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Abstract

A fluorometric assay was constructed for supersensitive determination of Cu®* and Co®* based on their quenching effect on the
orange fluorescence of methionine-capped gold nanoclusters (Met-AuNCs). A simple one-step method was developed for the
preparation of the Met-AuNCs, employing L-methionine as both a reducing and protecting reagent. Within 10 min, water soluble
Met-AuNCs were obtained with an average size of 2.4 nm. Under photoexcitation at 370 nm, the Met-AuNCs possess a
maximum emission at 580 nm and a quantum yield of 2.3%. The response is fast (1 min), and the selectivity for Cu?* and
Co?" is high over other metal ions. The detection limits for Cu?* and Co®* are around 47 and 420 pM, respectively. The effects
were used to design a test paper for visual detection of Cu** and Co®*. Using this test paper, 1 pM of Cu®*/Co** can be detect
under the UV lamp (365 nm excitation). It is perceived to be a promising tool for the rapid on-site determination of Cu** and Co**

in real water samples.
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Introduction

The ions Cu”* and Co** are essential micronutrients that play
important roles in biosynthesis and metabolism [1, 2].
However, Cu®* and Co®" ions can be harmful to health at high
levels [3, 4]. Moreover, Cu** and Co** result in metal contam-
inations due to their wide industrial applications. Accordingly,
facile and sensitive assays for detection of Cu®* and Co”* are
needed, especially for biomedical and environmental fields.
Various analytical methods mainly consisting of solid
phase extraction (SPE) [1], inductively coupled plasma mass
spectroscopy (ICP-MS) [5], inductively coupled plasma opti-
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cal emission spectrometry (ICP-OES) [6], flame atomic ab-
sorption spectrometry (FAAS) [7, 8], and high performance
liquid chromatography coupled with inductively coupled plas-
ma mass spectrometry (HPLC-ICP-MS) [9] have been used
for the detection of Cu** and Co**. However, these methods
often suffer from relatively high cost, time-consuming analy-
sis or pretreatment procedures which restrict them from being
applied in the simple, rapid and on-site determination [8,
10-13].Accordingly, it is still a great challenge to exploit a
simple, low cost, portable and sensitive sensing assay for
real-time detection of Cu®* and Co* ions.

Gold nanoclusters (AuNCs) are attracting great attentions
owing to their low toxicity, biocompatibility, facile synthesis,
high fluorescence emission, large stokes shift [14]. Many
“green” ways have proposed to prepare AuNCs by directly
reducing HAuCl, with reducing-cum-stabilizing reagent [15].
For example, some macromolecules protein [16], dendrimer
[17] and natural polymer [18-20] have been employed as
reducing and protecting reagents to synthesise highly fluores-
cent AuNCs. In addition, some small biomolecules, such as
glutathione, amino acids (tyrosine, L-proline and histidine)
have been used for preparing AuNCs through a simple one-
pot reaction [21-24]. However, most of them need tedious
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procedures, costly ligands and a very long reaction time from
several hours to days, which restrict their wide applications
[25]. Consequently, it is very desirable to develop a facile and
rapid method for the preparation of fluorescent AuNCs.

Herein, we demonstrate a simple and fast synthetic ap-
proach of AuNCs using methionine as both a reducing and
protecting reagent. Within 10 min, the Met-AuNCs with
excitation/emission peaks at 370/580 nm were synthesized.
Moreover, the Met-AuNCs were used as fluorescent probe
to detect Cu?* and Co** with a low detection limit of 47 pM
and 0.42 nM respectively, which were more sensitive than the
previous analytical methods. To illustrate the practicality of
the assay, it was further applied to the determination of Cu**
and Co”* in environmental water samples. More importantly,
we transferred such a new assay to test paper, and good results
were attained within 1 min with the minimum visual detection
concentration down to 1 uM for Cu** and Co** by the bare
eyes.

