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INTRODUCTION

Nanoscience is concerned with investigating 
the phenomena and manipulation of materials at 
the nanometer level, while nanotechnology focus-
es on the design, characterization and application 
of complex structures, devices and systems by 
controlling the properties, shape and size of mat-
ter at the nanometer scale (Shih et al., 2020; Zhu 
et al., 2021). These two emerging disciplines pos-
sess a significant multidisciplinary approach and 
are of great importance from both scientific and 
technological points of view (Kumar et al., 2023). 

Metal nanoparticles are produced under two 
main approaches: bottom-up and top-down. In the 
bottom-up approach, techniques such as sol-gel, 

molecular condensation, vapor deposition, elec-
trochemistry and chemistry are used to synthesize 
the nanoparticles (Jamkhande et al., 2019). On 
the other hand, in the top-down approach, tech-
niques such as chemical etching, mechanical, op-
tical, thermal, and sputtering processes are em-
ployed to produce nanoscale structures from larg-
er structures by removing material and creating 
templates with varied shapes (Chow et al., 2019; 
Slepička et al., 2019). This approach is used in the 
fabrication of various materials in industries such 
as semiconductors (Kumar et al., 2021). On the 
other hand, the bottom-up approach is a simpler 
and cheaper method, and is used to build inorgan-
ic and organic materials into defined structures, 
at the molecular level and atom by atom, which 
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ABSTRACT
The objective of the research was to analyze by Raman spectroscopy the morphology of gold nanoparticles gener-
ated by laser ablation in L-Cysteine of purity ≥ 97% dissolved in ultrapure water for the detection by color change 
of mercury dissolved in water. Three samples of 10 ml of ultrapure water were prepared with aggregation of 10 
ul of L-Cysteine with concentrations of 1, 10 and 20 mM; the generation of the gold nanoparticles was by laser 
ablation with a wavelength λ = 1064 nm, energy of 60.28 mJ/p located at 30 cm from the convex lens generat-
ing ablation at 10 cm on a gold plate of dimensions 10×15 mm with thickness of 1 mm, for 30 min. The gold 
nanoparticles generated in these aqueous environments were characterized by Raman spectroscopy using a laser 
with a sensitivity of 785 nm with Raman Shift analysis range 860–3200 cm-1 and controlled power at 499 mW. The 
nanoparticles presented maximum peak resonance around Raman Shift 1164.96 cm-1 and 1288.06 cm-1. With the 
AuNPs + L-Cysteine sample with concentration of 10 mM, the author proceeded to the detection of Hg2+ prepared 
in 20 μl of ultrapure water at concentrations of 0.1, 5 and 10 µM; when adding 100 μl of AuNPs + L-Cysteine two 
peak absorbance spectra were obtained with different amplitudes observed by UV–Vis spectroscopy, indicating 
that Hg2+ decreased the repulsion of the negatively charged AuNPs, generating the visible color change for the 
three concentrations of Hg2+ with 25 minutes of agitation, turning intense purple for 10 µM of Hg2+; enabling the 
detection of mercury in water.
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finds applications in many biological processes. 
However, a disadvantage of this approach is that 
it is currently not possible to fabricate integrated 
devices that are complex, as self-assembly is only 
mastered in relatively simple nanostructured ma-
terials (Khan, 2020).

Metallic nanoparticles composed of noble 
metals, such as gold (Au) and silver (Ag), are the 
most appreciated and arouse great interest from 
researchers, due to their ability to interact with 
light through surface plasmon resonance (Ham-
mami & Alabdallah, 2021; Vasudevan et al., 
2022). Gold nanoparticles (AuNPs) constitute a 
material with high potential to be used as building 
blocks for plasmonic and other optical devices 
(Hano & Abbasi, 2021). Gold nanoparticles have 
been employed in various applications in fields 
such as chemistry (Bayda et al., 2019), material 
sciences, physics, medicine, life sciences and en-
vironmental sciences (Saravanan et al., 2021).

AuNPs have been synthesized using a vari-
ety of physicochemical and biological processes, 
which have had significant impact on the envi-
ronment. These nanoparticles are of particular 
importance due to their extensive history of envi-
ronmental applications. On the other hand, pulsed 
laser ablation in liquid (PLAL) is playing an in-
creasingly important role as a methodology for 
the fabrication of nanostructures without the need 
for chemicals and stabilizers (Al-Kinani et al., 
2021; Choudhury et al., 2022). Various nanoma-
terials have been obtained and PLAL engineer-
ing is gaining significant relevance to promote 
this approach in the production of nanostruc-
tures (Sarfraz & Khan, 2021). The distinctive, 
advanced and enhanced characteristics of gold 
nanoparticles in colloidal state largely depend on 
the stabilization of the nanoparticles. The surface 
must be functionalized considering the distance 
between the particles, as well as their size and 
morphology (Carbajal-Morán et al., 2022), which 
can be controlled by laser power and wavelength 
(Torrisi et al., 2018).

