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Abstract

Based on a change in optical properties of chrofenycyanine Schiff base derivatives
(5a-0), a series of colorimetric dual sensors have lieethe first time designed, synthesized
and characterized to monitor €wand OClions at near-IR (NIR) region in aqueous samples.
The colorimetric responses of the sensors towarth @nd OClions were evaluated for
agueous samples within a series of the compettivens and cations at pH 7.2. The sensors
detected CU selectively via Cti-promoted spirocyclic ring—opening reaction while
photophysical change during O@cognition is due to the spirocyclic ring—opennegction

by coordination Cti ion generated from reaction between*Gud hypochlorite ions in
analysis media. Mass and IR data suggest a 1:1 legnfprmation between Giiand the
receptor via phenolic O atom, N atom from Schiféédand O atom from spirocycle form. The
detection limits of the dual sensoEs&(c) were determined to be 3.3x41M, 1.93x106° M and
2.36x10° for CU** determination and 2.83x£0M, 2.10x10° M and 2.60x18 M for OCI
determination, indicating a high sensitivity of tisensors for Cii and OCI detection
Additionally, we present the first single-crystédusture analysis of a chromenylium-cyanine

Schiff base in this study.
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1. Introduction

Hypochlorite (OC)) is one of the most used oxidizing agents in aewahge from industrial
processes to household cleaning. Although the humamune system generates O€bm
hydrogen peroxide and chloride ion by myeloperosgdanzyme to protect the body from
pathogens, the accumulation of Ofdl the body can result in illnesses such as ceadicular
diseases, inflammatory reactions, arthritis, anttea Thus, the development of sensitive and
selective sensors for OGlensing in water samples is of great importanc8][1Sne of the
sophisticated methods for O@ketection includes the use of rhodamine-based‘jGensors
which generate an optical response based on thecgplic ring-opening reaction [4—6]. In
this method, Ctf is generated by oxidation of Cions upon the addition of OTlthen an
absorption band is observed corresponding td&*-G@uomoted spirocyclic ring—opening
reaction [7,8]. To this end, various rhodamine Bdzhsensors have been developed in recent
years, and these derivatives exhibit a charadtergense absorption band with a maximum
at about 550 nm [9-12]. In order to decrease plamtadje in vivo, chromenylium-cyanine
based chemosensors have been designed for metdnemg [13-17].

However, to the best of our knowledge, chromenyloyanine based OCéensing has
been never reported. In this study, we design amthsesize some chromenylium-cyanine
chemosensors to detect selectively Q@ in aqueous samples, via<promoted the ring-
opening reaction. In order to achieve this goaktfiwe investigated the selectivity of the
sensors to Cii ion, and then performed a series of experimentsriter to evaluate OCI
sensing properties of the sensors. The spectramatsays showed that the sensor is highly
sensitive and selective to O@1 the near-IR region. The chemical structuresh@mosensors
have been characterized by FT-IR, UV-\4- and**C—-NMR, mass spectrometry. We also

present the first single-crystal structure analgéia chromenylium-cyanine Schiff base.



2. Experimental

2.1.Materials and apparatus
The solutions of N3 K*, Mg**, C&*, Mn**, F€"*, C*, Ni#*, CU*, zr?*, AI**, cd**, H" and
PK* ions in water were prepared freshly for each meswsent from their nitrate salts except
for Mn** was prepared acetate salt. Aqueous solutions diispsalts of FCI, Br, I,
CHsCOO, CO, ClO, NO,, NOs, PQ¥, HSQ and S@* at 1x10° M were prepared in
deionized water and stored in amber glass bo@liethylaminohenol, phthalic anhydride,
hydrazine hydrate, 2,4—dihydroxybenzaldehyde and en4btriazol-1-
yloxy)tris(dimethylamino)phosphonium hexafluoroppbate were obtained from Sigma
Aldrich.

