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a b s t r a c t

Detection of pH has received more and more attention in various fields. Currently, a hot research topic is
focused on how to use a facile fluorescent dye to achieve a wide range and accurate pH detection. Herein,
we reported a simple fluorescence probe for pH detection with wide range and accuracy based on the
Aggregation-Induced Emission (AIE) characteristics. The probe 2-oxo-N’-(2-(quinolin-8-yloxy)acetyl)-
2H-chromene-3-carbo- hydrazide (CHBQ) as comprised of coumarin and quinoline as the electron donor
and acceptor, N, N0-diformylhydrazine bond as the linking group, respectively. The probe displays good
AIE characteristics under water content up to 99% in mixed medium. Furthermore, it can identify acid
and base as fast as 30 s by color change of the solution under UV365 nm lamp. The detection of the probe
for pH was hardly interfered with other ions. What’s more, the probe CHBQ can be designed to be a broad
range test paper of pH detection, which has a great practical value.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

PH is an important parameter in many fields. The determination
of wastewater pH [1e3], soil pH [4e6], drug pH [7], and food pH [8]
is of great significance for the field of industry, agriculture, medi-
cine and food safety inspection. Therefore, the rapid detection and
monitor of pH changes is meaningful. On account of that fluores-
cence analysis technology has the characteristics of high sensitivity,
fast response times, high signal-to-noise ratio, and continuous
dynamic monitors [9e11], fluorescent probes for pH detection are
developed rapidly. However, many of the pH fluorescence probes
reported so far monitored pH with the range of about 2.00e7.00
[12e16] and only a few probes are able to detect fluorescence
changes in alkaline environment [7,17]. Notably, the pH of some
samples in the actual detection are in a broad range, which makes
that probes with limited detection range invalid, and multiple
detection methods are needed to achieve the purpose of pH
detection. Therefore, it is necessary to develop a fluorescent pH
probe for the detection of broad range pH. More importantly, the
pH probes could response to acids and alkalis with different
Wang), lhfeng@sxu.edu.cn

contributed equally to this
fluorescence signal under a single light resource is also scarce and
deserved to be investigated and synthesized.

In general, most organic fluorescent probes are organic mole-
cules that have poor solubility and luminescence in aqueous solu-
tions owing to the aggregation caused quenching (ACQ) effect
[18e22]. Therefore, for the detection of actual pH, molecules with
Aggregation-Induced Emission (AIE) effect are attractive [23e25].
The AIE molecules discovered by professor Tang and his coworkers
exhibited good photophysical properties in aqueous solution, and
have been applied in many fields [23]. Different from traditional
fluorescent molecules, AIE molecules could rotate randomly in
organic solvents and resulting in a weak fluorescence. When in
water systems, the rotation of AIE molecules is blocked and mole-
cule rigidity is increased, leading to strong fluorescence of molecule
[26e28]. The unique properties of the AIE molecules allow the
detection only performed in organic solvents to be achieved in
water systems. Some fluorescence probes that respond to pH
composed of N-containing groups, such as pyridine [29e31], qui-
nolone [32e34] and piperazine [35,36] etc. Due to the presence of
lone pair electrons on the N atom, these groups can provide the
binding site with Hþ, so as to achieve the purpose of detecting Hþ

by causing changes in fluorescence of the probe. In the Schiff base
AIE molecule [37e40], the presence of -C¼N group provides a po-
tential pH sensing site. In view of that there is a tautomerism
presented in N, N0-diformylhydrazine molecule in different polarity
solvents, which is similar to the enol conversion of the ketone
[41,42]. We combined the properties of the pH sensing group with
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the AIE molecules to design a pH-response AIE fluorescence probe.
By utilizing coumarin and quinoline as electron donors and elec-
tron acceptors respectively, N, N0-diformylhydrazine bond as the
linkage, a novel pH-responsive fluorescent probe CHBQ with AIE
effect for the broad range pH detection have been synthesized
successfully.

The synthesized probe CHBQ exhibited good AIE characteristics.
In a mixed solvent of acetonitrile and water, the fluorescence
located at 415 nm gradually increased with the increase of water
proportion. In addition, a different fluorescence response could be
observed in the presence of acids and bases. Under acidic condi-
tions, the fluorescence emission peak of the probe CHBQ gradually
decreased and generated blue shift from 475 nm to 415 nmwith the
pH changed from 2.00 to 6.00 and the color of solution changed
from cyan to blue under UV365 nm lamp. Under alkaline conditions,
as the pH gradually increased, the fluorescence at 415 nm was
decreased, and the blue color of the solution gradually became
darkened under UV365 nm lamp. Furthermore, the response time of
probe CHBQ towards pH was extremely short as 30 s, rapid recog-
nition of acid and base could be realized and almost impervious to
other ions, such as some metal cations and anions. Finally, the
probe CHBQ could be developed as a pH test strip to achieve a faster
detection of a broad range pH in the actual sample.

