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Abstract:

A novel Ag'-selective reaction-based probe based on an dcietyiea derivative of
2-(2-hydroxyphenyl)benzothiazole dye was invesgegaflhe designed probe showed
pronounced off-on type fluorescence signaling béraw the presence of Agons
via Ag'-induced desulfurization of acetylthiourea to atetya. The signaling was
superior to the analogous thioamide-to-amide casivarin terms of both speed and
signaling contrast. Interference from thiophilic ¥igons was effectively suppressed
using the chelating agent EDTA as a masking agem. practical application of the
system to the detection of Agn simulated wastewater with a detection limit0o76
uM using a smartphone as an easy-to-use data cag@tand processing device was

successfully demonstrated.

Keywords: Ag" sensing; Fluorescence; Desulfurization; Acetyltinem; 2-(2-

hydroxyphenyl)benzothiazole; Smartphone.



1. Introduction

Silver and silver-containing compounds are impdrt@sources that are used in
the electronics, photographic, imaging, and phaeutical industries [1-4]. Ag
exhibits rich biological chemistry, and acts as idely used antibacterial ag€bi
and a transcriptional initiator in plants [6] ancaimmals [7,8]. However, when the
concentration of Ajions becomes sufficiently high, silver-relatedhieclogies can
lead to potentially hazardous side effects in thei®nment [9-12]. It is known that
silver ions can deactivate sulfhydryl enzymes armedadso capable of combining with
the imidazole, amine, and carboxyl groups of vasiowetabolites, which can lead to
harmful effects in human beings [3,4,13]. Repeaggdosure to Af can produce
anemia, cardiac enlargement, growth retardationj degenerative changes in
animals [14]. The United States Environmental Riobe Agency (USEPA)
recommends a maximum concentration of silver iandrinking water of 10Qug/L
[15]. Therefore, the development of rapid, selegtiand sensitive methods of
detecting Ag ions is essential for both environmental protattamd human health
[16].

Hitherto, various instrumental techniques suchtasn& absorption spectrometry,
inductively coupled plasma mass spectrometry, dedt®chemical methods have
been used to detect silver ions; however, all eséhrequire expensive instruments
and/or time-consuming procedures [17-23]. Opticathmds such as colorimetry and
fluorescence spectroscopy are more convenientttiege traditional techniques due
to their high sensitivities, noninvasive naturesd suitability for real-time detection

[24,25].



A number of elaborately designed optical sensots@onbes have been developed
for the determination or Vvisualization of chemigall biologically, and
environmentally important chemical species [24,2f,2Recently, reaction-based
probes have attracted much research interest becdney provide a number of
advantages that enable the design of selectiveeHfimient signaling systems for the
detection of various important metal ions, anioasd oxidants [28]. Especially,
fluorescence probes that utilize reaction-basedstaamations for the detection of
intrinsically quenching ions of H§ Cu*, and Ad are particularly attractive
because they afford off-on type signaling responsdsch are more desirable than
on-off type sensing systems.

Desulfurization reactions have been one of the nsastessful strategies of the
many sophisticated approaches to the design otiosabased probes for thiophilic
metal ions such as Hf C**, and Ad. Czarnik and co-workers reported the first
fluorescent H§'-selective probe based on the sulfur to oxygen amgh reaction of
anthracene-thioamide, which is promoted by’Hand Ad ions [29]. After this, a
number of probes using desulfurization processege Haeen developed for the
thiophilic metal ions. However, when compared witlobes for H§" and C@" ions,
Ag’-selective probes have been less widely investihadRepresentative examples of
reaction-based probes for the determination of Agns are developed using
desulfurization of the thioamide group of 9-[(md#mino)thiocarbonyllanthracene
[29] and the deprotection of 1,3-dithiane-modifB@DIPY [30]. Desulfurization of
a coumarin derivative containing adi-acetylthiourea group [31], deselenation of
rhodamine B selenolactone [32], and irreversibheléan ring-opening and formation

of oxazoline from rhodamine spirolactam are alstemorthy [33].