Fourier transform infrared (FT-IR) spectra wereorded on a Perkin Elmer Spectrum
100 spectrometer equipped with an ATR apparatusssMspectra were recorded using
Thermo Sci. TSQ Quantum Access MAX Triple Stage dupole mass spectrometer
equipped with heated electrospray ionization (H)EPBitobe at the Central Research
Laboratory of Recep Tayyip Erdogan Universitiy.and**C NMR spectra were recorded on
an Agilent Technologies 400/54 spectrometer atlstenbul Technical University. UV—-Vis
spectra were recorded on a Perkin Elmer Lambda 85Mi$ spectrophotometer. HPLC
analysis were carried out on a Thermo Scientifimigan Surveyor HPLC system equipped
with photodiode array (PDA) detector. The injentieolume was 2QL and the flow rate
maintained at 1.2 mL mih. A C18 column was applied for the chromatograsieiparation
at 25 °C and the elution solvents were A and B aiairig acetonitrile-water (70:30, v/v) and

acetic acid-water (2:98, v/v), respectively.

2.2.Synthesis of chemosensor (5a, 5b, and 5c)
The starting hydrazide, (4'Z)—2—amino—6'—(diethytaoi-4'-{2—-[(22)-1,3,3—trimethyl-2,3—
dihydro—1H-indol-2—ylden]ethyliden}-1',2,2',3,35dé&xahydrospyro[isoindol-1,9'-
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xanthene]-3-on, was synthesized by literature phaes [18,19]. The hydrazide (0.573 g, 1
mmol) was dissolved in absolute ethanol (10 mL) soldtion purged by argon for 30 min.
Then aldehyde (1.1 mmol) was added into the salutimd the mixture was stirred at room
temperature for appropriate time controlled by-thayer chromatography (TLC) (Scheme 1).
The solvent was evaporated by rotary evaporatoemuneduced pressure to dryness, and
crude product was purified by column chromatographysilica gel (EtOH/CLCI,, 1:20).
Finally, an aliquot of the isolated fraction wastihused to verify the purity by HPLC (Figure

S. 1),

5a Yield: 73%. Melting point: 244 °C. Color: YellowRkf: 0.57, EtOH/CHCI,, (1:20, v/v).
Analytical data for GsH44N4Os, ESI-MS (m/z) 676.85 [M+H](676.85 calc.). HPLC purity
98.4% (k=30.06 min). FT-IR (ATR, ci): 3079, 2969, 2929, 1702, 1619, 1589, 1310, and
1124.*H NMR (8, ppm): 11.13, 9.14, 7.95, 7.57-7.53, 7.49, 7.28377.19, 7.17, 6.90,
6.86, 6.82, 6.63, 6.46, 6.29, 6.46, 5.39, 3.356@3.2.67, 2.46, 1.76, 1.79, 1.63, 1.26, 1.18.
13C NMR @, ppm): 164.7, 158.8, 157.8, 152.5, 149.8, 14848.3, 145.4, 138.9, 133.3,
131.4, 131.3, 129.8, 128.5, 127.7, 121.5, 120.2,311118.6, 117.1, 108.5, 105.7, 104.8,
103.3, 97.9, 92.2, 68.2, 45.5, 44.3, 29.1, 28.43,282.2, 12.6.

5b: Yield: 26%. Melting point: 195 °C. Color: YellowRf: 0.36, EtOH/CHCI,, (1:20, v/v).
Analytical data for GsH44N4O4, ESI-MS (m/z) 693.25 [M+H](692.84 calc.). HPLC purity
96.8% (k= 30.14 min). FT-IR (ATR, ci): 3056, 2969, 2929, 1687, 1622, 1589, 1313, and
1115.'H NMR (5, ppm): 11.34, 9.69, 9.05, 7.93, 7.46-7.55, 7.288,77.01, 6.86, 6.62,
6.46, 6.39-6.33, 6.28, 5.39, 3.35, 3.16, 2.61, 214, 1.76, 1.63, 1.26, 1.18C NMR (3,
ppm): 194.2, 164.6, 160.8, 159,1, 157.7, 153.5,85249.8, 148.9, 148.1, 145.3, 138.9,
135.1, 129.9, 128.5, 127.7, 123.8, 123.5, 121.9.2,2120.0, 119.3, 112.2, 108.5, 107.5,

105.7, 104.9, 103.5, 98.0, 92.1, 68.3, 45.5, 413, 28.3, 25.3, 22.1, 12.6.



