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ABSTRACT: By virtue of the specific amalgam of mercury with gold and high
specific area of a graphene scaffold, an environment-friendly multifunctional
graphene−gold nanocomposite (G-AuNPs) has been identified and prepared by a
simple one-pot redox reaction. The resultant G-AuNPs can reversibly enrich about
94% of Hg2+ in water samples, which can be further separated by only a simple
filtration. Importantly, the color of the G-AuNPs suspension exclusively changes
from purple−red to light brown upon the addition of Hg2+ in the presence of
ascorbic acid, which can be applied for colorimetric detection of Hg2+ with a
detection limit (3σ, n = 20) of 1.6 × 10−8 mol·L−1. Furthermore, using ascorbic acid
as reducing agents, both the preparation process and the resultant nanocomposite
are nontoxic. To the best of our knowledge, this is the first report to enrich, separate
and detect Hg2+ contaminant simultaneously without causing any secondary
pollution.
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1. INTRODUCTION

Fast and convenient enrichment, separation, and detection of
aqueous contaminants are getting more and more important for
human health and environmental protection today. Among all
the environmental contaminations, heavy metal ions such as
Hg2+ is one of the most toxic and dangerous because of its
strong affinity to S-containing ligands, which blocks the
sulphydryl groups (−SH) in proteins and enzymes.1−4

Furthermore, Hg2+ is not biodegradable and would accumulate
in animal and human bodies, which causes dysfunction of cells
and results in a wide variety of diseases in the brain, kidney,
central nervous system, etc.5−8 In recent years, different
approaches have been developed for Hg2+ detection9−12 or
separation to meet the concentration limits defined by the
World Health Organization (WHO) in drinking water.13

However, the existing literature reports are most limited to
detect or separate Hg2+ alone. Some sensing materials applied
for detecting Hg2+ are difficult to be separated from the test
sample and so lead to seriously secondary pollutions.
Therefore, there is a growing need for rapid on-site analyses
using nontoxic chemosensors capable to enrich, separate, and
detect Hg2+ contaminant simultaneously without causing a
secondary pollution.14

Recently, gold nanoparticles (AuNPs) have attracted
considerable attention in colorimetric detection of Hg2+.15−17

For example, based on the antiaggregation of AuNPs, Li et al.18

developed a colorimetric probe for real-time detection of Hg2+

in water with a detection limit as low as 3.0 ppb. Owing to the
fact that AuNPs surface exhibits a strong affinity for mercury,
mercury will deposit on the surface of Au NPs and form a solid
amalgam-like structure, which greatly influences the surface
plasmonic resonance, the conjugation feature and the resultant
colloid stability. For example, Using Tween 20-modified
AuNPs, Lin et al.19 reported a method to determinate Hg2+

by means of the formation of Hg−Au alloys on the surface of
the AuNPs in the presence of citrate ions. In the presence of
nontoxic ascorbic acid, Jin et al.20 developed an eco-friendly
Hg2+ detection method by the formation of the amalgamation
between Hg and Au, which resulted in the surface plasmon
resonance wavelength of AuNPs shift from long to short
wavelengths with an excellent selectivity and good sensitivity
for Hg2+ detection. Ojea-Jimenez et al.21 found that as single
entities, AuNPs could be employed for rapid sequestration of
Hg2+ from multicomponent aqueous solutions containing low
pollutant concentrations. The action mechanism was also
attributed to the formation of Hg−Au alloys on the surface of
AuNPs in the presence of citrate sodium as the reducing agent.
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Since its discovery in 2004,22 graphene has been considered
an extremely versatile sensing platform owing to its unique two-
dimensional honeycomb structure, high specific area, and
superior electrical conductivity. Composites from graphene and
AuNPs (G-AuNPs) have been used for Hg2+ detection by
measuring their redox potentials,23−25 fluorescent spectra,26,27

and surface-enhanced Ramman scattering methods28 with
excellent sensitivity and selectivity. However, there is no report
on colorimetric detection of Hg2+ so far, let alone its application
in enriching and separating Hg2+. Herein, an environment-
friendly multifunctional G-AuNPs has been identified and
prepared for simply “naked-eye” detecting, enriching, and
separating Hg2+ from the polluted water. The resultant G-
AuNPs are expected to possess high selectivity to Hg2+ due to
its formation of amalgam with gold,21,29,30 excellent sensitivity
by virtue of the high specific area of the graphene scaffold and a
“molecular wire effect” from the synergistic interaction between
graphene’s π-conjugated backbone and the d-orbital of
AuNPs.31 Considering the price of gold, the sensor−Hg
assembly will be easily removed from the tested samples and
the sensing G-AuNPs could be regenerated simultaneously via
simple filtration. To the best of our knowledge, this is the first
report to enrich, separate, and detect Hg2+ contaminant
simultaneously without secondary pollutions.

