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Abstract

A new red-fluorescent mercury ion sensor matesialdsigned and synthesized, which is composed of a
tweezer-shaped hydrophilic probe containing biftedasoft-base atoms N and S coupled with 2-
dicyanomethylene-3-cyano-4,5,5-trimethyl-2,5-difgfdran (TCF) unit. By virtue of the strong
electron-accepting nature of TCF unit (as a pudhgtwomophore), this designed sensor material can
selectively detect HJ over various tested metal ions in a 100% aquecedium via naked-eye and
photoluminescence (PL) observations. Theoreticdltane-resolved photoluminescence measurements
further confirmed the selectivity and reversibilitf the probe towards Hvia intramolocular charge
transfer mechanism in this sensor material. Moregotree living cell tests by confocal fluorescence
images of this sensor material towards’Hgere also investigated. Finally, distinguishedoapton
changes and fluorescence quenching spectral appesrallowed us to present the selective optical

indicator of HG"* via TCF moiety for the first time.



1. Introduction

Despite the vital roles of many metal ions in st life, it is required to have precise control
to maintain an ecological balance in living celwever, the accumulations of heavy metal
ions in environment within the approved environmaérgrotection agency limits are highly
challenging. Among all heavy metal ions, #és extremely toxic owing to its lipophilic nature
of organo-mercury (ChHgX) under environmental aqueous media [1-3]. Mercamgestion
could cause fatal damage to human central nervadseadocrine systems [4-5]. Due to its
unique chemical properties and lethal effects ovirenment along with living organism, in
recent years rapid, selective and sensitive detectof mercury ions are intriguing targets [6-10].
Consequently, myriads of chemosensors towardstaensig’" detections based on chelation-
enhanced fluorescence [11-20] and fluorometric dasimeter [21-30] approaches have long
been designed and discussed. However, conventjomalst of those chemosensing probes in
selective fluorometric detections of Hare suffered owing to a fact that fluorescencerisities

of probe molecules could be altered by photo blegchconcentration variations of probe
ensembles and heterogeneities of surrounded migroements. Thus, developing Fg
selective optical indicators are highly demanding.

An exceptional electron-accepting capability oty@&no-4,5,5-trimethyl-2,5-dihydrofuran
(TCF) make it as an excellent moiety for the amgtlans of nonlinear optoelectronics [31-33].
However, its unique push-pull chromophoric natuimglated scientists recently in designing
novel red fluorophores for the applications of biaging- [34-37], pH sensing- [38,39], and
chemosensing- [40-43] platforms, as well as dyesiiead solar cells (DSSCs) [44]. Liao et al.
have demonstrated negative photo-chromism of a §i@bmophore [45]. Recently, Yu et al.

have presented a near-infrared TCF-based prolieédarolorimetric and ratiometric detection of
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SO, [46]. Cho and co-workers have reported a seleaptiEal TCF-based indicator for Bgvia

an Hd" mediated intramolecular cyclization reaction diyetyl phenols [47]. However, to the
best our knowledge the selective and sensitivecalpindicator based on the TCF moiety
towards H§" via chelation induced large hypsochromic shifté@mosensing ensemble has
never been reported.

Herein, we demonstrate the first selective optindicator T2 towards H§', which was
constructed by bridging an electron-withdrawing T@Biety with a water soluble and well-
known thiophilic ligand [48,49]. The utilization dhe TCF moiety in this work as a strong
electron-delocalizing unit via its flexible pushHpteature leads to an unprecedented sensing
ensembleT2. It displays a 100% water solubility with surpngly large blue-shifted
photophysical properties of the selective detectmmards H§" via a H-type self-association
and alterable ICT of the TCF moiety and yields #&dvelive cell permeability as shown in
scheme 1. Prominently, the selective detection rob@ T2 towards H§" was completely

reversible upon the addition of EDTA, which prowusspractical utility.

