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Abstract 
In the presented manuscript, spherical silver nanoparticles (AgNPs) which were prepared via green chemical method in a 
single step take only a few minutes to be ready as a Hg2+ ions detector based on the plasmon band changes. The AgNPs were 
obtained with the aqueous extract of Mimusops coriacea leaves. The components of the extract as tannins and polyphenolic 
compounds were responsible for the reduction in metal ions and the particles encapsulation. The AgNPs were character-
ized by UV–Vis spectroscopy, fluorescence, Fourier transform infrared, dynamic light scattering analysis and transmission 
electron microscopy. The AgNps presented an average diameter of 15 nm and a zeta potential value of ~ − 28 mV. They were 
monodispersed and stable for up to 180 days. AgNPs are used as a Hg2+ sensor with high sensitivity and selectivity. The 
fast, simple and low-cost method is based on changes in the AgNP surface plasmon resonance band (λ ≈ 410 nm) with LOD 
6.5 ng/mL (32.5 nM), without functionalization of the AgNPs. The low LOD demonstrates its potential for Hg2+ quantifica-
tion in environmental samples such as fish, soil, and effluent discharge.
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1  Introduction

Mercury (Hg) is a hazardous substance, because of its eco-
systems accumulation, atmospheric propagation and adverse 
effects on human health. Its toxicity is recognized by the 
International Classification of Disease [1]. It occurs in liquid 
state at room temperature, and increasing the temperature, it 
volatizes to the atmosphere, which generates colorless and 
odorless toxic vapors.

Methylmercury which is one of the most toxic arrange-
ments of the metal is rapidly absorbed by aquatic organ-
isms and thus bioaccumulated and biomagnified along the 
trophic chain. In this way, the living beings located at the 
highest trophic levels exhibit the highest concentrations of 
this metal. Predatory fish, such as dogfish and Tucunaré, for 
example, tend to have higher concentrations of Hg and may 
lead to contamination of the population who feeds on these 
species [2, 3].

Due to the high toxicity of Hg even at low concentra-
tions, several analytical techniques for its determination have 
been developed in recent years. Most of them are based on 

chromatographic techniques [4]. Although extremely sen-
sitive and selective, these methods depend on high-cost 
equipment and, in general, complex sample preparation 
procedures.

Metallic nanoparticles (MNP) such as silver (AgNP) and 
gold (AuNP) have been reported with excellent results in 
the development of colorimetric methods for the detection 
of contaminants [5–9]. However, the methods traditionally 
used to achieve nanoparticles (NPs) involve the use of toxic 
chemical reducers which limits its application in the clinical 
and pharmaceutical field, also the possibility of the genera-
tion of residues potentially harmful to the environment and 
to human health [10]. Against this backdrop, the search for 
safer procedures with less impact on the environment, which 
is denominated green synthesis, rises. These methods’ pur-
pose is to use biological systems in replacement of toxic 
chemical reagents in order to attain nanomaterials.  These 
methods are a sustainable alternative, which result in high 
biocompatibility and biodegradability NPs by low produc-
tion cost of production and high yield [11–17]
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Several studies have been published in the last two dec-
ades regarding metallic nanoparticles synthesis mediated by 
plants. In general, the processes involve aqueous extracts 
from different parts of the plants and the authors indicate 
secondary metabolites present in these extracts as responsi-
ble for the reduction in the metal ions and for ensuring the 
nonaggregation of the particles [18–22].

Studies on the use of MNP in the determination of Hg2+ 
have been published in recent years. However, the synthesis 
of MNP and the Hg2+ detection depend on long, complex 
and strictly controlled procedures, and MNP functionaliza-
tion involves the use of toxic reagents and expensive materi-
als [23–28].

Some studies have reported Hg detection by MNP 
obtained by green methods. However, the synthesis process 
usually depends on multiple steps. Ghosh et al. [29] reported 
the detection of AgNPs obtained by plant extracts. The time 
required to obtain the plant extract and for the formation 
of the reported AgNP was greater than 24 h, depending on 
sun exposure and centrifugation process. The detection limit 
obtained was 2 μM.

