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A B S T R A C T

We wish to report, a minute synthesis of green fluorescent copper nanocluster by simple sonication. 1-Thio-β-D-
glucose was used as a capping ligand to synthesis copper nanocluster (TG-CuNCs). The TG-CuNCs exhibit the
emission maximum at 430 nm. The synthesized TG-CuNCs was well characterized by UV–vis, fluorescent, XRD,
HR-TEM and FT-IR techniques. After the addition of Hg2+ or S2− into TG-CuNCs, the fluorescence was quen-
ched. Based on the quenching of fluorescence, we have calculated the detection limit 1.7 nM and 1.02 nM for
Hg2+ and S2−, respectively. Finally, we have applied TG-CuNCs for the detection of Hg2+ and S2− in tap, river,
pond water. Importantly, the smartphone aided paper-based kit was developed for on-site monitoring of Hg2+

and S2− ions. To the best of our knowledge, this is the first report for the one-minute synthesis of TG-CuNCs and
the preparation of smartphone aided paper-based kit for on-site monitoring of Hg2+ and S2− ions. Further, it is
anticipated that this synthesis of TG-CuNCs and smartphone aided paper-based kit for Hg2+ and S2− will be
useful materials in the filled with the biosensor, material science and nanotechnology.

1. Introduction

Our environmental water is being polluted by several toxins due to

the rapid industrialization. Importantly, toxic anions and cations can
cause several health problems (Vaaramaa and Lehto, 2003). These an-
ions and cations can exist into the water through various sources
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including mining, volcanic emission, anthropogenic and natural sources
(Jung, 2001; Bowen, 1979; Craig Cooper and Morse, 1998). For ex-
ample, mercury toxicity is a serious concern. Mercury can exist through
gold mining, volcanic emission and industrial sources. Mercury is ex-
tensively used for dental amalgam, electrical and electrolytic applica-
tions (WHO, 1996; Vasimalai and Abraham John, 2015; Huang and
Chang, 2006). According to the United States Environmental Protection
Agency 7500 tonnes mercury per year was released as waste into the
environment. Mercury can damage kidney, heart, stomach and in-
testines (Craig Cooper and Morse, 1998; WHO, 1996; Vasimalai and
Abraham John, 2015; Huang and Chang, 2006). Therefore, the World
Health Organization has been recommended the level of Hg2+ is 5 μg/
L, respectively (WHO, 1996; Vasimalai and Abraham John, 2015).

On the other hand, anion toxicity also considerable attention. In
particularly, sulfide toxicity is a major concern. Sulfide ions play a role
in the biological system. Sulfide can regulate the cardiovascular system
activity, blood pressure, immune and apoptosis (Kang et al., 2019;
Liang et al., 2015; Yuan et al., 2013; Vasimalai et al., 2018). None-
theless, sulfide is major responsible anion for environmental pollution
(Kang et al., 2019; Liang et al., 2015). Excess of sulfide can cause down
syndrome and Alzheimer’s disease and damage the cirrhosis and liver
(Yuan et al., 2013; Vasimalai et al., 2018). Hence, the detection of Hg2+

and S2− is essential today. Recent days, there are many methods
available in the literature to detect Hg2+ and S2− ions, such as atomic
absorption spectrometry (Erxleben and Ruzicka, 2005; Afkhami and
Khalafi, 2005), high performance liquid chromatography (Rekhi et al.,
2017; Tang and Santschi, 2000), spectrofluorometer (Prodi et al., 2000;
Guenther et al., 2001) and cyclic voltammetry technique etc.,

(Kanchana et al., 2015; Dilgin et al., 2012). Among the different tech-
niques fluorescence method as vivid much alternation (Vasimalai et al.,
2018; Cao et al., 2019; Huang et al., 2016; Lin et al., 2016; Liu et al.,
2019a; Lin et al., 2017a, 2018). The synthesis of highly stable fluor-
escent copper nanocluster is a challenging task today. Copper na-
nocluster is extensively used in several fields including biosensor, cat-
alysis, LED, bioimaging and water treatment etc., (Lu and Chen, 2012;
Lin et al., 2017b; Aparna et al., 2019; Cao et al., 2014), due to their
fascinating properties including smaller size, high surface area and low
toxicity (Lu and Chen, 2012; Lin et al., 2017b; Aparna et al., 2019; Cao
et al., 2014). Hence, it is needed to develop a new protocol for the
synthesis of highly fluorescent copper nanocluster with a very short
time (Gedanken, 2004; Ziarati et al., 2013).

