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ABSTRACT
Over the last few years, the green synthesis of nanoparticles (NPs) using plant extracts has emerged
as a promising methodology for the fabrication of metallic NPs (especially silver, copper, and gold
NPs), as it involves an easy, fast, low-cost, and environmentally friendly bioprocess. However, many
factors affect the sizes and morphologies of NPs biosynthesized by this method, including the
nature of the plant extract, among others. Therefore, the green synthesis of metal NPs with
defined stability, size, and morphology distribution remains under evaluation. In the present
study, we propose aqueous extracts from the endemic-medicinal plant Budleja globosa (“Matico”)
as an efficient bioproduct for the green synthesis of silver NPs (AgNPs). Experimental results
indicate that room temperature, low concentrations of leaf extracts of B. globosa, and silver
nitrate salt were sufficient to biosynthesize AgNPs with uniform size (16 nm) and shape
distribution (spherical).
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1. Introduction

In recent years, nanotechnology has shown a rapid and
successful growth, since it allows known materials to
be developed with different properties (1–4). Decreasing
the size of any material to nanoscale may change its
intrinsic properties. Thus, the properties of a nanostruc-
tured material can be quite dissimilar from those of the
bulk material, making it suitable for different appli-
cations. In particular, metallic nanoparticles (NPs) such
as silver and copper NPs (AgNPs and CuNPs) have
been applied in a wide variety of fields, including medi-
cine, agriculture, bioengineering, among others (5–9),

because they have been proven and recognized as anti-
bacterial and biocide agents (10,11).

Several methods have been used to synthesize NPs,
including chemical reduction (12), electrochemical, photo-
chemical (13,14) and physical methods, such as physical
vapor condensation (15). At present, the nanomaterials
field has generated NPs using green synthesis (1–3,
16,17). Green synthesis involves NPs obtained from the
mixing of metal salts and natural agents such as vitamins,
sugars, plant extracts, biodegradable polymers, and
microorganisms (2). When plant extracts are used, they
can act as a reducing agent, but also as a stabilizing com-
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ponent for the system (18). In particular, the green syn-
thesis of AgNPs involves the chemical reduction of silver
salt solution of AgNO3 by using plant extract. In this
process, two phases are recognized: (1) the nucleation
phase, where the silver atoms form small nucleuses
using high activation energy, (2) and the second phase
known as growth phase, in which these small nucleuses
are grouped, giving rise to the creation of NPs (18,19).
Given the high reduction potential of metal Ag, once
the AgNPs are formed, stable particles in stabilizer-free
aqueous solutions can be obtained (20–22).

The features of these NPs obtained using plant
extracts are influenced by several parameters such as
temperature, time of reaction, and pH; however, the
nature of biomolecules present in the plant extracts
could be the most relevant factor in the bioprocess
(2,23,24). Thus, the selected extract is of great impor-
tance, as it provides bioreductor agents in the synthesis,
such as phenolic compounds, terpenoids, flavonoids,
alkaloids, polysaccharides, proteins, enzymes, and
amino acids (24,25).

Although there are many studies about the synthesis of
silver NPs using plant extracts in the literature, these
reports are focused mainly on European, African, and
Asiatic plant species. In this scenario, studies about green
synthesis with plants from South America are scarce.

In the present work, Buddleja globosa Hope (also
known as “Matico”) leaf extract was used to synthetize
AgNPs. Buddleja globosa Hope is an abundant medicinal
endemic tree species from South America (26), which
shows high contents of polyphenols and has a potent
antioxidant capacity. In addition, the major biomolecule
constituents in infusions have been well described, con-
sisting mainly of verbascoside and luteolin derivatives
(27,28).

The aim of the present study was to describe the
green synthesis of AgNPs using aqueous B. globosa
extracts and to analyze the effectiveness of this biopro-
cess according to the chemical and physical properties
of AgNPs synthesized (e.g. size, shape, surface chem-
istry, and elemental composition) from different
AgNO3 salt and extract concentrations, as well as time
of reaction.

2. Materials and methods

2.1. Plant material and extracts preparation

Samples of B. globosa were taken from the botanical
garden of Universidad Católica de Temuco (38° 42′ S,
72° 42′ W) in October 2012 (austral Spring season).
Aqueous extracts were prepared according to previous
published methodology (29).

2.2. Green synthesis of AgNPs

Synthesis of AgNPs was carried out by mixing B. globosa
extracts with different aqueous solutions of AgNO3

(Merck Company, Darmstadt, Germany), and the solution
was homogenized by stirring at room temperature. The
final concentration of AgNO3 used in the synthesis
ranged from 0.1 to 10 mM with 5% volume of
B. globosa extract.

2.3. UV–Vis-spectroscopy

UV–Vis absorption spectra were measured using a Shi-
madzu UV-mini 1240 model spectrophotometer. All
measurements were performed within the range of
200 –800 nm with a 1 nm interval and with 1 s of inte-
gration time.