In the present study, spherical AgNPs (diameter ≅15 nm) 
were synthesized using the Mimusops coriacea’s leaves 
aqueous extract (McAgNP). This plant, which is African 
originated, produces a fruit rich in vitamins known as apri-
cot. The McAgNPs obtained were applied in the develop-
ment of a method for the detection of Hg2+ in aqueous solu-
tion. This method is based on the NPs change in its SPR 
bands with a detection limit of 32 nM.

The synthesis method has been simplified compared to 
the previously published one [22]. The xenon lamp irra-
diation step which is used in the previous procedure was 
eliminated, and nanoparticle synthesis was controlled by pH 
adjustments. In this study, the formation of AgNP occurs in 
a few minutes using a single-stage method, at room tempera-
ture and neutral pH. This method has shown high yield and 
reproducibility, even when considering the climatic changes 
that the plant is exposed to throughout the year. The Hg2+ 
detection method is fast and simple. It consists of mixing 
the sample (aqueous solution) with the nanoparticles and 
reading the absorbance signal (λ ~ 405 nm). It has high sen-
sitivity, selectivity and reproducibility. Until this date, we 
have not found reports of an AgNP synthesis method with 
similar simplicity that is effective in detecting Hg2+ with a 
compatible detection limit.

2 � Materials and methods

2.1 � Synthesis and characterization of silver 
nanoparticles (McAgNP)

The employed method to obtain McAgNP was based on 
the one that was reported on a previous study [22], with 
modifications. In this work, the xenon lamp irradiation 
step was eliminated, and the synthesis takes place at room 
temperature.

The effects on the variation in the silver nitrate (AgNO3) 
concentration, the plant material volume and the reaction pH 
during the colloidal suspension preparation were analyzed. 
These studies are detailed in Table S1 in Electronic Sup-
plementary Information 1 (ESM 1).

In order to prepare the aqueous extract, the M. coriacea 
leaves were collected on the Prainha Branca Coast, which is 
located in the Serra do Guararu Environmental Preservation 
Area, Guarujá, São Paulo, Brazil, at latitude − 23.869296 
and longitude −  46.137139.

The collected plant material was washed with distilled 
water and chopped into pieces of approximately 10 × 3 mm. 
The material was than infused for 5 min in 100 mL of 
ultrapure water at a mean temperature of 82 °C (± 2 °C) 
on a magnetic stirrer with heating (Fisatom 753A). After 
one minute of standing, the material was filtered on a plain 
filter paper. The attained yield was approximately 80 mL of 
extract, which consisted of a light-green liquid. The extracts 
were prepared within 24 h after harvesting the leaves.

The silver nanoparticle suspension (McAgNP) was 
prepared from the AgNO3 (Sigma-Aldrich) and diluted in 
40 mL of the extract at room temperature. The pH of the 
reaction was adjusted by adding sodium hydroxide (NaOH) 
in aqueous solution at a concentration of 1 mmol.

The McAgNPs were characterized by absorption spec-
trometry techniques in UV–Vis (Shimadzu MultiSpec 1501 
spectrophotometer) and infrared regions (FTIR Shimadzu 
IRPrestige-21). The fluorescence spectra of synthesized sam-
ples were obtained by exciting samples in the chlorophyll 

Table 1   Variations in the preparation of McAgNP

Name M.c 
Leaves 
(mg\mL) 
(± 2 mg)

AgNO3 
(mmol/L)

Initial 
pH 
(± 0.1)

Adjusted pH 
#1(± 0.1)

Adjusted pH 
#2 (± 0.1)

McAg1 25 1 5.83 6.92 10.10
McAg2 25 2 5.90 7.45 10.21
McAg3 50 1 5.40 7.39 9.80
McAg4 50 2 5.05 6.78 10.76
McAg5 100 1 5.30 7.16 9.87
McAg6 100 2 5.32 6.99 10.54
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absorption band, which is around 430 nm with the fluorom-
eter Fluorolog 3 (Horiba Jobin Yvon). Transmission electron 

microscopy (TEM) images were obtained to determine the 
shape and size of the particles (JEM 2100-JEOL). The sta-
bility of colloidal suspensions was analyzed by measures of 
zeta potential (Zetasizer Nano ZS Malvern). The procedures 
used are detailed in a previous study [22].