5c: Yield: 36%. Melting point: 155 °C. Color: Yellow.fR0.41, EtOH/CHCI,, (1:20, v/v).
Analytical data for GgHs3NsO4, ESI-MS (m/z) 748.25 [M+H] (747.97calc.). HPLC purity
97.9% (k=33.11 min). FT-IR (ATR, ci): 3066, 2968, 2928, 1694, 1624, 1593, 1314, and
1126."H NMR (3, ppm): 11.24, 9.08, 7.91, 7.51-7.47, 7.19-7.18966.85, 6.62, 6.37, 6.27,
6.16, 6.13, 5.39, 3.33, 3.15, 2.56, 2.48, 1.863,11877, 1.75, 1.18, 1.18C NMR (5, ppm):
164.2, 160.8, 157.4, 154.8, 152.5, 150.5, 149.8,74148.0, 145.4, 139.0, 132.9, 132.7,
130.5, 128.3, 127.7, 127.6, 123.4, 123.0, 121.9,6,2119.4, 119.1, 108.4, 107.4, 105.6,

105.2, 104.0, 103.3, 98.2, 98. 0, 92.3, 68.1, 4644, 29.1, 28.4, 25.3, 22.9, 22.2, 12.6.

HaC

Scheme 1. Synthesis scheme of the sensor. i; T@lugm 35% NaOH, 10,0 M HCI; ii:
H,SQ,, cyclohexanone, 2h; iii: 2-(1,3,3-trimethylindoiaylden)acetaldehyde; iv: hydrazine
hydrate, BOP reagent; v: 2-hydroxybenzaldehyde,2y-dihydroxybenzaldehyde, vii: 4-
diethylamino-2-hydroxybenzaldehyde.



2.3.Sensing Experiments
Nitrate salts of the NaK*, Mg?*, C&*, Mn**, F€"*, C&*, Ni**, CU*, zr?*, AI¥, cd, HE
and PB" were used to evaluate cation sensing propertiéseasensors. Stock solutions (3%10
3 M) of the sodium salts of EEI', Br, I, CH;COO, COs%, CIO, NO,, NOs, PQ¥, HSQy
and SQ* were prepared in deionized water, and 3%\ solutions of the sensors were
prepared in acetonitrile (MeCN). All the solutiomsere stored in amber bottles at room
temperature. All the spectroscopic measurementg werformed in triplicate and data are
presented as the mean, with error bars reflechieagtandard deviation.

Detection limit based on the standard deviationth®f response and the slope by

IUPAC was determined from the Eq. (1).

LOD = 3.3xSd

1)
where § is the standard deviation of the blank measuresn@ntl0) and S is the slope of the

calibration curve.

2.4.Single Crystal X-Ray Crystallography

The single crystal dba with dimensions 0.03x0.10x0.20mm was grown by stmaporation

of ethanol solution. The crystal was mounted oniecamount and attached to a goniometer
head on a Bruker D8 VENTURE diffractometer equippath PHOTON100 detector and
measured with graphite monochromated Meo-#édiation £ = 0.71073 A) using 1.0° ai
and¢ rotation frames at room temperature (295K). Thecstire has been solved by intrinsic
method SHELXS-1997 [20] and refined by SHELXL-201421]. Molecular drawings are

generated using OLEX2. Ver. 1.2-dev [22].



3. Results and Discussion

In order to evaluate effect of electron-donatingirawing group for complexation,
Schiff bases of chromenylium-cyanine5a(59 from 2-hydroxybenzaldehyde, 2,4-
hydroxybenzaldehyde and 4-diethylamino-2-hydroxylaésiehyde were synthesized. Spectral
data obtained for the sensors were in accordaniteour previous study [17]. Characteristic
C=0 stretching modes of spirocycle were observedbatit 1690 ci for the sensors in FTIR
spectra. Bands at about 1620 tmere also assigned to C=N stretching of imine bofitle
disappearance of the carbonyl band and the shifteofmino stretching to ~1600 chelearly
suggest complexation of the €yFigure S. 2—Figure S. 5) [23]. The chemical dtres of
the sensors were also confirmed by NMR spectrahdéntH NMR spectra of théa, —OH
proton and imine proton signals were observed asnglet at 11.132 and 9.140 ppm,
respectively. Proton signals of H46 and H34 wergeoled at 5.391 and 6.459 ppm, for atom
labels see structure in Figure S. 6. The signalsethyl protons of H1, H39, H37 and H38
were observed as singlets at 1.1180, 3.160, 1a%®9.1.788 ppm, respectively. A doublet of
quartet (J=5.6 Hz, J=1.6 Hz) appeared at 3.351 wpioh assigned to H2 and H5 protons.
The signals of aromatic protons were in the rarfg@.389-7.952 ppm.*H NMR signals of
the H16, H17 and H17 were observed at 2.607-2.45%6 and 1.627 ppm, respectively
[24]. The'H NMR spectra ob5b and5c are similar that oba and differ only in substituted
group at the para-position of the imine moiety (ffegS. 6—Figure S. 9). The characteristic
13C NMR signals of carbonyl (C32) and the C12 coroesting to spirocycle closed form of
5a were observed at 164.378 and 68 ppm, respectiizgyre S. 6—-Figure S. 9). The similar
spectral features were observedSbrand5c. The mass peaks of positive ions were detected
at m/z 677.16, 693.25 and 748.25, correspondirtgegrotonated molecular ions 6@, 5b
and5c, respectively (Figure S. 10—Figure S. 12). Molacstructure of th&a-Cu?* complex