Moreover, low-cost, smartphone aided portable kit preparation is
essential today in the developing world and remote area for on-site
monitoring of Hg2+ and S2− ions.

Keeping these intentions in our mind, we have developed a new
synthesis protocol for the preparation of CuNCs. Herein, we are re-
porting a highly fluorescent copper nanocluster, which was synthesized
within a minute of time. The synthesized CuNCs was successfully uti-
lized as a fluorescent probe to detect Hg2+ and S2− ions. Importantly,
we have prepared a smartphone aided paper-based kit for on-site
monitoring of Hg2+ and S2− ions.

Fig. 1. (A) (a) UV–vis and (b) fluorescence spectrum of TG-CuNCs (λex:350, λem:430). Inset: Photograph of TG-CuNCs under (i) daylight and (ii) UV light (365 nm).
(B) UV–vis spectra of (a) freshly prepared and (b) 2-months aged CuNCs. Inset: Corresponding photographs of freshly prepared (i) and 2-months aged TG-CuNCs (ii).
(C) FT-IR spectra of (a) TG and (b) TG-CuNCs. (D) XRD pattern of TG-CuNCs.
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2. Experimental section

2.1. Chemicals

1-Thio-β-D-glucose, ascorbic acid, and Cu(NO3)2.3H2O were ob-
tained from Sigma-Aldrich and used without any purification. Sodium
acetate, sodium fluoride, potassium chloride, sodium sulfate, potassium
iodide, sodium chloride, lead nitrate, cadmium chloride, potassium
bromide, potassium thiocyanate and quinine sulfate obtained from
Sigma-Aldrich and used as received. Magnesium acetate, iron (III)
chloride, cobalt nitrate, sodium nitrate, ammonium cyanide, sodium
nitrite, nickel sulfate, iron (II) chloride, sodium hydroxide, zinc sul-
phate, manganese sulphate, mercury nitrate, Na2S.9H2O, Na2HPO4,
H2NaPO4, EDTA, hydrochloric acid, sulfuric acid and nitric acid pur-
chased from Fisher. Phosphate buffer solution (pH 3.0–13.0) was pre-
pared by using Na2HPO4 and H2NaPO4 (0.2M), the pH was adjusted by
sodium hydroxide and hydrochloric acid. Glassware was washed with
aqua-regia and rinsed with ultra-pure water.

2.2. Synthesis of TG-CuNCs

We have synthesized TG-CuNCs as follows. Briefly, 2mL Cu
(NO3)2.3H2O (10mM) and 2.5mL of ascorbic acid (25mM) were added
into a 25mL beaker. Then, 1mL of 100mM, 1-Thio-β-D-glucose was
added. Finally, 0.25mL of 0.5 M NaOH was added into the above
mixture was ultrasonicated 200W, 40 ± 3 kHz for 26° C for 1min.
Then, the yellow solution was obtained. The synthesized 1-Thio-β-D-

glucose capped copper nanocluster (TG-CuNCs) the resultant solution
was centrifuge with 1000 rpm for 30min. Then, the precipitate was
redisposed with 20mL of water solution was stored at 4° C.

2.3. Characterization of TG-CuNCs

Absorption spectral data were recorded in a Perkin Elmer Lambda
25 UV–vis spectrophotometer. Emission spectral data were recorded in
a Perkin Elmer lambda LS45 spectrofluorometer. Fourier transform
infrared (FT-IR) spectral data were collected from Fourier Transform
Infrared spectrophotometer (JASCO 6300). Transmission electron mi-
croscopy (TEM) images and EDX (energy dispersive X-ray) spectrum
were performed in a JEOL-2100 transmission electron microscopy and
operated at 200 kV. XRD pattern was performed in a Rigaku X-ray
diffraction unit using Ni-filtered CuK (λ = 1.54). Copper ions con-
centration was measured by the Inductively Coupled Plasma Mass
Spectrometry (Agilent 7800 ICP-MS, USA). Digital images were ac-
quired with the camera (13+5 dual megapixels) of a Lenovo K8 Note
smartphone, equipped with Android 7.1.1, using the App Color Grab
3.6.1. The synthesis was carried out by Labman (LMUC-2) 200W,
40 ± 3 kHz digital ultrasonic cleaner.