In this work, the particle size distribution considering its 
hydrodynamic diameter and polydispersity was analyzed by 
dynamic light scattering (DLS) by Zetasizer Nano ZS Mal-
vern. The scattering angle was set at 173°, the temperature 
was set to 25 °C and the sample stabilization time was set 
at 120 s. This analysis also provides information about the 
polydispersity (PDI) of the suspension: the closer it to 1, the 
more polydisperse is the solution, i.e., more heterogeneous.

Fig. 1   UV–Vis spectra of McAgNP

Table 2   Results of McAg 2 DLS analyses (pH ~ 7.5)

Hydrodynamic 
diameter (nm)

Vol(%) PDI Zeta potential (mV)

95.89 (± 59.42) 59.7
1230 (± 395.0) 6.7 0.239  − 28.0 (± 0.43)
27.53 (± 5.45) 33.0

Fig. 2   TEM images and size distribution histogram of McAg 2 
pH ~ 7.5
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2.2 � Determination of Hg2+ in aqueous solution

2.2.1 � Selectivity analysis

To determine the selectivity of the method, UV–Vis spectro-
photometry measurements were performed with McAgNP in 
the presence of Li+, Na+, K+, Mg2+, Ca2+, Sr2+, Ba2+, Ni2+, 
Cu2+, Zn2+, Hg2+, Co2+ e Cd2+ cations at a concentration of 
100 μg / mL (± 3 μg/mL).

2.2.2 � Sensitivity of Hg2+ and calibration curve

A stock solution of Hg2+ of 100 μg/mL (± 5 μg/mL) was 

Fig. 3   UV–Vis spectrum of a aqueous extract of Mimusops coriacea 
25  mg/mL and McAgNP. b Chlorophyll and McAgNP fluorescence 
spectra. c FTIR spectra of the Mimusops coriacea and McAgNP 
extract

Fig. 4   Variation in the absorbance intensity of McAgNP in the pres-
ence of contaminants

Fig. 5   UV–Vis spectra of McAgNP diluted to 10% in the presence 
of aqueous solutions of  Hg2+with concentrations between 50 and 
500 ng/mL
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prepared by adding 10 mL (± 0.5 mL) of a standard Hg2+ 
solution of 1000 μg/mL (± 5 μg/mL) SpecSol, in a 100-mL 
volumetric flask. Afterward, the flask was filled with high-
purity water.

The McAgNP sensitivity analysis was performed by pre-
paring Hg solutions with concentrations between 50 and 
500 ng/mL (± 2 ng/mL). The solutions were prepared by 
diluting the stock solution in high-purity water.

The McAgNPs characterization has shown the best syn-
thetic conditions. The McAgNP suspensions were diluted 
1:10 in high-purity water. Furthermore, the analysis samples 
were prepared by mixing 1 mL of already diluted McAgNP 
(1:10) and 5 mL of the previous prepared Hg2+ solutions. So, 
measurements were carried out for the samples by UV–Vis 
spectrophotometry.

A study has been developed, in which we have varied the 
McAgNp, and we have analyzed the ratio between McAgNP 
and Hg. The measurements were carried out in triplicate, 
and the obtained spectra were used to fit an analytical curve 
and to calculate the limits of detection (LOD) and quantifica-
tion (LOQ) through Eqs. 1 and 2 [30]:

where LOD corresponds to the detection limit, LOQ is the 
limit of quantification, σ is the standard deviation of ten 
measurements of the analytical blank and b is the slope of 
the calibration curve.

3 � Results

The McAgNP suspension was firstly detected because of the 
solution’s color. The reddish-brown tone is characteristic of 
silver nanoparticles resulting from surface plasmon reso-
nance (SPR), where the observed color is complementary 
to the absorption wavelength of the plasmon.