2. Experimental Section
2.1. Materials

All chemicals and solvents were used are reageadegr and HPLC grades respectively and
were purchased from Aldrich, ACROS, Fluka, TCI, TEPand Lancaster Chemical Co. All
chemicals were used without any further purificatidnhydrous solvents were obtained by
passing through activated alumina column purifa@atystem, further dried by standard drying
procedures. Solvents were degassed by freeze/thenp/ycle technique prior to use. Thin
layer chromatographies (TLC) were performed ongyfdate coated with silica 60 F24 (Merck).
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The plates were visualized using ultra-violet lig@66 nm) and developed usingdhamber.
Flash chromatographies were performed on Merckasijel 60 (230-400 mesh) under pressure
using desired solvents.
2.2. General Characterization Methods

All reactions and operations were carried owdenran atmosphere of inert argon or nitrogen
using Schlenk techniques unless otherwise state8IMR and*C NMR spectra were recorded
on Bruker DRX-300 Avance series or on a Varian md®0, Inova 500, and Inova 600 Series
(*H: 300, 400, 500, and 600 MHZC: 75, 100, 125, and 150 MHz) at a constant tentyper af
298 K. Chemical shifts were reported in partsmélion from low to high field and referenced
to residual solvent (CDgI DMSO-dg: *H & = 7.26, 2.49 ppm antfC & = 77.23, 39.52 ppm,
respectively). Coupling constanl) (were reported in Hertz (Hz). UV-Vis spectra weseorded
on the Jasco UV-600 spectrophotometer using 1 amtzjouvette. Fluorescence measurements
were conducted with HITACHI 7000 Series Spectrophwdter. All emission and excitation
spectra were corrected for the detector respondetlasm lamp output. Melting points were
determined using a Fargo MP-2D apparatus and acermatted. Elemental analyses were
conducted on HERAEUS CHN-OS RAPID elemental analyzelime resolved
photoluminescence (TRPL) spectra were measured) @asinome built single photon counting
system with excitation from a 400 nm diode lasecqguant PDL-200, 50 ps fwhm, 2 MHz).
The signals collected at the excitonic emissionallasample solutions were connected to a time-
correlated single photon counting card (TCSPC, dtieat Timeharp 200). The emission decay
data were analyzed foF2 and complexT2-Hg with biexponential kinetics, from which two
decay components were derived; the lifetime vabfgsl, t2) and pre-exponential factors (Al,

A2) were determined. Confocal imaging was carried osing Leica TCS SP8 confocal
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fluorescence microscope, confocal fluorescence imgagith using 60 x times oil objective.
Semi-empirical PM3 calculations were calculatechgsbaussian-09 suite.
2.3. Cdl Culture and Imaging

The human cervical cancer cell line (HelLa cells)raveseeded onto cover slips at a
concentration of (2 x 105 cells/mL) and cultured Dalbecco’s Modified Eagle’s Medium
(DMEM) and 10% fetal bovine serum in an incuba®#°C, 5% CQ, and 25% Q). After 30 h,
the cover slips were rinsed slightly 3 times witBSPto remove the media and then cultured in
PBS for later use. In view of imaging proceduretiaily cells were incubated with 5 uM of
probeT2 alone for 20 min at 37°C and observed under miaps and then again the samples
were treated with HgGI (10 pM) incubated for 20 min and then again obsérunder
microscope and then the samples were treated VIXRAE(10 uM) incubated for 20 min and
moved to the confocal stage. All the samples weghtyy rinsed for 3 times with PBS buffer
before observing them under the microscope. Allagléimages were obtained with Leica TCS
SP8 confocal fluorescence microscope using 60 &diail objective.
2.4. Stock Solutions

Standard solution of probE2 (100 mM) were prepared in double distilled wated &lgCh,
other metal ions stock solutions with concentradr{(10 mM) were prepared, respectively in
water. Before the titrations probe and analytesvadduted to their desired volumes.
Synthesis of Diethyl2,2'-((((4-formylphenyl)azanedil)bis(ethane-2,1-
diyl))bis(sulfanediyl))diacetate-(4).In a 25 mL dried round bottomed flask, sodium (G420
mmol) was added to anhydrous ethanol (12 mL). Adtetium was dissolved completely, ethyl-
2-mercaptoacetate (2.40 g, 23 mmol) was added dsepwhe mixture was stirred for 2 h at

40°C. Then a solution of 4-(bis (2-chloroethyl) an)i benzaldehyde3) (2.24 g, 9 mmol) in
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DMF (5 mL) was added. The stirring was continueddioother 3 h. Water (20 mL) was added to
the residual and extracted with dichloromethang @ mL). The combined organic phase was
washed twice with water and dried over anhydrougrmaaium sulfate. The solvent was removed
by evaporation and dried in vacuum, yielding aowlloil of compound4 (3.58 g, 95%). The
structure o4 was confirmed byH NMR and**C NMR, which are shown as follow&4 NMR
(500 MHz, CDCI3):5 9.58 (s, 1H), 7.61 (d] = 8.5 Hz, 2H), 6.63 (d] = 9.0 Hz, 2H), 4.07 (]

= 14.2 Hz, 4H), 3.56 (1] = 7.5 Hz, 4H), 3.17 (s, 4H), 2.76 {t= 7.5 Hz, 4H), 1.16 (t} = 7.0
Hz, 6H);**C NMR (125 MHz, CDCI3)5 190.0, 170.1, 151.3, 132.0, 125.2, 110.7, 61.2%0
33.1, 28.9, 13.8.

