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A novel ratiometric fluorescent probe for the
selective determination of HCIO based on the ESIPT
mechanism and its application in real samplest

Jingrui Li,2® Aijun Gong, ©2*3 Guoging Shi® and Chengwen Chai®

Based on the ESIPT fluorescence mechanism, herein, a novel ratiometric fluorescent probe was designed
and synthesized for the detection of HCIO. The reaction site of diaminomaleonitrile at the ortho-position of
the phenolic hydroxyl group made the probe exhibit a ratiometric fluorescence response towards
hypochlorous acid (HCIO). The specific sensing mechanism was verified via MS, HPLC and 'H NMR
spectroscopy. Moreover, the probe showed excellent performance with high sensitivity and good
selectivity towards HCIO in the presence of other reactive oxygen species. In addition, the probe was
successfully applied to detect HCIO spiked in tap water, river water and diluted human serum with good

rsc.li/rsc-advances recoveries.

1. Introduction

In our modern daily life, for clean drinking water, hypochlorous
acid (HCIO) is widely used as a common disinfectant, especially
in water treatment and distribution; in addition, HCIO is used
on a large scale in the food industry. As one of the natural
oxidants, HCIO can be dissociated into hypochlorite anion
(OCI") under physiological conditions (pK, = 7.46)." In biology,
its oxidation property make it react with many biomolecules
such as DNA, RNA, fatty acid groups, cholesterol and proteins.
HCIO as a typical reactive oxygen species (ROS) plays an
important role in some pathological and biological events;* for
instance, HCIO mediates the peroxidation of chloride ions in
activated leukocytes® and acts as a critical microbicidal agent in
response to inflammatory stimuli; moreover, the abnormal
generation of HCIO from phagocytes can cause many
inflammation-related diseases including cardiovascular and
cancer,” neurodegeneration,® renal disease® and osteoarthritis.”

Compared to traditional analytical techniques, such as electro-
analysis, chemiluminescence, or chromatography, used for the
determination of HCIO, fluorescence detection®**° has been found
to be superior in some aspects such selectivity and sensitivity. The
fluorescence method also meets the requirement of a fast response
and real-time detection, which is appropriate for the investigation of
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HCIO in complicated and living systems."*™ Therefore, many
fluorescent probes have been designed and developed in recent
years. Wang et al.*® developed an effective method for the imaging of
lysosomal HCIO to better understand its role in HClO-related
diseases. Xue et al.'® designed a simple and efficient ratiometric
fluorescent nanoprobe for the imaging of exogenous/endogenous
HCIO in lysosomes. Zhang et al."” developed a lysosome-targetable
fluorescent probe for HCIO detection by combining a 4-(2-
aminoethyl)-morpholine moiety and a HClO-capturing group
phenyl-thiourea together. Yang et al'® synthesized a fluorescent
probe for the quantitative detection of HCIO and live cell imaging,
which provided a powerful tool for the investigation of HCIO. Peng
et al.* reported a BODIPY-based HCIO probe with high sensitivity
and fast response that was applied to image basal HCIO in cancer
cells. In addition to the abovementioned fluorophores, the other
fluorophores used in probe designs include coumarin,® rhoda-
mine,* heptamine cyanine* and iridium complexes.*