2. EXPERIMENTAL SECTION
2.1. Materials and Measurements. Mercury(II) chloride,

ascorbic acid, and gold(III) chloride trihydrate were purchased from
Sigma-Aldrich and all the other chemicals were of analytical reagent
grade and purchased from Shanghai Chemical Reagent Company. All
the reagents were used directly as received without any further
purification. Water used throughout was doubly deionized.
Phosphate buffers were prepared by mixing 0.01 mol·L−1 H3PO4

solution, 0.01 mol·L−1 K2HPO4 solution, 0.01 mol·L−1 KH2PO4
solution, or 0.01 mol·L−1 KOH solution in a proper ratio to acquire
the desired pH (pH = 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0).
As-prepared G-AuNPs were characterized with transmission

electron microscopy (TEM) using a JEOL JEM-2100F TEM (all
operated at 200 kV). Energy dispersive spectroscopy (EDS) data were
acquired using TEM. Raman measurements were conducted with a
Renishaw 2000 laser Raman microscope equipped with a 514 nm
argon ion laser of 2 mm spot size for excitation. Concentrations of
metal elements (Hg, Zn, Co, Cd, Fe and Cu) were determined using
an Inductively Coupled Plasma Mass Spectrometer (ICPMS)
(PerkinElmer, Elan DRC Plus). Absorption spectra were recorded
with a Lambda-750 UV−is-NIR spectrophotometer.
2.2. Preparation of G-AuNPs. Graphene oxide (GO) dispersion

was prepared using the method developed by Marcano et al.32 Under
the optimized condition, 100 mL 1.0 × 10−2 mol·L−1 HAuCl4 solution
was then added into 100 mL 2.0 mg/mL GO dispersion and the
mixture was stirred for 2 h at room temperature. A freshly prepared
ascorbic acid aqueous solution was then added dropwise into the
mixture and stirred for another 2 h in an ice−water bath to reduce
AuCl4

− to AuNPs. The mixture was further heated at 80 °C for 8 h.
After cooling to room temperature, the dispersion was centrifuged,
washed with deionized water thoroughly, and dried in an oven at 60
°C overnight.
2.3. Growth and Maintenance of Cell Culture. Human small

cell lung cancinoma cell line H1299 (ATCC number CRL-580),
mouse fibroblasts NIH3T3 (ATCC number CRL-1658), human
alveolar type-II (ATII)-like cell lines A549 (ATCC number CCL-185),
and human hepatocellular liver carcinoma cell line HepG2 (ATCC
number HB-8065) were maintained in DMEM (Invitrogen, 11960-
044) containing 10% fetal bovine serum (FBS) (Invitrogen, 12483-
020), 1% antibiotic-antimycotic (Invitrogen 15240-062), and 1%
GlutaMAX (Invitrogen, 35050-061). Cells were maintained under the
standard condition (37 °C, 5% CO2, 95% humidity).

2.4. Cytotoxicity Analysis. Cytotoxicity was evaluated by 3-(4,5-
dimethyl-2- thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT)
assay (MTT 5 mg/mL in PBS). Cells were seeded into 96-well
microculture plates at the (6 × 104 cells/mL, 100 μL/well in complete
culture medium) for 24 h. Subsequently, the medium was replaced by
solutions (100 μL/well) containing various concentrations of
graphene gold nanoparticles (G-AuNPs) ranging from 0 to 25 μg/
mL for 48 h. After 48 h of incubation, solutions containing G-AuNP
were removed and 100 μL/well DMEM medium with 10% MTT stock
solution were added to each well, followed by 1 h incubation. The
mixture was removed and replaced by 100 μL DMSO per well,
followed by another 60 min incubation at room temperature. A
microplate reader (BioTek, Power Wave XS) was used to determine
the absorbance at 570 nm. The estimation is based on one experiment
with comprising four replicates per concentration level.