2.4. X-ray Photoelectron Spectroscopy (XPS)

XPS spectra of AgNPs were measured using a hemispheri-
cal analyzer (Physical Electronics 1257 system). For the
XPS, a twin anode (Mg and Al) with X-ray source was oper-
ated at 400 W of constant power and using Al Kα radiation
(1486.6 eV). The samples were placed in a sample stage
with an emission angle of 45°. The measurements were
carried out by suspending AgNPs on a gold film while
gold was served as metallic reference. Au 4f binding
energy was 84 eV for samples without any charging effect.

2.5. Fourier Transform Infrared Spectrocopy
(FTIR)

FTIR analyses were carried out using a PerkinElmer FTIR
spectrometer (FTIR System Spectrum BX). The samples

Figure 1. UV–Vis absorption spectrum of AgNPs at different time
reaction intervals biosynthesized with 2 mM of AgNO3 and 5%
volume of B. globosa extract.
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were prepared by using the KBr pellets technique and
were analyzed to check the presence of functional
groups of the surface chemistry of the reduced AgNPs.
The FTIR spectrums were collected at a spatial resolution
of 4 cm−1 in the transmission mode, between 4000 and
400 cm−1, respectively.

2.6. Transmission Electron Microscopy (TEM)

TEM was carried out with a FEI Tecnai ST F20 appar-
atus that operates at 200 kV and it is equipped with
an EDS energy dispersive system. Prior to carrying
out the TEM measurements, AgNPs obtained from
the biosynthesis were purified (by centrifugation)
and sonicated. TEM images of AgNPs were processed

with the ImageJ software to obtain diameter size dis-
tribution of particles.

3. Results and discussion

The green synthesis of silver nanoparticles (AgNPs) was
carried out by adding plant extract of B. globosa into
aqueous solutions of silver nitrate, inducing the
reduction of Ag2+ ions into Ag0. This process led to a
change in the color of the solution due to the surface
plasmon absorption of AgNPs. The biosynthesis of
AgNPs was monitored by UV–Vis spectroscopy.
Figure 1 shows UV–Vis absorption spectra recorded as
a function of time for an aqueous solution of 2 mM con-
centration of silver nitrate and 5% volume of B. globosa

Figure 2. Transmission electron microscope (TEM) images of AgNPs synthetized with B. globosa extracts; (a) a random field view of
AgNPs (scale bar representing 100 nm), (b) a high magnification image of spherical AgNPs (scale bar representing 20 nm), (c) a histo-
gram of diameter size distribution of AgNPs (n = 100) with an average diameter of 16 nm, and (d) Electron diffraction pattern (SAED)
from multiple silver NPs.
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extract. A wide absorption peak localized between
300 nm and 380 nm of wavelength related to
B. globosa extract can be observed. After one hour of
reaction, the reduction of Ag+ ions into AgNPs shows
a minor absorption peak centered at 445 nm of wave-
length related to the localized surface plasmon reson-
ance of AgNPs (30). Furthermore, as the reaction time
rises, the intensity of this absorption peak also
increases. The wavelength absorption of metallic NPs
depends on different factors such as particle size,
shape and distribution, and also on the dielectric con-
stant of surrounding media. In this case, absorption
peaks suggest the formation of spherical AgNPs with
20 nm of average diameter (30). In addition, the
increase in the signal intensity with the reaction time
indicates a growth in the amount of biosynthesized
AgNPs. After 22 hours, the resonance plasmon absorp-
tion peak remains unaffected, which confirms the bio-
process was completed. The time reaction is quite
efficient in comparison with other plant extracts
which need between 24 and 72 hours, or even a week
(31,32)

In order to confirm the size and shape of the AgNPs
biosynthesized, Transmission electron microcopy (TEM)
was carried out. Figure 2(a, b) shows TEM images of
AgNPs biosynthesized. Most of the NPs analyzed were
spherical shapes and showed some levels of agglomera-
tion. The size of the AgNPs ranged from 1 nm to 53.5 nm
(n = 100), and the average diameter size was 16.37 ±

8.35 nm (Figure 2(c)). Electron diffraction pattern
(SAED) from multiple silver NPs is shown in Figure 2(d).
The ring-like diffraction pattern indicates the crystalline
nature of the AgNPs. The diffraction rings can be
indexed on the basis of FCC structure of silver in which
rings arise from the reflection of (111), (200), (220), and
(311) lattice planes, respectively. Similar SAED patterns
have been found for AgNPs biosynthesized from other
kinds of natural extracts (33,34).

Figure 3 shows energy dispersion X-ray spectra of
AgNPs, which reveals the presence of Ag, C, O, and Cu.
However, no signal of N from AgNO3 was observed. C
and O signals come from organic compounds of
B. globosa extract, suggesting that some rests of the
extract are capping the AgNPs. The signal of Cu comes
from the Cu TEM grid where the AgNPs samples were
mounted.

