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In recent years, the application of fluorescent copper nanomaterials in environmental detection has attracted much attention. This
paper mainly introduces the synthesis of copper nanomaterials and the detection of Ag*. A simple method for the determination of
Ag" in water was established by using fluorescent copper nanoparticles synthesized by using glucose (Glc) as a reducing agent as a
fluorescent probe. The experimental mechanism of this experiment is that silver ions can rapidly and effectively quench the
fluorescence of Glc-CuNPs. A good linear relationship was observed in the range of Ag" at 100 mol/L-600 mol/L (R = 0.9845);
the color is gradually enhanced under visible light and visual colorimetric detection. Moreover, the Glc-CuNP sensor selectively
selected Ag", which was not affected by other metal ions, indicating that Glc-CuNPs had good selectivity for the detection of
Ag". Based on this, Glc-CuNP completes the detection of heavy metal silver ions and has a good application prospect in

environmental detection.

1. Introduction

In recent years, with the continuous development of industry
and agriculture, more and more heavy metal silver ion wastes
are discharged into the ecosphere. A large number of heavy
metal silver ions beyond the standard not only destroy the
soil, water, animal, and plant survival but also destroy
protein, DNA, and other heavy metal ions to modify it; this
will cause a variety of diseases to people’s lives and
health hazards. Therefore, developing a simple and rapid
method for detecting heavy metal silver ions is of great
practical significance.

As a novel fluorescent probe, high fluorescent nanoma-
terials have been widely used in many fields, including the
detection of metal anions and cations [1, 2], bioimaging [3],
protein [4], DNA [5], picric acid [6], and small molecules
[7]. Nowadays, especially copper nanomaterials have the
same properties as precious metal nanomaterials, such as
ultrasmall size, strong fluorescence, good stability, low
toxicity, good biocompatibility, and cheaper than precious
metal nanomaterials. Therefore, copper nanomaterials have

attracted more and more attention. Lijuan et al. [8] synthe-
sized fluorescent copper nanoclusters using T30DNA as a
template, used Cu®* to form a complex with melamine, which
caused fluorescence quenching of copper nanoparticles, and
realized the recovery and detection of melamine in milk
samples. The following year, Lijuan et al. [9] synthesized fluo-
rescent copper nanoclusters using double-stranded DNA as
templates. It was speculated that the possible mechanism
was based on the interaction between metals. Pb** was prone
to metallophilic interaction, which destroyed the structure of
copper nanoclusters and caused fluorescence quenching. A
method for detecting lead ions was established. Han et al.
[10] synthesized weak fluorescent copper nanoclusters using
glutathione as a protectant and established a fluorescence
analysis method for rapid detection of lead ions by using the
mechanism of aggregation-induced luminescence. The linear
range of Pb** detection is 200 ymol/L-700 umol/L. Huang
et al. [11] synthesized fluorescent copper nanoclusters using
glutathione as a protective agent and sodium citrate as a weak
reducing agent. The fluorescence quenching of copper
nanoclusters was caused by the interaction between Fe’*
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and Cu®". So as to achieve the application of iron ion detec-
tion. Hu et al. [12] synthesized high fluorescent copper nano-
materials using glutathione as a protectant and reductant.
Similarly, mercury ions were detected by a fluorescence
quenching mechanism. At the same time, the standard addi-
tion and recovery of water and rice samples were realized. Hu
etal. [13] synthesized copper nanomaterials using dithiothre-
itol (DTT) at room temperature within 30 min. The DTT-
CuNCs-based fluorescent probe has been successfully used
to assay the content of aluminum in real food samples such
as the fried food and pasta.

However, there is less focus on copper nanomaterials and
less on visual colorimetric detection [14]. In this paper, glu-
cose is used as a weak reducing agent to synthesize high fluo-
rescent copper nanoparticles. Copper nanomaterials were
used as probes to detect Ag”. When different concentrations
of silver ions were added, the color of copper nanomaterials
changed obviously. The detection of silver ions was com-
pleted based on visual colorimetry. This method can be
applied to the detection of actual water samples. The greatest
advantage of this method is to realize visual detection, and
the preparation of materials is cheap and easy to obtain; the
detection method is simple and fast, saving expensive instru-
ment detection costs [14].

2. Experimental Part

2.1. Instruments and Reagents. An F-4600 fluorescence
spectrophotometer (Hitachi High-Tech Company) and a
JEM-2100F transmission electron microscope (Japan
Electronics Corporation) are the instruments used.

