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In this work, we designed and synthesized a phenazine derivative (POC) based
fluorescent sensor which could high selectivity detect hypochlorite in DM SO/H,O

(3:7, viv) solution.
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Abstract

In this work, we designed and synthesized a ratiommBuorescent sensoPQC)
based phenazine derivative which can specificakgd hypochlorite (detection limit
equals to 8.9 x I0 M) in DMSO/H,0O (3:7, viv) solution. With addition of
hypochlorite to the solution d?OC, hypochlorite brokem-n stacking ofPOC, and
then oxidizes sulfur atoms in phenazine groupsultoside, which resulted in the
fluorescent color changed from blue to yellow. 3opblot showed that binding
stoichiometry of POC with CIO was 2:1. In additionPOC could be used to
real-time detect hypochlorite in environment sarapknd the naked eyes detection

limit reached up to 7 x IOM.
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1. Introduction

It is well known that hypochlorite has strong oxidg properties undeacidic or
alkaline conditions and it could be used as bamt&i agent [1]. Nowadays,
hypochlorite has been widely used in householddbieg, disinfection of drinking
water andswimming pools. It is worth mentioning that usingpeopriate amount of
hypochlorite could provide us a cleanvironment, safe drinking water and served as
an effective antibacterial agent in lif@, 3]. However, hypochlorite is also a
double-edged sword. Residual hypochloritewater could enter the living body
through some routes and then enriched [4], whicly mduce oxidative stress and
oxidative damage, even causwore serious diseases such as arthritis and
cardiovascular disease, hard atheromaronal degeneration and cancer [5-11].
Hence, it is urgent needed to develop a novel ndetton efficiently detecting
hypochlorite in environmental samples.

Methods for detection of hypochlorite included natized iodometriditration [12],
electrochemical analysis [13], spectrophotomet#j,[@hemiluminescence [15], and
colorimetric chemosensor [16]. However, these dieteanethods require expensive
instruments and were not easy to promote. In regests, fluorescent sensdrave
become popular [17-20]. Fluorescent sensors basesmall organic molecules have
attracted wide attention of researchers becausigeaflow cost, simple synthesis and

easy operation [21-27]. Up to now, a large numid@rganic fluorescent sensors have



been developed, bratiometric fluorescence sensors which could bel tsesensitive
and convenient detelsypochlorite have been rarely reported [28-34].

Phenazine and its derivatives were used as rawrialatéor organic synthesis and
dye intermediates widely used in daily life and k¢85-40]. At the same time,
phenazine derivatives could be used as ionic ligaartti hydrogen bond acceptors
because of their own structural characteristicat@aing electron-deficient system,
with the pair of electron-bearing nitrogen atomsl &énree fused aromatic rings). It
was also beneficial fat-n electrons to overlap each other, so a kind of eamg has
considerable application prospects in supramoleath@mistry [41-46]. Therefore,
combining with our previous works [47, 48], we dpsd and synthesized
2-(methylthio)oxazolo[4,5-b]phenazinB@C) as novel ratiometric fluorescent sensor
(Schemel), which could high sensitivity and seltstiidentification hypochlorite
through oxidation reaction. Adding hypochloriteRGC in the DMSO/HO (3:7, v/v)
solution, hypochlorite brokemn stacking ofPOC, and then oxidizes sulfur atoms in
phenazine groups to sulfoxide, fluorescence cofoPOC solution changed from
green to yellow.

As we all know, the active ingredient of 84 distent was hypochlorite. We
diluted the 84 disinfectant (jing bai®)i with tap water, and then added different
concentrations of 84 disinfectant ROC (20 uM) solution to observe the color
change. The naked-eyes detection limitP@iC to 84 disinfectant was 7 x TOM
under the UV lamp (365 nm). ROC could be applied to the on-site and real-time

monitoring of hypochlorite in daily-life samples.



Schemel

2. Experimental section
2.1. Materials

All reagents were analytical grade, commerciallg anthout further purification.
UV-vis spectra were recorded on a Shimadzu UV-2330orescence spectra were
recorded on a Shimadzu RF-5301P% NMR spectra were recorded on a
Mercury-400BB spectrometer at 400 MHz with DM@Pas solvent. Chemical shifts
are reported in ppm downfield from tetramethyls#afTMS, 6 scale with solvent
resonances as internal standards). Mass specteapgeiormed on a Bruker Esquire
3000 plus mass spectrometer (Bruker-FranzenAnalgtikbH Bremen, Germany)
equipped with ESI interface and ion trap analyzer.
2.2. Synthesis and characterization of sensor POC