In the first study about the synthesis conditions, the 
AgNO3 concentration was varied and the volume of plant 
material in the preparation of the extract was fixed in 50 mg/
mL. It was observed that the solution color onset changes 
from a yellowish solution to dark-brown one after 10 min. 
This result was obtained with higher intensities at higher 
concentrations of AgNO3.

(1)LOD =
3�

b

(2)LOQ =
10�

b

UV–Vis spectrophotometry analyses showed the pres-
ence of McAgNP in suspension from the concentration of 
1 mmol/L AgNO3. The absorbance became more intense 
with increasing concentration of the metal in the solution, 
saturating at 2 mmol/L, since little change was observed 
with increasing concentration.

The absorbance intensity shift as a reaction time function 
was analyzed: the reaction starts immediately with signifi-
cant growth up to 30 min, continuing in slower growth up 
to 60 min when it seems to stabilize (see Figs. S1 and S2 
in ESM 1).

The M. coriacea leaf extract’s pH is 6.5 (± 0.2). After 
the reaction with AgNO3 and the formation of McAgNP, 
the solution becomes slightly acidic. Before each measure-
ment with UV–Vis spectrophotometry, suspension pH was 
adjusted. To better understand the results, the suspensions 
were numbered according to the plant material volume 
and AgNO3 concentration. The results are summarized in 
Table 1, with their respective pH values before and after 
each adjustment. Figure 1 (a, b, c) shows the UV–Vis spectra 
before and after each pH adjustment.

The suspension-denominated McAg 2 was determined 
as the one with better characteristics and selected for the 
next steps of the study. This decision was made by reason of 
the characteristics of the SPR band:1) the higher intensity 
the band showing, the higher silver nanoparticles concentra-
tion in the suspension (better performance); 2) the narrower 
band, indicating more monodispersed suspensions, and 3) 
the shorter the wavelength pointing to the smaller particle 
sizes.

The next study was the analysis by reason of the gradual 
increase in pH. There was a significant increase in the inten-
sity of the SPR band after the first adjustment (51%), which 
was followed by a less significant increase under pHs 9.1 
(15%) and 10.7 (9%), where saturation occurs (Fig. S3 a and 
b in the ESM 1). It was observed that in suspensions with pH 
adjusted to values greater than 9.5, there was a reduction in 
pH, which stabilized around 7.5 (± 0.4).

Furthermore, a new analysis was performed. The suspen-
sion pH was set to 7.5 immediately after the addition of 
AgNO3 to the extract. The promoted effects were observed 
by UV–Vis analysis in function of the reaction time (Figure 
S3 c and d in ESM 1). The reaction starts as soon as the pH 
is adjusted. Its pH rises to 21% after 30 min, where it stabi-
lizes and presents a small improvement after 24hs (8%) and 
then remains stable.

DLS analyses which are presented in Table 2 indicate that 
the McAg 2 suspension (pH 7.5) has high monodispersity. 
However, it counts on some agglomerates. Zeta potential 
values close to − 30 mV indicate good stability and nega-
tive surface charge, leading to electrostatic repulsion of the 
particles.

Fig. 6   Analytical curves for quantification of Hg2+. Green lines rep-
resent the confidence band (95%). a In terms of the absorbance inten-
sity b Changes in the band area between 320 and 600 nm. c Displace-
ment of λmax

◂
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The stability of the McAgNP can be verified by UV–Vis 
spectra (Figure S4 in ESM 1), which presents only a dis-
crete reduction in the absorbance intensity (8%) and a slight 
widening in the plasmonic band (20%) even 180 days after 
the preparation.

Images of TEM (Fig. 2) confirm the presence of spheri-
cal nanoparticles in the majority, with average diameters 
of 15 nm.

Since the reducing agent of the metal ions in this pro-
cess is a natural material. It is susceptible to variations 
according to the climate and stage of development.

