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Abstract: A simple fluorescent chemosensor WS1
(N'-[(2)-1H-indazol-3-ylmethylidene]imidazo[2,}{ 1,3]benzothiazole-2
-carbohydrazide) based on imidazole[B]kenzothiazole was designed
and synthesized. The probe showed specific redognfowards Ct
through colorimetric and “turn-off” fluorescencesponse in MeOH/FD
(9:1 V/V) buffer solution (10 mM Tris, pH = 7.4) thi detection limit of
4.32 x 10° M. In addition, WS1 was a reversible fluorescence @l
the detection of Cij, the fluorescence intensity recovered to the simil
state of free WS1 as PPi was added. And it showed@able potency
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for actual water monitoring. The proposed bindingde of WS1 with

CU** was verified by DFT calculation using Gaussian 09.

1. Instruction

Recently, the research of fluorescent probes hasen bmade
remarkable progress in fields of physiological aedvironmental
monitoring because of their specific recognition target analytes [1-4].
Especially, fluorescence probes for transition ingtas have attracted
considerable attention due to their crucial apgibces in chemical,
biological and environmental processes [5-9]. Amutrgessential heavy
metals, copper is third most abundance elementumalm bodies and
plays a crucial role in various fundamental physyat processes [10, 11].
It was reported that suitable concentration of ewpp human body can
keep the normal physiological movement operatintgneas, disorders of
copper metabolism could lead to an increasing ofskarious diseases
[12, 13]. Copper deficiency is likely to resultanemia-like symptoms as
well as hypopigmentation, irregularity in cholestemetabolisms and
skeletal deformity, and excessive amounts of coppehe body could
lead to increase morbidity rate of various neuredegative diseases,
such as Alzheimer’s and Wilson’s disease [14-18k0A copper have
wide applications in lots of industrial fields suchs electronics
manufacturing, petroleum industry, printing, metlimguipment [19-22].
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Numerous fluorescence probes for the detectioropper ion were
reported based on quinolone, coumarin, BODIPY, tiregamide and
Rhodamine in last decade [23-27], but there wasrewort using
imidazo[2,1b][1,3]benzothiazole derivative as copper sensitive
chemsensor. Imidazo[2[d]benzothiazole was often used as
pharmaceutical intermediate and play a significatg in drug discovery
[28-30]. In fact, the framework of imidazole[2hlbenzothiazole has
structural potential to be a fluorescent group beeaof its molecular
planarity and electrons delocalization [31,32]. En
imidazo[2,1b][1,3]benzothiazole is actual a potential platfofar the
development of optical sensor for metal ion rectigni So, it is of great
meaning in scientific and applicable aspect i§ ipossible to develop new
fluorescence probes for detection of copper witisfectory sensitivity
and selectivety with imidazo[2 d}f1,3]benzothiazole as fluorophore.

Accordingly, in this report, a new Schiff ba¥¢S1 was designed
and synthesized based on
imidazo[2,1b][1,3]benzothiazole-2-carbohydrazide and
1H-indazole-3-carbaldehyde. The molecule W51 possessed a large
electron delocalization might lead to a sufficiltabrescence, meanwhile,
the “N”, “O” atoms of the molecule could act as diimg sites for
recognizing metal ions [33, 34]. Just as predic¥$1 showed ideal
colorimetry and fluorescent response towards coppein MeOH/HO
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(9:1 V/V) buffer solution (10 mM Tris, pH = 7.4).

2. Experimental
2.1 Materials and reagents

All reagents and organic solvents were purchasat frommercial
suppliers and used without further purification. tddeilons used were
stored in the salt solutions of NaCl,,&0,, KCI, MgCl,-6H0O, CaC},
ZnCl,, CdCh-2.5H0O, HgCh, AgNO; CuCh-2H,0, CoC}-6H0,
NiCl,- 6H,0, MnChb-4H,0O, CrCk-6H,0, AlCls- 6H,0, FeC}, FeSQ. The
stock solutions of aforementioned were preparedistilled water.
2.2 Experimental apparatus