The protein amino acid as L-Cysteine is a 
molecular agent capable of working with metal 
nanoparticles especially with AuNPs in con-
trolled concentrations, making it a compound 
capable of detecting ionic heavy metals in water, 
presenting changes in the visible color spectrum 
(Khamcharoen et al., 2022), so this element was 
used in the work.

The mercury ion (Hg2+) is considered a global 
pollutant that has a negative impact on the health 

of people exposed to this substance (Yang et al., 
2020). Its most serious effects are related to dam-
age to the nervous system, making it a public 
health problem that requires appropriate attention 
especially in children (Barone et al., 2021). Mer-
cury can enter the body through food and water 
intake (Aveiga et al., 2022), as well as inhala-
tion and absorption, making exposed populations 
(Lensoni et al., 2023), such as those involved in 
activities like small-scale mining, especially vul-
nerable and requiring strategies to mitigate ex-
posure (Budianta et al., 2020). Among the most 
common and stable forms of mercury contamina-
tion is the water-soluble divalent ion, Hg2+, which 
implies that environmental monitoring of Hg2+ in 
the aqueous state is necessary and is a demand-
ing task; the detection and quantification of metal 
ions is crucial for environmental and domestic 
monitoring, the food industry and clinical diagno-
sis (Vardè et al., 2022). Therefore, it is necessary 
to implement mechanisms to detect mercury in 
water and food sources to prevent serious effects 
on human health. 

This work addresses the production of gold 
nanoparticles generated by laser ablation in aque-
ous medium containing L-Cysteine in different 
concentrations with dispersion in water, for the 
detection of Hg2+ through color changes indicat-
ing its concentration in a visible way.

MATERIALS AND METHODS

Gold nanoparticles were generated with the 
Nd: Yag Q-Smart 450 pulsed laser device with 
low divergent output beam and allowing ablation 
applications, presenting timing signals for puls-
ing in automatic mode of 6 ns (Quantel, 2019) as 
seen in Figure 1. The FWHM pulse width is vari-
able and is exploited for the generation of metal 
nanoparticles. In this work with a laser pulse du-
ration set at 116 µs, AuNPs were produced at a 
rate of two pulses per second for wavelengths of 
1064 nm with energy of 450 mJ/p and 532 nm 
with energy of 220 mJ/p, generating AuNPs for 
30 and 60 minutes. The target location was a 
10×15 mm gold plate at a distance of 10 cm from 
the focus of the convex lens for 532/1064 nm.

AuNPs were generated for 30 minutes in 
10 ml ultrapure water in three quartz cuvettes 
to which 10 ul of L-Cysteine ≥ 97% purity with 
concentrations of 1, 5 and 10 mM, respectively 
were added for each cuvette, functionalizing the 
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gold nanoparticles during the process of their pro-
duction with the previously configured ablation 
laser (see Figure 2). Subsequently, the solutions 
were shaken and centrifuged for one hour at room 
temperature, then dispersed in ultrapure water for 
experimental application.

The L-Cysteine functionalized AuNPs sam-
ples were characterized with the Raman spectro-
scope base AvaSpec-ULS2048CL-EVO-RS set 
for (788–1100 nm), with FC-PC connector via 
USB port (Avantes, 2020). This spectroscope gen-
erates a 765 nm laser, which is delivered by an in-
tegrated ultra-high-performance fiber optic cable. 
This device includes an integrated wavelength-
stabilized laser source with Raman filter pack-
ages, beam generation optics and high efficiency 
Raman spectra collection optics (See Figure 3).

Using the AvaSoft software from Avantes 
(2018), the signals were sampled every 2 ms. The 
process of characterizing the samples started with 
directing the Raman tester towards the sample 
contained in the quartz cuvette; subsequently, 
these signals are interpreted by the ICCD spec-
trometer and sent to the AvaSoft software interface 
with the active Raman utility. In this interface, the 
relationship between the absorption of the spectra 
(arbitrary units) and their corresponding Raman 
Shift (cm-1) is graphically defined, which allowed 
to determining the morphology of the AuNPs 
produced and functionalized with L-Cysteine.

RESULTS AND DISCUSSION

With the molecule L-Cysteine ≥ 97% purity, 
the Raman spectrum of which is presented in 
Figure 4, different concentrations were prepared 
to be added to 10 ml of ultrapure water, achieving 
functionalized AuNPs in 30 min in the samples 
containing 10 µl of L-Cysteine with concentra-
tions of 1, 10 and 20 mM.