2-(2'-Hydroxyphenyl)benzimidazole (HBI) is a typical fluores-
cent compound, which emits intense fluorescence via an excited-
state intramolecular proton transfer (ESIPT) reaction. Its unique
characteristic of a large Stokes shift (>100 nm) with a good
quantum yield (40-65%, in aqueous solution) makes it suitable for
wide applications in laser dyes, high-energy radiation detectors
and fluorescence imaging. Most of the probes synthesized on the
basis of HBI or its derivatives exhibit fluorescence emission of
a typical “turn-on” type. He et al.** reported a highly selective and
sensitive probe for HCIO detection by choosing HBI as a fluo-
rophore. Compared to “turn-on” probes, the ratiometric fluores-
cent probes are more reliable because these probes can reduce the
detection error by self-calibration based on two fluorescence
emission bands; however, to date, only few ratiometric fluorescent
probes have been designed based on HBI or specifically used for
HCIO detection.
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Therefore, in this study also, HBI was chosen as a fluo-
rophore for the synthesis of a novel ratiometric probe. Dia-
minomaleonitrile was taken as the reaction site for the sensor
design. Compared to the former ESIPT fluorophore HBO (2-(2'-
hydroxyphenyl)-benzoxazole),* the fluorescent response group
diaminomaleonitrile led to a ratiometric probe that was fluo-
rescence emission type instead of intensity-based type. Upon
the addition of HCIO, the probe subsequently reacted with it to
realize hypochlorous acid-initiated oxidative intramolecular
cyclization, thus providing a rapid and sensitive fluorescence
response towards HCIO. Due to its improved performance, the
probe could be applied to detect HCIO in tap water, river water
and diluted human serum samples.

2. Experimental
2.1 Reagents and instruments

All the solvents and reagents employed herein were obtained from
commercial suppliers and used directly without any further puri-
fication. Herein, the UV-vis spectra were obtained using the UV-vis
spectrophotometer UV-8000S (Shanghai Metash Instruments Co.,
Ltd.). The fluorescence spectra in this study were obtained using
the fluorescence spectrophotometer FS5 (Edinburgh Instruments).
Quantum yield measurements were carried out using a spectro-
fluorometer (FS5) equipped with an integrating sphere. The 'H
NMR and "*C NMR spectra were obtained using the Bruker AV-300
spectrometer (Bruker), with chemical shifts reported as ppm (in
CDCl; and DMSO-dg, with TMS as the internal standard). Mass
spectra analysis was carried out using the LCQ Fleet mass spec-
trometer (Thermo Fisher).

2.2 Synthesis of the probe

In a round-bottom flask equipped with a magnetic stirring bar,
5-methylsalicyladehyde (136 mg, 1 mmol) and sodium bisulfite
(104 mg, 1 mmol) were dissolved in ethanol (15 mL). The
solution was stirred at room temperature for 4 h. Then, the
solution of o-diaminobenzene (108 mg, 1 mmol) dissolved in
ethanol (5 mL) was added to the flask and heated to reflux for
4 h. The reaction was quenched by pouring the solution into ice
water. After a few minutes, a white solid precipitated from the
aqueous phase. The crude product, i.e. compound 1, was ob-
tained by filtration under diminished pressure, and then, it was
applied directly in the next step for the synthesis of the fluo-
rescent probe without any purification (168 mg, 75% yield). 'H
NMR (300 MHz, DMSO-d,) 6 13.13 (s, 1H), 12.86 (s, 1H), 7.90-
7.83 (m, 1H), 7.69 (d, J = 7.5 Hz, 1H), 7.58 (d, J = 7.5 Hz, 1H),
7.27 (p,J = 5.4 Hz, 2H), 7.18 (ddd, J = 8.4, 2.2, 0.7 Hz, 1H), 6.92
(d, ] = 8.3 Hz, 1H), 2.31 (s, 3H). MS (ESI): caled for C,,H;,N,O:
224.09; found: 225.39.

The compound 2 was synthesized according to the Duff
reaction. Typically, compound 1 (112 mg, 0.5 mmol) and
hexamethylenetetramine (HMTA, 210 mg, 1.5 mmol) were dis-
solved in trifluoroacetic acid (15 mL). The mixture was heated
and refluxed for 8 h under the protection of nitrogen gas. The
reaction was quenched by pouring the solution into ice water.
The obtained solution was adjusted to neutral with sodium
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hydroxide. A yellow solid precipitated from the solution. The
product was obtained through filtration and purified with silica
chromatography using hexane-ethyl acetate (10:1) as the
eluent to obtain a pure product (70 mg, 56% yield). "H NMR
(300 MHz, DMSO-dg) 6 13.84 (s, 3H), 10.47 (s, 1H), 8.19 (dd, ] =
2.2, 0.8 Hz, 1H), 7.68 (dt, J = 8.0, 4.0 Hz, 2H), 7.60 (dd, J = 2.2,
0.9 Hz, 1H), 7.37-7.25 (m, 2H), 2.36 (t, ] = 0.7 Hz, 3H). MS (ESI):
calcd for C;5H,N,0,: 252.09; found: 253.62.