A mixture of oxazolo[4,5-b]phenazine-2-thiol (0.2§31 mmol), KCO; (0,138 g,
1 mmol), KI (1.992 g, 1.2 mmol), methyl iodide (@1lg, 1.2 mmol) and acetonitrile
(50 mL) were add to a 100 mL round-bottom flask emditrogen atmosphere. The
reaction mixture was stirred at 80 for 72h. The crude product was purified by silica
gel column chromatography using petroleum etheyfedbetate (v/iv = 50:1) as the
eluent, compound®OC as yellow solid (0.234 g, yield 88%) was isolatedp.
263-265C 'H NMR (Figure S1) (400 MHz, DMS@) & 8.35 (s, 2H, ArH), 8.25 (s,
2H, ArH), 7.96 (dJ = 3.2 Hz, 2H, ArH), 2.89 (d] = 2.5 Hz, 3H, SCh). 1°C NMR

(151 MHz, CDC}), é/ppm: 172.66, 142.83, 142.74, 141.72, 141.35, B3(1B0.12,



129.38, 129.19, 115.15, 105.96, 14.70. ESI-MS @Acd for G4H10N30S [POC +
H]": 268.0545; Found 268.0542 (Figure S2).

2.3. Preparation of solutions of ROS and anions

The ROS (reactive oxygen species) including NOs*,«ONOO, H,O, OHs,
t-BuOOH and ClOwere prepared as follows: NaClO was prepared linlg with 8%
aqueous solution, and final concentration is 1.00%¥ M. H,O, was obtained by
diluting with 30% aqueous solution, and final camtcation is 1.0 x 1T M. Nitric
oxide radical (NOe¢) was generated from SNP (sodiairofer-ricyanide (lll)
dihydrate). SNP was added to deionized water aed ttirred for 1 h at room
temperature. Hydroxyl radical (OHes) was generatgdtle Fenton reaction. To
prepare OHe solution, FeQQvas added in the presence of 50 uM @O With
deionized water, a 70% solution was diluted to areptert-butyl hydroperoxide
(t-BUOOH). The superoxide radical (P was generated from improved
1,2,3-trihydroxybenzene autoxidation method, theogallol solution (in 1 M HCI)
was thoroughly mixed with pH 7.4 Tris-HCI bufferem®xynitrite (ONOO) was
prepared by the reaction of hydrogen peroxide wattiium nitrite. Sodium salt (1.0 x
102 M) of anions (F, CI, I, SCN, ClO;", BrOs", and IQ") and potassium salt (1.0
x 102 M) of anions (BFf, H,PO,", HPQ?, PQ*", P,O;*, PO, HSQ, SO,
SO, S04, $7, N*, NOs , NO,, GO, CO%, AcO, and BO;*) was prepared

in twice-distilled water.

Figurel; Figure2



3. Resultsand Discussion
3.1. Sdf-assembly study

At the beginning, we investigated the self-assempipcedure of POC in
DMSO-H,;O binary solution. As shown in Figure 1, tR®@C (20 uM) could dissolve
in DMSO solution and no fluorescence. With watenteat increases, the emission
intensity at 489 nm increased gradually and thesrgriduorescence appeared. The
emission intensity was maximized when the watetamireaches 70%. Regrettably,
as the water content continues to increase, thereficence intensity at 489 nm
decreases gradually. According to the related tegd®-51], we speculate theOC
hasn-n stacking interactions in DMSO-B binary system (Scheme 2). Meanwhile,
the XRD spectra supported this proposed mechamskigure S4. The free sensor
POC has a peak at0223.7°, corresponding to d-spacing of 3.81A, whintlicated
that n-nr stacking interactions existed IROC. Based on the above tests, we
determined that thé?OC could self-assemble via-n stacking interactions in
DMSO-H,;0 binary system.
3.2. Photophysical properties of sensor POC
We carried out its UV-vis absorption experiments ghown in Figure S5, sensor
POC (20 uM) with and without CIO were observed in DMSOM (3:7, v/v)
solution, the free sens®0OC have a strong absorption peak at 390 nm. Inteiggti
when excess ClOwere added to the send8®C (20 uM) solution, the absorption
peak at 390 nm decreased and a broad shoulderappakred at 430 nm. Meanwhile,

the color of POC solution changed from colorless to pale yellow. dddition,



fluorescence spectra of sensBOC with and without CIO were observed in
DMSO/HO (3:7, v/v) solution. As shows in Figure 2, serBoC (20 uM) exhibits a
strong emission peak at 489 nm, delightfully, fesrence emission from a solution of
POC undergoes a 61 nm red-shift upon addition of Clénd fluorescence color
dramatically changed from green to yellow. Subsatijyewe investigated the ability
of the sensor moleculeOC for detect hypochlorite in different DMSO-8 binary
solution. As shown in Figure S6 the sensoPOIC showed good detection ability for
hypochlorite under different DMSO-8 binary solution, with the increase of water
content, the emission intensity at 520 nm gradud#greases. And time-dependent
variations in the fluorescence emission spectrassayere monitored in the presence
of 50 equivalents of CIQ as shown in Figure S7. The kinetic study shovired the
reaction was completed within 18 min for Cl@Vhat’s more, with the time extension,

the intensity ratio (ked/Fsso) remains unchanged.