For each aggregation of 10 µL of L-Cysteine 
in ultrapure water, the author proceeded with la-
ser ablation on the Au metal plate immersed in 
L-Cysteine: H2O for 30 min, a higher Raman in-
tensity was obtained as a result for the 10 mM 
concentration of L-Cysteine (1166.94, 1029.27), 
as shown in Figure 5; the three main Raman spec-
tra of the samples are located at 1166.94 cm-1. For 
the 20 nM concentration of L-Cysteine the inten-
sity decreases with respect to the previous one 
and another Raman spectrum appears (1155.06, 
446.33), indicating a deformation of the nanopar-
ticle upon functionalization (Seth, 2020).

The functionalized nanoparticles were sub-
jected to centrifugation for separation and then 
dispersed by agitation forming a colloid for colori-
metric detection of the analyte constituted by Hg2+.

The color change detection process of Hg2+ 
in aqueous state was carried out at room tem-
perature. Solutions of 0.1 μM, 5 μM and 10 
μM of Hg2+ were prepared in 20 μl of ultrapure 

Figure 1. Timing signals in automatic mode, internal flash lamp and internal Q-Switch
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Figure 4. Raman spectrum of L-Cysteine ≥ 97% in H2O

Figure 2. Installation of the Nd: Yag laser equipment for the production of AuNPs + L-Cysteine

Figure 3. Raman spectroscopy setup for characterization of AuNPs + L-Cysteine
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water, since these concentrations are signifi-
cant for this type of application (Annadhasan 
et al., 2014; Darbha et al., 2008), to which 
100 μl of AuNPs functionalized with L-Cyste-
ine were added, obtaining the absorbance spec-
tra in Figure 6. 

The absorbance spectra were measured by 
UV-Vis spectroscopy, the AuNPs + L-Cysteine 
(10 mM) presents a maximum absorbance ampli-
tude a of 0.61 with wavelength of 524.31 nm be-
ing this the basis on which the different samples 

were generated by Hg2+ aggregation; upon ad-
dition of 0.1 μM of Hg2+ it was possible to de-
tect an absorbance level of 0.08 for an approxi-
mate wavelength of 715 nm, this wavelength is 
the same for the different aggregations of Hg2+, 
upon aggregation of 5 μM of Hg2+, an absorbance 
level of 0.20 was obtained and for aggregation of 
10 μM of Hg2+, an absorbance level of 0.25 was 
found. The absorbance peaks near wavelength 
715 nm for each sample correspond to the bind-
ing of AuNPs + L-Cysteine with Hg2+.

Figure 5. Raman spectra of AuNPs generated and functionalized on 
L-Cysteine with concentrations of 1 mM, 10 mM and 20 mM

Figure 6. UV-Vis absorbance spectra generated by AuNPs + 
L-Cysteine with addition of 0.1, 5 and 10 μM of Hg2+
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The detection of Hg2+ in the aqueous state 
decreases the repulsion of the negatively charged 
AuNPs, so it generates a visible color change af-
ter 25 minutes, allowing the visual detection of 
the presence of this element, starting from the ag-
gregation of 0.1 μM of Hg2+, the color variation 
for the aggregation of 10 μM of Hg2+ being more 
noticeable, as seen in Figure 7, which agrees with 
the studies of Seth (2020).

CONCLUSIONS

Raman spectroscopy allowed the analysis of 
the morphology of gold nanoparticles produced 
by laser ablation of λ = 1064 nm with an ener-
gy of 60.28 mJ/p in an aqueous environment of 
10 ml ultrapure water functionalizing at the same 
time in the presence of three samples with 10 µl 
of the amino acid L-Cysteine ≥ 97% at concentra-
tions of 1, 10 and 20 mM, presenting a more de-
fined spectrum in the sample with concentration 
of 10 mM, being the spectra of higher intensity in 
Raman Shift 1164.96 cm-1 and 1288.06 cm-1.

With the sample of AuNPs + L-Cysteine with 
10 mM concentration, the author proceeded to the 
detection of Hg2+ prepared in 20 μl of ultrapure 
water at concentrations of 0.1, 5 and 10 µM by 
adding 100 μl of AuNPs + L-Cysteine two peak 
absorbance spectra with different amplitudes were 
obtained, indicating that Hg2+ decreased the repul-
sion of negatively charged AuNPs, generating the 
visible color change for the three concentrations 
of Hg2+ with 25 min of stirring. The use of gold 
nanoparticles generated and functionalized with 
proteinogenic amino acids is an important option 
for the detection of ionic agents, such as Hg2+.
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