2.4. ICP-MS analysis

The total content of Cu2+ in the TG-CuNCs was determined by
Inductively Coupled Plasma Mass Spectrometry (Agilent 7800 ICP-MS,
USA). Before ICP-MS analysis, samples were microwave digested by

Fig. 2. HR-TEM images of TG-CuNCs with (A) 50 nm and (B) 20 nm scale magnifications. Inset A: Particle size histogram. (C) HR-TEM of the image of TG-CuNC, (D)
Selected area diffraction pattern of TG-CuNCs.
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using a Discover SPD oven (CEM Corporation, Matthews, NC, USA). In a
25mL glass vial, a known volume of TG-CuNCs was added and 5mL of
aqua regia (HNO3/HCl= 1:3) was added and them for digession 12 h
and made up to the known volume with ultrapure water. Afterwards,
the samples were cooled down for 30min at room temperature and
made up to the known volume with ultrapure water. After appropriate
dilutions, samples were analyzed by ICP-MS.

2.5. Sulfide and mercury ions sensor

0.5 mL of TG-CuNCs (Cu2+ ions concentration: 1.28mg/L) and
1.5 mL of phosphate buffer (0.2 M; pH: 7) solution was taken (Blank) in
a 3mL cuvette. In this cuvette solution, a different concentration of
Hg2+ or S2− was added. After 3 and 5min reaction time, absorption
and fluorescence spectra were recorded for Hg2+ and S2-, respectively.
We kept 350 nm as an excitation wavelength for all the fluorescence
spectral studies.

2.6. Quantum yield calculation

The Quantum Yield (QY) of TG-CuNCs, CuNCs-Hg(II) complex and
sulfide adduct was determined through comparison of the wavelength-
integrated intensity of the unknown sample with a standard. Quinine
sulphate was used as the reference QY standard (QY=0.54) (Melhuish,
1961). For this purpose, the fluorescent quantum yield value (фF) of
TG-CuNCs and CuNCs-Hg(II) complex and sulfide adduct was calcu-
lated by using William’s comparative method. The фF value was cal-
culated according to the following equation:

=
× ×

×

QYx Fx As QYs
Fs Ax (1)

where, “Fx” is the integrated fluorescence emission of TG-CuNCs, “Fs”
is the integrated fluorescence emission of the standard (Quinine sul-
phate), “Ax” is the absorbance at the excitation wavelength of TG-
CuNCs, “As” is the absorbance at the excitation wavelength of the
standard (Quinine sulphate), “QYx” is the quantum yield of TG-CuNCs,
and “QYs” is the quantum yield of the standard fluorophore (Quinine
sulphate QY=0.54) (Melhuish, 1961).

2.7. Real sample analysis

Pond and river water was collected from nearby water resources.
Tap water was taken from our institute. The dust and small particles
were removed by simple filtration using Whatman filter paper No. 1.
Then, we have spiked the known volume of real samples into TG-CuNCs
and recorded the fluorescence spectra.

2.8. Preparation of smartphone aided paper-based kit

Whatman filter paper No.1 was cut into (1×2 cm) size pieces.
Then, 100 μL of TG-CuNCs was added into each (1×2 cm) Whatman
filter paper and dry at room temperature. Then, a known volume of real
samples Hg2+ or S2− was spiked on TG-CuNCs coated (1×2 cm) filter
paper.

The on-site monitoring kit box was prepared by using waste PVC
pipe (2×4 cm) and sample-hold cap (2 cm). UV-LED (5mm;
395−400 nm) and carbon resistance (1.5 k ohm) was attached on the
pipe, and the USP pin was connected. The TG-CuNCs coated filter paper
(Blank) was placed into a kit box and USB was connected with a
smartphone. Immediately, the UV-LED light shine and the fluorescent
image was captured by a smartphone camera. Similarly, real samples
added filter paper and Hg2+ or S2− spiked filter paper image also
captured by smartphone ((13+ 5 dual megapixels) of a Lenovo K8
Note). The captured images were uploaded into a Color Grab 3.6.1 App,
the RGB-G color value was obtained. Based on the RGB-G color value
the concentration of Hg2+ and S2− was calculated using Microsoft excel
app in a smartphone.

3. Results and discussion

3.1. Synthesis and characterization of TG-CuNCs

The TG-CuNCs was successfully synthesized by environmental and
eco-friendly method at room temperature. TG-CuNCs was formed by
ultrasonication within a min of time. Then, we have centrifuge the
solution with 1000 rpm for 30min. The purified TG-CuNCs was char-
acterized by the following techniques.