Figure3
3.3. Sensitivity studies
The interaction betwedPOC and CIO was further investigated through fluorescence
titration methods by adding a standard solution cofresponding ions to a
DMSO/H,0 (3:7, v/v) solution of thePOC (2.0x10° M). As shown in Figure 3,
Upon addition of CIO (0-122 equiv.), an isosbestic point at 520 nm slesrly
observed with increasing concentrations of hypadelo at the same time, the

emission intensity at 489 nm gradually decreasegedsas the emission intensity at



550 nm increased gradually. The ratio of the flsoemce intensities at 489 and 550
nm (Fasy/Fss0) decreases 33-fold upon addition of 122 equival€iO . Moreover, in
order to further determine the detection limit bé POC to CIO, the fluorescence
spectrum of the blank test was measured 20 timebiltee standard deviation of the
blank measurement was calculated. The linear dittvas performed according to the
fluorescence titration curve to determine the sl{figure S8). The detection limit
was calculated using the following equation: Detectimit = 36/S. The detection
limit of POC to hypochlorite was 8.9 x I0M. We have compared the POC with
other reported sensors. We found that the respanseof POC for CIO was 18 min,
which was longer than other reported sensors, hlmritsensitivity ofPOC for CIO

was higher than other reported sensors.

Figure4

3.4. Sectivity studies

In order to investigate the selectivity ¢fOC to CIO, we measured the
fluorescence intensive #10C in the presence of various analytical substratesGl ,
I”, SCN, CIOs, BrOs, 1057, Br, H,PO,", HPO?, PO, RO/*, P,Oio, HSQ/,
SO, SO, $05°7, S, N, NOs™, NO;, G047, CO,™, AcO, B,O7*, CIO’, and
H,0,). As shown in Figure 4, after addition of hypodite to POC, the maximum
fluorescence emission peak BOC was red-shifted from 489 nm to 550 nm, while
other analytical substrates showed no change inmma fluorescence emission peak.

Competition experiments also showed that otheryéemlhad no effect oOC



detection hypochlorite. As shown in Figure 5, théa of intensity ratio (kgy/Fsso)
was hardly changed by adding 50 equivalents ofro#malytical substrates to the
solution of POC-CIO . Subsequently, we measured the fluorescence ineend
POC in the presence of various reactive oxygen spéiiekiding NOe, «G", ONOQO,
H,0,, OHe, t-BUOOH and CIQ. As shown in Figure S9 and Figure S10, Only TIO
responds tdPOC, competition experiments also showed that othactree oxygen
species had no effect #OC detection hypochlorite. The above experiments stbow

thatPOC could high selectivity detect hypochlorite.

Figure5

3.5. The effect of pH

To further confirm the practical applicability BOC, pH effect on the performance
of POC toward CIO was investigated from pH 2 to 13 in DMSQM (3:7, v/iv)
HEPES buffered solution. The results were depiateBigure S11, Figure S12 and
S13. In the absence of ClOthe intensity ratio of the sens®OC (FssdFss0)
drastically reduced at pH > 11, but in the presesfc€lO, the intensity ratio of the
sensorPOC (F4sdFss0) remained unchanged in a broad pH range. Thesdtges
indicated that CIO could be clearly detected by fluorescence speatedsurement
usingPOC in the broad pH range of 2-10.
3.6. Soichiometric relationship studies

In order to determine the stoichiometric relatiapdhetweenPOC and CIO, job

plot was obtained. The method was that keepingd totacentration oPOC and CIO



at 10.0uM in DMSO/H,O (3:7, v/v) solution, and changing the molar raifaCIO
Xm; Xm = [CIOT]J{[POC]+ CIOT]}) from O to 1. As shown in Figure 6, the
fluorescence intensity at 550 nm was plotted agamdar fraction ofPOC sensor.
The maximum emission intensity was reached whemblar fraction was 0.3. This
result illuminated that binding stoichiometry BOC with CIO was 2:1. The same
result was obtained for tHel NMR titration experiment. As shown in Figure Them
0.5 equivalents ClOwere added t®OC, the signal peak at 2.89 ppm was shifted to

2.93 ppm.