C¢H,,06 Cu(NO,),-3H,0, Pb(NO;),, ZnSO,7H,0O
(Tianjin Fenghuang Chemical Reagent Technology Co.
Ltd.), Bi(NO,);-3H,0O, NaCl, KCl (Tianjin Beilian Fine
Chemicals Development Co. Ltd.), AgNO; (Beijing Fuchen
Chemical Reagent Co. Ltd.), FeCl,-4H,O (Beijing Shangle
Chemical Factory), MnSO,-H,O (Beijing Shangle Chemical
Reagent Co. Ltd.), Chaoyang Fourth Chemical Plant,
Ni(NO;),-6H,O (Beijing 5671 Chemical Plant), NaOH
(Tianjin ~ Sheng’ao  Chemical Reagent Co. Ltd.),
Al(NO;)5-9H,0 (Tianjin Bodi Chemical Co. Ltd.), Cd(NO,),
(Beijing Chemical Plant), and CoCl,-6H,0 (Shanghai Public-
Private Joint Venture China Trade Factory) are the reagents
used in this study; all chemicals are analytical, pure, and
experimental solution. They are all configured with ultrapure
water (resistance of about 18.25 MQ)).

2.2. Synthesis of Glc-CuNPs. Copper nanoparticles were syn-
thesized by mixing 0.25mL of 1 mmol/L Cu(NO,),-3H,0
with 2.5mL of 0.Imol/L glucose (containing 0.4 mol/L
NaOH solution, pH =12) for 30 minutes, then transferring
to 55°C constant temperature water bath for 4 h. After centri-
fugation at room temperature, for 30 min, Glc-CuNPs were
obtained and stored at the last 4 degrees to prepare for subse-
quent experiments.

2.3. Ag" Detection. The prepared 450 uLGlc-CuNPs were
placed in a 1.5mL centrifugal tube and then added with
50 uL different concentrations AgNO,. The fluorescence
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Ficure 1: Schematic illustration of the Ag" sensing strategy based
on Glc-CuNPs.

intensity at 541 nm was measured at room temperature for
30 minutes.

3. Results and Discussion

3.1. Glc-CuNP Synthesis and Ag" Detection Principle. The
synthesis method of Glc-CuNPs and the detection of Ag" in
this experiment are shown in Figure 1. Glc-CuNPs with high
fluorescence can be synthesized by the reaction of glucose in
a constant temperature water bath at 55°C for 4h. When Ag"
is added to the Glc-CuNP system, Ag® will destroy Glc-
CuNPs and cause the aggregation of Glc-CuNPs, leading to
fluorescence decay [11, 15, 16]. Therefore, the fluorescence
of Glc-CuNPs can be effectively quenched by heavy metal
silver ions, and the detection of silver ions can be realized.

3.2. Spectral Characteristics of Glc-CuNPs. As shown in
Figure 2(a), the excitation and emission of Glc-CuNPs are
at 471 nm and 541 nm, respectively. Figure 2(a) is an inside
illustration which shows Glc-CuNPs in sunlight and
365nm ultraviolet light. Figure 2(b) is a transmission
electron microscopy (TEM) diagram of Glc-CuNPs.
Figure 2(d) is a particle size distribution of Glc-CuNPs; the
mean diameter of Glc-CuNPs is 5.0 +0.2nm. The HRTEM
image showed that the crystal lattice fringe was 3.70 A
(Figure 2(c)), which corresponded to the (110) plane of
cubic-structured copper. It is shown that the synthesized
Glc-CuNPs have smaller particle size, better dispersion, and
smaller size. The highly fluorescent Glc-CuNPs were success-
tully synthesized. As shown in Figure 3(a), with the extension
of time, the fluorescence intensity of CuNPs will not change
at all. It can be seen that the synthesized Glc-CuNPs can be
kept for about 1 month at 4°C. At the consecutive 60 min
irradiation of a Xe lamp, Figure 3(b) demonstrates the good
storage stability and good photostability of the Glc-CuNPs.
Figure 3(c) shows the EDs image of Glc-CuNPs and the con-
tent of each element. The above data fully prove that CuNPs
have been successfully synthesized.

3.3. Glc-CuNP Sensor Performance Analysis. A series of 18
metal ions (such as Mg>*, Na*, K*, Fe’*, AI**, Pb**, Bi’",
Co**, Cd**, and Hg’") with the same concentration
(100 pmol/L) were selected and detected. As shown in
Figure 4(a), only Ag® can inhibit the fluorescence of Glc-
CuNPs and other metal ions have a positive correlation with
the fluorescence of Glc-CuNPs. As shown in Figures 4(b) and
4(c), only by adding silver ions, the color of copper nanoma-
terials has changed. It shows that this method has high selec-
tivity for the detection of Ag™.
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FIGURE 2: (a) Fluorescence spectra of Glc-CuNPs. (b) TEM image of Glc-CuNPs. (¢) HRTEM image of Glc-CuNPs. (d) Size distribution
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F1GURE 3: (a) The fluorescence intensity of the Glc-CuNPs after one-month storage at 4°C. (b) The fluorescence intensity of the Glc-CuNPs at
the consecutive irradiation of a Xe lamp in different times. (c) EDs image of Glc-CuNPs.