Compound 2 was reacted with diaminomaleonitrile to
obtain the probe. Compound 2 (51 mg, 0.2 mmol) and dia-
minomaleonitrile (22 mg, 0.2 mmol) were dissolved in EtOH (15
mL). Then, 3 drops of acetic acid were added to the mixture. The
solution was further refluxed for 5 hours under N, gas protec-
tion. The final yellow solution was concentrated to obtain
precipitates, which were filtered off and washed with EtOH. The
product was recrystallized in EtOH to obtain a yellow solid
(41 mg, 60% yield). "H NMR (300 MHz, DMSO-dg, TMS): 6 13.37
(s, 1H), 8.71 (s, 1H), 8.20 (d, J = 2.1 Hz, 1H), 8.02 (d, J = 2.2 Hz,
1H), 7.95 (s, 2H), 7.67 (s, 1H), 7.30 (d, J = 7.4 Hz, 1H), 2.37 (s,
3H). MS (ESI): caled for C,oH,4NgO: 342.12; found: 343.36.

2.3 Fluorescence detection procedure

The stock solution of the probe was prepared by dissolving the
probe in methanol. All the stock solutions of the other analytes
were obtained by dissolving them in ultra-pure water (see ESIT).
The fluorescence properties of the probe were investigated in
PBS/MeOH (v/v, 4: 1, pH = 7.4, 10 mM). Each spectrum was
obtained after 1 min. The detection limit (LOD) was calculated
based on the fluorescence titration reported in the literature.
The fluorescence intensity of ten blank samples was measured.
Then, the corresponding mean value and the standard devia-
tion were calculated. Moreover, LOD was calculated based on
the formula LOD = 30¢/k, where ¢ is the standard deviation of
the blank samples measured 11 times and k is the slope ob-
tained from the calibration curve.

The quantum yields (QY,n) of the probe and the probe-HCIO
system were determined according to the literature.>>*¢ All the
data were acquired in PBS/MeOH (v/v, 4 : 1, pH = 7.4, 10 mM).
The QY, defined as the ratio of the emitted photons to the
absorbed photons, was determined according to the following
expression:

_ number of photons emitted Lampie
" number of photons absorbed  Ereference

- Eszlmple

where 7 represents QY, Lgample is the emission intensity, and
Ereference a0d Egample are the intensities of the excitation light not
absorbed by the reference and the sample, respectively.

3. Results and discussion
3.1 Probe design and synthesis

In the probe proposed herein, HBI was used as a fluorophore,
which generated fluorescence under ultraviolet excitation; its
unique ESIPT process endowed the probe with excellent fluo-
rescence properties such as a large Stokes shift (>100 nm) and
fast fluorescence response towards HCIO. As a typical

This journal is © The Royal Society of Chemistry 2019
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fluorophore based on the ESIPT mechanism, HBI emits intense
fluorescence via an excited-state intramolecular proton-transfer
reaction, which guarantees fluorescence emission during the
detection process. On the other hand, the reaction site on the
probe could change the fluorescence emission type to realize
the detection of HCIO.

In this study, HBI-CH; was easily obtained under mild
conditions. Without any purification, it could be directly used in
the following reaction. The introduction of an aldehyde group
was realized through the reaction of HBI-CH; with hexamethy-
lenetetramine (HMTA) in an acid solution; the final reaction to
synthesize the probe involved the stirring of HBI-CHO and
diaminomaleonitrile in methanol under reflux conditions. The
introduction of a reaction site at the ortho-position of the
phenolic hydroxyl group caused the corresponding probe to
exhibit different fluorescence emissions. Its fluorescence
property and detection mechanism were investigated via the
following experiments (Scheme 1).