3.2. Absorption and emission spectral studies and stability of TG-CuNCs

The synthesized TG-CuNCs exhibits the characteristic peaks at 252
and 300 nm (Fig. 1A; curve a), which are confirmed that the successful
formation of TG-CuNCs (Vázquez-Vázquez et al., 2009). The emission
spectrum of TG-CuNCs shows the maximum at 430 nm (excitation

Fig. 3. (A) Emission spectra of TG-CuNCs in the presence of different con-
centration Hg2+ (a) 0, (b) 0.5, (c) 1.0, (d) 1.5, (e) 2.0, (f) 2.5, (g) 3.0, (h) 3.5, (i)
4.0, (j) 4.5 and (k) 5.0×10−6 M Hg2+. Inset: (i) Photographs of (a) before and
(k) after the addition of 5.0×10−6 M of Hg2+ and (ii) correlation line curve.
(B) Emission spectra of TG-CuNCs in the presence of different concentration S2-

(a) 0, (b) 0.5, (c) 1.0, (d) 1.5, (e) 2.0, (f) 2.5, (g) 3.0, (h) 3.5, (i) 4.0, (j) 4.5, (k)
5.0 and (i) 5.5×10−6 M S2−. Inset: (i) Photographs of (a) before and (k) after
the addition 5.5× 10−6 M of S2− and (ii) correlation line curve. (For inter-
pretation of the references to colour in this figure text, the reader is referred to
the web version of this article.)
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Fig. 4. HR-TEM images of TG-CuNCs in the presence of 5 μM concentration of Hg2+. Inset: (A) EDX spectrum of TG-CuNCs in the presence of 5.0 μM of Hg2+.

Fig. 5. HR-TEM images of TG-CuNCs in the presence of 5.5 μM concentration of S2−. Inset: (A) EDX spectrum of TG-CuNCs in the presence of 5.5 μM of S2−.

Scheme 1. Schematic representation for the possible mechanism of Hg2+ and S2− detection using TG-CuNCs.
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wavelength: 350 nm) (Fig. 1A; curve b). Inset of 1A: (i) and (ii), cor-
responding photographs under day and UV-light (365 nm).

The formation of TG-CuNCs was monitored by UV–vis spectro-
photometer and compared with their starting materials. The UV–vis
spectrum of Cu(NO3)2 shows an absorption peak at 210 nm (Fig. S1 (A);
curve a). Ascorbic acid absorption band was observed at 260 nm (Fig.
S1 (A); curve b). Cu(NO3)2 and ascorbic acid mixture shows the ab-
sorption peak at 255 nm (Fig. S1 (A); curve c). On the other hand, TG
shows the characteristic absorption peak at 222 nm (Fig. S1 (A); curve
d). The mixture of Cu(NO3)2, ascorbic acid and TG exhibit the ab-
sorption peak at 262 nm (Fig. S1 (A); curve e). Interestingly, the syn-
thesized TG-CuNCs absorption bands were observed at 252 and 300 nm
(Fig. S1 (A); curve f), which is confirmed that the there is no excess of
starting materials present in TG-CuNCs. Fig. S1 (B and C) shows the
photographs of corresponding curves (a–f) under daylight and UV-light,
respectively Among all, TG-CuNCs only have shown the green emission.
These results are further revealed that the successful formation of
fluorescent TG-CuNCs.

The stability of TG-CuNCs was monitored by UV–vis spectro-
photometer. Surprisingly, 2-months aged and freshly prepared TG-
CuNCs was un-altered with their absorbance and wavelength (Fig. 1B;
curve a, b) and there are no color changes were observed (Fig. 1B; Inset
i, ii). This result is confirmed that the synthesized TG-CuNCs are stable
for 2-months.

3.3. FT-IR spectra of TG and TG-CuNCs

The chemical functional groups of TG and TG-CuNCs were char-
acterized by FT-IR technique. FT-IR spectra of TG and TG-CuNCs are
shown in Fig. 1C. The FT-IR spectrum of TG shows (Fig. 1C, curve a) the
characteristic peaks at 3428 and 2922 cm−1, which are corresponding
stretching frequencies (ν) of OH, symmetrical stretching frequencies (νs)
of CH (Smith, 2017; Watanabe et al., 2005). The stretching frequency
(ν) of SH was observed at 2503 cm−1 (Farrell et al., 2017). The
stretching frequency peak of CeO was observed at 1626 cm−1 (Smith,
2017; Geng et al., 2011). The stretching frequencies of CH and CeOeC
were observed at 1345 and 1055 cm−1, respectively (Smith, 2017;
Maruthupandi et al., 2019).

The FT-IR spectrum of TG-CuNCs exhibits the similar FT-IR char-
acteristic peaks of TG (Fig. 1C, curve b). It is expected that -SH group of
TG adsorbed on the surface of CuNCs. As we expected that the resolved
-SH peak intensity was decreased. This result is confirmed that the
presence of TG on the surface of CuNCs.