Synthesis of (E)-Diethyl 2,2'-((((4-(2-(4-cyano-5d(cyanomethylene)-2,2-dimethyl-2,5-
dihydrofuran-3-yl)vinyl)phenyl)azanediyl)bis(ethane-2,1-diyl))bis(sulfanediyl))diacetate-

(T1). Diethyl 2,2'-((((4-formylphenyl)azanediyl)bis(etre,1-diyl))bis(sulfanediyl))diacetate-
(4 (1.24 g, 3 mmol), 2-(3-cyano-4,5,5- trimethylnr2(5H)-ylidene)propanedinitrile (TCF)
(0.6 g, 3 mmol), and ammonium acetate (0.23 g, dinmere stirred overnight in the dark at
room temperature in a mixture of THF (10 mL) an®Ht(2.5 mL). The solution rapidly turns
from pale yellow to reddish-orange. The mixturdilsted in water, extracted with ethyl acetate,
washed with brine and dried over anhydrous Mg3Yaporation of the solvents under reduced
pressure yields a crude product that is purifiedcojymn chromatography on silica gel using
progressively more polar 2:1 to 3:1 ethyl acethexanes as the mobile phase to afford the
desiredT1 red solid flakes (1.28 g, 72%). The structuréldfwas confirmed byH NMR and
3¢ NMR, which are shown as follow&1 NMR (500 MHz, CDC}): & 7.58 (d,J = 16.0 Hz,
1H), 7.54 (dJ = 8.5 Hz, 2H), 6.76 (d] = 8.5 Hz, 2H), 6.74 (d] = 16.0 Hz, 1H), 4.18 (q] =
14.5 Hz, 4H), 3.67 (] = 7.0 Hz, 4H), 3.24 (s, 4H), 2.86 Jt= 7.0 Hz, 4H), 1.73 (s, 6H), 1.26
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(t, = 7.0 Hz, 6H)*C NMR (125 MHz, CDGJ): § 176.1, 174.3, 170.1, 151.0, 148.0, 132.3,
122.6, 112.5, 112.3, 111.8, 111.2, 109.4, 97.0),95L.5, 50.6, 33.5, 29.4, 26.6, 14.1, HRMS-
ESI (m/z) calcd for gH3sN4OsS,: 595.2049 [M+H]; found 595.2045; Anal. calcd for
Cs0H34N40sS,: C, 60.58; H, 5.76; N, 9.42; found C, 60.51; F2&8.N, 9.46 (%).

Synthesis of Lithium (E)-2,2'-((((4-(2-(4-cyano-5dicyanomethylene)-2,2-dimethyl-2,5-
dihydrofuran-3-yl)vinyl)phenyl)azanediyl)bis(ethane-2,1-diyl))bis(sulfanediyl))diacetate-

(T2). A solution of T1-ester (416 mg, 0.7 mmol) in a 1:1 tetrahydrofursgthanol mixture (50
mL) under a nitrogen atmosphere was cooled to 0i€ teeated with 15 equiv. of lithium
hydroxide. The resulting mixture was stirred fod&ys under nitrogen. Once hydrolysis was
completed based on TLC THF-MeOH, the solvent waperated under reduced pressure and
directly absorbed on short pad of silica and eluteBCM-THF from 3:1 to 1:3 to get final2
salt. (323 mg, 84%). The structure ™ was confirmed byH NMR, **C NMR, and elemental
analysis, which are shown as followst NMR (400 MHz, DMSOedg): & 7.90 (d,J = 16.0 Hz,
1H), 7.75 (dJ = 9.2 Hz, 2H), 6.89 (d] = 16.0 Hz, 1H), 6.85 (d} = 8.8 Hz, 2H), 3.71 (]=7.2

Hz, 4H), 3.27 (s, 4H), 2.81 (,= 7.2 Hz, 4H), 1.74 (s, 6H}°C NMR (100 MHz, DMSOde): &
177.3, 135.5, 151.5, 149.2, 133.1, 122.3, 113.8,6.1112.2, 112.0, 108.6, 98.3 (2C), 92.5, 51.1,
50.2, 30.4, 28.7, 25.6; MS-ESI (m/z) calcd fosgN4OsSy: 536.1 [M-2Li[; found 536.7;
Anal. calcd for GgHz4Li2N4OsS,: C, 56.73; H, 4.39; N,10.18; found C, 55.95; Hi44.N, 9.91

(%).