Experimental section
Materials and reagents

Tetrachloroauric acid (HAuCly), L-methionine, NaOH were
from Sinopharm Chemical Reagent Co. Ltd. (Shanghai,
China, http://www.reagent.com.cn/).
Ethylenediaminetetraacetic acid (EDTA), CoCl,-6H,O and
CuS04-5H,0 were purchased from Aladdin Reagent
Company (Shanghai, China, http://aladdin.company.
lookchem.cn/). The other inorganic salts of cations (Co**,
Cu2+, Ni2+, F€3+, Mn2+, A13+, Ca2+’ Zl’l2+, Ag+, Baz+’ Hg2+,
Cd**, Na*, K*, Mg?*, Cr’*, Fe**, Pb>", Pt*) and the filter
papers were obtained from Sangon Biotechnology
Company, Ltd. (Shanghai, China, http://www.sangon.com/).
All the solutions used in the experiments were prepared using
deionized water (18 M{2-cm).

Instrumentations

The UV-vis absorbance spectra were measured on a TU1810
UV-vis spectrophotometer (Beijing Purkinje General
Instrument, Beijing, China). The fluorescent spectra were
measured with a fluorescence spectrometer F-2700 (Hitachi,
Tokyo, Japan). Transmission electron microscopy (TEM) im-
ages were recorded using a JEOL JEM2010 microscope at
200 kV. Dynamic light scattering (DLS) data was collected
on a Zetasizer Nano ZS90 instrumentation (Malvern
Instruments Ltd., UK). The Fourier transform infrared spec-
troscopies (FT-IR) were measured using a Perkin Elmer
Paragon 1000 FT-IR spectrometer (Waltham, MA, USA).
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Synthesis of methionine-capped gold nanoclusters
(Met-AuNCs)

All glass instruments for experiment were immersed into aqua
regia (HCI/HNO; 3:1 v/v), flushed completely with deionized
water, and then dried before use. Initially, 1 mL of methionine
solution (0.16 M) was mixed with 200 pL. of HAuCly solution
(10 mg/mL). Then, 100 uL of NaOH solution (0.04 M) was
rapidly added into the foregoing mixed solution and mixed for
1 min to obtain an homogeneous solution. After 10 min of
incubation at 75 °C, the solution was taken out from the heater
followed by slowly cooling to ambient temperature. After
centrifugation at 10,000 rpm for 10 min to discard large par-
ticles, the Met-AuNCs were preserved at 4 °C in the dark until
subsequent application.

Quantum yield (QY) of Met-AuNCs

The QY of the Met-AuNCs was measured using Rhodamine
6G in ethanol as the standard. The QY was obtained with the
following equation [26]:

by = & Grady ny 2

xS GradST nsr
where the subscripts S7'and X represent reference solution and
Met-AuNCs, respectively, @ is the luminescence QY value,
Grad is the gradient from the plot of integrated emission in-

tensity versus the corresponding absorption value, and 7 is the
refractive index of the water or ethanol.

Fluorometric detection of Cu®>* and Co**

100 uL of Met-AuNCs was added into 890 pL of phosphate
buffered solution buffer (10 mM, pH = 8). Metal ions (Cu?*
and Co”*) with different concentrations (10 uL, ranging from
0 to 1 mM) were then added and mixed thoroughly. After
1 min incubation at ambient temperature, the corresponding
fluorescence quenching spectra were measured (Aexe /Aem =
370/580 nm); slit widths for both the excitation and emission
were set at 5 nm. The interfering experiments of the other
metal ions were studied individually with Met-AuNC solution
under the same conditions.

Analysis of environmental water samples

Tap water, lake water, sea water and waste water samples were
obtained from our laboratory, the Sun and Moon Lake on the
campus of Harbin Institute of Technology (Weihai) and gold-
en beach of Weihai. All the samples were pretreated by cen-
trifugation (10,000 rpm, 10 min) and filtered through 0.45 uM
filters to remove any suspended impurities. And then, a series
of samples were obtained by spiking standard solution
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(500 pL) with various concentrations of Cu**/Co* (0 to
200 pM) in 20 mM phosphate buffered solution buffer
(pH =8) into the tap water, lake water and sea water
(400 uL), respectively. Then, the Met-AuNCs (100 uL) were
added into the above resulting solutions. After 1 min incuba-
tion at room temperature, the corresponding fluorescence
quenching spectra were attained (Aex /Aery, = 370/580 nm).

