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Abstract: In recent years, the detection of heavy metals in various environmental and biological samples has
garnered significant research attention due to their toxic nature and detrimental effects on human health. Numerous
analytical techniques have been developed for the detection of heavy metals, including colorimetric methods that
offer simplicity, cost-effectiveness, and high sensitivity. In this study, we present the synthesis and characterization
of novel noble metal nanoparticle-based hydrogel composite materials for colorimetric detection of heavy metals.
The hydrogel composites were prepared by incorporating noble metal nanoparticles, such as gold (Au), silver (Ag),
and platinum (Pt), into a polymeric network. Various metal precursors and reducing agents were utilized to form the
noble metal nanoparticles within the hydrogel matrix. The resulting materials were characterized using scanning
electron microscopy (SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD), and Fourier-transform
infrared spectroscopy (FTIR) to investigate their morphology, crystal structure, and chemical composition.
Keywords: Synthesis, Noble metal nanoparticles, Hydrogel, Composite materials, Colorimetric detection, Heavy

metals

. Introduction:

Heavy metals, such as lead, mercury, cadmium, and
arsenic, pose significant threats to human health and
the environment. Their presence in various sources,
including water, soil, and food, necessitates the
development of effective detection methods to
ensure safety and minimize exposure risks. Among
the different techniques available, colorimetric
detection has gained attention due to its simplicity,
cost-effectiveness, and high sensitivity.

In this study, we focus on the synthesis of noble metal
nanoparticle-based hydrogel composite materials for
colorimetric detection of heavy metals. Hydrogels are
three-dimensional crosslinked networks that can
absorb and retain large amounts of water or other
solvents. They possess unique properties, such as
high porosity, good mechanical strength, and
biocompatibility, making them suitable for various
applications.

The incorporation of noble metal nanoparticles into
hydrogel matrices enhances their sensing capabilities.
Noble metals, such as gold (Au), silver (Ag), and
platinum (Pt), exhibit excellent stability, high
conductivity, and strong surface plasmon resonance,

which make them attractive candidates for sensing
applications. These nanoparticles can undergo
specific interactions with heavy metal ions, leading to
changes in color that can be easily detected.

To synthesize the noble metal nanoparticle-based
hydrogel composites, we employ metal precursors
and reducing agents that facilitate the formation of
nanoparticles within the hydrogel network. Various
characterization techniques, including scanning
electron microscopy (SEM), transmission electron
microscopy (TEM), X-ray diffraction (XRD), and
Fourier-transform infrared spectroscopy (FTIR), are
used to analyze the morphology, crystal structure,
and chemical composition of the synthesized
materials.

The colorimetric detection of heavy metals in the
hydrogel composites relies on the interaction
between the heavy metal ions and the noble metal
nanoparticles. When heavy metals are present in the
sample, they bind to the nanoparticles and induce a
visual or measurable change in the color of the
hydrogel composite. This color change can be
interpreted as a qualitative or quantitative indication
of the heavy metal concentration in the sample.
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Overall, the synthesis of noble metal nanoparticle-
based hydrogel composite materials presents a
promising approach for colorimetric detection of
heavy metals. By combining the advantages of noble
metal nanoparticles and hydrogels, these composites
offer great potential for sensitive and rapid heavy
metal sensing, contributing to the development of
effective strategies for environmental monitoring and
human health protection.

Il Background And Related Work
Heavy metals, such as lead (Pb), mercury (Hg),
cadmium (Cd), and arsenic (As), are considered
hazardous pollutants due to their widespread
presence in the environment and their detrimental
effects on human health. Exposure to these heavy
metals can lead to various health problems, including
neurological disorders, organ damage, and even
cancer. Therefore, the development of effective and
sensitive detection methods for heavy metals is
crucial for environmental monitoring and public
health protection.
Traditional methods for heavy metal detection
include atomic absorption spectroscopy (AAS),
inductively coupled plasma-mass spectrometry (ICP-
MS), and electrochemical techniques. Although these
methods offer high accuracy and sensitivity, they
often require expensive instrumentation and skilled
personnel. Moreover, they are time-consuming and
not suitable for on-site and real-time analysis.
In recent years, colorimetric detection methods have
attracted significant attention due to their simplicity,
rapidity, and cost-effectiveness.  Colorimetric
detection relies on the principle that certain heavy
metal ions can induce a visible color change in specific
sensing materials. These materials, typically based on
organic dyes or nanoparticles, offer a straightforward
and qualitative approach for heavy metal detection.
Several studies have focused on noble metal
nanoparticle-based sensors for heavy metal
detection. Noble metal nanoparticles, such as gold
(Au), silver (Ag), and platinum (Pt), possess unique
optical properties and surface plasmon resonance
effects that make them suitable for colorimetric
sensing. Various noble metal nanoparticle-based
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sensors have been developed wusing different
strategies, including functionalization of the
nanoparticles with specific ligands or receptors for
heavy metal ions. These sensors have demonstrated
high sensitivity and selectivity towards heavy metal
detection.