3. Results And Discussion

3.1. Synthesis



The synthetic route forT2 was demonstrated in Scheme 2. Compounds 2,2'-
(phenylazanediyl)diethanoP) [50], 4-(bis(2-chloroethyl)amino)benzaldehyd®) {51], and 2-
(3-cyano-4,5,5-trimethylfuran-2(5H) ylidene)maloiitoie(TCF) [50] were prepared according
to literature procedures. CompouBavas further reacted with 2-mercaptoacetic aciglethter
to afford diested in 95% vyield. Coupling oft and TCF gav@1 in 72% yield. Ester hydrolysis
of T1 under basic conditions proceeds quantitativelgawee T2. The yielded compounds were
characterized by using different spectroscopic owgth and the spectral data was shown in
supporting information (Figs. S4-S9).

3.2. UV-Visible and Fluorescence Measurements of Probe T2

Thanks to the lipophilic thiolate unit @2, it possessed a complete water solubility, so we
primarily assessed spectroscopic properties ofgf@ (5 uM) in pure water, which showed a
strong UV-absorption band cantered at 575 nm wittple color and a red-fluorescent band at
650 nm as shown in Fig. Sla and Slb, respectiveigrestingly, T2 demonstrated excellent
sensor selectivity in both UV-Vis and photoluminersce (PL) spectra upon the addition of Hg
where the UV-absorption maximum was blue-shifteimfr575 nm (purple color) to 405 nm
(color less) and the red-fluorescence T was quenched as shown in Figures la and 1b,
respectively. Furthermore, we screened both UV-afisl PL changes of probE2 towards
various metal ions, all of the other metal ions)uding Li*, Na’, K*, Cs’, Cu", Ag’, Mg**, C&",
Ba*, Cu*, zr®*, Ni?*, Fé*, Cd*, PF*, Cd*, Mn**, Ag®", A®*, C**, F€"*, and Ed", could not
induce considerable fluorescent changes.

By considering the vivid spectroscopic clué &m evaluate quantitative analysis of prdt&
we further measured both UV-Vis and PL changeB2(5 pM) by increasing the concentration

of Hg** from 0 to 10 pM. As shown in Fig. 2a, upon theiddd of Hg'* a sharp decline in the
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absorption band at 575 nm and a simultaneous iserefnewly blue-shifted band at 405 nm
were observed. However, the fluorescence emission lat 650 nm was gradually decreased
(Fig. 2b) and the stern-volmer plot denoted a dynaftanorescence quenching of pro@
towards H§". The unusual nature of absorption ratiometricbcation curve at A574/A405 and
the prominent hypsochromic shift in the absorptmaxima ofT2 could be ascribed to the H-
type self-association [53] of TCF moiety resultedni the coordination of Hg. Furthermore,
the observed isosbestic point at 468 nm clearstdtl the aggregation of TCF moiety in the
agueous medium owing to its strong electron-witthvilng nature. Conventionally, strong
electron acceptor dye molecules led to a depldatioguantum yields and imparts an unusual
photophysical features [54,55]. The associatiorstaot was calculated to be 2.02 ¥ W* and
1:1 binding stoichiometry was estimated, which Wwased on the linear curve fitting for the
fluorescence emission changes of prdBesupported by the Job’s plot in the presence df Hg
(see Fig. 3).
3.3 Screening of Other Metal 1ons and Naked Eye Color Change

Moreover, the color changes of naked-eye observand fluorescence emission o2
towards metal ions are depicted in Fig. S2a and BRbeover, to prove the specific selectivity
of probeT2 towards H§" by single and dual metal studies, the effectsoafimonly encountered
heavy metal ions on compléik-Hg are evaluated as shown Fig. 4, where none ofdsied
metal ions could interfere with the detection psxcef H§". To gain the additional information
about the binding modes operating in these reciognjirocessesH NMR titration studies of
probe T2 upon the addition of H{ as well as the reversibility of compl@2-Hg** with EDTA
are also performed. The stackéH-NMR spectra of probeT2, complex T2-Hg**, and