3.2 Fluorescence response of the probe toward HCIO

The fluorescence property of the probe was investigated in PBS/
MeOH (v/v, 4 : 1, pH = 7.4, and 10 mM) at room temperature. As
shown in Fig. 1, the probe displayed a fluorescence emission
band at 600 nm. Upon the addition of HCIO, a new fluorescence
emission band appeared at 485 nm. Its fluorescence intensity at
485 nm gradually increased with an increase in the amount of
HCIO. However, the fluorescence intensity at 600 nm did not
change and maintained its original level. Therefore, the probe
exhibited a ratiometric characteristic towards HCIO. By plotting
the fluorescence intensity ratio (Fl,s5/FIg00) versus the concen-
tration of HCIO, a good linear relationship was obtained in the
concentration range from 2.0 uM to 45.0 pM. The detection
limit was calculated to be 14.6 nM based on 3¢/k. The result
proved that the probe could quantitatively and qualitatively
determine HCIO with a low detection limit. Based on the
abovementioned experimental results, it can be concluded that
the proposed probe shows some advantages over the other
probes listed in Table 1 in terms of the detection solvents,
Stokes shift, detection limit and response time; this indicates

NaHSO
NH 3
OHC @[ 2 EtOH @[
+
NH, reflux
CH,
Compound 1
--------------------------------------------- reflux HMTA
TFA
NC CN NC NH
HN  N= HO
@ EtOH, rt @ >_C2
H,C
The probe Compound 2

Scheme 1 Synthesis of the probe.
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Fig. 1 Fluorescence spectral changes of the probe (10 uM) in PBS/
MeOH (v/v, 4 : 1, pH = 7.4, and 10 mM) upon the addition of different
amounts of HCLO (2.0-80.0 uM). Fluorescence intensity was deter-
mined 1 min after the addition of HCLO at room temperature (slit width:
2/8 nm, Aex = 340 nm).

that the probe proposed herein has great potential in HCIO
detection (Fig. 2).

Moreover, the UV-vis absorption of the probe was investi-
gated. As shown in Fig. 3, the probe exhibited an absorption
band between 350 nm and 425 nm with a peak centered at
400 nm. Upon the addition of HCIO, the absorption band at
400 nm went down to the lower absorption value. However,
a new absorption band at 335 nm appeared in the spectrum.
HCIO was added to the detection solution to react with the
probe, leading to the fluorescence and UV-vis response. The
specific detection mechanism was investigated to explain the
internal changing processes.

From the initial investigation of the fluorescence properties,
it was clear that the introduction of diaminomaleonitrile did
not quench the fluorescence. Thus, the proposed probe is
fluorescence intensity ratio type.

3.3 Time-dependent fluorescence response

In addition, the time-course fluorescence response of the probe
towards HCIO was tested. As shown in Fig. 4, upon the addition
of 26 and 60 pM HCIO, the fluorescence ratio (Fl,gs/Flgoo)
increased significantly and reached a maximum value within 30
seconds. This result showed that the probe exhibited a kind of
‘fast response’ characteristic for HCIO and could be appropriate
for the real-time detection of HCIO.

3.4 Selectivity of the probe

The selectivity of the probe towards HCIO was also investigated.
The interfering components could be divided into three cate-
gories: anions, metal cations and ROS. Other reactive oxygen
species (ROS) were chosen to verify the probe's fluorescence
response towards them. The preparation details of ROS, which
include '0,, "OH, H,0,, Fe**, ONOO~, NO, and ‘BuOOH, are
provided in the ESLf

RSC Adv., 2019, 9, 30943-30951 | 30945
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Table 1 Typical ratiometric fluorescent probes for the determination of HCIO
Detection Response

Probe Aex (NM), Aep, (Nm) Detection solvent limit time Ref.