In reality, many Ad-selective sensors and probes frequently suffemsain f
significant interference from other commonly enciguad transition metal ions, such
as Hd" and C@" [34]. A valuable tactic for circumventing this @rference is the use
of a chelating agent that can discriminate betwdentarget and the interfering ions.
In the design of Afrselective sensors, EDTA and thiosulfate have tsegmcessfully
used to mask responses from?Hgnd CG" ions [35]. However, we could not find
any literature on using such chelating agents Far tealization of Afselective
reaction-based probes.

In this paper, a new Agselective fluorescence signaling probe based enAi-
induced  desulfurization of an  acetylthiourea derxa of 2-(2-
hydroxyphenyl)benzothiazole dye is described. Tlsighed probe employs the
acetylthiourea group as a switch to turn-on thé-igluced fluorescence revival of
2-(2-hydroxyphenyl)benzothiazole. 2-(2-HydroxyphBhgnzazoles are versatile
fluorescent compounds that exhibit unique excitedes intramolecular proton
transfer (ESIPT) phenomena [36]. Moreover, the dssituted amine analogue 2-(5-
amino-2-hydroxyphenyl)benzothiazole and its benzola analogue have been
utilized as platforms for the design of ESIPT-tygignaling probes for a number of
important species. These are based on the generatioan ESIPT-capable
fluorophore by deprotection of O-protected funcéibgroups on the phenol moiety,
such as deallylation for detection of®[B7], vinyl ether hydrolysis for detection of
Hg®* [38], desilylation for detection of fluoride [3®} and phenylboronate
hydrolysis for detection of D, [41]. The present investigation shows that an
acetylthiourea-based probe exhibited selectiveadigg behavior towards thiophilic

Ag” ions via a smooth desulfurization process. UsilgrE as a masking agent for



interfering HG" ions, we could realize an exclusive "Asglective signaling probe
system. To demonstrate a practical applicationhef $ystem, the determination of

Ag" in simulated wastewater using a readily availamhartphone was conducted.

2. Experimental

General: 5-Aminosalicylic acid, 2-aminothiophenol, 2,4-Bisfethoxyphenyl)-2,4-
dithioxo-1,3,2,4-dithiadiphosphetane  (Lawesson’s agent), acetyl chloride,
potassium thiocyanate, and all spectroscopic gisaleents were purchased from
Aldrich Chemical Co. Polyphosphoric acid was ob¢airfrom Alfa Aesar. Column
chromatography was performed using silica gel (@4&8h).*H NMR (300 MHz) and
13C NMR (150 MHz) spectra were measured using VaGamini 2000 and Varian
VNS spectrometers, and were referenced to the uakisolvent signals. UWis
spectra were recorded using a Scinco S-3100 spewitometer. Fluorescence
spectra were measured using a Scinco FS-2 fluanescspectrophotometer. High
resolution mass spectra (HRMS) using fast atom ladbent (FAB) and
electrospray ionization (ESI) were recorded on JEXMS-700 and Bruker Compact
mass spectrometer, respectively. FT-IR measurememet® carried out using a

Thermo Scientific Nicolet 6700 spectrophotometang¥Br pellets.

Preparation of probe 2. A mixture of acetyl chloridg887 mg, 11.3 mmol) and
potassium thiocyanat@.19 g, 22.5 mmol) in acetonitrile (25 mL) wasstd under
reflux for 1 h. After the solution was cooled tooro temperature, 2-(5-amino-2-
hydroxyphenyl)benzothiazolgé (500 mg, 2.06 mmol) was added, and the reaction

mixture was stirred at room temperature for 1.5The resulting precipitate was



filtered, washed with acetonitrile several timesd aried to obtain 608 mg (86%) of
probe2 as a grey powder. mp: 240 °C (decomposetNMR (300 MHz, DMSQdg):