Preparation of fluorescent test papers and sensing
applications

In order to prepare AuNCs-based test papers, filter papers
were cut into small pieces with a diameter of 1 cm prior to
use. Small pieces of papers were immersed into the Met-
AuNC aqueous solution for 2 h and dried at 40 °C for
40 min. The test papers were submerged separately in 1 mL
of the different ions solutions with various concentrations
(100 nM to 1 mM) for 1 min at ambient temperature and dried
at 40 °C for 10 min. The changes in the fluorescent test papers
were observed under a UV light (A, =365 nm). Tweezers
were used in the aforementioned process.

Results and discussion
The synthesis and characterization of Met-AuNCs

In this work, Met-AuNCs were synthesized by a rapid one-pot
synthesis via the reduction of gold ions with methionine as
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Met-AuNCs

Methionine

both as both reductant and stabilizer (as illustrated in
Scheme 1). Synthesis conditions including methionine con-
centration, NaOH concentration, reaction time and tempera-
ture were optimized. As illustrated in Fig. Sla, the optimal
concentration of methionine was 0.16 M, in which the stron-
gest fluorescence of Met-AuNCs was obtained. The influence
of'the NaOH concentration on the Met-AuNCs fluorescence is
illustrated in Fig. S1b. It can be seen that the appropriate
concentration was 40 mM which gave the highest fluores-
cence intensity. Figure S1c demonstrated that the fluorescence
intensity was also influenced by the reaction temperature. The
fluorescence intensity increased with increasing temperature
(35 to 75 °C). The strongest fluorescence was obtained at
75 °C. However, it is reduced at higher temperature (85 and
90 °C), which may be that high temperature easily led to the
nanocluster aggregation [14]. Consequently, 75 °C was used
in the all experiments. Moreover, it was clear that the synthesis
process merely needed 10 min (for chemical reaction only)
under the optimal conditions (Fig. S1d). As the increasing of
reaction time, the fluorescent intensity of AuNCs started to
decrease, which may be due to the beginning of clusters deg-
radation. Accordingly, 10 min was adopted as the optimum
reaction time. In a word, this proposed synthesis process was a
rapid, facile and green approach.

Met-AuNC solution showed pale yellow under daylight
and orange red under a UV lamp (365 nm) (inset ¢ and f of
Fig. la, respectively), whereas neither pure methionine nor
HAuCl, emitted fluorescence in the same conditions, indicat-
ing that the high fluorescence stems from the luminescence of

,———

N
A

-NH,",

Scheme 1 Scheme of the formation of Met-AuNCs and used as a fluorescent probe for the detection of Cu** and Co**
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Fig. 1 a: UV-vis absorption a b

spectra of the aqueous HAuCly, —HAuCY, N 1.0 1o
methionine and Met-AuNCs. —— Methionine &
Inset: photographs of the HAuCly 08  Met-AuNGs 0.8 108 £
under room light (a) and UV light 3 g 05 1 65
(Aex =365 nm) (d), methionine g 27 —Excitation] =
under room light (b) and UV light 5 04 § 0.4} :;‘:; 04 E
(Aex =365 nm) (e), and Met- = < e g
AuNCs under room light (c) and 02t 102 E
UV light (Aex =365 nm) (f); b: ook 0.0 doo
Flourescence exitation (a) and 2 L L 2 L

emission spectra (c) of Met-
AuNCs at room temperature, UV-
vis absorption spectrum of Co**
(b) and Cu?* (d); ¢: TEM image of
Met-AuNCs and HR-TEM image
ofasingle AuNC (inset); d: FT-IR
spectra of methionine and Met-
AuNCs in the absence and pres-
ence of Co®* and Cu®*