3.4. XRD pattern and HR-TEM images of TG-CuNCs

Fig. 1D shows the XRD pattern of TG-CuNCs. We have observed the
broad peak at 23°θ (Fig. 1D). The obtained peak value is perfectly
matched with a previous report (Feng et al., 2017; Ghosh et al., 2014).

Fig. 6. Effect of Interferences: 1.08× 10−3M (720-fold) of Na+, K+, Cd2+,
Zn2+, Pb2+, Fe2+, Ni2+, Mn2+ and 9.0×10−4 M (600-fold) of Fe3+, Mg2+,
Co2+ and 1.844× 10−3 M (1229-fold) of Br-, F−, Cl−, I−, HPO4

−, AcO−,
NO2

−, SO4
2−, NO3

−, SCN−, EDTA, CN- and 1.5×10−6M of Hg2+ and S2−.
Inset: Corresponding photographs.

Table 1
Real sample analysis for the detection of Hg2+.

Tap water River water Pond water

Hg2+

spiked
μM

Hg2+

found
μM

Recovery % Hg2+

found
μM

Recovery % Hg2+

found
μM

Recovery%

_ 0 _ 0 _ 0 _
1 1.014 101.4 ± 0.3 0.985 98.5 ± 0.2 0.987 98.7 ± 0.4
2 1.995 99.8 ± 0.2 2.013 101 ± 0.2 1.994 99.7 ± 0.3

Table 2
Real sample analysis for the detection of S2−.

Tap water River water Pond water

S2−

spiked
μM

S2−

found
μM

Recovery % S2−

found
μM

Recovery % S2−

found
μM

Recovery %

_ 0 _ 0 _ 0 _
1 1.01 101 ± 0.2 0.998 99.8 ± 0.2 0.994 99.4 ± 0.2
2 1.98 99 ± 0.4 1.991 99.6 ± 0.3 1.98 99 ± 0.3

Fig. 7. (A) TG-CuNCs modified filter paper with the addition of (a) 0, (b) 0.25, (c) 0.5, (d) 1.0, (e) 1.5, (f) 2.5, (g) 3.5, (h) 4.5×10−6 M Hg2+ in pond water. (B) TG-
CuNCs modified filter paper with the addition of (a) 0, (b) 0.25, (c) 0.5, (d) 1.0, (e) 1.5, (f) 2.5, (g) 3.5, (h) 4.5×10−6 M S2− in pond water.
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Further, we did not observe any characteristic plane of copper oxide
and copper nanoparticles. This result is clearly confirmed that the lack
of crystallinity of synthesized TG-CuNCs is ultra-small atomic size
clusters (Feng et al., 2017; Ghosh et al., 2014). Transmission electron
microscopy is an important technique to characterize the nanoparticles
shape, size, dispersity and crystallinity. Fig. 2, illustrates the HR-TEM
image of TG-CuNCs with different magnifications. Uniformly particles
are dispersed and the average particles size was calculated to be
2.58 ± 0.03 nm by HR-TEM image (Fig. 2C) using particles size his-
togram (Fig. 2A; Inset) (Cao et al., 2014; Wang et al., 2015). Further,
we have to measure the lattice distance from the single CuNC, which
was calculated to be 0.21 nm (Miao et al., 2015; Ghosh et al., 2015).
Moreover, the selected area diffraction pattern (SAED) also show that
several rings. This result confirmed that the synthesized TG-CuNCs are
crystalline nature (Fig. 2D). Furthermore, the obtained lattice distance
value is perfectly match with the value previous reported (Jayasree
et al., 2018). Further, the obtained precious ultra-small size TG-CuNCs
(2.58 ± 0.03 nm) are clearly confirmed that the formation of copper
nanoclusters (Cao et al., 2014; Wang et al., 2015). Importantly, we have

calculated the quantum yield of TG-CuNCs and the details are given in
the experimental Section 2.6. The quantum yield of TG-CuNCs was
calculated to be 16.2 %.

3.5. Effect of pH and Time

The effect of pH with TG-CuNCs with Hg2+ and S2− was monitored
by fluorescence technique using phosphate buffer solution (Fig. S2 (A,
B)). The pH of the Hg2+ and S2- solutions was adjusted from 3 to 12,
and then 1.5× 10-6 M Hg2+ and S2- was added and changes in the
fluorescence intensity were examined. The fluorescence intensities were
low at acidic pH (3–6) but the fluorescence intensity has reached a
maximum at pH 7. Beyond pH 7 the fluorescence intensity was quen-
ched (pH 8–12) (Fig. S2 (A, B)). The observed highly fluorescence in-
tensity at pH 7, is due to the stability of TG and CuNCs at pH 7. In acidic
pH, CuNCs will not be stable and formed Cu2+ ions. Whereas basic pH,
particles get aggregation due to the excess of eOH ions. Therefore, we
kept pH 7 for further studies.