§ 12.36 (s, 1H), 11.73 (s, 1H), 11.49 (s, 1H), 8(d2J = 2.7 Hz, 1H), 8.15 (dJ =
7.8 Hz, 1H), 8.06 (dJ = 8.0 Hz, 1H), 7.56-7.54 (m, 2H), 7.45 Jt= 7.5 Hz, 1H)
7.15 (d,Jd = 8.7 Hz, 1H), 2.17 (s, 3H)}>C NMR (150 MHz, DMSOds) & 179.4,
172.8, 163.9, 154.6, 151.5, 134.8, 130.0, 129.5.4,2125.2, 124.5, 122.3, 122.1,
118.6, 117.1, 24.0. IR (KBr)vma/cmit 3425 (br, O—H stretch), 3220 (m, N-H
stretch), 3149 (m, N-H stretch), 3060 (w, Ar C—Hetth), 1702 (s, C=0 stretch),
1547 (m, N-H bend), 1538 (m, N-H bend), 1547 (sSGtretch). HRMS: (ESI+);

calcd for R+Na]" (CieH1aN3NaO,S,), m/z = 366.0341, observed: 366.0341.

Preparation of probe 4. Acetamide derivatived was prepared by the reaction bf
with acetyl chloride following a literature methp4R]. Thioamided4 was prepared by
the reaction of acetamidewith Lawesson’s reagent. A mixture of acetamsd@84
mg, 1.0 mmol) and Lawesson’s reagent (459 mg, Imiohin toluene (20 mL) was
refluxed for 18 h. The resulting reaction mixtureasvcooled, evaporated, and
partitioned between dichloromethane and water. dfganic phase was separated
and evaporated to obtain probes a brown powder. Purification was carried out by
column chromatography (GEIl,:MeOH, 20:1 v/v). Yield: 52%. mp: 250 °C
(decomposedYH NMR (300 MHz, DMSQde): & 11.63 (s, 2H), 8.63 (dl = 2.6 Hz,
1H), 8.21-8.12 (m, 1H), 8.06 (d,= 8.0 Hz, 1H), 7.86 (ddJ = 8.8, 2.7 Hz, 1H),
7.63-7.51 (m, 1H), 7.50-7.40 (m, 1H), 7.10 Jcs 8.8 Hz, 1H), 2.62 (s, 2H)?C
NMR (150 MHz, DMSO¢€l) 6 198.7, 164.2, 154.0, 151.4, 134.5, 131.9, 12728, 3,

125.1, 123.1, 122.2, 122.1, 118.1, 116.7, 34.8(KBr): vma/cm* 3450 (br w, O—H



stretch), 3164 (m, N—H stretch), 3060 (w, Ar C—kesth), 2991 (w, Ar C—H stretch),
2939 (w, Ar C—H stretch), 1548 (m, N-H bend), 14848 C—N stretch), 1153 (s,
C=S stretch). HRMS: (FAB+); calcd ford] (CisH13N20S), m/z = 301.0400,

observed: 301.0407.

Preparation of stock solutions. Stock solutions oR and4 (5.0 x 10™* M) were
prepared in spectroscopic grade DMSO. Stock saistid.0x 102 M) of metal ions
were prepared in deionized water or simulated weater. Simulated wastewater

was prepared in deionized water following the atere [43,44].

Measurement of signaling behavior. The fluorescence signaling behaviors of
probes2 and4 toward Ag were measured in mixed solutions of acetate bufier
4.0) and DMSO (1:1, v/v). Solutions were preparedrheasurement by adding the
probe stock solution (3QL, 5.0 x 10* M), acetate buffer (15QL, 2.0 x 10" M),
EDTA (15puL, 1.0x 10! M), and metal ion stock solutions (5, 1.0 x 107 M) to

a 10 mL vial. The solutions were diluted with distil water and DMSO to give a
final volume of 3.0 mL (buffer solution : DMSO =11:v/v for 2 and 1:9, v/v fod).
The final concentrations of the probe, acetate dsuyfEDTA, and metal ions in the
measuring solutions were 5<010° M, 1.0x 102 M, 5.0x 10* M, and 5.0x 10° M,

respectively.