In this experiment, a series of silver ions with different
concentrations were used for sensing analysis. As shown in
Figure 5(a), the fluorescence of Glc-CuNPs is quenched
gradually with the increase of silver ion concentration
(100 ymol/L-600 ymol/L). As shown in Figure 5(b), the

concentration of Ag" in the range of 100umol/L-
600 yumol/L has a good linear relationship (R =0.9845)
and the linear regression equation is F=-1.355C
+1028.92. The detection limit of 100 umol/L was deter-
mined by 3 times blank standard deviation. As shown in
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FIGURE 4: (a) Fluorescence intensities at 541 nm of as-synthesized Glc-CuNP solutions in the presence of different metal cations and (b)
digital photographs of as-synthesized Glc-CuNPs in the presence of Ag" (100 umol/L) or 18 kinds of other metal cations (1 mmol/L)

under visible light.
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FIGURE 5: (a) Glc-CuNP fluorescence spectra with different concentrations of silver. (b) Linear relationship between fluorescence
intensity of Glc-CuNPs and concentration of Ag". (c) Digital photographs of Glc-CuNPs in the presence of different concentrations

of Ag" under visible light.

TasLE 1: Analytical results for Ag" spiked in the Yellow River water
sample.

Ag" supplemented Ag" measured Recovery RSD

Sample (umol/L) (pmol/L) (%) (n=23)
100 94.6 94.6 5.4

1 400 407.1 101.8 7.6
600 589.7 98.3 3.4

Figure 5(c), when different concentrations of silver ions
were added, the color of copper nanomaterials changed
obviously. The detection of silver ions was completed
based on visual colorimetry.

The feasibility of this method for detecting water in
nature was also investigated. The Yellow River water was
taken from the Baotou section of Inner Mongolia water for
a few weeks and filtered with a 0.22 ym filter membrane.
The silver ion in the Yellow River water could not be detected
by this method. After that, silver ions were added to the water
samples of the Yellow River by an internal standard addition
method. The experimental results show that the recovery of
silver ions in the Yellow River water is in the range as shown
in Table 1. It shows that this method can be used to detect the
actual water samples.

4. Conclusion

Based on the fluorescence quenching mechanism, a fluores-
cence analysis method for detecting Ag* was developed by
using the prepared Glc-CuNPs as a fluorescence probe
and the heavy metal Ag" as a quenching agent. The method
shows a good fluorescence quenching linear relationship
(R=0.9845) in the range of 100 pmol/L-600 ymol/L for
silver ion and visual colorimetric detection. The recovery
of environmental water samples is 94.6%-101.8%, and the
relative standard deviation is less than 7.6%. Glc-CuNPs
are cheap and easy to get, and the analysis method is fast
and simple. It has a potential application value in environ-
mental detection.

Data Availability

The data used to support the findings of this study are avail-
able from the corresponding author upon request.

Conflicts of Interest

The authors declare that they have no conflicts of interest.



Journal of Nanomaterials

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (Grant no. 21864020), the Natural
Science Foundation of Inner Mongolia (Grant no.
2018MS02012), Collaborative Innovation Center for Water
Environmental Security of Inner Mongolia Autonomous
Region, China (Grant no. XTCX003), the Inner Mongolia
Innovation Guide Project and Research Project of Higher
School, Department of Education of Inner Mongolia
Autonomous Region (Grant no. NJZC16047).

References

[1] W. Ding, S. Huang, L. Guan, X. Liu, and Z. Luo, “Furthering
the chemosensing of silver nanoclusters for ion detection,”
RSC Advances, vol. 5, no. 79, pp. 64138-64145, 2015.

[2] J. Lan, P. Zhang, T. T. Wang et al., “One-pot hydrothermal
synthesis of orange fluorescent silver nanoclusters as a general
probe for sulfides,” Analyst, vol. 139, no. 13, pp. 3441-3445,
2014.

[3] C. Ding and Y. Tian, “Gold nanocluster-based fluorescence
biosensor for targeted imaging in cancer cells and ratiometric
determination of intracellular pH,” Biosensors & Bioelectron-
ics, vol. 65, pp. 183-190, 2015.

[4] C. Shen, X. Xia, S. Hu, M. Yang, and J. Wang, “Silver
nanoclusters-based fluorescence assay of protein kinase activ-
ity and inhibition,” Analytical Chemistry, vol. 87, no. 1,
pp. 693-698, 2014.

[5] Y.Zhou, H. Wang, H. Zhang, Y. Chai, and R. Yuan, “Program-
mable modulation of copper nanoclusters electrochemilumi-
nescence via DNA nanocranes for ultrasensitive detection of
microRNA,” Analytical Chemistry, vol. 90, no. 5, pp. 3543-
3549, 2018.