On the other hand, it is very important to optimize the interaction

Fig. 8. (A) Schematic representation for the paper-based kit. (B) Correlation plot for linearity of RGB-G Vs concentration of Hg2+. (C) Correlation plot for linearity of
RGB-G Vs concentration of S2−.
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time TG-CuNCs with Hg2+ and S2−. We have taken TG-CuNCs and add
1.5 μM Hg2+ then their fluorescence intensity changes were monitored
with a different time interval (0−60min). After the addition 1.5 μM
Hg2+ into TG-CuNCs, the relative fluorescent intensity (F0-F/F0) was
enhanced from 1 to 3min (Fig. S3 (A)). Where “F0” is the fluorescent
intensity of TG-CuNCs and “F” is the fluorescent intensity of TG-CuNCs
in the presence of 1.5× 10-6 M Hg2+ or S2−. From 5 to 60min, the
relative fluorescent intensity was constant.

Similarly, the addition of 1.5 μM S2− into TG-CuNCs was led to
increasing the relative fluorescence intensity from 1 to 5min (Fig. S3
(B)), then it was remain constant. Finally, we have concluded that 3 and
5min are optimal for the interaction of TG-CuNCs with Hg2+ and S2-,
respectively. Therefore, we kept 3 and 5min for the reaction time and
pH 7 maintained for Hg2+ and S2-, respectively, for further studies.

3.6. Spectrophotometric and spectrofluorometric detection of Hg2+ ions

The absorption spectrum of TG-CuNCs exhibits the peaks at 252 and
300 nm (Fig. S4 (A); Curve a). After the addition of 0.5 μM con-
centration Hg2+ absorbance peak at 252 was increased and peak 300
was decreased. Interestingly, one new peak appeared at 218 nm (Fig. S4
(A); Curve b–h). The observed changes are due to the interaction of
Hg2+ with TG ligand (-SH and eOH groups) and led to the aggregation
of copper nanoclusters (Fig. S4 (A)) (Shigemoto et al., 2019; Vasimalai
et al., 2012).

It is well known that fluorescence technique is more sensitive than
the absorption studies. Therefore, we made an attempt to sense Hg2+

by fluorescence technique. The emission spectrum of TG-CuNCs excited
the emission maximum at 430 nm (Fig. 3A; Curve a). After the addition
of 0.5 μM concentration of Hg2+ the fluorescence of TG-CuNCs was
quenched (Fig. 3A; Curve b). Then, 1.0–5.0 μM concentration of Hg2+

also decreased the fluorescence of TG-CuNCs at 430 nm (Fig. 3A; Curve
c–k). The color of the solution was changed from green to colorless
under UV irradiation (Fig. 3A; Inset i). It is expected that the observed
color and spectral changes may be due to the aggregation of copper
nanoclusters. The good linearity was observed from 500 nM to 5 μM
concentration of Hg2+. Based on the decreases in fluorescence in-
tensity, the detection limit was calculated to be 1.7 nM (LOD=3S/m)
(Fig. 3A; Inset ii). Moreover, we have calclulated the quantum yield of
TG-CuNCs with the different concentration addition of Hg2+ which was
found to be 7.0 %. The observed 2.28-fold decreases of quantum yield,
is expected due to the aggregation of TG-CuNCs through the intraction
between TG-CuNCs and Hg2+ ions.

3.7. Spectrophotometric and spectrofluorometric detection of S2− ions

UV-vis spectrum of TG-CuNCs peaks is observed at 252 and 300 nm
(Fig. S4 (B); Curve a). After the addition of 0.5 μM concentration S2−

absorbance peak 300 nm was shifted to 341 nm (Fig. S4 (B); Curve b–i).
The observed peak at 211 nm (Fig. S4 (B); Curve b) was attained to the
red shift with the increases in absorbance (Fig. S4 (B); Curve c–i) while
add the different concentration of S2-. It is also expected that the ab-
sorbance increases at 341 nm is due to the formation of copper(II)
complex (CuS) (Hatamie et al., 2014; Cao et al., 2011; Wen et al.,
2019).