Detection limit of Ag" ions. Following IUPAC recommendation, the detection timi

of Ag* was assessed by the equatisk/B), wheres,, is the standard deviation of the



blank measurements (number of measurements = 1&)nmans the calibration

sensitivity obtained from the slope of the calibvatplot.

Smartphone-assisted detection of Ag® ions in simulated wastewater. Images of the
signaling solutions prepared from standard solstiaith varying Ad concentrations
were captured using a smartphone in a dark roomuard to plot the corresponding
calibration curve. Calculated amounts of simulatedstewater stock solutions
containing Ag, acetate buffer, EDTA, and proBavere sequentially added to a vial, and
the resulting solutions were diluted to 3.0 mL gssimulated wastewater and DMSO.
The final concentrations & EDTA, and Ad in the test solutions were 5:010° M,
5.0x 10* M, and 0-5.0x 10° M, respectively, in a mixture of acetate buffe(pH 4.0,
final concentration = 1.8 102 M) simulated wastewater and DMSO (1:1, v/v). Imgge
of the solutions under a UV light (365 nm) were aived in a dark room using a
smartphone (Samsung Electronics Co., Ltd., Gala®y Bhe green channel levels of the
resulting images were estimated using a smartpboresdded RGB Grabber
application. Using a plot of this value vs. [Acgas a working calibration curve, the

concentration of Agin simulated wastewater was estimated.

3. Results and discussion

The designed acetylthiourea-based prdbewas prepared by the reaction of
benzothiazolyl-aminophendl with acetyl isothiocyanate, as outlined in Scheine
Benzothiazolyl-aminophend! was prepared by the reaction of 2-aminothiopheithi

5-aminosalicylic acid in polyphosphoric acid follmg a reported procedure (79% yield)



[37]. The reaction ol with acetyl isothiocyanate, which was preparedhsy/treatment
of potassium thiocyanate with acetyl chloride, iecetanitrile afforded desired
acetylthiourea2 in a good vyield (86%). Thioamidd was prepared as a control
compound by the thionation of acetami@lewhich was obtained by the reaction lof

with acetyl chloride (DMF, 91% yield), with Lawess® reagent (toluene, 52% vyield).

Scheme 1. Preparation of Agselective acetylthioure&) and thioamide4) probes.

5
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CH;
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The signaling behaviors of probés and 4 towards common metal ions were
investigated by UVWvis and fluorescence spectroscopy. Acetylthiolrednowed weak

emission at 415 nm and broad emission at 490 nam iacetate buffer (pH 4.0) solution
containing 50% DMSO. Upon treatment with metal jopsominent fluorescence

responses to Hgand Ag ions were observed (Figure S1, Supplementary .dake is



due to the metal-induced desulfurization of ackiglirea2 to produce acetylurea
(vide infra). In contrast to this, no considerablenges in the UWis spectrum o
were observed on exposure to the surveyed metal(ligure S2, Supplementary data).

For most analytical purposes, selectivity for agentarget metal ion is far more
desirable than multiple responses from closelytedlanetal ions. We attempted to
improve the metal ion selectivity @fby fine-tuning the signaling conditions by alteyin
the solvent composition and pH, as well as theaisextra masking agents that could
interact differently with H§" and Ad ions. After a systematic survey, we found that
pronounced peak selectivity for A@ns could be realized by using EDTA as a masking
agent. Interference from Egions was effectively suppressed by complex foromati
allowing exclusive selectivity o? towards Ag ions to be obtained. For instance, in an
acetate-buffered solution containing EDTA (10 eguand DMSO (1:1, v/v), prob&
showed marked fluorescence enhancement only withigkgs (Figure 1 and Figure S3,
Supplementary data). The color of the solution aiitienination with a UV lamp Xex =
365 nm) changed from a faint dark blue to a brigieenish blue on exposure to Ag
and the fluorescence intensity enhancemer? at 490 nm I{lp) was 53-fold. Other
metal ions showed negligible respondds € 0.83-1.32).