For the analysis of reproducibility, the spectra of three 
suspensions prepared during the rainy period and two 
during the dry climate period of McAg 2 pH ~ 7.5 were 
used. The leaves collected in the dry period were washed, 
chopped and frozen in Falcon tube for 5 months when the 
extract and a new sample were prepared. Similar charac-
teristics were observed in all conditions (Fig S5 in ESM 
1).

The UV–Vis absorption spectrum of the M. coriacea 
extract (Fig. 3 a) shows absorption bands in the UV region, 

indicating the presence of amino acids, carotenoids, and 
chlorophyll, which may be bound to McAgNP (Fig. 3a). 
The 218 nm band present in the extract and the McAgNP 
indicates the presence of tannins [31, 32].

The presence of alkaloids, tannins and other phenolic 
compounds in plants of the genus Mimusops and others of 
the Sapotaceae family has already been reported in previous 
studies [33–35]. Fluorescence spectra of the McAgNP and 
the M. coriacea extract without the addition of the metal 
were obtained to observe changes in the chlorophyll fluores-
cence present in the extract after the formation of the nano-
particles. In Fig. 3b, it is observed that the presence of AgNP 
induces suppression of chlorophyll fluorescence at 676 nm 
(samples excited at 430 nm).

The FTIR spectra of M. coriacea and McAgNP leaves 
extract are shown in Fig.  3c. The FTIR signal of the 
extract shows peaks around at 3436, 2935, 1617, 1444 and 
1049 cm−1. The band at 3436 cm−1 occurred in function of 
the OH stretch. The band at 2935 cm−1 occurred as a result 
of the presence of aldehyde CH and was shifted to a lower 
frequency (2928 cm−1) in McAgNP. The 1617 cm−1 band in 

Fig. 7   TEM images of 
McAgNP in the presence of dif-
ferent concentrations of Hg2+a 
1 μg/mL; b 5 μg/mL; c 20 μg/
mL
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M. coriacea leaf extract attributed to the presence of amide 
I vibrations was shifted to 1627 cm−1 in McAgNP probably 
as a consequence of the presence of proteins that possibly 
bound to the silver nanoparticles through the amine groups. 
The 1049 cm−1 band as a result of C–O–C stretching could 
be attributed to Ag+ reduction since the band was shifted to 
1040 cm−1 in McAgNPs [34].

3.1 � Analysis of sensitivity and selectivity to Hg2+

As shown in Fig. 4, there is a significant reduction in the 
absorbance intensity of McAgNP in the presence of Hg2+ 
ions. The same behavior is not observed in the presence of 

other ions at the same concentrations, which confirms the 
selectivity of the method.

In Fig. 5, the UV–Vis spectra of McAgNP in the pres-
ence of the Hg2+ solutions at concentrations between 50 and 
500 ng/mL are presented. It was observed that the changes 
in the McAgNP plasmonic band were proportional and lin-
ear to the increase in concentration. These changes can be 
observed in three parameters: absorbance intensity, λmax. 
position and band area between 320 and 600 nm.

Independent calibration curves were created for each of 
the altered parameters. When considering the reduction in 
the absorbance intensity and the band area between 320 and 
600 nm, the LOD was 7.9 and 6.5 ng/mL, respectively, while 

Fig. 8   Schematic representation 
of: a Ag+ reduction mechanism 
by polyphenolic compounds; b 
Hg2+ detection mechanism

Hg2+

Hg2+

Hg2+

Hg2+

Hg2+

AgNO3
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when considering the displacement of λmax, the LOD was 
34.7 ng/mL. The mean reduction in absorption intensity 
and bandwidth was 7.5% (± 1.3) at each increase in Hg2+ 
concentration in the solution, while the blueshift was 1%, 
justifying the smaller LOD and LOQ when considering the 
first two parameters. Figure 6a, b, c presents the calibra-
tion curves created considering each parameter, with their 
respective LOD and LOQ.

The stability of the reaction was measured through 
UV–Vis spectrophotometry at 1-min intervals for 30 min, 
from a blank sample (McAgNP 1 mL + 5 mL high-purity 
water), and a prepared sample of McAgNP + Hg2+ at a con-
centration of 200 ng/mL.