Met-AuNCs. Figure 1a demonstrates the absorption spectrum
of Met-AuNCs. The outstanding surface plasmon absorption
peak of large AuNPs (around 520 nm) missed which demon-
strated that the most Met-AuNCs sizes were less than 2.5 nm.
Instead, an obvious absorption band at 360 nm was observed.
In contrast, no absorption peaks at 360 nm were obtained in
the pure methionine and HAuCl, solutions. As shown in Fig.
1b, the Met-AuNCs exhibited an excitation peak centered at
370 nm and an emission peak centered at 580 nm. Met-
AuNC:s are superior to the organic fluorophores, which have
a large stokes shift of 210 nm, can refrain from the mutual
interference between the excitation and emission signals.
Moreover, the emission spectra peaks of AuNCs remained
unchanged at different excitation wavelengths (350-490 nm
Fig. S2), demonstrating that the fluorescent property of
AuNCs was attributed to vibrational relaxation but not scat-
tering effects [27]. As shown in Fig. S3, the QY of lumines-
cent Met-AuNC solution was measured at 2.3% using
Rhodamine 6G as the reference. The Met-AuNCs illustrate
good storage and high salt stability (Fig. S4a). Figure S4b
shows that the fluorescence intensity has no obvious change
after one month storage at 4 °C, indicating the good storage
stability. TEM image illustrates that AuNCs display spherical
shape and well dispersed with the mean size of 2.4 nm (Fig.
Ic). The HR-TEM image (inset of Fig. 1¢c) demonstrated a
single AuNC with a lattice fringe of 0.234 nm, corresponding
to the (111) lattice plane of AuNCs, and confirmed the crystal
structure of the metallic Au [28]. As shown in Fig. S5, the
Met-AuNCs presented four characteristic X-ray diffraction
(XRD) peaks at 38.1°, 44.2°, 64.6° and 77.6°. On the basis
of the Bragg equation [29], the peak located at 38.1° corre-
sponding to the (111) planes of crystalline gold shows 2.34 A
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lattice spacing, which is consistent with the TEM result. FT-IR
spectra (Fig. 1d) revealed that no apparent shift or disappear-
ance of v,s NH5* (1597 em ') and v,s COO™ (1520 cm ') of
the methionine was observed in Met-AuNCs with the excep-
tion of a suppression of the -C-S stretching vibration (600—
800 cmfl). Therefore, we deduced that S-atom but not -NH,
and -COOH groups of the methionine participated in the
bonds formation in Met-AuNCs.

Optimization of the conditions

The following parameters were optimized: (a) amount of Met-
AuNCs; (b) sample pH value; (c) incubation time. Respective
data and Figures are given in the Electronic Supporting
Material. The following experimental conditions were found
to give best results: (a) optimal amount of Met-AuNCs:
100 pL; (b) best sample pH value: 8; (c) optimal incubation
time: 1 min.

Highly sensitive detection of Cu®* and Co**

To evaluate Met-AuNC:s as a fluorescent probe for the assays
of both Cu** and C02+, the fluorescence changes were mea-
sured after the titration of different concentrations of Cu* and
Co®* (0 to 100 uM) under the optimum reaction conditions.
As illustrated in Fig. 2a, the fluorescence emission intensity of
Met-AuNCs at 580 nm gradually reduced as the Cu®* concen-
tration increased. There was a good linear dependence be-
tween the quenching fluorescence intensity (Iy/I, I and I, rep-
resented the fluorescence intensity at 580 nm with and without
Cu”*, respectively) and Cu®* concentration with R*=0.9976
over a wide range of 0.0001-6 uM (Fig. 2b). Particularly, with
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the increasing of the Cu?* concentration, an obvious red shift
phenomenon was observed. Similarly, the fluorescence inten-
sities at 580 nm decreased as the Co®* concentration augment-
ed, and a linear calibration graph with a correlation coefficient
of R? = 0.9933 was attained between the intensity ratios (Ip/I, I
and I, represented the fluorescence intensities at 580 nm with
and without Cu®", respectively) and Co”* concentration with-
in 0.001-2 uM (Fig. 2c and d). For the sake of assessing the
sensitivity of the assay, 3a/slope was used to calculate the
detection limit of the sensor [30], where « referred to the
standard deviation of the instrument and slope was obtained
from the linear calibration plot. The limits of detection (LOD)
for Cu®* and Co®* ions were 0.047 and 0.42 nM, respectively.
More importantly, the LODs are much lower and compare
favorably with the previous reported analytical assays, which
can be seen in Table S1 and 2. Moreover, the LODs are much
lower than the limit of detection requirements of Cu®* and
Co?" in drinking water (31.5 and 1.7 pM, respectively).

