 

Oleylamine 
(ml) 

1-Octanol 
(ml) 

Ag1 203 2.0 2.5 30 
Ag2 203 3.0 2.5 30 
Ag3 203 4.0 2.5 30 

Source: The authors 
 
 

2.2.  UV–Vis absorption spectrophotometry 
 
The UV-vis absorption spectra were taken at room 

temperature on a UV-vis spectrophotometer Cary 100 from 
Varian Inc, with a variable wavelength between 300 and 800 
nm using a glass cuvette with an optical path of 1 cm. 

 
2.3.  X-ray diffraction (XRD) 

 
The X-ray powder diffraction (XRD) pattern was 

recorded using a PANalytical X-ray diffractometer with Cu 
Kα radiation (1.5406Å). Samples for measurement were 
prepared by dropping silver colloids (dispersion in hexane) 
on the Mylar grid and allowing them to dry at room 
temperature. The scan step size was 0.0525, ranging from 20 
to 90º with a time per step of 64s. 

 
2.4.  Micro-Raman spectroscopy 

 
Raman spectra of the samples were recorded using a 

Horiba Yvonjobin dispersive micro-Raman 
spectrophotometer. A 785nm laser for the excitation 
radiation was used. All the spectra were collected in the range 
3700–100cm-1.  

 
2.5.  Transmission electron microscopy (TEM) 

 
Transmission electron microscopic images were obtained 

on a FEI Tecnai TEM. Samples for the TEM were dispersed 
in hexane and deposited on an amorphous carbon film-coated 
copper grid followed by natural evaporation at room 
temperature. 

 
3.  Results 

 
Fig. 1 shows a picture of the resulting nanoparticles 

dispersed in hexane after being purified. The brown color is 
very characteristic of the colloidal dispersion. Visual 
monitoring was carried out for 2 months and no color change 
or sedimentation was observed, indicating that the particles 
were very stable in this solvent. 

 
3.1.  Growth process of silver nanoparticles: UV-Vis and 

Raman spectra 
 
2 mL aliquots of the reacting solution were deposited into 

test tubes at different times (2, 10, 30, 60 and 120min) and 
then immediately cooled in ice water to stop the reaction. To 
carry on the optical spectra of the nanodispersions, 20µL of 
each aliquot were diluted into 3mL of ethanol. 
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Figure 1. Picture of silver nanoparticles dispersed in hexane. 
Source: The authors 

 
 
The evolution of the growing silver nanoparticles was 

monitored by their change of the UV-visible spectrum. Fig. 
2a shows the resultant absorbance spectra for Ag2. A very 
characteristic absorption peak could be observed around 
460nm. We can see that the absorbance increased rapidly in 
just 2 minutes, indicating a higher concentration of silver 
nanoparticles; after 2 hours the change was not significant, 
because all particles were already formed. A blue shift was 
found while the reaction occurred, which is consistent with 
other reports [23]. As the position of the peak is very 
dependent on the nanoparticles’ size [21] the 460nm peak is 
not the real one associated to the plasmon resonance of the 
particles, because they were not well dispersed in the samples 
taken from the reacting solution (aggregates absorb at higher 
wavelengths). Lower peak positions were obtained after 
purification and dispersion in hexane (See Fig. 5). 

The two well-defined processes associated with the 
nucleation and growth of the particles can be observed in Fig. 
2b. These are similar to those proposed by Lamer and 
Dinegar [24] who studied the variation of the solute 
concentration as a function of time. Nucleation implies an 
increase in the number of scattering centers (number of 
particles) for a given system, and therefore gives an increase 
in the scattered intensity. In contrast, the growth of particles 
is associated with a decrease of the scattered intensity since 
the observation window corresponds to the diffraction of 
smaller particles that are disappearing during the growth 
process or dissolution of the unstable nucleus. It is consistent 
with the mechanism of the reduction of Ag+ ions and the 
association of Ag0 atoms to produce metallic Ag particles as 
proposed by several authors [14,25,26]. 

Raman measurements were also carried out in order to 
understand the evolution of the reaction. It was not possible 
to find a clear reported position band for the absorption of 
silver nanoparticles in the literature, but it is known that silver 
presents a lattice vibrational mode between 50 and 300cm-1 
depending on whether it is present as oxide, nitrate, chloride 
or as some other compound [26]. Nevertheless, as a reference 
we decided to use a 99.99% pure silver wire to compare with  
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Figure 2. UV-Vis absorption spectra of the Ag2 reaction mixture. 
Source: The authors 

 
 

Table 2. 
Raman assignment. 

Raman shift 
(cm-1) 

Assignment [27, 28] 

244 Ag lattice vibrational mode of silver standard 
270 Ag lattice vibrational modes of silver nanoparticles 
1302 C-O stretching 
1388 COO stretching 
1438 CH2 scissoring 
1658 C=O stretching 

Source: The authors 
 
 

the position for the metallic silver. The observed bands were 
found to be 244cm-1 for the silver wire, while 270cm-1 for the 
growing silver nanoparticles. Table 2 shows the signals 
assignation. 