'H MNR spectra were recorded on a Bruker AV Il 408%NMR
spectrometer antiC MNR spectra data were obtained by a Bruker AV I
100MHz NMR spectrometer with TMS as an internalndtad and
DMSO-dgs as solvent. Fluorescence measurements were catrtagsing
a HITACHI Instruments F-4600 Fluorescence specinophneter (EX
WL: 385nm, EX slit: 10, EM slit: 10). UV-vis absdipn spectra data
were taken on a SHimmadzu 3100 spectrometer. ddrapectra were
determined on a Bruker Vertex 70 FT-IR spectromedign KBr pellets.
Mass spectrum was performed under ESI mode on ambhé&isher
Scientific Exactive Plus mass spectrometer. All peasurements were
made with a pH-10C digital pH meter. All reactiomere monitored with
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thin layer chromatography (TLC).
2.3 Experimental details for spectral studies

All tests described in this work were performedatm temperature
(25°C) . WS1 was dissolved in MeOHAD (9:1 V/V) buffer solution (10
mM Tris, pH = 7.4) to afford the test solution (1L8°M). All the cations
solutions were prepared from NaCl,&0,, KCIl, MgCl,, CaC}, ZnCl,
CdCb, HgCh, AgNG;, CuCl, CoCh, NiCl,, MnCl,, CrCk, AICI;, FeCk
and FeSQ in distilled water with a concentration of 3 x 4M,
respectivelyThe sensing for tap water sample was showed in M&pH
water (9:1 V/V) solution. The CGlisolution were prepared from dissolved
CuCb- H,O in tap water with a concentration of 3 X210
2.4 Theoretical calculation

DFT (density functional theory) structural was ap#ied with the
Gaussian 09 program. In all instances, the strestuwvere optimized
using the B3LYP functional and the mixed basis &&1G/(d). Each
structure was subsequently subjected to TDDFT (tley@gendent density
functional theory) calculation using the B3LYP ftiooal. For all
optimized structures, frequency calculations wexgied out to confirm
the absence of imaginary frequencies. The molecaléitals were
visualized and plotted with the Gauss View 5.0 paoy
2.5. Calculation of quantum yield
The quantum yield was determined according to dtleviing equation
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[26b];

o = FuAsnu2
! ° FsAuns2

@, F, A, nrepresents the quantum yield, the integratedardar the
corrected emission spectra, the absorbance ingeasithe excitation
wavelength and the refractive index of solventpeesively. In additions
refers to Rhodamine B as standard one,larefers to the target one. The
gquantum vyield ¢) of Rhodamine B dissolved in anhydrous ethanol is
0.97.

2.6. Calculation of the association constant
The association constant of compMsS1 with CU/* was calculated by

the Benesi—Hildebrand equation [35]:

1 1 1

— +
F—Fy Ka(Fmin_FO)[Cu2+] Fiin — Fo

F is the fluorescence intensity of the solution WS1 + Cu*
complex in accordance with the concentration of'@u465 nmF, is the
fluorescence intensity of fred/S1. F,, is the fluorescence intensity of
WS1 + Cu* complex in the presence of the maximum conceptrabi
Ccu™.

2.7 Syntheses

Synthesis of

ethyl-imidazo[2,1b][1,3]benzothiazole-2-carboxylate (1): 1 was
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synthesized following previously reported method][3

Synthesis of imidazo[2,18][1,3]benzothiazole-2-carbohydrazid€2):
3 ml 80% hydrazine hydrate was added dropwise toml5Sethanol
solution of 142 mg (0.58 mmol) compouhdnd the mixture was stirred
for 6 hours at room temperature. Then the pred®iveas filtered via
vacuum filtration and the filter cake was washethvethanol (3 x 5 ml)
to obtain 109 mg (0.47 mmol) compouBds a white solid. Yield: 82%.
ESI-MS (Theoretical molecular weight: 232.04): i/233.0456 [M +
H**. FTIR (KBr, cm?): v = 1369 (C—N), 1654 (C=0), 3112 (N-H}423
(N-H). 'H NMR (400 MHz, DMSO¢s, ppm): & = 9.42 (s, 1H, —CH-),
8.85 (s, 1H, -NH-), 8.14 (d,= 7.9 Hz, 1H, —-CH-), 8.05 (d,= 7.9 Hz,
1H, —CH-), 7.57 (tJ = 7.4 Hz, 1H, —CH-), 7.47 (] = 7.7 Hz, 1H,
—CH-), 4.45 (s, 2H, -NH, -NHYC NMR (100 MHz, DMSOds, ppm):&
= 161.34, 146.84, 141.33, 132.00, 129.90, 127.26,2I7, 125.53, 115.68,
114.55.