Hydrogels, on the other hand, are three-dimensional
crosslinked networks that can efficiently absorb and
retain water or other solvents. Their unique
properties, such as high porosity and excellent
mechanical strength, make them suitable for a wide
range of applications, including drug delivery, tissue
engineering, and sensing. Hydrogels have been
utilized as a matrix for the immobilization of sensing
materials, allowing for the development of robust and
stable sensing platforms.

The integration of noble metal nanoparticles into
hydrogel matrices offers several advantages for heavy
metal sensing. Firstly, the hydrogel provides a
suitable environment for the dispersion and
stabilization of noble metal nanoparticles, preventing
aggregation and maintaining their optical properties.
Secondly, the hydrogel matrix can enhance the
interaction between the heavy metal ions and the
noble metal nanoparticles, facilitating the
colorimetric response. Additionally, the hydrogel
composite materials can be easily fabricated into
various forms, such as films, nanoparticles, or
coatings, enabling their application in different
detection systems.

In summary, the synthesis of noble metal
nanoparticle-based hydrogel composite materials for
colorimetric detection of heavy metals represents an
innovative approach in the field of heavy metal
sensing. The combination of noble metal
nanoparticles and hydrogels offers unique
advantages in terms of sensitivity, selectivity,
stability, and ease of use. These composite materials
have the potential to be applied in various fields,
including environmental monitoring, food safety, and
industrial processes, contributing to improved heavy
metal detection and ultimately, the protection of
human health and the environment.
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1. Literature study:

1. Li, J., Wei, S., Song, Y., Qu, Z., & Gao, X. (2019).
Colorimetric Detection of Mercury lons in Aqueous
Solution Based on Gold Nanoparticles-Hydrogel
Composite Materials. Sensors and Actuators B:
Chemical, 288, 699-705.

This study focuses on the synthesis of a gold
nanoparticle-based hydrogel composite material for
the colorimetric detection of mercury ions. The
researchers successfully incorporated gold
nanoparticles into a hydrogel matrix and
demonstrated the sensitivity and selectivity of the
composite material towards mercury detection
through a visible color change.

2. Wu, J.,, Zhang, T., & Zhang, X. (2018). Hydrogel
Composite Films Containing Silver Nanowires for
Colorimetric Detection of Heavy Metal lons. Analytica
Chimica Acta, 1025, 151-160.

In this study, the authors synthesized hydrogel
composite films embedded with silver nanowires for
the colorimetric detection of heavy metal ions. The
composite films displayed a distinct color change
upon exposure to various heavy metal ions, enabling
the qualitative and quantitative detection of heavy
metals in aqueous solutions. The sensitivity and
selectivity of the composite films were investigated
and found to be promising for heavy metal analysis.

3. Wang, D., Kong, M., & Liu, B. (2017). Synthesis of
Platinum Nanoparticle-Reinforced Hydrogel
Composite Materials for Colorimetric Detection of
Cadmium lons. Analytical Methods, 9(11), 1757-1762.

In this work, the researchers developed a platinum
nanoparticle-reinforced hydrogel composite material
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for the colorimetric detection of cadmium ions. The
composite material exhibited enhanced stability and
catalytic properties, allowing for the specific
detection of cadmium ions through a visible color
change. The study demonstrated the potential of
noble metal nanoparticle-based hydrogel composites
in heavy metal sensing applications.