has been also investigated by ESI mass spectraréF#) 13). The molecular ion peak for the



complex structure was observed at 769.77 m/z, whkmhfirmed the formation of a 1:1
complex of5a with CU#*. Mass data were consistent with IR data that sstgg@ordination
between Cti and phenolic O atom, N atom from Schiff base andt@n from spirocycle
(Figure S. 14).

Compoundsa was structurally characterized by single crystata)( diffraction, and thermal
ellipsoids are plotted in Figure 1. Figure 2 shdkes crystal packing of the structure showing
n—mn interaction and Figure 3 shows the intra- andrintdecular hydrogen bonding of the

crystal lattice.

Figure 1. Thermal ellipsoids &k are drawn at 50% probability. Hydrogen atoms anétted
for clarity.



Figure 3. Intra- and intermolecular hydrogen bogdhthe crystal structurga.
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The crystal data and structure refinement parametEbsa are given in Table 1. Table S. 1
contains the selected bond lengths, bond and torsigles for5a. Table S. 2 contains the
hydrogen bonding geometries. CCDC 1985102 contliessupplementary crystallographic
data for5a. Further details on crystal data, data collectenmg refinements can be found in

the supporting information.
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Table 1. Crystal data and structure refinementmpaters foba.

5a
Empirical formula C44H44N4O3
Formula weight (g/mol) 676.83
T(K) 295(0)
MA) 0.71073
Crystal system Triclinic
Space group P-1

Unit cell dimensions: (A, °)

a 11.8062(15)
b 12.3990(16)
c 12.8593(16)
V(A3 1838.3(4)
a 92.222(3)
B 102.121(3)
Y 91.095(3)
z 2
Absorption coefficient (mm™) 0.077
Dcalc (g/ cnf) 1.223
F(000) 720

Crystal size (mm)

0.03x0.10x 0.20

0 range for data collection (°) 2.13to 25.00
Index ranges -13<h<14
-14<k<14
-15<1<15
Reflections collected 48124
Independent reflections 6471
Coverage of independent reflections (%) 99.9
Data/parameters 6471/ 465
Max. and min. transmission 0.998 - 0.991
Final R indices [[>20(1)] R1 =0.0685
WR2 = 0.1243
R indices (all data) R1 =0.1576
wR2 = 0.1584
Goodness-of-fit on B 1.009

R1: agreement between the calculated and obsereddlsy wR2: squared F-values.

5a crystallized in a triclinic crystal system withlPspace group. Each unit cell contains two
molecules (Z=2). The crystal lattice is stronghalskized by intra- and intermolecular

hydrogen bonding, also by—= stacking which can be seen in Figure 2 and Figyre
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respectively. Xanthene moiety and isoindole univilg imine functionality are nearly
perpendicular to each other with a dihedral an§l@éo54. On the other hand, xanthene and
isoindole having quaternized ammonium are nearplaz@ar with a dihedral angle of 203
C34-C45 single bond of 1.44(6) A is much shortanthverage carbon-carbon single bond of
1.54 A which shows the extendedconjugation of the system. Carbon atoms of the
diethylamine groups contain minor disorders. Theamolecular hydrogen bonding occurs
between phenoxy hydrogen and imine nitrogen. Ttexnmolecular hydrogen bonding occurs
between phenyl hydrogen and carbonyl oxygen ofighbeur molecule. A strong face-to-
facen— interaction occurs between neighbour phenyl umits 3.92 A centroid-to-centroid
distance and a shift of 0.93 A. C39-N4 distancé.4#(4) A belonging to the ammonium unit
is shorter than similar crystals found in the Htere>’ This also proves the extended
system of the molecule. N1-N2 distance of 1.38(4anl C25-O2 double bond distance of
1.22(5) A belonging to the carbonyl unit shows thia keto tautomer is dominant in the

structure.