Although there are changes in the parameters of the 
absorption band over time, this does not compromise the 
reliability of the method, because after 10 min of reaction, 
which is the time indicated by previous studies for the amal-
gamation, the variation does not exceed 7% in the bandwidth 
and absorbance intensity (Figure S6 a and b in ESM 1). In 
addition, no changes in the position of λmax were observed 
(Figure S6 c in ESM 1).

TEM images of the McAgNP shown in Fig.  7 were 
obtained after 30 min of reaction with Hg2+. It is observed 
that the increase in the concentration of Hg2+ in the solu-
tion initially leads to the agglomeration of the McAgNP and 
in high concentrations, the number of particles is reduced, 
besides presenting a dark membrane species adhered to its 
surface, which possibly is the Hg2+ present in the solution.

As the McAgNPs were not diluted for this analysis, 
higher concentrations of Hg were used: 1 μg/mL (Fig. 7a), 
5 μg/mL (Fig. 7b) and 20 μg/mL (Fig. 7c).

4 � Discussion

Regarding the McAgNP synthesis, a significant increase in 
the absorbance intensity of the McAgNP was observed after 
pH adjustment. In addition, there is  a small blue shift of 
λmax and the band becomes narrowing. A small difference 
has been observed between suspensions at neutral and basic 
pH. However, 24 h after adjustment there was a pH reduction 
in the adjusted suspensions to pH ≥ 9.5. This happened prob-
ably because of the release of H+ ions in the medium during 
the extract oxidation process. The final pH of these solutions 
was 7.6 (± 0.3). This pH reduction was not observed in sus-
pensions with pH adjusted between 6.5 and 7.5.

It was also possible to observe that extracts prepared 
with lower volume of plant material are favorable since 
the best results were obtained in this way. In contrast, the 
increase in the concentration of AgNO3 in the solution 
leads to more concentrated colloidal suspensions. Previous 
studies about the AgNP synthesis from vegetable extracts 
have also reported that lower extract/silver ratios favor the 

reaction. In addition, the pH adjustment is indicated as a 
determinant factor for the reduction in metallic ions, so it 
is possible to control the nanoparticles size and stability of 
the nanoparticles. It has been reported that the synthesis of 
metallic nanoparticles mediated by plant extracts occurs at 
pH values between 2 and 14, depending on the species of 
the plant [33]. However, the neutral to slightly basic pH is 
considered ideal, as in these conditions there are a greater 
number of functional groups available, which facilitate the 
formation of a greater number of nanoparticles and avoiding 
agglomeration, which results in particles of smaller diam-
eters. In addition, the neutral pH allows the application of 
nanomaterials. These applications occur mainly in the health 
and food areas. [33–38].

Thus, the results obtained indicate that the suspension 
named McAg 2 with adjustment of the medium for neutral 
to slightly basic is the ideal condition among those tested to 
obtain the nanoparticles by the proposed method, resulting 
in spherical particles with an average size of 15 nm.

The nanoparticles synthesis mechanism occurs by a redox 
reaction. Here, compounds present in the extract oxidize in 
the presence of the ionic metal, reducing them to the neutral 
atoms, followed by growth by agglomeration until its stabi-
lization, which occurs by the encapsulation of the particles 
also by the compounds present in the extract.

A detailed characterization of the compounds present in 
the aqueous extract of M. coriacea leaves was not found in 
the literature. However, other species of the same genus have 
been characterized and the presence of tannins, alkaloids 
and other polyphenolic compounds can be attributed to the 
reduction in metal ions and encapsulation of the particles 
[34, 35].

We could experimentally observe the suppression of 
chlorophyll fluorescence after the formation of McAgNP. In 
addition, there are new bands at 467, 503, 587 and 706 nm, 
attributable to carotenoid pigments, which increase with the 
presence of nanoparticles. Xanthophyll, in this case, is the 
major carotenoid that exhibits an intramolecular charge-
transfer state [38]. The results indicate that triplet states of 
chlorophyll were effectively suppressed by an energy trans-
fer process to the carotenoids [38].