Synthesis of
N'-[( Z)-1H-indazol-3-yImethylidene]imidazo[2,1b][1,3]benzothiazole
-2-carbohydrazide (WS1) 95 mg (0.65 mmol)
1H-indazole-3-carbaldehyde was added to 15 ml ethangpension of
109mg (0.47 mmol) compouritland the mixture was stirred for 12 hours
at room temperature. After the reaction was coregletvhich was
monitored with TLC, the mixture was filtered viacumm filtration and
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the filter cake was washed with ethanol (3 x 5tmipbtain 101 mg (0.28
mmol) compoundWS1 as a yellow solid. Yield: 60%. ESI-MS
(Theoretical molecular weight: 360.07): m/z = 3&@B® [M + HT",
383.0596 [M + N§"*. FTIR (KBr, cni): v= 1617 (C=N), 1690 (C=0),
3115 (C-N) 3435 (N-H).*H NMR (400 MHz, DMSOds, ppm): & =
13.43 (s, 1H, -NH-), 12.02 (s, 1H, -NH-), 9.071(d, —CH-), 8.88 (s,
1H, —CH-), 8.37 (dJ = 8.0 Hz, 1H, —-CH-), 8.23 (d = 8.2 Hz, 1H,
—CH-), 8.09 (dJ = 8.0 Hz, 1H, —-CH-), 7.63 — 7.59 (m, 1H, —-CH-),87.5
(d,J=4.2 Hz, 1H, —CH-), 7.50 (8,= 7.7 Hz, 1H, —-CH-), 7.47 — 7.42 (m,
1H, —CH-), 7.28 (tJ = 7.4 Hz, 1H, -CH-)*C NMR (100 MHz,
DMSO-ds;, ppm): 6 = 158.28, 147.08, 143.88, 141.64, 141.50, 141.10,
131.96, 130.04, 127.35, 127.33, 126.50, 125.58,982222.14, 120.58,

117.31, 114.84, 110.87.

3. Results and discussion
3.1 Synthesis and structural characteristicé/6f1

The synthesized route &/S1 was shown in scheme WS1 was
synthesized by the dehydration condensation of owomg 2 with
1H-indazole-3-carbaldehyde in ethanol at room tentpeza The
chemical structure of compourand probaVS1 was confirmed byH
NMR, **C NMR, FTIR and ESI-MS spectrum. All the data ie #$pectra
were well accordance with the structures.
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Scheme 1. The synthetic route of senA@1.

3.2 The absorbance respons&\$1 toward metal ions

The colorimetric detectability oMWWS1 was measured with the
addition of various metal ions in MeOHM@ (9:1 V/V) buffer solution
(10 mM Tris, pH = 7.4) ofWS1 (1 x 10°M). As shown in Fig. 1a, the
solution of freewS1 (1 x 10° M) showed a higher energy absorption
band centered at 325nm which was attributer 1% transition. Whereas,
in the presence of 5 equiv. €1due to the complexion betwebS1 and
CU**, the absorption intensity at 325nm decreased amelaabsorption
band appeared which centered at 390 nm. Howewegdtition of equal
concentrations other metal ions {NiCoZ, Li*, Na', K*, Mg**, C&,
zZn**, cd”, Hg', Ag", Mn*, Fe€*, F&', Ccr" and AFf*) caused
inconspicuous change of absorption. And the coldest samples were
shown in Fig. 1c, it could be found that only thedusion with 5 equiv.

CU** changed from colorless to yellow which could beeawed by naked
9



eyes. This consequence suggested WM&1 revealed colorimetric
specific recognition for Cii.

18 _
(a) WS 1+other ions (b) L ]
1.6 ,{ 1.6 4 1
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Fig. 1 (a) UV-vis absorption spectraWS1 (1 x 10°M) in MeOH/H,O (9:1 V/V) buffer solution (10 mM Tris,
pH = 7.4) with various metal ions (5 x i®). (b) The absorption titration spectra\WS1 (1 x 10°M) in the
presence of different concentrations ofC(0 - 5 equiv.) in MeOH/LD (9:1 V/V) buffer solution (10 mM Tris,
pH = 7.4). (C) The image of visual colorimetric respe with test metal ions.