2.5. Hg2+ Detection Procedure. For Hg2+ determination, 1.0 mL
phosphate buffer (pH 4.0), 1.0 mL 10 μg/mL G-AuNPs aqueous
solution and 1.0 mL of Hg2+ solution with different concentrations
were transferred into a 10 mL volumetric flask. The mixture was
stirred thoroughly and finally diluted to 10 mL with doubly deionized
water. After 1.0 min, the absorption spectra were measured from 400
to 700 nm and the band-slit was set as 2.0 nm. The absorption
intensity change (ΔA) of the system at 545 nm was used for
quantitative analysis. The decreased absorption intensity of G-AuNPs
was represented as ΔA = A0 − A, where A0 and A were the absorption
intensities of the systems in the absence and presence of Hg2+,
respectively.

3. RESULTS AND DISCUSSION

3.1. Fabrication of G-AuNPs. For the preparation of G-
AuNPs, HAuCl4 solution was first added into GO dispersion
and stirred for 2 h at room temperature to make AuCl4

−

absorbed on the surface of GO via electrostatic interaction.
Then freshly prepared ascorbic acid aqueous solution was
added dropwise and kept for another 2 h in an ice−water bath
to reduce AuCl4

− to AuNPs only, to make the resultant AuNPs
grafted onto the GO surface tightly and evenly. At last, the
mixture was heated at 80 °C for 8h to reduce GO into graphene
completely. After dried in an oven at 60 °C overnight, the as-
prepared sample was characterized by transmission electron
microscopy (TEM), Raman spectroscopy, and UV−vis
absorption measurements as shown in Figure 1.
It is easy to find from Figure 1a that the resultant AuNPs

with average diameters of ca. 25 nm distribute uniformly on the
surface of graphene. The reason may be attributed to van der
Waals force and the hybridization between the d orbit of Au
atom and sp2 dangling bonds, especially the defect sites of
graphene sheets.33−37 Raman spectra of the samples (Figure
1b) exhibit both G- and D-mode peaks centered at ca. 1350 and
1590 nm, respectively, which are ascribed to vibration of the
sp2-hybridized carbon atoms in a 2D hexagonal lattice with
dangling bonds in disordered plane terminations. With the
formation and absorption of AuNPs on the surface of the
graphene sheets, Raman signals increase. Importantly, the D-
mode peak is strengthened to a larger extent than that of the G-
mode peak, confirming that AuNPs are immobilized onto the
surface of the graphene.38,39 For the UV−vis spectrum, there
are two obvious absorption peaks at ca. 270 and 545 nm,
respectively (Figure 1c). The absorption at ca. 270 nm
corresponds to the π → π* transition of aromatic C−C
bonds of the graphene matrix, indicating that GO was reduced
successfully to graphene.40 The peak at 545 nm is originated
from the surface plasmon of AuNPs, which is ca. 25 nm red-
shifted from that of free AuNP, hinting that AuNPs are
absorbed onto the surface of graphene effectively, and there is a
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strong synergistic effect between AuNPs and large π-conjugated
graphene matrix owing to the existence of strong π−π stacking
interaction and van der Waals binding.41

3.2. Cytotoxicity of G-AuNPs. To evaluate the cytotoxicity
of G-AuNPs, a series of mammalian cell lines, namely human
nonsmall cell lung carcinoma cell line H1299, human alveolar
adenocarcinoma cell line A549, human hepatocellular cell line
HepG2, and mouse fibroblast cell line 3T3, were incubated in
the presence of increasing amounts of G-AuNPs for 48 h. After
treatment, the number of viable cells was measured by the
reduction of tetrazolium dye MTT, and the cytotoxicity of G-
AuNPs was calculated by normalizing the MTT readings of G-
AuNPs treated groups against those of the untreated control
culture for the same length of time as shown in Figure 2 and
Supporting Information Figure S1−3. The result shows that G-
AuNPs exert a relatively low level of toxicity, as more than 50%
of the cells in each cell line survived even at the highest G-

AuNP concentration tested (25.0 μg/mL). Especially, for
H1299 and HepG2 cells, near 80% cell viability can be still
detected after they were exposed to AuNPs for more than 48 h
continuously at the concentration of 25.0 μg/mL (Figure 2 and
Supporting Information Figure S1). This suggests that the
cytotoxicity of G-AuNPs, at concentrations relevant to its
application as an Hg sensor and scavenger, is negligible to
mammalian cells.