[6] W.J.Zhang,S. G. Liu, L. Han et al., “Copper nanoclusters with
strong fluorescence emission as a sensing platform for sensi-
tive and selective detection of picric acid,” Analytical Methods,
vol. 10, no. 35, pp. 4251-4256, 2018.

[7] H.Miao, D. Zhong, Z. Zhou, and X. Yang, “Papain-templated
Cu nanoclusters: assaying and exhibiting dramatic antibacte-
rial activity cooperating with H,O,,” Nanoscale, vol. 7,
no. 45, pp. 19066-19072, 2015.

[8] O. U. Lijuan, J. Luo, A. Sun, S. Chen, and L. Wang,
“Lable-free fluorescent detection of melamine based on its
inhibition on synthesis of copper nanoclusters,” Chinese
Journal of Analytical Chemistry, vol. 45, no. 8, pp. 1233—
1237, 2017.

[9] L. J. Ou, J. K. Huang, X. L. Lv, and N. Huang, “DsDNA-
templated fluorescent copper nanoclusters for ultrasensitive
label-free detection of Pb** ion,” Chinese Journal of Analysis
Laboratory, vol. 8, pp. 899-902, 2016.

[10] B.-Y.Han, X.-F. Hou, R.-C. Xiang et al., “Detection of lead ion
based on aggregation-induced emission of copper nanoclus-
ters,” Chinese Journal of Analytical Chemistry, vol. 45, no. 1,
pp. 23-27, 2017.

[11] H. Huang, H. Li, J. J. Feng, H. Feng, A. J. Wang, and
Z. Qian, “One-pot green synthesis of highly fluorescent
glutathione-stabilized copper nanoclusters for Fe*t, sensing,”
Sensors and Actuators B: Chemical, vol. 241, pp. 292-297,
2017.

[12] X. Hu, W. Wang, and Y. Huang, “Copper nanocluster-based
fluorescent probe for sensitive and selective detection of
Hg*" in water and food stuff,” Talanta, vol. 154, pp. 409-
415, 2016.

[13] X. Hu, X. Mao, X. Zhang, and Y. Huang, “One-step synthesis
of orange fluorescent copper nanoclusters for sensitive and
selective sensing of AI** ions in food samples,” Sensors and
Actuators B: Chemical, vol. 247, pp. 312-318, 2017.

[14] X. Hu, T. Liu, Y. Zhuang et al., “Recent advances in the
analytical applications of copper nanoclusters,” TrAC Trends
in Analytical Chemistry, vol. 77, no. 1, pp. 66-75, 2016.

[15] X. Yang, Y. Feng, S. Zhu, Y. Luo, Y. Zhuo, and Y. Dou,
“One-step synthesis and applications of fluorescent Cu
nanoclusters stabilized by L-cysteine in aqueous solution,”
Analytica Chimica Acta, vol. 847, pp. 49-54, 2014.

[16] N. K. Das, S. Ghosh, A. Priya, S. Datta, and S. Mukherjee,
“Luminescent copper nanoclusters as a specific cell-imaging

probe and a selective metal ion sensor,” Journal of Physical
Chemistry C, vol. 119, no. 43, pp. 24657-24664, 2015.



) ] Ndfidmaterial
J " FT A

;‘ } ot l};‘@ﬂ :
"o ° 2 .HW

The SCientiﬁc Journal of i’ ‘ “ International Journal of
World Journal Applied Chemistry Scientifica ' Polymer Science

Advances in

Chemistry

Advances in

Physical Chemistry

Hindawi

Submit your manuscripts at
www.hindawi.com

\mtematiopa\ Journal of : Advances in
Analytical Chemistry Condensed Matter Physics

Journal of - ! International Journal of ’ Journal of

Chemistry Biomaterials Nanotechnology

International Journal of Journal of BioMed Advances in

Corrosion Materials Research International Tribology


https://www.hindawi.com/journals/ijc/
https://www.hindawi.com/journals/amse/
https://www.hindawi.com/journals/jchem/
https://www.hindawi.com/journals/ijac/
https://www.hindawi.com/journals/scientifica/
https://www.hindawi.com/journals/ijps/
https://www.hindawi.com/journals/acmp/
https://www.hindawi.com/journals/ijbm/
https://www.hindawi.com/journals/je/
https://www.hindawi.com/journals/jac/
https://www.hindawi.com/journals/jnt/
https://www.hindawi.com/journals/ahep/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/at/
https://www.hindawi.com/journals/ac/
https://www.hindawi.com/journals/apc/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jma/
https://www.hindawi.com/journals/jnm/
https://www.hindawi.com/
https://www.hindawi.com/