T2+Hg(I)+EDTA are provided in Fig.5. Upon the addiii of Hd" to the solution ofT2 in
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CDsCN-D;0, large down-field shifts and broadening of profosaks are observed in the
aliphatic region of | Hp, and H along with the aromatic region ofsHThese proton shifts of
complex T2-Hg?" are attributed to the shielding effect obmplexation of T2 and Hg".
However, a well-resolved spectrum B2+Hg(Il)+EDTA is almost identical with théH NMR
spectrum ofT2 itself after the treatment of compléh2-Hg** with EDTA. It confirms the
specific detection and reversibility of proB@ towards HG". To our delight, both on-off-on
fluorescence etiquettes and naked-eye color chaageshown in Fig. 6 were successfully
achieved via the alternative addition of¥ignd EDTA up to 4 cycles.
3.4. Time Resolved Photoluminescence Measurements

To substantiate the aforementioned photophysbakervations, time resolved fluorescence
measurements were carried out T&, T2-Hg, and recovered?2 probed at 650 nm{; = 575
nm). The original mono-exponential decayT® component with a life time oft{) 0.29 ns
greatly transformed [56,57] into a marked biexpdiatmlecay with life time values aflL = 0.32
ns (94.35%) and2 = 25.12 ns (5.65%) in the presence of’Hgs shown in Fig. S3.
Biexponential life time components could be asdfibe the chelation of probe with Fgto
induce the intrinsic fluorescence quenching of TBBwever, the further addition of EDTA to
T2-Hg yielded a mono-exponential decay component wighlifie time value of 0.26 ns, which
evidenced the complete reversibility of prokiz
3.5. Theoretical Sudies

To rationalize the coordination of Eiguith T2 induced by ICT quenching process, it has been
carried out by using the density functional thedBFT) method to further support the
experimental observation of ligand and metal irtigoa. All calculations were carried out using
the Gaussian 09 package [58]. The electronic gratate geometry optimization @2 with
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charge -2 and neutral compl&®2-Hg were carried out by using the M06-2X method. Thei®
set used in this calculation is Lanl2dz, which unids the D95 doublé-basis set for Hg along
with Hay and Wadt's effective core potential (EGIRP) the 6-31G(d) basis set for main group
elements. We also calculated the frontier molecoldnitals at the same level of theory. As
shown in Fig. 7, the most stable optimized georeetaf T2 and complext2-Hg along with its
marked bond lengths were attested the stronj Egprdination within the lipophilic thiolated
ligand. As anticipated, both of the ground stat€&D and HOMO-1 molecular distributions of
T2 were mainly resided on thiophilic ligand part aswn in Fig. 8a. Whereas, both LUMO and
LUMO+1 molecular orbital distributions were mainlyested on TCF moiety (see Fig. 8b)
donated strong intramolecular charge transferidigion between aniline thiophilic ligand to
TCF moiety. However, with the addition of Hghoth ground state HOMO and LUMO level
distributions existed on TCF andbridge, and next excited state HOMO-1 and LUMO+¢drav
shifted to H§"coordinated thiophilic ligand part, which clearlgribted the effective obstruction
of ICT within complexT2-Hg, as shown in Fig. 9a and 9b, respectively. Baseith@se concrete
experimental and theoretical results, we inferfeat fprobeT2 could selectively detect Hy
without any interference from common heavy metald act as a useful Kyselective optical
indicator.
3.6. Confocal Imaging

We next sought to apply current prob@ in living cells, stimulated by its described
photophysical characteristics. As shown in Figsa-10c denoted red fluorescence, the cells
were incubated with prob&2 (5 uM) alone for 20 min at 37°C. However, a nailde
fluorescence quenching in Figs. 10d-10f was moeitdn the cells after the treatment with?Hg
(10 uM). As shown in Figs. 10g-10i, the red flismence was restored in the cells upon further
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treatment with EDTA. Noticeable changes signifiedttprober2 was cell membrane permeable

and capable of selective imaging of?Hin the living cells.