3.3. Strong Enriching Ability of G-AuNPs to Hg2+. To
confirm the extraction feasibility of G-AuNPs to Hg2+, the
amount of Hg2+ adsorbed on G-AuNPs was measured using
inductively coupled plasma spectrometry (ICP). To do this,
Hg2+, Zn2+, Co3+, Cd2+, Fe3+, and Cu2+ ion aqueous solutions
with the same concentration (1.0 × 10−5 mol·L−1) were well
mixed at first. The mixed metal ions solution was dropwisely
added into 100 mL 25.0 μg/mL G-AuNPs dispersion in the
presence of enough ascorbic acid by vigorous agitation to make
the color of G-AuNPs solution change from purple−red into
light brown exactly, indicating an appropriate amount of G-
AuNPs and all Hg2+ added has been reacted into Au-amalgam.
After the mixture was shaken for another 30 min and then
simply filtered, all the metal ion contents remained in the
resultant filtrate were measured with ICP.
As shown in Figure 3, after simple filtration, only ca. 6% Hg2+

remained in the resultant filtrate. This suggests that about 94%

of Hg2+ has been enriched and removed by the G-AuNPs
composite. This shows that the G-AuNP composite is
potentially useful as a stationary phase for enriching and
separating Hg2+ in aqueous media by virtue of its high affinity
to mercury. At the same time, the amount of residue for the
coexisting Zn2+, Co3+, Cd2+, Fe3+, and Cu2+ remained in the
system after reaction with G-AuNPs are ca. 88%, 84%, 83%,
54%, and 46%, respectively. These are attributed to the

Figure 1. (a) TEM image; (b) Raman spectrum; and (c) UV−vis
spectrum of the G-AuNP sample.

Figure 2. Cytotoxicity G-AuNPs to a series of mammalian cell lines of
H1299.

Figure 3. Residue concentrations of ions after the solution with mixed
metal ions was treated with the G-AuNPs (error bars are standard
deviation from five measurements).
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nonselective physic adsorption of metal ions on the large
graphene surface. Due to the higher oxidation potential of Fe3+

and Cu2+, they might be partially reduced to neutral metal
atoms by ascorbic acid and leads to increased amounts of
deposition onto the graphene surface because of reduced
repulsion comparing to their ions. All these results suggest that
the G-AuNPs composite may be a promising adsorbent for
enrichment and separation of Hg2+ over a range of transition
and heavy metal ions.
3.4. Action Mechanism between G-AuNPs and Hg2+.

To experimentally illustrate the action mechanism between G-
AuNPs and Hg2+, TEM with energy dispersive spectroscopy
(EDS) was used to study elemental and chemical compositions
of the G-AuNP upon contacting with Hg2+ at high spatial
resolution.42,43

Figure 4a shows a TEM image of the G-AuNP-Hg assembly
after the reaction between G-AuNPs and Hg2+ in the presence

of ascorbic acid. The corresponding EDS elemental mapping
for Au (Figures 4b) and Hg (Figure 4c) show that after reacting

with Hg2+, G-AuNPs are composed of both Au and Hg with
identically geometrical cutting edges to the TEM morphology
of G-AuNPs-Hg (Figure 4a). It hints that mercury element may
be absorbed onto the AuNPs efficiently. To further confirm the
conclusion above, EDS line scan for Au and Hg across one of
the particle was recorded as shown in Figure 4d. It is easy to see
that the content of mercury is well proportionate to that of
gold. All the results visually illustrate that mercury component
is completely and uniformly distributed to AuNPs, and that
there is little mercury absorbed on the surface of graphene. The
action mechanism between G-AuNPs and Hg2+ was to form
gold amalgam after mercury element was absorbed to AuNPs as
reported before.18,28−30

Further examination with high-resolution transmission
electron microscopy (HRTEM) shows that upon forming the
G-AuNPs absorbed with different contents of mercury, that is,
0, 3.26, 11.06, and 15.42 wt % mercury, respectively, defect
density in the form of stacking fault increase. In the pure gold
nanoparticle (Figure 5a), the fringe spacing of 0.237 nm
matches well to the {111} interplanar spacing of gold.
Interestingly, the lattice fringe spacing shows a corresponding
increase from 0.237 to 0.249 nm as the content of Hg increases
to 15.42 wt% (Figure 5d). It can considered that upon exposure
to Hg2+ in the presence of ascorbic acid, Hg2+ are reduced and
then diffused into the AuNPs to form highly defective gold
amalgam nanoparticles.