Selectivity of the Met-AuNCs for the detection of Cu**
and Co**

To evaluate whether the developed fluorescent assay was spe-
cific for Cu?*and Co®* ions, the fluorescence responses of the
sensing system were measured with various metal cations and
anions (Co**, Cu*, Ni**, Fe**, Mn**, AI**, Ca®*, Zn**, Ag*,
Ba®*, Hg**, Cd**, Na*, K¥, Mg>*, Cr’", Fe**, Pb>*, P£*Y). As

shown in Fig. 3a, only Cu®* and Co”* triggered the obvious
quenching of the Met-AuNCs fluorescence, and the other cat-
ions showed minor interferences on the fluorescence intensity
ratio of Met-AuNCs. Photograph of Met-AuNC solution in
the presence of different metal ions were observed under a
UV lamp (365 nm) and are displayed in Fig. S7a. It was
obviously seen that the orange red fluorescence vanished only
in the presence of Cu®* and Co?*, while the others still
remained the orange red fluorescence. Based on the above-
mentioned results, we further attempted to prepare Met-
AuNCs based fluorescent test paper to facilitate the portable
sensing application (the detailed preparation method was pre-
sented in the Experimental Section). As demonstrated in Fig.
3b, the fluorescence color of the blank test paper was orange
red under UV lamp (365 nm). However, the orange red fluo-
rescence disappeared totally with the addition of Cu®* and
Co?*, while the other ions samples almostly remained the
orange red fluorescence color as the blank test paper.
Therefore, these results illustrated that the Met-AuNCs were
specific and had a prominent selectivity for Cu** and Co®*.
To further confirm the selectivity of the Met-AuNCs, inter-
ference studies using different ions along with Cu** and Co**
were performed. As shown in Fig. S7b, it was obvious that
Met-AuNCs showed highly selective fluorescence quenching
towards Cu®* and Co®* ions in a mixture of different ions.
Moreover, tartaric acid was chosen as masking agent to dis-
tinguish Cu?* and Co>*. As shown in Fig. S8, the fluorescence
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Fig. 3 Selectivity of the Met-AuNCs based sensing system to various
metal ions (Co>* and Cu®* 10 uM, other ions 30 pM). a: Samples marked
with 1-20 corresponding to blank, Co**, Cu®*, Ni**, Fe**, Mn**, AI**,

of the Met-AuNCs quenched by Co®* was recovered, whereas
the analysis of Cu”* is almost unaffected in the presence of
tartaric acid ligand. Accordingly, these results authenticated
that the other metal ions did not influence the detection of
Cu** and Co™".

Mechanisms of Met-AuNCs for the detection of Cu®*
and Co**

Generally, fluorescence quenching mechanisms can include
Forster resonance energy transfer (FRET), inner filter effect
(IFE), static quenching, dynamic quenching and photoin-
duced electron transfer (PET) and aggregation induced
quenching [31]. As shown in Fig. 1b, there were no significant
overlaps between the absorption spectra of Cu®*/Co** and the
excitation /emission spectra of Met-AuNCs. Thus, the
quenching mechanism was neither IFE nor FRET [32].