Scheme 2

3.7. Sensing mechanism

It is well known that under certain oxidizing agenthioether groups can be
oxidized to sulfoxide groups, sulfones groups, @awen sulfonates. According to
previous reports [52, 53], we proposed a reasonalglehanism for the detection of
hypochlorite byPOC in aqueous solution. As shown in scheme 2, witthitewh of
hypochlorite to the solution d?OC, hypochlorite brokem-n stacking ofPOC, and
then oxidizes sulfur atoms in phenazine groupsutimside. In order to further verify
the proposed response mechanism, we performed XRDNMR and mass
spectrometry measurements. The above self-assandaitianism was confirmed by
XRD (Figure S4). The free sensBOC have a peak at0223.7°, corresponding to a
d-spacing of 3.81A, indicating that-n stacking interactions exists iROC. In

addition, compared tdPOC-CIO’, this peak was significantly decreased. The



experiments showed that hypochlorite leads-tostacking decrease@ihe 'H NMR
titration experiment was recorded, as shown in féigd, with the addition of
hypochlorite toPOC solution, H (2.89 ppm) signal peak in DMSQ@y- gradually
disappeared, and when 0.5 equivalent of GM@s added, a new signal peak appeared
at 2.93 ppm, the signals of'i8.34 ppm), B (8.24 ppm) and H(7.96 ppm) showed
downfield shifts (shifted to 8.38 ppm, 8.29 ppm0AB.ppm, respectively), which
indicated that withthe addition of hypochlorite, the electronegativitly POC
increases, and peak &OC signal shift to downfield field. To further verify
rationality of sensing mechanism, we tested theti@a mixture ofPOC and CIO by
mass spectrometer. To our delight, Figure S14 restsifan increased molecular
weight of 16, which is equal to the molecular weiglf oxygen. The above
experiments supported our proposed sensing mechamhigpochlorite broker-n

stacking ofPOC, and then oxidizes sulfur atoms in phenazine ggdagsulfoxide.

Figure6

3.8. POC detection of 84 disinfectant

Based on above experiment results, we further tigaged the applicability of
sensorPOC for detecting hypochlorite in daily life relevasamplesWe prepared a
commercially available 84 disinfectant (jing b&)las analytical substrate. As shown
in Figure S15we added different concentrations of hypochlorigenflectant solution
to 20pM POC DMSO/H,O (3:7, v/v) solution. When concentrations reached10°

M, the fluorescent color of solution couldn’t changbviously. Thus the naked-eyes



detection limit ofPOC to hypochlorite was 7 x IOM under the UV lamp (365 nm).
In order to investigate the practical applicatioh sensorPOC, test strips were
prepared by immersing filter papers into DMS@IH3:7, v/v) solution oPOC (2 x
10* M) and then drying in air. As shown in Figure S¥$jen 84 disinfectant and
other ions were added to the test kit, the obvicnisr changes was observed only
with 84 disinfectant under the UV-lamp (365 nm),dapotentially competitive
analytical substrates did not affect the deteatibtine disinfectant solution by the test
strip. ThereforePOC provides a possibility for detecting hypochloriisinfectants
on-site in daily life, andPOC test strip could be used as an effective tooti&iecting

hypochlorite in real time.

Figure?7

4. Conclusion

In summary, a novel ratiometric fluorescent sen&wmr highly selective and
sensitive detection hypochlorite based on phenadentvative was designed and
synthesized, which could be used as a fluoresespibnse sensor for hypochlorite in
DMSO/H,O (3:7, viv) solution. Detailed mechanism studiedicate that addition of
hypochlorite, hypochlorite broken-n stacking of POC, and then oxidizes sulfur
atoms in phenazine groups to sulfoxide. The detedtmit of POC to hypochlorite
was as low as 8.9 x 10M in aqueous solution. In additioROC could detect 84
disinfectant in aqueous solution, and naked-ey&cten limit was 7 x 10 M. POC

test strips could be applied to detect hypochlorépidly of hypochlorite in the



disinfectant. In view of this, we designed and bkgsized a phenazine
derivative-based ratiometric fluorescent sensorecuwe POC, which provides a
practical method for the detection of hypochlonit@laily life samples.
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volumetric fractions of water (Mol%).
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equiv.) in DMSO/HO (3:7, v/v) solution.



600 -

500

400 H

300 4
122 equiv.

|

0

200

Fluorescent Intensity

100

0+ T
400 450

T T T
500 550 600 650 700

Wavelength (nm)
Figure 3 The response fluorescence intensityP@fC (20 uM) were present
different concentration CIOin DMSO/H,O (3:7, v/v) solution. Inset: The
ratios of emission intensities at 489 and 550 nggdffss0) depending on the

concentration of ClQ



700

600

500

400 4 POC + CIO

300

200

Fluorescent Intensity

100

I I 1 I |
400 450 500 550 600 650 700

Wavelength (nm)
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Highlights

1

2.

A novel fluorescent sensor for highly selective and sensitive detection of hypochlorite.

Taking advantage of a simple mechanism of oxidation reaction.

Thetest strips could conveniently and rapidly detect hypochlorite solutions.

POC could serve as a fluorescent sensor material for detecting the active ingredient in 84

disinfectant.