3.5. Application for Colorimetric Detection of Hg2+.
3.5.1. Optimization of Experimental Conditions. To make
sure of its practical application in colorimetric detection of
Hg2+, the sensing conditions of G-AuNPs were first optimized.
As the redox potential between ascorbic acid and Hg2+ is
sensitive to the pH greatly, effect of pH was investigated over
pH 3.0−10.0. Figure 6 shows the changes (ΔA) in the
absorption intensities at 545 nm before and after Hg2+ was
added into G-AuNPs dispersion (ΔA = A0−A, where A0 and A
were the absorption intensities of the systems in the absence
and presence of Hg2+, respectively) with different pH, that is,
pH = 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0. It can be easily
seen that pH of the solution plays an important role in the
interaction between G-AuNPs and Hg2+. ΔA increases
gradually with the decrease of pH and reaches the maximum
when pH is ca. 4.0. The reason may be that the redox potential
of Hg2+ increases with the decrease of pH and so less Hg2+ can
be reduced at high pH and thus lead to a weaker response.
Based in Figure 6, we select a pH value of 4.0 for all subsequent
tests.

Figure 4. (a) TEM image; EDS elemental mapping of (b) Au and (c)
Hg of G-AuNPs after reacting to Hg; (d) EDS line scan across one G-
AuNP (red for Au and blue for Hg) in part a.

Figure 5. High-resolution transmission electron microscopy images of G-AuNPs absorbed with different contents of mercury, that is, (a) 0, (b) 3.26,
(c) 11.06, and (d) 15.42 wt % mercury, respectively.
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To illustrate the response rate and stability of the G-AuNPs
to Hg2+, the absorption intensity at 545 nm of the system was
measured at different times after adding Hg2+. It can be seen
from Figure 7 that the sensing system shows a fast response
time of less than 0.5 min and stable readout in the following 1
h. We also confirmed that the absorbance at 545 nm is not
influenced by the sample’s ionic strength over a NaCl
concentration range from 2.0 × 10−2 to 10−7 mol·L−1, hinting
that the present sensing system is reasonably stable and can be
applied in various kinds of surroundings.
3.5.2. Special Selectivity to Hg2+. To demonstrate the high

sensitivity and selectivity of G-AuNPs to Hg2+, UV−vis spectra
of the system in the presence of different metal ions, that is,
Fe3+, Ag+, Al3+, Ba2+, Cd2+, Co3+, Cu2+, K+, Mg2+, Na+, Ni2+,
Pb2+, and Sr2+ all in 3.5 × 10−4 M while Hg2+ in only 1/100 of
the other metal ions (3.5 × 10−6 M). As shown in Figure 8a,
addition of these metal ions except Hg2+ shows negligible
changes in the absorbance of the present G-AuNPs sensing
system, and the changes in absorption intensity at 545 nm are
all less than 5% relative to the Hg2+ solution with only 1/100
concentration. Importantly, the color of the G-AuNPs
suspension exclusively changes from purple−red to light
brown upon the addition of Hg2+ and little changes happened
in the presence of other ions above (Figure 8b). All the results
indicate that the present G-AuNPs possess an excellent
selectivity for Hg2+ colorimetric detection.
3.5.3. Analytical Parameters and Samples Detection.

Figure 9a shows the color change of G-AuNPs sensing system
at different concentrations of Hg2+ between 0−350 × 10−8 mol·
L−1. From Figure 9a, it is easy to find that the color of the

sensing system changes from purple−red to light brown, which
can be detected by naked eye. Also, the calibration graph, the
detection limit and precision for Hg2+ detection were obtained
under the optimal conditions from Figure 9b and c. From the
spectra, a calibration graph, the detection limit and precision for
Hg2+ detection can be obtained. A linear relationship between
ΔA and Hg2+ concentration (Figure 9c) is exhibited over the
range of 0 to 350 × 10−8 mol·L−1 with a correlation coefficient
of 0.9985. The regression equation is ΔA = −4.32 × 10−4+3.30
× 10−4 c (10−8 mol·L−1). Based on the definition of the
detection limit (LOD), three times of average deviation of
absorbance at 545 nm in 20 blank samples without Hg2+ used
here, the LOD for Hg2+ determination is up to 1.6 × 10−8 mol·
L−1, which is good enough for detecting Hg2+ in drinking water
without sample pretreatment according to the limit of 3.0 ×
10−8 mol·L−1 defined by the WHO.44

Figure 6. Effect of pH on change in absorption intensity (ΔA) of the
system at 545 nm in aqueous.