530, 605/760 PBS 100 nM 10 min 27

360, 492/562 PBS, pH7.4, 5% DMF 89 nM 1 min 28

475, 495/618 PBS, pH7.4, 1% ACN 4.6 nM 200 s 29

350, 425/600 PBS, pH7.4, 10% DMSO 15.2 nM 50 s 30

475, 512/653 PBS, pH6.0, 50% ACN 56 nM 13 min 31

488, 511/713 PBS, pH7.4, 50% EtOH 10.6 nM 10s 32

340, 485/600 PBS/MeOH (v/v, 4 : 1) 14.6 nM 30s This work

CH,

As shown in Fig. 5, the commonly used anions did not affect
the detection. All the chosen metal cations did not produce new
interference, except for the copper ions. The copper ions could

Fi485 / Fig00

54

0

10 20 30 40 50 60 70 80 90
Concentration of HCIO/ pM

Fig. 2 A linear relationship between the fluorescence ratio for the
probe (10 uM) and the HCIO concentration (2.0-45.0 uM). Fluores-
cence intensity was determined 1 min after the addition of HCIO at
room temperature (slit width: 2/8 nm, A¢x, = 340 nm).

30946 | RSC Adv., 2019, 9, 30943-30951

quench the fluorescence of HBI.** Most importantly, other ROS
also did not trigger an increase in the fluorescence of the probe.
Especially, the probe exhibited about an 8-fold increase in the

0.7 1
—— the probe + 60.0 uMHCIO
- - - the probe + 40.0 yMHCIO
- - - the probe + 20.0 yMHCIO
- - - the probe + 4.0 uMHCIO
the probe
blank

0.6 .

0.5 1

0.4 1

Abs.

0.3 1
0.2 1
0.1

0.0
200 250 300 350 400 450 500 550 600

Wavelength(nm)

Fig. 3 UV-vis absorption spectra of the probe in PBS/MeOH (v/v, 4 : 1,
pH = 7.4, and 10 mM) upon the addition of different amounts of HCIO
(4.0, 20.0, 40.0, and 60.0 puM).

This journal is © The Royal Society of Chemistry 2019


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c9ra04569d

Open Access Article. Published on 30 September 2019. Downloaded on 2/9/2026 11:36:57 AM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Paper
44 - ] ] L
]
o 3+
3
[T
2
) [ | = [ ] |
™ ]
1-
- E 26uMHCIO + Probe
0- B 60uM HCIO + Probe
0 5 10 15 20 25

Time (s)

Fig. 4 Time-dependent fluorescence ratio (Flsgs/Flgoo) of the probe
(10 uM) towards HCIO (26 uM and 60 puM) in PBS/MeOH (v/v, 4 : 1, pH
= 7.4, and 10 mM). Fluorescence intensity was determined 1 min after
the addition of HCIO at room temperature (slit width: 2/8 nm, Aoy =
340 nm).

fluorescence intensity ratio towards HCIO over other ROS. The
competition experiment results were in agreement with the
abovementioned results. These results demonstrate the selec-
tivity of the probe for HCIO.

3.5 Effect of pH on the fluorescence emission of the probe

The influence of pH on the detection assay was also investi-
gated. In real sample detection, pH is important for the appli-
cation of a probe. Therefore, the effect of pH on the emission
spectra of the probe was investigated. As shown in Fig. 6, pH did
not exert an obvious influence on the fluorescence intensity of