The quenching mechanisms can be usually categorized into
dynamic and static quenching. Dynamic quenching involves
the collision of between excited fluorophore and quenching
substance, while static quenching occurs when the complex is
formed between the ground state fluorescence molecule and
the quencher [31, 33]. In order to explain the quenching mech-
anism in detail, we calculate the quenching equation on the
basis of the modified Stern-Volmer equation [2]

Io/1 = (1 +Kd[Q])-(1 + Ks[Q]) = 1 + (Kd + Ks)[Q] + KdKs[Q]?,

where Iy and I represent the fluorescence intensities of the
Met-AuNCs in the absence and in the presence of Cu®*/
Co?*, [Q] represents the concentration of the Cu**/Co" in
aqueous solution, Ky is the dynamic quenching constant,
and K is the static quenching constant. As illustrated in Fig.
2b and d, SV plot is curved, suggesting that the quenching
process in the present work was both static and dynamic
quenching.

@ Springer

Ca2+7 Zn2+, Agﬂ Ba2+, Hg2+, Cd2+, Na+, K+, Mg2+, Cr3+7 F82+, Pb2+, Pt2+,
respectively; b: Photographic images of Met-AuNCs based fluorescent
test papers exposed to various ions (10 uM)

To further insight into the quenching process, the effect of
temperature was used to directly distinguish the static and
dynamic quenching [34]. As shown in Fig. S9a and b, the
quenching efficiency of Cu®" and Co®* gradually decreased
with the increasing of the temperature, suggesting that the
static quenching happened. Moreover, the obvious red shift
and absorbance enhancement were observed upon the addi-
tion of various amounts of Cu?* and Co?* (Fig. S10a and b).
The obvious changes of the absorption spectra should be at-
tributed to the combination of Cu**/Co”* ions with Met-
AuNCs to their complex Met-AuNCs-Cu®*/Co”*. The TEM
images of Met-AuNCs in the presence of Cu®* and Co”* ions
(Fig. S11a and b) provided an obvious evidence of aggrega-
tion In addition, the zeta potential of Met-AuNCs raised from
—36.7 mV to —26.6 mV and —28.2 mV after the addition of
Cu®* and Co*, respectively. Therefore, the above results
confirme the interaction between Cu”*/Co®* and Met-AuNCs.

To explore whether the fluorescence quenching of Met-
AuNCs was attributed to the interaction complexation of
Cu?*/Co®* with methionine or the high-affinity metallophilic
interaction, the fluorescence recovery experiments were con-
ducted. EDTA was chosen as a chelator with the stability

1.0F = EDTA
2
- | ] n
Z 08}
2
= .
d 0.6F
=
S
= 04F
E
S n
4 0.2F " " : Cu*
1 2 3 4 5
Cycle index (n)

Fig. 4 Reversible investigation of the Met-AuNCs for Cu®* with the
addition of EDTA. 8 uM Cu®* and 8.8 uM EDTA were used
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Table 1
developed assay

Detection of Cu®* and Co** in real water samples (tap, lake and sea water) spiked with vavious concentrations of Cu®* and Co* by the

Sample Ions Spiked (M) ICP (uM) found (uM) Recovery (%) RSD (%) (n=3)
Drinking water cu?t 1.0 1.06 1.18 £ 0.104 118 8.81
0.4 0.42 043 + 0.023 109 5.34
Sea water Co** 1.0 1.06 1.01 + 0.053 101 525
0.4 0.39 0.43 +0.021 108 488
Lake water cu?t 1.0 1.04 0.99 + 0.050 99 5.05
0.4 0.41 0.42 +0.016 107 3.80
Co™* 1.0 0.98 0.97 + 0.054 97 5.56
0.4 0.38 0.43 + 0.025 108 5.81
‘Waste water cu*t 1.0 1.15 1.19 £ 0.110 119 9.24
0.4 0.38 0.48 + 0.045 120 937
Co?* 1.0 1.07 0.99 + 0.050 99 5.05
0.4 0.40 0.42 +0.032 105 7.62