3.1.Response of the chemosensors to cations and anions

Sensing properties of the sensors were testednagtisieries of mono-, di- and trivalent metal
ions in MeCN/HEPEs buffer (2:1, v/v, pH 7.2). Irder to determine selectivity of the sensors
at room temperature, 1x®0M solution of the sensor was used each time iptksence of 5
equivalents of different metal ions. The UV-Visespra of the sensors show a very weak
absorption band between 625 and 750 nm, and anpdiosoband located at 711 nm was
significantly enhanced upon addition of Cion (Figure 4A) [25,26]. Other metal ions, Na
K*, Mg®*, C&*, CP*, Mn**, F€*, Cd*, Ni#*, CU#*, zr?*, AI**, Cdf*, HZ and PB, did not
cause any significant changes under the identioatitions. The sensors detected?Cu

selectively via Cti-promoted spirocyclic ring—opening reaction.
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To investigate the selectivity of the sensor in phesence of competitive metal ions,
such as Nj K*, Mg?*, c&*, CF*, Mn**, F€*, Cd*, Ni#*, cu#*, zr?*, AI¥, ¢, HF* and
PK*, the experiments were performed by addition of &duiv. of C4" to solutions
containing 5.0 equivalent of other metal ions INnQWEHEPEs buffer (2:1, viv, pH 7.2)
media. The selectivity experiments for mono—, dird trivalent cations showed that none of
the competitive metal ions had no obvious interfeeswith the detection of Gl and
indicated the good selectivity of the sensor fof'dan (Figure 4B). Details of the sensing

properties oba and5c were given in Supplementary materials (FigurelS-Fxgure S. 22)
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Blank, Na*, K*, Mg?*, Ca?*, Cr?,
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Cd#, AP, Ag*, Sr%, Hg?", Pb?,
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Figure 4. UV-vis. experiments db (1.0x10° M) in MeCN/HO (2:1, viv, pH 7.2):A)
absorption spectra of the sensor in the presenbe 1> M metal ionsB) Absorbance of the
sensor (1.0xI®M) with CL#*, followed by 5 equivalent of competitive metal son

The instant response of the sensor t6*@nables determination of the detection limit

of the sensor by titration experiments. The titmatiexperiments were performed by
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successive additions of jL solution of Cd"* ion to 1x10° M sensor solution at pH 7.2 in
HEPES buffer media (Figure 5)

The detection limits of thBa, 5b and5c were determined to be 3.3x4®, 1.93x1¢°
M and 2.36x18 M, respectively, indicating a high sensitivity thfe sensors for Gti For
comparison, literature data are given in Tablel#sE results indicated that the sen$ars

can serve as a potential candidate of a “naked-elyefhosensor for Gliin aqueous media.
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Figure 5. UV-vis titration experiments &b (1.0x10° M) in MeCN/H0 (2:1, viv, pH 7.2)
A) with CUf* B) the titration curve derived from the titrationttviCl//* at 711 nm.

[

Table 2. A comparison table about the detectioitsifior CLf".

Structure Working range, mol L™ LOD, mol L™ Reference
Rhodamine B 1.0xI0to 3.0x10’ 3.42x10° [27]
Rhodamine B NA 1.63x1D [28]
Chromenylium-cyanine 0 to 5.0x%0 5.00x10° [29]
Chromenylium-cyanine 3.3x1to 1.0x10 2.36x10° This work
Chromenylium-cyanine 1.0x100 6.0x10’ 1.50x10° [30]

NA: Not available

It was found that the sensors formed colorlessti®oisi with cuprous ions in 1:2(v/v)
water/ MeCN at pH = 7.2. Upon addition of hypochmito these solutions, an absorption

peak centered at 711 nm appeared as a result drihation of Ca@* by in situ oxidation of
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Cu' ion (Figure 6). In order to evaluate the hypoditdosensing properties of the sensors via
Cu'—Cu** oxidation, the same experimental procedure adofotethetal sensing properties
were performed using common anions @F, Br, I, CH,COO, CIO, CO*, NO,, NOs,

PO, HSQ and SG*) and HO; , one of the reactive oxygen species, in watgufe 7).