4.5+ XX Competition [l Selectivity

AOONNEN _NMNSNNSNNSERNSMA
3.5
3.0
2.5
2.0
1.5+
1.0

0.5+

Fig. 5 Fluorescence response of the probe (10 pM) toward anions (50
M), metal cations (50 uM), and ROS in PBS/MeOH (v/v, 4 : 1, pH =74,
10 mM). (1) 'Oy, (2) "OH, (3) H20,, (4) Fe**, (5) ONOO, (6) NO, (7)
'BUOOH, (8) Cu?*, (9) Zn?*, (10) Ca®*, (11) Cd®*, (12) Fe?*, (13) Co®*, (14)
ALY, (15) CHsCOO™, (16) Hg?", (17) Mg?*, (18) Na*, (19) K*, and (20)
HCIO. Fluorescence intensity was determined 1 min after the addition
of HCLO at room temperature (slit width: 2/8 nm, Aex = 340 nm).
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the probe at 600 nm over the range from pH 4.0 to 9.0. Upon the
addition of HCIO, the fluorescence intensity of the probe at
600 nm did not change, and a new fluorescence emission at
485 nm appeared but did not show a significant difference.
When the added concentration of HCIO was 60 uM, the fluo-
rescence intensity ratio (Flg5/Flgoo) Wwas maintained at 4.2 from
pH 4.0 to 9.0. This result indicated that the probe could
potentially be applied for determining HCIO in real samples.

3.6 Detection mechanism

According to the literature,**** there are two kinds of typical
detection mechanisms (Scheme 2): hypochlorous acid-initiated
oxidative intramolecular cyclization and removal of the
unbridged imine C=N bond. The designed probes based on the
abovementioned two chemical reactions were fluorescent “turn-
on” types. Although the recognition functional group was the
same as that in the former probes, the fluorescence emission
type of the probe in this study was different. Therefore, it was
urgent to investigate the mechanism involved in the fluores-
cence detection.

To verify the detection mechanism of the probe for HCIO in
a detection solution, related experiments were performed. At
first, the detection solution was directly injected into the mass
spectrometer to mainly analyze its composition. Based on the
obtained MS spectrum (Fig. 7), it was preliminarily concluded
that the probe reacted with HCIO in solution and converted to
a new species, which was assigned to the new peak at m/z
339.18. Moreover, when the probe reacted with a 3 equivalent
amount of HCIO, the probe was completely converted to a new
species (inner table in Fig. 7). This reaction was not affected by
the pH of the detection solution, which was in agreement with
the effect of pH on the fluorescence emission of the probe. The
new species at m/z 339.18 was the unique product of the
detection reaction.

> 9
4 - * o N4 >
(= 3
8 #  the probe
i @ the probe + 15 yM HCIO
» <& the probe + 60 yM HCIO
0 2+
<
(T
1l e ¢ @ . .
® "o
ol—m_ 8 ® =g g !
4 5 6 8 9

pH

Fig. 6 Effect of pH on the fluorescence ratio (Fl4gs/Flgoo) of the probe
(15 uM) in the absence/presence of HCIO (15 uM and 60 pM). Fluo-
rescence intensity was determined 1 min after the addition of HCIO at
room temperature (slit width: 2/8 nm, Aex = 340 nm).
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Scheme 2 Detection mechanism of the probe towards HCIO.

Subsequently, we tried to separate the product generated in As shown in Fig. S3,f compared to the chromatogram of the
the detection reaction through HPLC. The concentration of the probe with the detection solution, a new peak at the retention
probe in the detection solution was increased to meet the test time of 7.25 min appeared, which could be attributed to the new
requirement. After optimizing the instrumental conditions, the species. The mobile phase effluent at this retention time was
components of the detection solution were efficiently separated. obtained, concentrated and directly injected into the mass

4.probe+HCIO#44 RT:0.21 AV:1 NL:1.89E3
T: ITMS - ¢ ESI Full ms [110.00-500.00]

100+ 341.18
. CN
90 The probe reacted with HCIO QN B )\(CN
] HCIO Relative Abundance % N ! | NH,
80 equiv. m/z=339.18 | m/z=341.18
3 0 0 100
3 70: 1.0 | 58 100 EXaCtMaSS:342.12
g . 3.0 | 100 2.1 5
c 60+ ;
3 i Hclo
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44 .
30 ExactMass: 340.11
20 1342.20
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Fig. 7 Mass spectrum of the probe (10 uM) treated with HCIO (inner table: 0, 10, and 30 uM).
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Fig. 8 Molecular orbital surfaces and energy levels obtained using the DFT/B3LYP method for the probe and its corresponding product.

spectrometer to confirm its exact molecular weight. The result
showed that the molecular ion peak was at m/z 339.18, which
was identical to the new peak shown in Fig. 7. It was concluded
that the detection mechanism was as follows: the probe reacted
with HCIO in the detection solution and was converted to an
intramolecular cyclization product. This proposed sensing
mechanism is in agreement with the mechanism reported in
the literature (Scheme 2, path 2).