In continuation of the above findings, UV-vis tlicm was carried
out in MeOH/HO (9:1 V/V) buffer solution (10 mM Tris, pH = 7.4
WS1 (1 x 10°M) with gradual addition of Cii. As shown in Fig. 1b,
with the increasing of the concentrations of Ca new absorption band
at 390 nm appeared and the absorbance graduatbased, meanwhile,
the absorption at 325 nm exhibited slight decrea€edcomitantly there
were two isosbestic points at 292nm and 351nmgects@ly. As shown

in Fig. S10, a spinodal appeared when the condantraf CU* reached
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to 1 x 10°M, it was found that the complex ratio betwa#$1 and C3*
is 1:1. And based on the data of Fig. S11, the ctiete limit was
calculated to be 4.63 x 10/ according to the equation LOD =13 [37],
and the value was lower than the drinking watemddied of WHO [38].
This consequence suggested tWé81 could be applied in colorimetric
detection of Ctf selectively and sensitively.
3.3 The fluorescence response$ 1 toward metal ions

The fluorescence detectability oWS1 was investigated by
examination the fluorescence intensity\@d61 with excitation at 385nm
in the presence of various metal ions. As shownFig. 2a, the
MeOH/H,O (9:1 V/V) buffer solution (10 mM Tris, pH = 7.4f free
WS1 (1 x 10°M) exhibited a strong fluorescence centered at #6Bith
a quantum yield®) of 0.097, and a blue fluorescence color was ofesker
(in Fig. 2c). After the addition of 5 equiv. of €uWS1 showed a
significant fluorescence quenching. Whereas, eaqaaicentrations of
other metal ions caused negligible changes in élsm@nce intensity. As
shown in Fig. 2b, upon the addition of 5 equiv.>Cuhe fluorescence
intensity at 465nm had declined around 80%. Howetler addition of
other metal ions resulted unconspicuous changkiofelscence intensity.
Therefore, WS1 showed a highly selectivity towards Cwver other

metal ions.
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Fig. 2 (a) The emission spectrawfS1 (1 x 10°M) in MeOH/H,0 (9:1 V/V) buffer solution (10 mM Tris, pH =
7.4) with various metal ions (5 x ). (b) The emission intensity 8¥S1 (1 x 10°M) at 465nm in MeOH/KLD
(9:1 V/IV) buffer solution (10 mM Tris, pH = 7.4) thi various metal ions (5 x PGM). (c) The image of

fluorescence response with the test metal iEXs= 385nm.

Subsequently, the fluorescence titration was caeducin
MeOH/H,0 (9:1 V/V) buffer solution (10 mM Tris, pH = 7.4f WS1 (1
x 10° M) to systematically measure the spectral actifity Cu*". As
shown in Fig. 3, the fluorescence intensity at 465radually decreased
and displayed a remarkable fluorescence quenchithgte increasing of
the concentration of Gl (0 - 5equiv.). Fig. S12 showed the changes of
fluorescence intensity as the concentration of Gcreased from 0 to 5
x 10°M, and an excellent linear relationship was obsgn#es shown in
Fig. S13, the limit of detection (LOD) was calceldtto be 4.32 x 1OM
according to the equation LOD =/3. In additionFig. S14 showed the
satisfactory linear relationship verifying the hihding ratio hypothesis

and the association constant as an estimated sthfolathe binding
12



ability was calculated to be 5.75 x°1d™ according to the formula (2).
These consequences suggested W&l could act as a fluorescence
probe for detection of Gl with high selectivity and sensitivity by

fluorescence “trun off” response.

1200
1000 -

800 +

600 -
400

200 -

Fluorescence Intensity

T T T T T T T T 1
400 450 500 550 600 650
wavelength/nm

Fig. 3 The emission titration spectrumwiS1 (1 x 10°M) in the presence of different concentrations of ‘G0 -
5equiv) in MeOH/HO (9:1 V/V) buffer solution (10 mM Tris, pH = 7.45X = 385nm.

3.4. The competitive experiments

The competitive experiment was executed in MeQKYKD:1 V/V)
buffer solution (10 mM Tris, pH = 7.4) for investigng the
anti-interference ability of¥S1 toward Cd*. As shown in Fig. 4, no
obvious changes of fluorescence intensity were rebsglevhen 5 equiv.
competitive metal ions (Lj Na', K*, Mg?*, C&*, Ni**, zr?*, Cd*, HE,
Ag*, Mn*, Fe", F&*, Cd”, Cr" and AF") were added into thgvS1
solutions, respectively. Subsequently, when 5 eqi¥* were added to

the above solutions, the fluorescence intensityl@ nm decreased
13



obviously. Fig. 4 showed thaW/S1 exhibited high selectivity for Cil
and the recognition toward €uwvas not interfered by other concomitant
metal ions in the test system. This result indtatieat WS1 had a

possibility for specific recognition for Gliin actual detection.