It is worth noting that we initially aimed to dewel the analogous thioamidieas an
Ag’-selective probe. However, thioamideshowed less pronounced Asglectivity
(Figure S4, Supplementary data) as well as muclvesicsignaling behavior than
acetylthioure& (Figure S5, Supplementary data). The large ineréasignaling speed
of 2 as compared with thioamidkis due to the formation of intramolecular hydrogen
bonding between the acetylthiourea moiety, andhigdod agreement with the results

obtained by Tsukamoto et al., for a 7-hydroxycoumbased acetylthiourea compound

10



[30].

The highly Ag-selective signaling o2 in the present system can be rationalized by
referring to the formation constan(skog Kf) of the EDTA complexes of Agand HG",
which are 7.32 and 21.7, respectively [45]. Howebelow pH 10.24, EDTAH,Y) does
not fully dissociate into its complex formation fier Y-, and therefore the conditional
formation constant(K; = ays-K;) should be considered, wherg.- denotes the
fraction of EDTA in its fully deprotonated fornY{). At pH 4.0, ays+- for EDTAIS 3.8
x 10°°[45]. Therefore, the conditional formation cons!sa(nlog Kf’) of Ag" and Hg" at
pH 4.0 are-1.10 and 13.3, respectively. The value of thé-E®TA complex at pH 4.0
(logK;' = —1.10) enables us to postulate that the” Aans weakly interact with EDTA,
thereby a reaction between Agnd acetylthiourea should be possible. On ther dtihied,
Hg?* is tightly complexed to EDTA at pH 4log K¢' = 13.3), and so cannot participate
in the desulfurization signaling process. Meanwhile selective sensing of Adons
using probe in the presence of competing Higons is believed to be infeasible under
physiological conditions, because the conditioraifation constant§logK;" ) of
both Ag and Hg" ions at physiologically relevant pH 7.4 are high3@ and 18.7,

respectively).

11



20

=
8 20
> +
16 z 16 | 2+ Ag
@ 2 only
€ 12 |
g | 'E 2 + other metal ions
o 2 i
) [
N S 4t
< 3
= 8 5 g
= =}
L 380 480 580 680
4 r Wavelength (nm)

& & &
o Rk i o
O I o

+

&L & &
= C

Eth >
O € 0ON

2 only
Ag’
Li*
Na'
K*
Md*

& & & & &
© © € ‘o "o
OmsS L 0w

Figure 1. Ag'-selective signaling a in the presence of a masking agent (EDTA). Inset:
changes in fluorescence spectrud).4 5.0x 10° M, [M™] = 5.0x 10° M, and [EDTA]
= 5.0x 10” M in a mixture of an acetate buffer (pH 4.0, ficahcentration = 10 mM)

and DMSO (1:1, v/V)Aex = 366 nm.

Sensing of A§ is ascribable to the conversion of acetylthioufeto acetylureas
(Scheme 2). The fluorescence of the 2-(2-hydroxgghbenzothiazole framework,
which is suppressed in acetylthiourea due to tlesegrce of the thiocarbonyl group, is
recovered after the conversion to acetylurea. Tostytated conversion was confirmed
by 'H NMR and mass spectroscopy. Upon treatmer with Ag" ions, the'H NMR
spectrum changed to that of acetylufedFigure 2). Particularly, the resonance of
acetylthiourea NH protons at 11.49 and 12.36 ppmeveenverted to acetylurea NH
protons at 10.46 and 10.65 ppm, respectively. titaah, in the mass measurement, an
intense molecular ion peak fds was observed at/z = 350.0571 (calcd for

C16H13N3NaGsS = 350.0570) after conversion (Figure S6, Suppieang data).
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Scheme 2. Ag’ signaling by desulfurization &
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Figure 2. Partial'H NMR spectra o2 and2 in the presence of A¢2 + Ag"). [2] = 5.0
x 10° M and [AgCIQ] = 1.0x 102 M in DMSO-ds. The spectrum of2(+ Ag") was

obtained after purification of the signaling protlbg passing it through a silica plug.