ClO

5a ' H
5b : OH
5¢c . N(CH,CHj3),

Figure 6. Proposed spirocyclic ring-opening reactimuced by CUCU** oxidation.

Absorption behaviors of blank samples were investid in both some common
solvents (Figure S. 18) and different temperatufegure S. 19). It was found by
spectrophotometric analysis that stability of theprous ions was higher in MeCN.
Temperature dependencies of the sensors were ralestigated in the same media, and
significant absorption changes for blank samplesevaserved by increasing temperature.
Thus, all the spectrophotometric experiments weggfopmed at 25 °C in MeCN/water
mixture. Sodium ascorbate was used to stabilizerotigp ions in analysis media, and
ascorbate:Curatio was optimized as shown in Figure S. 20. ®p#mum concentrations of
Cu" and sodium ascorbate were determined as 1:bxL@nd 4.0x18 M, respectively. The
optical responses of the sensors toward  @l€re analyzed in MeCNAD (2:1, viv, pH 7.2)

at pH 7.2 applying 5 minutes incubation time. Idesrto determine selectivity of the sensors

17



at room temperature, 1x20 solution of the sensors was used each timedpthsence of 5
equivalents of FCI, Br, I, CHsCOO, CIlO, H,0,, CO*, NO,, NOs, PQ*, HSQ; and
SO%. The colorimetric responses of the, 5b and5c to OCI ion were given in Figure 7.
The more intense absorption bands were obtaine®@®@ir ion for all the sensors while the
other anions, showed negligible absorption bandsvdyer, selectivity experiments indicated
that the presence of 5-fold excess @bl caused interference by oxidation of *dan to
CU?*. The sensors responded tglh, although not as well as in the case of CE2cause of
weaker oxidation capacity of the,®, than CIO, the observed absorbance chance is much

lower than that in the presence of Q.
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Figure 7. Absorption changes of sensor (1.0%M) upon the addition of various anions and
H,0, (5 equiv) in water/MeCN (2:1, v/v) media at pH 2.7A: 5a, B: 5b and C:5c¢.

The competition experiments were conducted in thesgnce of CIO mixed with 10

equivalents of the other relevant anions, such & FBr, I, CH;COO, CIO, COs*, NO5,

NOs, PQ®, HSQ, and SG*. Competitive experiments performed in triplicat®wed that

5b yielded the higher recovery and lower RSD valuemtthose oba and5c (Figure 8).

Although, sensors showed

some selectivity towas@,Hexperimental result indicated that

H,0O, has had no obvious interference for the detecfddlO'.
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Figure 8. Effect of the competitive anions (5.0%1d) on the interaction between sensors
(1.0x10° M) in water/MeCN (2:1, v/v) media at pH = 7.2. %4, B: 5b and C:5¢
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The linear working ranges of the sensors were pbthby successive additions of solution of
hypochlorite into analysis media (Figure 9). Thahbration curves were established in order
to calculate detection limit of the sensors. Thpesxnent was performed three times, with
triplicate samples in the individual experimentscaibration curve for OClconcentratiorvs
absorption was obtained for sensing experimentsearor bars given in Figure 10 represents
the standard error for triplicate samples. The afite limits were calculated as 2.831M,
2.10x10° M and 2.60x18 M for 5a, 5b and5c, respectively. The results are tabulated and
compared with literature data in Table 3. As seehable 3,5a-cdisplayed highly selective
and sensitive response toward O@I detailed spectrophotometric analysis 5arand5c is

given in Figure S. 23 in Supplementary file.