constants (log K) of 18.7 for Cu®* and 16.31 for Co**.
Figure 4 showed that the fluorescence intensity of Met-
AuNCs upon the addition of Cu®* was recovered after intro-
duction of an excessive dosage of EDTA. Moreover, this re-
versible cycle is repeated 4 times, demonstrating that the Met-
AuNCs based assay is repeatable. Similar with Cu®*, fluores-
cence intensity was attained after removing Co®* by EDTA
(Fig. S12). The recovery experiments demonstrated that the
interaction between Cu®*/Co”* ions and Met-AuNCs was ac-
tually by the means of interaction complexation. Moreover, the
FT-IR was used to verify the coordination between Cu”* and
Co”* with Met-AuNCs (Fig. 1d). In the FT-IR spectra, the peak
at 1597 cm™ ' for NH;* band and 1520 cm ! for-COO™ band in
Met-AuNCs shifted to 1560 and 1460 cm ', respectively.
However, although lots of metal ions can bind to methio-
nine, they can not quench the fluorescence of Met-AuNCs.
Accordingly, PET process should also take place, the Cyclic
Voltammetry (CV) results (Fig. S13) underpin the PET pro-
cess between Met-AuNCs and Cu?*/Co**. As shown in Fig.
S14, the energy gap between HOMO of donor and acceptor
force photoinduced electron transfer. More importantly, all the
above-mentioned analyses further authenticated that the

a

Fig. 5 Photographs images of Met-AuNCs solution in the presence of
different concentrations of (a) Cu> and (b) Co**; Photographs images of

Met-AuNCs based fluorescent test papers in the presence of different

quenching mechanism was both static and dynamic
quenching.

Real sample analysis

For the sake of evaluating the feasibility of the sensing plat-
form in practical application, ICP and the Met-AuNCs probe
were further applied to detect Cu** and Co** amounts in real
water samples. Different concentrations of Cu®* and Co**
were spiked into tap water, lake water, sea water and waste
water samples. As listed in Table 1, satisfactory recoveries of
Cu?* and Co" are obtained varying from 99% to 120%, 97%
to 108%, respectively, with the relative standard deviations
(RSDs) changing from 3.80% to 9.37%. The results con-
firmed the high accuracy and good precision of the Met-
AuNC:s based assay in real samples.

Fluorescence test paper for the detection of Cu**
and Co**

Aforementioned results prove that the Met-AuNCs detect
Cu?" and Co®* from the other ions simultaneously with high

concentrations of (¢) Cu** and (d) Co**. a-f: 1000 puM, 100 pM,
10 uM, 1 uM, 0.1 uM, 0 uM, respectively
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sensitivity and specificity, having potential as a fluorescent
probe. More interestingly, the fluorescence of Met-AuNC so-
lution absolutely disappeared when increasing Cu®* and Co**
concentration from 10 to 1000 uM (Fig. 5a and b), accompa-
nied by the fluorescence color of test papers changed from
purple to blue under the UV light (Fig. 5¢ and d). When 1
uM of Cu** and Co®* was added, the fluorescence of Met-
AuNC solution was largely quenched but not completely. The
fluorescence color of test papers was pink which was obvi-
ously different from the orange red fluorescence color of the
blank test paper, manifesting that the lowest detectable con-
centration of Cu®* and Co** was 1 uM by the bare eyes.

Conclusions

We successfully synthesized Met-AuNCs via a facile one-step
method using L-methionine as both a reducing and protecting
reagent. The Met-AuNCs exhibited good properties, such as
high salt stability, large Stoke’s shift. Met-AuNCs were used
as a fluorescent probe to determinate Cu®* and Co** with a
high sensitivity and selectivity. More importantly, the method
had been successfully used in the detection of Cu®* and Co**
in real water samples. Furthermore, the Met-AuNCs based
assay had been extended to test strip for the determination of
Cu”* and Co”* with the bare eyes. The luminescent test paper
also possessed satisfactory selectivity and sensitivity with a
low concentration of 1 uM. The results demonstrate that the
Met-AuNCs based aasay can be potentially applied in the
rapid and on-site determination of Cu** and Co** in real
samples.
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