Competitive detection of a specific target analgter other commonly coexisting
species is important for practical applicationgpodbes. The Agselective signaling of
probe 2 was not significantly affected by a background ties common metal ions

(Figure 3). The interference as expressed by thag#in fluorescence intensity ratio at
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various metal ions as background (upper). Fluoreseeintensity ratio l{vetal
on+agmy! agqy) Of 2 at 490 nm (lower). [Af = [M™] = 5.0x 10°° M. Other conditions are

the same as those in Figure 1.
The pH-dependent signaling profile of prabshows that most pronounced signaling

contrast between the two pertinent metal ions*(Agd Hg"), as expressed by the

fluorescence intensity ratidagg/lHgay) at 490 nm, was observed at pH 4.0 (Figure 4).

25

20 |

10

1 ag()/I Hg@y at 490 nm

3 4 5 6 7 8 9
pH
Figure 4. Effect of pH on the selective fluorescence sigmupbf Ag” by 2 as expressed
by the fluorescence intensity ratigyq/Ingay at 490 nm. 2] = 5.0 x 10° M, [Ag'] =
[Hg®] = 5.0x 10> M, and [EDTA] = 5.0x 10* M in a mixture of an acetate buffer (pH
4—6, final concentration = 10 mM) or a phosphat#ebypH 7-8, final concentration =

10 mM) and DMSO (1:1, V/VAex = 366 nm.

Detection of AJ by 2 in the presence of EDTA was relatively fast, ansaturated

15



signaling was observed after less than 1 min (Eig)r In addition, prob@ itself was
stable under the measurement conditions, and neuredae changes were observed 5 h

after sample preparation.

20
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Figure 5. Change in fluorescence intensity of Agignaling by2 at 490 nm over time2]

=5.0x 10° M, [Ag'] = 5.0x 10° M. Other conditions are the same as those in Eigur

The quantitative signaling propertiesdfvere assessed by fluorescence titration with
Ag’ ions. As [Ad] increased, the fluorescence intensity at 490 nm increased
steadily (Figure 6). A plot of the change in fluszence intensity as a function of [Ag
yielded a useful calibration plot for the deterntioa of Ag" ions up to 8.5« 10° M.
The minor sigmoidal-type plot observed in the lamecentration region ([Ag < 1 uM)
could be due to the involvement of Agns in additional complex formation equilibria
with the chelating agent EDTA. The detection lifioit Ag* ions was found to be 0.075

UM, as estimated using the IUPAC recommended praoee(Bs,/m), wheres,; andm

16



denote the standard deviation of the blank and dlope of the calibration plot,

respectively [46].
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Figure 6. Changes in the fluorescence spectrun2as a function of [Af. Inset:
changes in fluorescence intensity at 490 Bh=[5.0x 10° M, [Ag'] = 0-1.5x 10 M.

Other conditions are the same as those in Figure 1.

Finally, a practical application of the probe tee thetection of A in simulated
wastewater samples was demonstrated. Solutionsinong varying amounts of Ag
ions in simulated wastewater were prepared, andfltioeescence intensities & in
these solutions were measured at 490 nm. Simuledstewater was prepared following
literature examples [43,44], and the compositioshewn in Table S1, Supplementary
data. The obtained calibration plots showed theas & linear relationship between

fluorescence intensity and [Agthat held up to mM in simulated wastewater samples
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Figure 8. Changes in green channel level as a function Agf’][ in simulated
wastewater containin@ obtained using a smartphone. Inset: fluorescentages
under illumination with a UV lamp (365 nm), whicheve analyzed using an app
(RGB Grabber).2] = 5.0x 10° M, [Ag] = 0-5.0 x 10° M, and [EDTA] = 5.0x
10 M in a mixture of an acetate buffered solution (#1, final concentration = 10

mM) and DMSO (1:1, v/v).