Finally, the fluorescent product in the detection solution was
isolated and characterized by '"H NMR to clarify the actual
reaction between the probe and HCIO. As shown in Fig. S6,f
a signal of the Schiff base proton at ¢ 8.73 ppm appeared in the
spectrum of the probe but disappeared in the product; this
indicated that the substituted imidazole structure was gener-
ated in the product.**

3.7 Theoretical computation of the probe

To better understand the geometry and electron density of the
probe and its product, the Material Studio software was used to
conduct a basic computational investigation; density functional
theory (DFT) calculations with the Becke-3-Lee-Yang-Parr
(B3LYP) exchange functional were performed using the DMol®
package of the software.

Via the analysis of the product generated in the detection
solution, the molecular orbitals of the probe and its product
were obtained (Fig. 8). In Fig. 8, the highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular orbital
(LUMO) plots of the probe and its product are plotted. The 3D
isosurface HOMO of the probe was mainly located on the flu-
orophore. The electronic spatial distributions indicated that the
ESIPT process of the probe was not broken, which guaranteed
fluorescence emission of the probe; on the other hand, the
LUMO of the probe showed that the reaction with HCIO most
probably occurred on the C=N bond. When the HClO-initiated
oxidative intramolecular cyclizing reaction was completed, the
energy difference of the product was much larger than that of
the probe, suggesting that the product was more chemically
stable than the probe.

This journal is © The Royal Society of Chemistry 2019

Table 2 Determination of HCLO in real samples

Sample Spiked/uM  Found/uM  Recovery/%  RSD/%
Tap water 0 2.0 — —
3.0 5.1 104.0 1.5
River water 5.0 4.9 98.8 2.1
10.0 10.2 102.0 1.4
Human serum 5.0 4.9 98.0 3.0
10.0 9.2 92.1 1.6

3.8 Detection of HCIO in real samples

Briefly, tap water was obtained from our laboratory and directly
used for detection without any pretreatment. The river water
was obtained from the Xiaoqing River near Beijing North Fifth
Ring Road. Before detecting HCIO, the river water was filtered to
remove the solid impurities. Finally, pretreatment for human
serum was conducted as follows: 1.0 mL acetonitrile was added
to 5.0 mL human serum and mixed thoroughly to precipitate
the proteins. Then, the mixture was centrifuged to obtain the
supernatant. The supernatant was diluted 50 times with PBS
buffer (containing 20% ethanol, v/v, and pH 7.0). These real
samples were spiked with the NaClO stock solution at the
concentration of 100 pmol L™" and investigated by the above-
mentioned established analytical method.

The detection results are summarized in Table 2. When the
real samples were spiked with the HCIO solution of known
concentration, the total concentrations in the samples were
determined through the established method. Good recoveries
from 92.1% to 104.0% with the RSDs from 1.4% to 3.0% were
obtained. The abovementioned results indicated that the probe
could quantify HCIO in real samples.

4. Conclusion

In summary, a novel ratiometric fluorescent probe for the fast
determination of HCIO was designed and synthesized based on

RSC Adv., 2019, 9, 30943-30951 | 30949
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the ESIPT fluorophore HBI. The probe exhibited high selectivity
for the detection of HCIO over a wide pH range. Through MS
and HPLC, the specific sensing mechanism was determined.
Finally, the probe was applied to determine HCIO spiked in real
samples, and the results indicated high potential of the probe in
analytical and bioanalytical applications.
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