XPS measurements were performed in order to study
the oxidation state of AgNPs. Figure 4(a) shows the
survey spectrum of AgNPs biosynthesized with 2 mM
concentration of AgNO3 and 5% volume of B. globosa
extract. The only elements present in the spectrum
were O, C, Ag, and Au. This last element comes from
the substrate (for further details see experimental
section). It should be noticed that nitrogen was not
detected from AgNO3, expected at ∼400 eV, indicating
the formation of AgNPs, and this result was consistent
with energy dispersion X-ray measurements. Figure 4
(b) shows a high resolution spectrum from Ag 3d band.

Figure 3. Energy dispersion X-ray (EDS) spectra of AgNPs synthesized with B. globosa extract.
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This spectrum can be fitted by two doublets. The first one
was placed at 368.3 and 374.3 eV, which correspond with
the binding energy of metallic Ag (35). The second one
was placed at 369.5 and 375.5 eV, a binding energy
higher than 368.8 eV expected for AgNO3 (35), which
confirms that silver nitrate was not present in the
sample. In addition, it has been observed that the pres-
ence of this peak at higher binding energy was related
with the formation of AgNPs (36).

In order to study the formation mechanism of AgNPs,
FTIR measurements were performed. Figure 5 shows the
FTIR absorbance spectra of AgNPs biosynthesized with
B. globose extract. This measurement confirms the pres-
ence of some functional groups capping the AgNPs. In
particular, three main peaks were observed at 3464,
2083, and 1636 cm–1. The broad band around 3464
cm−1 was due to OH stretching vibrations of phenols

and carboxylic groups present in the extract. It can also
correspond to N-H stretching vibration of NH2 groups;
however, the presence of nitrogen was discarded by
XPS and EDS measurements. The absorbance band at
2083 cm−1 corresponds to alkyne groups of phytoconsti-
tuents of the extract and the band at 1636 cm−1 can be
associated to C = O stretching vibrations. Results are
similar to other Ag NPs synthetized by different plant
extracts (37).

The properties of AgNPs biosynthesized by B. globosa
extract are very sensitive to different parameters, such as
AgNO3 and extract concentration, as well as the temp-
erature of the process and the Ph of the solution.
Figure 6 shows the absorbance spectrum of AgNPs fab-
ricated with different concentration of AgNO3 after
three hours of reaction, fixing 5% volume of B. globosa
extract. A broad absorption band in the range of 420–

Figure 4. X-ray photoelectron spectroscopy (XPS) measurement of AgNPs biosynthesized with 2 mM of AgNO3 and 5% volume of
B. globosa extract in aqueous solution. (a) XPS survey. (b) High resolution spectrum from Ag 3d band.

Figure 5. Fourier transform infrared (FTIR) spectra of B. globosa extract and biosynthesized Ag NPs.
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480 nm of wavelength was observed for all the concen-
tration of AgNO3 used, which was characteristic of loca-
lized surface plasmon resonance of AgNPs. In addition,
as the concentration of silver salt was increased, the
intensity of the absorption peak also increased,
suggesting that the amount of AgNPs rises. Furthermore,
a red shift in the absorption band was observed from
432 nm with 1 mM of AgNO3 to 467 nm with 10 mM of
AgNO3. The red shift was caused by quantum size
effects, indicating a large size distribution given by
agglomerated AgNPs, which was in agreement with
TEM images. Moreover, for higher concentration of
AgNO3, the absorption bands were wider, suggesting a
smaller diameter size of AgNPs.

B. globosa has been demonstrated as an efficient bio-
product to synthetize AgNPs with spherical shape. In the
present study, the biosynthesized AgNPs showed similar
properties in comparison with other AgNP fabricated by
plant extracts with equal antioxidant capacity (20,21, 24).
However, the efficient time reaction and the possibility to
modify the main properties of AgNPs by changing the
AgNO3 concentrations suggest that this bioprocess can
be implemented to obtain AgNPs for catalyst and antimi-
crobial applications.

4. Conclusions

One-step green synthesis of stable silver NPs using
B. globosa leaves extract at room temperature was
reported in this work. Silver NPs were successfully bio-
synthesized by this simple, fast, cost effective, eco-
friendly, and efficient method, which excludes external
stabilizers or reducing agents. In this process, the main
polyphenols present in plant extracts of matico, such
as verbascoside and/or luteolin may be related with

the chemical reduction of silver ions Ag2+ to Ag0, allow-
ing the nucleation and growth of silver NPs with spheri-
cal shape and an average diameter of 16 nm. In addition,
they also act as stabilizing agents of NPs. The properties
of the final silver NPs including the average diameter,
dispersion and optical properties can be easily controlled
by changing the main parameters in the process, such as
silver nitrate concentration.
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