4. Conclusions

We have developed a novel Agelective reaction-based probe utilizing the'Ag
assisted acetylthiourea-acetylurea transformation f o 2-(2-
hydroxyphenyl)benzothiazole-based dye. The acatitlea moiety satisfactorily
functioned as a selective Agriggered switching-on handle for the recovery -
(2-hydroxyphenyl)benzothiazole fluorescence. Thesigleed probe showed

pronounced off-on type fluorescence signaling belraw the presence of Agons.



Interference from Hg ions was readily eliminated using a chelating agEDTA,

as an auxiliary masking agent. The practical applnn of the system to the
detection of AJ in simulated wastewater was successfully demotestraising a
smartphone as a stand-alone data capturing anassing device suitable for field

applications.
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Figure Captions

Scheme 1. Preparation of Agselective acetylthioure2) and thioamide4) probes.

Scheme 2. Ag’ signaling by desulfurization &

Figure 1. Ag'-selective signaling o2 in the presence of a masking agent (EDTA).
Inset: changes in fluorescence spectruzh. 5.0 x 10° M, [M™] = 5.0x 10° M,
and [EDTA] = 5.0x 10* M in a mixture of an acetate buffer (pH 4.0, final

concentration = 10 mM) and DMSO (1:1, v/%)x = 366 nm.

Figure 2. Partial'H NMR spectra o2 and2 in the presence of Ad2 + Ag"). [2] =
5.0x 10° M, [AgCIO4] = 1.0x 102 M in DMSO-ds. The spectrum of2(+ Ag’) was

obtained after purification of the signaling protdby passing it through a silica plug.

Figure 3. Changes in fluorescence spectrun2efhen detecting Agin the presence
of various metal ions as background (upper). Flsoeace intensity ratiol fsetal
on+ag)/1agy) Of 2 at 490 nm (lower). [A§ = [M™] = 5.0x 10°° M. Other conditions

are the same as those in Figure 1.

Figure 4. Effect of pH on the selective fluorescence sigrepbf Ag™ by 2 expressed
by lagy/IHgay- [2] = 5.0x 10° M, [Ag*] = [Hg**] = 5.0% 10> M, and [EDTA] = 5.0
x 10% M in a mixture of an acetate buffer (pH 46, ficahcentration = 10 mM) or
a phosphate buffer (pH 7-8, final concentration0=n1iM) and DMSO (1:1, V/V)Aex

= 366 nm.
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Figure 5. Change in fluorescence intensity of ‘Agignaling by2 at 490 nm over

time. [Ag'] = 5.0x 10° M. Other conditions are the same as those in Eigur

Figure 6. Changes in the fluorescence spectrun? @fs a function of [Af. Inset:
changes in fluorescence intensity at 490 nm.*JAg 0-1.5 x 10° M. Other

conditions are the same as those in Figure 1.

Figure 7. Fluorescence signaling of Agy 2 in distilled water and simulated wastewater.

[Ag'] = 0-5.0x 10°® M. Other conditions are the same as those in Eigjur

Figure 8. Changes in green channel level as a functiodgf][in simulated wastewater
containing2 obtained using a smartphone. Inset: fluorescemegeés under illumination
with a UV lamp (365 nm), which were analyzed usamgapp (RGB Grabber)2]= 5.0
x 10° M, [Ag'] = 0-5.0 x 10° M, and [EDTA] = 5.0x 10* M in a mixture of an

acetate buffered solution (pH 4.0, final concemrat 10 mM) and DMSO (1:1, v/v).
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Highlights:

« A new reaction-based Agselective fluorescence signaling probe has beploeed.
« Signaling was based on Ainduced desulfurization of acetylthiourea to akea.
« Interference from Hg was effectively suppressed using EDTA as a maskiyemnt.

« The probe could easily determine "A¢pvel in simulated wastewater using a
smartphone.