Figure 7. (a) Absorption intensity of the sensor at 545 nm upon adding Hg2+. (b) The magnified curve of the response in the first 0.5 min.

Figure 8. (a) Effects of different metal ions on the UV−vis spectra of
G-AuNPs (from top to bottom: Fe3+, Ag+, Al3+, Ba2+, Cd2+, Co3+, Cu2+,
blank, K+, Mg2+, Na+, Ni2+, Pb2+, Sr2+, and Hg2+); (b) corresponding
photographs of the samples treated with different ions.
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To further demonstrate its application, the sensor was
applied to determine Hg2+ concentrations in three environ-
mental water samples obtained respectively from the Pi River,
underground water and tap water (Table 1). All the samples

were tested after filtering several times and being concentrated
100 times by evaporation. For recovery studies, a known
concentration of Hg2+ (500 nM) was added to the environ-
mental water samples and the total Hg2+ concentrations were
determined with the sensor. To access the reproducibility of the
method, the measurements were carried out 5 times repeatedly
for each type of the environmental water. The recoveries of
different known amounts of Hg2+ spiked were determined to be
from 98.6% to 102.4% with standard deviations (RSD ≤ 2.6%).
The measured Hg2+ concentrations in the 3 environmental
water samples also agree well with our reports before using
other organic colorimetric sensors.9,11 These validate the
reliability and practicality of the proposed colorimetric method
for Hg2+ detection.
3.6. Reusable Property of G-AuNPs to Hg2+. Consid-

ering the price of gold, the reusable property of G-AuNPs after
its reaction with Hg2+ was studied carefully. Figure 10 shows
that upon adding Hg2+ into the dispersion of the G-AuNP
system, the color changes from purple−red to light brown.
Enough EDTA was then added into the mixture under stirring
thoroughly in air overnight to form colorful sediment. Due to
the strong coordination action between EDTA and Hg2+, the

sensor is regenerated by extracting mercury from the sensor-
Hg2+ assembly to give the colorful sediment. After filtering and
washing, the colorful sediment was redispersed by sonication to
regenerate the purple−red uniform suspension, which
possesses the same UV−vis spectrum, as shown in Figure 1c,
hinting that the regenerated G-AuNPs composite could work
repeatedly.

4. CONCLUSION

An environment-friendly and nontoxic graphene−Au nano-
composite (G-AuNPs) has been designed and fabricated for
colorimetric detection, enrichment, and separation of Hg2+

simultaneously, without any secondary pollution accompanying
with color change from purple−red to light brown color. By
virtue of their high affinity and superhigh specific surface area,
the reaction between G-AuNPs and Hg2+ is to form gold
amalgam. The system can enrich and separate Hg2+ as high as
94% in practice by a simple filtration process. As the resultant
G-AuNPs are relatively nontoxic to mammalian cells, they are
also applicable as a reusable colorimetric sensor for detection of
Hg2+ in aqueous without secondary pollutions. The work will
provide a generic and effective strategy to construct environ-
ment-friendly colorimetric materials for analyzing and separat-
ing species at a low concentration with a rapid-assessment
process and open up ways for simply enriching and separating
various biological and chemical toxic ions without sophisticated
instruments.

Figure 9. (a) Absorption spectra of the G-AuNP sensor system with different Hg2+ concentrations (from top to bottom: 0, 5.0, 30, 50, 70, 100, 120,
150, 180, 200, 250, 300, 350 × 10−8 mol·L−1); (b) linear relationship between the ΔA of G-AuNPs at 545 nm and Hg2+ concentrations; (c)
photographs of the G-AuNP sensor systems with different Hg2+ concentrations from 0 to 350 × 10−8 mol·L−1.

Table 1. Determination Results for Environmental Water
Samples (n = 5)a

samplesb
cHg

2+ in
sampleb (nM)

spiked
(nM)

found
(nM)

recovery
(%)

RSD
(%)

1 (the Pi River) 415.6 500.0 902.8 98.6 1.9
2 (underground) 866.3 500.0 1399.1 102.4 2.6
3 (tap water) 0.00 500.0 495.5 99.1 1.7
aPhosphate buffer, pH 4.0. bThe environmental water Hg2+

concentration determined using G-AuNPs with the proposed method.
The real values are the table values ×10−2 nmol·L−1 for the detected
water samples were concentrated 100 times.

Figure 10. Color changes showing the reversibility of G-AuNPs-based
sensing system.
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