The action of tannins and other polyphenolic compounds 
(one or more hydroxyls attached to an aromatic ring) present 
in aqueous extracts is responsible for the reduction in metal-
lic ions and the coating of the nanoparticles avoiding their 
agglomeration [31, 32, 36].

In this model of reaction, it is proposed that the reduction 
occurs by the hydroxyl groups present in the benzene ring. 
The process begins with the oxidation of the tannin in the 
presence of Ag+ ions forming an intermediate complex. Ag+ 
ions are then reduced to Ag0, which collide to form agglom-
erates. Stabilization of nanoparticle growth possibly occurs 
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by encapsulation by the polyphenolic compound. Figure 8a 
schematically represents the proposed mechanism [32].

The McAgNP demonstrated excellent potential for the 
detection of Hg2+ ions in aqueous solution by the proposed 
method. The detection limit was 6.5 ng/mL (~ 32.5 nM) 
determined from the analytical curve construction as a 
function of changes in the plasmonic bands. Although some 
authors have reported the detection of Hg through changes 
in the plasmatic bands of NPs biosynthesized they gener-
ally depend on the functionalization of the AgNP through 
the addition of other molecules or obtain higher LOD than 
reported in the present study [9, 29].

The detection mechanism consists of the effects of 
a redox reaction between the Hg2+ ions and the zero-
valent silver as a result of the greater reduction potential 
of Hg2+ in relation to Ag+ (0.80 V to Ag+ → Ag0, and 
0.85  V–Hg2+ → Hg0). Phenolic compounds and their 
derivatives present in the leaves of Mimusops species have 
multifunctional groups such as hydroxyls and carboxy-
lates that interact with metals and facilitate the bonding 
of mercury with the silver nanoparticle. In addition, the 
McAgNP encapsulated by these phenolic binders has a 
negative surface charge, capable of attracting the Hg2+ 
ions in the solution to its surface.

The compounds present in the extracts also act as reduc-
ing agents, since they reduce Ag+ to Ag0 in the synthesis 
process and reduce the Hg2+ to Hg0 ions in this case. These 
redox reactions lead to the removal of the stabilizing agent 
from the surface of the nanoparticles, which facilitates the 
Hg ions interaction with the Ag ones, which oxidizes to Ag+. 
This process reduces the size of the particles justifying and 
blueshift of the plasmon band. When converting Ag0 to Ag+, 
the concentration of the colloidal solution decreases, reduc-
ing the absorbance intensity and making the solution color-
less when in high concentrations of Hg2+ indicating that the 
Ag0 atoms available in colloidal suspensions were oxidized. 
Figure 8b schematically demonstrates this mechanism.

5 � Conclusions

The synthesis of AgNP using AgNO3 as a metallic precur-
sor and the M. coriacea aqueous extract obtained with the 
infusion of fresh leaves was possible. In the present study, 
we were able to eliminate the xenon lamp irradiation step, 
which is necessary in the previously reported procedure and 
makes the process faster and low cost. The phytochemicals 
present in the plant extract were the only ones responsible 
for the reduction in the metal ion through a static process, 
at room temperature and neutral pH without the need for 
centrifugation or additional steps as generally reported in 
similar studies. The McAgNP was monitored for 180 days, 

and we concluded that it remained stable during this period 
of time without the need to add other molecules: the com-
ponents of the plant extract effective in encapsulation and 
maintaining stability. McAgNp showed excellent sensitivity 
and selectivity in the detection of Hg2+ in aqueous solution, 
with LOD of 6.5 ng/mL (32.5 nM), without the need for 
functionalization of AgNPs or the addition of other mol-
ecules. This detection limit is compatible with analysis of 
environmental samples such as fish, soil and effluent dis-
charge. In addition to the application presented in this study, 
McAgNP has potential for application in several areas, in 
view of its excellent stability in neutral pH and sustainable 
synthesis process.
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