4. Conclusions

In conclusion, we have developed a selective antsithee red fluorescent probe for the
detection of H§ based on thiophilic ligand connected to a push-gciive TCF moiety under
100% aqueous medium. Exclusively, prolig showed a selective colorimetric response with
unprecedented and exceedingly large hypsochronific(8@0 nm) in absorption of 2 induced

by the aggregation of TCF coordinated with?Hg aqueous medium. Current probe showed a
stable colorimetric and ratiometric response towatdf* over a range of tested transition and
other metal ions, where the UV-absorption maximuas lue-shifted from 575 nm (purple
color) to 405 nm (color less) and the red-fluoreseeemission band at 650 nm was quenched,
respectively. Furthermore, the optimized geomewieE2 andT2-Hg ensembles via the energy
minimized and density functional theory (DFT) methofortified the intramolecular charge
transfer (ICT) mechanism between the probe and TiGif Pivotal confocal imaging of2 and
T2-Hg in living cells also demonstrated that prob2 could be favorable for biological
applications. Besides, invincible absorption changend fluorescence quenching spectral
appearances allowed us to present the selectiveabjtdicator of H§" via H-type aggregation

of TCF moiety for the first time.
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Schemes and List of Figures

Scheme 1Proposed sensing mechanisn@ftowards H§'".
Scheme 2Synthetic route of probg2.

(@) CICHCH,0H, CaCQ, Kl, H;0, reflux 8 h, 86%; (b) POgldry DMF, 40°C, 8 h, 95%; (c)
ethyl 2-mercaptoacetate, NaOEt, DMF, 40°C, 6 h, 9&)6TCF, NHOAc, EtOH/THF, rt, 30 h,

72%,; (e) LiOH, THF/MeOH, rt, 2 day, 84%.

Fig. 1. (a) UV-Visible and (b) PL spectra a2 (5 uM) towards various metal ions in agueous
solutions. Bottom red line: in the presence of HJ0 pM) and the other metal ions (10 pM)
Li*, Na', K", Cs, Cu, Ag", Mg®*, c&*, B&*, CU#*, zr**, Ni**, F&*, Cd, PF*, cd*, Mn**,

Ag?, AI¥*, cr*, Fé*, and Ed*, in aqueous solutiofe,= 570 nm. Insets are naked eye and PL

photographs oT2 (5 uM) in the absence and presence of HH0 puM).

Fig. 2. (a) UV-Visible and (b) PL spectra o (5 uM) in aqueous solution upon the titration of

Hg?* (0 to 10 uM). (Inset) Stern-Volmer plot of /1B, = 650 nm) vs. [HE]. kex = 570 nm.
Fig. 3.Calculation of association constant for compl@Hg** using Connors method.

Fig. 4. Emission intensity oT 2 (5 pM) at 650 nm. Black bars: free proli2, or treated with the
marked metal ions (20 equiv). Red bars: treated thié marked metal ions (20 equiv) followed

by 2 equiv HG" (Aex = 570 nm).

Fig. 5. "H-NMR (300 MHz) spectral changes of probE2, complex T2-Hg?*, and
T2+Hg?+EDTA in CD:CN-D,O (1:1, v/v). Inset: proposed binding and recovergdes of

complexT2-Hg** andT2+Hg**+EDTA, respectively.
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Fig. 6. (a) Absorption and (b) emission spectral chang&2q5uM), after addition of Hg (10
uM) and followed by EDTA (10 uM). (c) Naked eye @mokhanges off2 by adding HG"
followed by EDTA. (d) Fluorescence intensity chasagéT2 (5 uM) at 650 nm under addition

of alternate compounds (Bfgand EDTA) for 4 cyclesig, = 570 nm).

Fig. 7. Optimized geometries of probE2 anion and complex2-Hg calculated using the

B3LYP/Lanl2dz level. Bond lengths are in angstroms.

Fig. 8. Frontier molecular orbital distributions of prob2 caluculated by semi-empirical PM3

optimized (a) HOMO and (b) LUMO levels, respectinel

Fig. 9. Frontier molecular orbitals of complek2-Hg based on optimal geometry, which is

calculated at the B3LYP/Lanl2dz+6-31G(d) level .

Fig. 10. Confocal fluorescence images of hela cells. To) (eells were incubated with probe
T2 (5 pM) for 20 min. Middle, (d-f) cells were thearfher incubated with Hg (10 pM) for 20
min. Bottom, (g-i) cells were further treated wiEDTA (10 uM) for 20 min. Bright field (a, d,

and g), fluorescence (b, e, and h), and merged fie) f, and i) Aex = 570 Nm.
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Highlights

« A water soluble and reversible Hg?* ion sensor probe is synthesized.
« This probe works as a colorimetric and naked-eye sensor towards Hg”" ion.
« A large blue shift is observed in absorption of the probe coordinated with Hg*".

» This probe has the optical sensor potential to be used in living cell applications.