Table 3. A comparison table about the detectioiitdifior ClO.
Working range, mol L* LOD, mol L™ Reference

Cyanine NA 1.00x10 [31]
Quinolone 8.00x10to 1.25x10 8.90x10° [32]
Chromenylium-cyanine 8.30xF@o 1.7x1¢f 2.10x10° This work
Coumarine NA 0.90x10 [33]

NA: Not available

1.3x10° M 1]

° o
o ©

Absorbance, a.u.
°
>

Absorbance, a.u.

o
N

4.2x107 M

0
600 650 700 750 800 850 0.0E+00  2.0E-06 4.0E-06 6.0E-06 8.0E-06 1.0E-05 1.2E-05 1.4E-05
Wavelength, nm [CIO7], moliL

450 500 550

A B
Figure 9. Optical responses of thk to hypochlorite ion sensors in water/MeCN (2:)v/

media at pH = 7.2. A, varying in terms of molar centration between 4.2x1@Gnd 1.3x10
M.
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Figure 10. The calibration curve for OGensing experiments was calculated by a least-
squares curve-of-best-fit procedure 5

Accuracy and precision of the sensors were testadp water samples. OGbn was
not detected in tap water, and all experiments wegormed on contaminated water
samples. Recovery values higher than 94% wereraatdor all the sensors. As seen in Table
4, 5a and5c showed lower repeatability for concentrations lowen 5.00 uM of the OCI
The RSD data calculated f8b showed that values of repeatability were acceptédn the
concentration range of 1.67—6.70 uM. The higheea#gility could be related to polarization
of imine double bond by electron—withdrawing hydfoyroup on aromatic ring, which

would favor the complexation of Elion [34].
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Table 4. Results for the determination of hypodl#an tap water samples.

Sensor Added M) Recovery (%) RSD(n=3)
1.67 100.82 5.03

Sa 5.00 99.16 2.24
6.70 100.41 0.97
1.67 105.42 2.85

5b 5.00 94.60 3.81
6.70 102.71 1.67
1.67 102.74 16.87

SC 5.00 97.28 1.12
6.70 101.37 3.76

3.2. Theoretical Calculations

The molecular structures of the sensors have beastigated by density functional theory
(DFT) in the gas phase. Theoretical calculationgehiaeen performed using the GAMESS
2018 program [35], and data were visualized by @&al486]. The Becke-3-Lee-Yang-Parr
(B3LYP) exchange-correlation functional with a 64, p) basis set for the H, C, N and O
and LanL2Dz for the Cu atom were used geometriecnopations [37,38]. No imaginary
frequency was obtained in vibrational frequencyualations for optimized geometries, which
demonstrated that all of the theoretical structuabsa minimum on the potential energy
surface. DFT calculations showed that sensors hbwmest planar geometry with close to 0°
dihedral angle between chromenylium-cyanine framevand indole moiety (Figure 11A). In

addition, DFT calculations revealed that the spctdm ring was perpendicular to the
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chromenylium-cyanine framework. It indicated thdte ttheoretical results were quite
compatible with the single crystal X-ray diffragtianalysis.

The sensor is likely to coordinate with Cwia phenolic O, amido N and carbonyl O
atom resulting in the ring opening reaction of #pérocyclic unit, as seen Figure 11B [39].
The geometry oBb-Cu** complex was optimized by using different basis & different
functional combinations and computed electronicidit®ons for corresponding geometries
were compared with the experimental results (TaBle3). Calculations showed that
SDD/B3LYP yields accurate prediction for electrosigectra. According to DFT data, the
low-energy optical transitions can be assigneg-ter* transition localized on the Schiff base
unit and chromenylium rings, and shoulder at 650 innexperimental spectrum could be
assigned to ligand to metal charge transfer tramsi(LMCT) [40] (see Figure S. 17 for

detailed analysis).

A B

Figure 11. DFT optimized geometries5f and its CG" complex.
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4. Conclusion

In summary, we developed a series of chromenyliyarine based Schiff base sensor to
monitor OCT ion in aqueous media. Colorimetric response ofsiesors to OClion was
obtained by Ct induced spirocyclic ring opening of the chromeagli-cyanine. An
absorption enhancement was observed at near-IRmremiresult of complexation of the
sensors with CU that generated by oxidation of Cions upon the addition of OTin
analysis media. The results indicated that senseingbit excellent selectivity toward OCI
and could be used as a selective colorimetric pfabdetecting OClion in aqueous samples.
The detection performances of the sensors weretedsed by means of RSD% in tap water,
and it was found that the sensors seem usefulh@rdetermination of the OCin real

samples.
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Highlights

¢ A series of chromenylium-cyanine sensors were designed for ClO™ sensing.

« Spirocyclic ring-opening reaction by coordination of Cu®* was observed.

¢ The sensors exhibited colorimetric response to hypochlorite ion at near-IR region.
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