The emission spectrum of TG-CuNCs exhibited the emission max-
imum at 430 nm (Fig. 3B; Curve a). After the addition of 0.5 μM con-
centration of S2− also was led to a decrease in the fluorescence of TG-
CuNCs (Fig. 3B; Curve b). Then, the addition from 1.0 to 5.5 μM con-
centration of S2− also decreased the fluorescence of TG-CuNCs at
430 nm (Fig. 3B; curve c–l). The green color solution was changed to
pale-brown under UV irradiation (Fig. 3B; Inset i). It is expected that
the observed color and spectral changes may be due to the aggregation
of copper nanoclusters and the formation of CuS complex. Based on the
decreases in fluorescence intensity, the limit of detection was calculated
to be 1.02 nM (LOD=3S/m). The good linearity was observed 500 nMTa
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to 5.5 μM (Fig. 3B; Inset ii). Moreover, we have calclulated the quantum
yield of TG-CuNCs after the adttion different concentration of S2-, which
was found to be 6.6 %. The observed 2.42-fold decreases of quantum
yield, is expected due to the aggregation TG-CuNCs, through the com-
plex formation.

3.8. HR-TEM of TG-CuNCs in the presence of Hg2+ and S2− ions

Fig. 4 shows the TEM image of TG-CuNCs in the presence of 5 μM
concentration of Hg2+. This image shows the aggregated particles
structure. The aggregated nanoparticles size was calculated to be ̴
30 nm. The observed aggregation is expecting due to the interaction
between -SH group of TG ligand and Hg2+. It is well known that Hg2+

has a strong thiophilic tendency with -SH group. Therefore, CuO did not
form (Dutta et al., 2015). Hence, it led to aggregate the nanoparticles
(Shigemoto et al., 2019; Vasimalai et al., 2012). Moreover, we have
taken EDX spectrum of TG-CuNCs in the presence of 5.0 μM of Hg2+,
which is shown in the inset of Fig. 4A. The EDX spectrum revealed the
strong signals of copper at 7.83 KeV and mercury at 2.92 and 8.71 KeV.
These results confirmed the formation of thiol-Hg2+ complex. Further,
these results are perfectly match with the previous reports (Abdulla-Al-
Mamun et al., 2010; Li et al., 2010).

On the other hand, TEM images of TG-CuNCs in the presence of 5.5
μM of S2− shows the aggregated structure nanoparticles (Fig. 5). The
aggregated particles size was calculated to be ̴ 17 nm. The observed
aggregation may be due to the formation of CuS (Hatamie et al., 2014;
Cao et al., 2011; Wen et al., 2019). Moreover, we have measured the
EDX spectrum of TG-CuNCs in the presence of 5.5 μM of S2- (Inset of
Fig. 5A). The EDX spectrum of TG-CuNCs in the presence of 5.5 μM of
S2- revealed that the strong signals of sulfide at 2.3 KeV and copper at
8.09 KeV. Further, these results perfectly match with previous reports
(Abdulla-Al-Mamun et al., 2010; Gautam et al., 2014).

3.9. Quenching constant and detection mechanism

Quenching constant of TG-CuNCs was calculated using Eq. (2),
(Vasimalai et al., 2018)

= +
F
F

KSV Q0 1 [ ] (2)

where, ``F`` and ``F0`` are the fluorescence intensities of TG-CuNCs at
430 nm in the presence and absence of Hg2+ or S2−, respectively
``KSV`` is the quenching constant. “[Q]” is the Hg2+ or S2− con-
centration. The quenching constant (Hg2+) was calculated to be
1.324× 105 M-1. The positive deviated curve that was obtained is due
to the presence of both static and dynamic quenching for Hg2+ (Fig. S5
(A)). On the other hand, the positive deviated curve that was obtained
is due to the simultaneous presence of dynamic and static quenching for
S2− (Fig. S5 (B)). The quenching constant (S2−) was calculated to be
3.39×105 M−1.

Schematic representation of the possible mechanism for the detec-
tion of Hg2+ and S2−. The green emission TG-CuNCs we have the in-
teraction of TG-ligand and Hg2+ from the complex which let to ag-
gregation the nanoclusters (Scheme 1) (Shigemoto et al., 2019;
Vasimalai et al., 2012) and other hands hence S2− can from CuS let to
aggregation (Scheme 1) (Hatamie et al., 2014; Cao et al., 2011; Wen
et al., 2019). Finally, we have confirmed that mechanism based on the
UV–vis, fluorescent and TEM.