I metal ions
Il metal ions+Cu®*

1200

1000

800

600

400

200

Fluorescence Intensity

0

Goh B A A& B o+ & & & A& & g &+ *o
I = C o o o 5 = o O O o N
36282 5z2£8322*z2

Fig. 4 Metal ions competition test ¥S1 (1 x 10°M) in MeOH/H,0 (9:1 V/V) buffer solution (10 mM Tris, pH
= 7.4). The red bars represent emissionM81 and 5 equiv. of other metal ions. The black basresent

fluorescence changes that occur upon addition eflbv. of other metal ions to solution containM$1 and 5

equiv. C#". EX = 385 nm.

3.5. The pH effect of prob&/S1

Fig. 5 showed the effect of pH on the fluorescantensity ofWS1
and WS1 + Cu* complex in MeOH/HO (9:1 V/V) solution. WS1
exhibited a stationary fluorescence in the pH rainge 2 to 11, and the
fluorescent quenching caused by"Owas most conspicuous at pH = 7.4.
In addition, the sensor had an accepted fluoresceesponse toward
CU”" in the pH range of 5 - 8. When the pH less than Sore than &he
fluorescence quenching was gradually unconspicudbs. reasons for

these phenomenon were the protonation proces®®i in acidic
14



condition, and the higher concentration of @iHalkaline condition could
disturb the complex betwe&S1and Cd"*. This consequence suggested

thatWS1 had a potential for the detection of’Cin actual samples.
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Fig. 5 Effect of pH on fluorescence intensity at546m for freewS1 (1 X 10°M) and WS1 + C#* in
MeOH/H,O (9:1 V/IV) buffer solution (10 mM Tris, pH = 7.45X = 385 nm.

3.6 The reversibility ofVS1 for recognizing toward Cii

In addition, the reversibility ofWS1 was testified with the
fluorescence response &/B1 + Cuf'] for various anions. As shown in
Fig. S15, the fluorescence intensity at 465nm cesae dramatically after
the addition of 5 equiv. Gli Subsequently, the fluorescence intensity
recovered to the similar state of fid&1 as PPi was added. But with the
addition of other anions (BF F, CI, B", I, NO;, NO,, &, HSO;,
S05%, SO, PQY, CrQ*, HCOs, H,PQy) to the solution of th&vVS1 +
CU*", the fluorescence was not recovered yet as thegpemed to PPi.

Moreover, Fig. 6 showeWS1 still displayed an acceptable fluorescence
15



response to Cil after 4 cycles when Gland PPi was added in turn.
This consequence demonstrated W81 was a reversible fluorescence

probe for the detection of €u
1400
1200—_ .
1000;
800;
600;

400 +

Fluorescence Intensity

200

" cycle '

Fig. 6. Fluorometric reversibility /S1 upon sequential addition of €uand PPi in MeOH/bD (9:1 V/V) buffer
solution (10 mM Tris, pH = 7.4). EX = 385nm.

3.7 The probable binding mechanism and the DFTutation of WS1
and WS1+Cu*

In order to discuss the possible binding mechantbe,Job’s plot
was obtained on the basis of fluorescence emisgestrum. As shown
in Fig. 7, the fluorescence emission intensity 86rm reached the
maximum when the molar fraction of €uwas 0.5. This result
demonstrated that the stoichiometry betwd¢$il and Cd" was 1:1. And
the ESI-MS spectrum date in Fig. S9 also verifleglgtoichiometry is 1:1
because ofhe peak at m/z = 423.008WB1 + CU']*". Based on the
above data of emission and ESI-MS spectrum, a ptebainding
mechanism betweaS1 and C§* was proposed as shown in scheme 2.
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Upon the addition of C%j, the coordination between nitrogen atoms of
the imine (C=N), imidazole (C=N) and indazole (C=Nyith

paramagnetic Ciilead to the fluorescence quenching [39-42)].

1200:
1150:
1100;
1050:

1000

Fluorescence Intensity

950

0.0 OH Oé 05 o! 05 0% 0} Oé Ob 1b
[cu®]/[cu®+Ws1]

Fig. 7 Job’s plots of the complexation betw&®81 with CLZ*.