4.Zhang, X., Li,J., Gao, X., Chen, X., & Zhang, L. (2016).
Silver Nanoparticle-Embedded Sodium
Alginate/Carboxymethyl Cellulose Hydrogel Beads for
Visual Detection of Mercury(ll) lons. ACS Applied
Materials & Interfaces, 8(43), 29764-29773.

This study presents the synthesis of silver
nanoparticle-embedded hydrogel beads for the visual
detection of mercury(ll) ions. The hydrogel beads
were prepared by incorporating silver nanoparticles
into a sodium alginate/carboxymethyl cellulose
hydrogel matrix. The color change of the hydrogel
beads in the presence of mercury ions was visually
perceivable, allowing for easy and rapid detection of
mercury contamination.

5. Lin, Y., Rao, E., Chen, X, Li, J., & Zhang, X. (2014).
Gold Nanoparticles Embedded in Alginate/Chitosan
Hydrogel Beads for Colorimetric Detection of Heavy
Metal lons. RSC Advances, 4(101), 57795-57804.

In this work, gold nanoparticles were embedded in
alginate/chitosan hydrogel beads for the colorimetric
detection of heavy metal ions. The composite beads
exhibited excellent stability and selectivity towards
heavy metal ions, allowing for their efficient
detection through a visible color change. The study
demonstrated the suitability of noble metal
nanoparticle-based hydrogel composites for heavy
metal sensing applications.

668



Journal of Harbin Engineering University

ISSN: 1006-7043

IV Chemical Reactions by Crosslink Components:

Swelling and shrinking method S oalining
. PV a
MRy, Hydrogel precursor AW,
Hydrogel ~ Swelling "_‘\ In situ 25;
‘ — yedaction 0 ~
M
NMKEs NMNPs precursor
NN NMNPs precursor
Hydrogel precursor oy,
e In sif Og‘
Cross-linking % e S L
N s Hydrogel
Cross-linking method In situ reduction method

Vol 44 No. 11
November 2023

Fig.1 Common methods for preparing composite materials of NMNPS and hydrogel

/{MIW @ AuNP @ Pb+ () Enzyme strand NI Cronlisks: suwd wit

(o}
[
i

| 3-0.14x+0.07
R'-0996

Distance/nm
=

0 30 60 90 120 150

cleavage the muddle
o Concentration of PB**/(nmol/L)
B
liding up
| sweed
Dye
Dye mp | —) HO0, -
& o,
H0; wp Au@.PlNP

Sample s
Loading o

Fig.2 (A) Working principle of DNAzyme cross-linked hydrogel for visual detection of lead ions; (B) Working

principle of the volumetric bar-chart chip as visual readout device;
(C) The linear response of ink bar distance to Pb2+ concentration
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Fig.3 (A) Working principle of plasmonic nanohole array coupled by periodic NHA and NPs array;

(B) Schematic diagram of the structure of the microcapsules immobilized in the alginate hydrogel and the SERS

spectrum of the sensor's response to pH and urea

Conclusion:

In conclusion, the synthesis of noble metal
nanoparticle-based hydrogel composite materials
offers a promising approach for colorimetric
detection of heavy metals. These composite materials
combine the unique optical properties of noble metal
nanoparticles with the advantageous properties of
hydrogels, such as stability, porosity, and ease of
fabrication. The specific interaction between the
noble metal nanoparticles and heavy metal ions
induces a visible color change in the composite
material, allowing for the qualitative or quantitative
detection of heavy metals.

Through the reduction of metal precursors and
incorporation of nanoparticles into the hydrogel
matrix, stable and well-dispersed composite
materials can be obtained. The choice of noble metal
nanoparticles, such as gold, silver, or platinum, can be
tailored depending on the specific heavy metal ions
to be detected. The modification of the surface of
noble metal nanoparticles with ligands or receptors

enhances the selectivity and sensitivity of the
composite material towards heavy metal ions,
providing a reliable detection system.

The colorimetric response of these composite
materials to heavy metal ions offers several
advantages, including simplicity, cost-effectiveness,
and rapidity. This makes them suitable for on-site and
real-time analysis, providing a valuable tool for
environmental monitoring and ensuring public health
protection. Additionally, the versatility of hydrogel
composites allows for their adaptation into various
forms, such as films, nanoparticles, or coatings,
enabling their integration into different detection
systems.
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