The Raman spectra of the reaction mixture are plotted in 
Fig. 3. This behavior was attributed to an intermediate step, 
in which silver carboxylates could be formed; this is thought 
to be because the symmetric strong COO stretch band is 
usually seen at 1450-1360cm-1 [28]. The symmetric 
stretching vibrations of C=O groups could be identified at 
1658cm-1; from 2 to 10 minutes its intensity remained almost 
the same, but later, the peak became more intense, indicating 
that more C=O groups were formed due to the oxidation of 
1-octanol to octanoic acid (Caprylic acid). Oleylamine can  
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Figure 3. Spectra of the Ag2 reaction mixture. 
Source: The authors 

 
 

 
Figure 4. Schematic illustration of the proposed formation mechanism of 
silver nanoparticles obtained by 1-octanol as reducing agent. 
Source: The authors 

 
 

also act as reducing agent and undergo metal-ion-induced 
oxidation to nitriles [29], but it was not possible to observe 
changes because the content of Oleylamine was relatively low.  

Fig. 4 shows the proposed formation mechanism of silver 
nanoparticles according to the results observed by Raman. 
The formation of intermediated unstable silver nanoparticles 
occurs very rapidly (less than two minutes) as observed in the 
absorption spectra. These nanoparticles are not large enough 
to grow and these unstable nuclei can be partially dissolved, 
and therefore as shown in the Raman results, the peak 
intensity attributed to the already formed nanoparticles 
decreased while the silver carboxylate increased (see Fig. 3 
at 10 minutes) [24]. As the silver carboxylate formation is an 
intermediate step, and as the salts are not very stable at 180 
°C, they provide the Ag+ ions, which are later reduced to 
form stable nuclei for the nanoparticles. This means that the 
formed carboxylates tend to disappear (as seen in the Raman 
spectrum at 30 minutes) and the intensity associated to the 
formed nanoparticles has to increase. 

Fig. 5 shows the resulting absorbance spectra for the three 
sets of nanoparticles synthesized in this work. If the particle 
size becomes comparable to or smaller than the mean free 
path of the conduction band electrons or “free” electrons, the 
collisions of the electrons with the particle surface becomes 
important and the effective mean free path is less than that 
existing in bulk materials. This usually results in broadening 
and blue-shift of the plasmon band for particles smaller than  
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Figure 5. UV-Vis absorption spectra of silver nanoparticles in hexane after 
purification. 
Source: The authors 
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Figure 6. X-ray diffraction patterns of Ag1 and Ag3 silver nanoparticles 
Source: The authors 

 
 

about 10 nm [30]. There was a slightly blue shift in the 
maximum absorbance peak from Ag1 to Ag3. These results 
suggest that smaller nanoparticles were obtained by increasing 
the oleic acid concentration, probably because of the steric 
effects; the growing particles are rapidly capped or stabilized 
by the molecules of the acid and therefore the opportunity for a 
particle to interact with others becomes lower. 

 
3.2.  Particle size: XRD and TEM 

 
The X-ray diffraction patterns of Ag1 and Ag3 samples are 

shown in Fig. 6. The peaks of Ag1 perfectly match the face-
centered cubic (fcc) structure of the bulk silver, with the broad 
peaks around 2θ = 38°, 44°, 65°, and 78° corresponding to 
(111), (200), (220) and (311) lattice planes, respectively. 

The average crystallite size of both samples were 
calculated over the (111) reflection plane using the classical 
Scherrer Eq.1 [31]. k is the Scherrer constant (k = 0.89) λ is 
the wavelength of the X-ray, β is the FWHM of the peak and 
θ is half of the Bragg angle. 
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𝐷𝐷 = 𝑘𝑘𝑘𝑘
𝛽𝛽 cos𝜃𝜃

    (1) 
 

The calculated crystallite size was found to be 5.97nm 
and 2.63nm for Ag1 and Ag3, respectively. These results are 
consistent with the absorbance spectra of Fig. 5. 

Fig.s 7 and 8 show TEM images of the samples. The 
corresponding histogram of the particles size distribution for 
the respective samples is presented along with the TEM 
images. Ag1 (Fig. 7) ranged from 4 to 71nm and Ag3 from 
2.1 to 4.7nm, the latter being more uniform and smaller than 
Ag1, with an average particle size of 3.8±0.5nm. 

A lower concentration of oleic acid resulted in larger 
crystallites and nanoparticles because it was probably not 
enough to completely cover the particles’ surface and 
stabilize; therefore, some non-regular shapes (elongated 
spheres and prisms) were obtained. 

According to Fig. 8, there was an important improvement 
in the distribution of the particles indicating that a simple 
change in the capping agent’s concentration allows for 
controlling the nanoparticles’ shape and size and that can lead 
to the formation of almost monodispersed nanoparticles 

 
4.  Conclusions 

 
Well dispersed silver nanoparticles with controllable size and 

shape were prepared by reducing silver nitrate with 1-octanol in 
the presence of oleic acid and oleylamine as capping agents. The 
nucleation and growth processes could be recognized by UV-vis 
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Figure 7. TEM image (top) and the corresponding particle size distribution 
(bottom) of Ag1. 
Source: The authors 
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Figure 8. TEM image (top) and the corresponding particle size distribution 
(bottom) of Ag3. 
Source: The authors 

 
 

spectrophotometry. A mechanism for the formation of the silver 
nanoparticles was proposed according to the Raman 
measurements, which allowed us to identify that during the 
reduction of silver ions and oxidation of 1-octanol to caprylic 
acid, an intermediate step occurred, in which silver carboxylates 
were formed. Finally, oleic acid limited further aggregation and 
particle size of silver nanoparticles and fully stabilized the 
dispersed silver nanoparticles in solution, which served to obtain 
smaller and more homogenous spherical nanoparticles. 
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