In addition, the density functional theory (DFT) dan
time-dependent density functional theory (TDDFTlcakations ofWS1
and complex\VS1+ Cu**] have been performed to acquire the optimized
structure of ground state and energy optimize 8iracof excited state
using the Gaussian 09 program at the B3LYP/6-31€kcksets. Fig. S16
showed the coplanarity ofNJS1 + CUf"] optimized structure decreased
compared with that oWWS1. Then as shown in Fig. 8, the HOMO and
LUMO orbital of WS1 were spread over the indazole moiety, therefore,
electrons which excited to LUMO can transfer backhie HOMO orbital
which caused thatWS1 exhibited a strong fluorescence. After the
addition of CG", the frontier orbital of compleXYS1 + Cu#*] became

17



relatively different form fre&VS1 due to the paramagnetism of‘CuThe
HOMO orbital was centered on the imidazole[B]tkenzothiazole moiety,
while the LUMO orbital was located at the indazoleiety. The HOMO
and LUMO orbital was distributed by the differentoieties, this
corresponded to electron cloud distribution of R&&chanism process.
The occurrence of PET process lead to the conspscdloorescence
guenching. The energy gap between HOMO and LUMGtaisbof free
WS1 and complex \VS1 + Cu'] were 4.182 eV and 3.341 eV,
respectively. The binding aVS1 with Cuf* stabilized the system which
was certified from the lower energy gap of comgMS1 + CU/']. These

calculation results support the probable bindingma@ism in scheme 2.

Scheme. 2 The probable binding mod&\$1 for CL7*.
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Fig. 8 Frontier molecular orbitals (MOs) and enediggrams of fre&VS1 and complex\VS1+ Cu*].

3.8 The sensing test in actual water samples

To explore the application oWWS1 in practical environmental
monitoring, the sensing test for €un tap water was performed. As
shown in Table IWS1 exhibited satisfactory performance for’Cin tap
water at low concentrations. Compared with the dsiash curve of Ci,
an acceptable recovery (96.75% — 107%) and RSB»Yd -8 4.24%) of
samples in tap water were obtained. Thus, thisesprence demonstrated
that WS1 showed a favorable potency for the quantitativieect®n of

CU in actual water.

Table 1 the sensing test for €in tap water samples.

Sample Ct" added (mol/L) Cti recovered (mol/L) Recovery (%) RSD (%)
1 3x10° 3.23x 1¢ 107 4.24
2 5x 10° 5.13 x 1¢ 102.6 1.08
3 8 x 10° 7.74 x 1¢ 96.75 2.74
4 1x10° 1.034 x 16 103.4 1.86
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4. Conclusion

In summary, a fluorescence prod&1 was designed and synthesized
based on imidazo[2,{1,3]benzothiazole-2-carbohydrazide and
1H-indazole-3-carbaldehyde. The chemical structure V61 was
confirmed by'H NMR, **C NMR, FT-IR and ESI-MSWS1 exhibited
high selectivity and sensitivity toward €uover other metal ions in
MeOH/H,O (9:1 V/V) buffer solution (10 mM Tris, pH = 7.4)pon the
addition of Cd*, a new absorption band appeared at 390nm with the
solution changed from colorless to yellow, and ¢bérimetric limit of
detection was 4.63 x TOM. The fluorescence quenching occured
becausaVS1 complexed with Ctf, the association constant \%fS1 to
Cu** was calculated to be 5.57 x>M™ and the limit of detection was
4.32 x 1M which was sufficiently low to enable the detentiof Cu*
in practical applicationd/S1was a reversible fluorescence probe for the
detection of C# and the Job’s plot analysis supported the stoihtoy
betweenWS1 and Cd" as 1:1. In addition, due to its satisfactory
performance for Cli, WS1 was of the potential possibility to be applied

in the domains of biochemistry and biomedicinehi future.
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The probe showed specific recognition towardé"@wrough two pathways (colorimetric and
fluorescence response).
The limit of detection for Cii can be calculated to be 4.63 x’10 and 4.32 x 18 M by
colorimetric and fluorescence response, respegtivel

The proposed binding mode of WS1 with?Cwas verified by DFT calculation using
Gaussian 09.
WS1 can detect Gliin tap water samples with acceptable recoveryR®D.
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