3.10. Effect of interferences

We have taken different cations and anions as potential inter-
ferences. Interestingly, 1.08×10−3M (720-fold) of Na+, K+, Cd2+,
Zn2+, Pb2+, Fe2+, Ni2+ and Mn2+ and 9.0×10−4 M (600- fold) of
Fe3+,

Mg2+ and Co2+ and 1.844×10−3M (1229-fold) of Br−, F−, Cl−,

I−, HPO4
−, AcO−, NO2

−, SO4
2−, NO3

−, SCN−, EDTA, CN− inter-
ference did not interfere to detect 1.5× 10−6 M of Hg2+ and S2−,
respectively (Fig. 6). No color changes were observed in the above-
mentioned interferences (under UV light (365 nm), (Fig. 6: Inset). But,
1.5 μM of Hg2+ or S2− addition, the green fluorescence was quenched.
These results are confirmed that the synthesized TG-CuNCs is highly
selective for the detection of Hg2+ and S2- in the presence of very high
concentrations of above mentioned common interferences (Fig. 6).

We have taken S2−: 20×10−6 M S2− with 1.08× 10−3 M of Cd2+

and Hg2+: 20× 10−6 M Hg2+ with 1.844× 10−3 M EDTA use
masking agent to mask (Fig. S6). Above stated common masking agent
did not interfere for the detection of 1.5× 10−6 M of Hg2+ and S2−.
Fig. S6: Inset corresponding photographs. Which are confirmed the
masking agent to chelate the analyte and did not interfere for the de-
tection of other analytes.

3.11. Real sample analysis

TG-CuNCs probe was effectively applied to detect Hg2+ and S2− in
tap, river and pound water samples (Tables 1 and 2). Hg2+ and S2− was
not initially detected in the tap, river and pond water samples. Then, we
spiked a known amount of Hg2+ to the real samples, which led to the
quench of the intensity. Good recovery was observed from 98.5 to 101.4
% of those spiked with Hg2+ (Table 1).

On the other hand, we spiked a known amount of S2− to the real
samples, which led to the quenching of the fluorescent intensity. Good
recovery was observed from 99 to 101 % of those spiked with S2−

(Table 2). These results are revealed that TG-CuNCs probe had a good
performance in terms of simplicity and precision of analysis of Hg2+

and S2− in water samples.

3.12. Smartphone aided paper-based kit for the detection of Hg2+ and S2−

We have prepared the smartphone aided kit from PVC waste pipe.
The details of designing are given in the experimental Section 2.8. First,
we have taken Whatman No:1 filter paper and cut into a small piece
(1×2 cm). Then, TG-CuNCs was added on the top of the paper and
details are given the experimental Section 2.8. The pond water sample
of 20 μL containing known concentration from 0.25 to 4.5×10−6 M
Hg2+ or S2− was added. Then, the paper was allowed to dry at room
temperature. Further, it was irradiated into UV-light. The green fluor-
escent in a paper was quanched (Fig. 7). The observed changes color
was confirmed the particles aggregation. The same paper was used to
detect the existing Hg2+ or S2- by smartphone.

The paper was fixed into the bottom PVC pipe (1.2 cm size), then it
was fixed with 4 cm PVC pipe. When we connect the USP pin with a
smartphone. The UV-LED will be shine and image was captured by a
smartphone camera (Fig. 8A). The captured image was uploaded into a
color grab 3.6.1 app, then we have obtained the RGB-G color value. It
shows the good linearity from 0.25 to 4.5 μM for Hg2+ and S2−

(Fig. 8B, C).
These results are confirmed that our smartphone aided paper-based

kit provides advantage including low cost, good ability, test screening, a
simple experimental step and on-site monitoring of Hg2+ and S2− in
different water samples (Table 3).

4. Conclusions

In this article, we have reported the one-minute synthesis of TG-
CuNCs by ultrasonication. The synthesized TG-CuNCs are stable for
more than 2 months and characterized by UV–vis, FT-IR, HR-TEM and
XRD techniques. Then, we have used TG-CuNCs as a probe for the de-
tection of Hg2+ and S2− ions. The addition of Hg2+ or S2− was led to
quench the green fluorescence of TG-CuNCs under UV light (365 nm). A
detection limit was calculated to be 1.7 and 1.02 nM for Hg2+ and S2−,
respectively. Even 600-fold of common interference did not interfere
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with the detection of 1.5× 10−6 M of Hg2+ and S2− ions. We have
applied the system for this detection of Hg2+ or S2− in different tap,
river and pond water samples. Importantly, we have developed a
smartphone aided kit for on-site monitoring for Hg2+ and S2−. This is
the first report for the synthesis of CuNCs within min of time. This is a
low-cost kit having a good ability, test screening, a simple experimental
step and on-site monitoring. Finally, we have successfully validated
with RGB-G app value. We strongly believe that the developed smart-
phone aided kit and synthesized TG-CuNCs will be a useful kit and
material in the field of nanotechnology, environmental monitoring and
material science.
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