2. Experimental

2.1. Materials and instruments

Unless otherwise stated, all chemical reagents were obtained
from commercial suppliers and used without further purification.
4-Dimethylaminopyridine (DMAP), N,N0-dicyclohexylcarbodiimide
(DCC), N-hydroxysuccinimide (NHS), Coumarin-3-Carboxylic acid,
8-hydroxyquinoline, and methanol (HPLC) were purchased from
Energy Chemical (Shanghai, China) without any further purifica-
tion. Metal ions were all nitrates salts, and anions were all sodium
salt. All the salts were provided from Alfa Aesar (Tianjin, China).
Hydrogen nuclear magnetic resonance (1H NMR) and carbon nu-
clear magnetic resonance (13C NMR) spectra were recorded on
Bruker ARX600 and Bruker ARX400 spectrometer. Chemical shifts
for hydrogens are reported as ppm (tetramethylsilane as an internal
standard) and are referenced to the residual protons in the NMR
spectra (DMSO: d 2.50). 13C NMR spectrawere recorded at 100MHz.
Chemical shifts for carbons are reported as ppm (tetramethylsilane
as an internal standard) and are referenced to the carbon resonance
of the solvent (DMSO: d 39.5). High Resolution Liquid Chromatog-
raphy Mass Spectra (HPLC-MS) were acquired on Thermo Scientific
Q Exactive instrument (Thermo Fisher Scientific, USA), which
equipped with an electroscope ionization (ESI) source. UV-vis
spectra were measured on Hitachi 5300 absorption spectropho-
tometer in a cuvette (1 cm in diameter) with 2mL solution. Fluo-
rescence spectra were recorded on Hitachi F-4600 fluorescence
spectrophotometer using an excitation wavelength of 330 nm, and
the excitation slit widths was 5 nm and emission slit widths was
10 nm, respectively. The pH value of solution was measured and
controlled with a PHS-3C pH meter (Shanghai LeiCi Device Works,
China). Density functional theory (DFT) (B3LYP/6-31G (d) level of
theory) was utilized to model the structure geometry and elec-
tronic properties of relevant molecular.

2.2. Synthesis

The intermediate compounds of ethyl 2-(quinolin-8-yloxy)ace-
tate and 2-(quinolin-8-yloxy) acetohydrazide (QA) were synthesized
according to the previously reported reference [43]. A mixture of
coumarin-3-carboxylic acid (0.57 g, 3.0mmol), N-hydrox-
ysuccinimide (NHS) (0.37 g, 3.2mmol) and
dicyclohexylcarbodiimide (DCC) (0.68 g, 3.3mmol) in of DMF (8mL)
were stirred for about 8 h at room temperature. After filtration, the
filtrate was added to the mixture solvent (50mL) of isopropanol-
hexane mixture (1/20) to obtain the intermediate 2,5-
dioxopyrrolidin-1-yl-2-oxo-2H-chromene-3- carboxylate (DC) [44].
Next, the mixture of the intermediate DC, QA (0.70 g, 3.2mmol) and
4-Dimethylaminopyridine (0.39 g, 3.2mmol) in of DMF (10mL)were
reacted at 85 �C for 24 h. Then, pour the mixture into deionized
water, extracting with dichloromethane. Collecting the organic
phase, washed with saturated sodium chloride solution, and then
dried by anhydrous sodium sulfate. The solvent was removed under
reduced pressure to get crude product. The crude product was pu-
rified by column chromatography on silica gel with the eluent of
methanol/dichloromethane (1/30, v/v) to obtained a pale yellow
solid 2-oxo-N’-(2-(quinolin-8-yloxy)acetyl)-2H-chromene-3-carbo-
hydrazide (CHBQ) 0.61 g, yield (52%). 1H NMR (600MHz, CH3CN-d)
d (ppm): 11.72 (b, 1H), 10.82 (s, 1H), 9.00 (m, 1H,) 8.97 (s, 1H), 8.37 (d,
J¼ 8.4Hz, 1H), 7.97 (d, J¼ 7.8Hz, 1H), 7.79 (m, 1H), 7.67 (d, J¼ 8.4Hz
1H), 7.60 (m, 2H), 7.52 (d, J¼ 8.4Hz, 1H), 7.48 (t, J¼ 7.2Hz, 1H), 7.41 (d,
J¼ 7.8Hz, 1H), 4.99 (s, 4H); 13C NMR (100MHz, DMSO-d6) d (ppm)
165.87, 160.37, 159.04, 154.51, 154.45, 149.92, 148.56, 140.43, 136.59,
134.93, 130.87, 129.63, 127.27, 125.72, 122.51, 121.81, 118.80, 118.45,
116.74, 113.09, 68.70. HRMS-ESI calcd for C21H15N3O5 (m/z) [M þ H]þ:
390.1084, found: 390.1085.

2.3. Fluorescence and UV-Vis measurements

The stock solution of CHBQ (1.0� 10-3mol/L) was prepared in
CH3CN. In the pH response experiment, the pH meter was adjusted
by using standard solution of potassium hydrogen phthalate
(pH¼ 4.00) and mixed phosphate (pH¼ 6.86). Unless otherwise
stated, the pH of the solution is adjusted by HCl and NaOH. In the
interfering experiment, the pH¼ 4.00 buffer solution was prepared
by dissolving potassium hydrogen phthalate in deionized water,
and the pH¼ 9.18 buffer solution of was prepared by dissolving
sodium tetrabrate in deionized water. The stock solutions of ions
(1.0� 10-2mol/L) were prepared by dissolving them in deionized
water. All of the experiments were performed at barometric pres-
sure and room temperature. Excitation and emission slit widths
was 5 nm and 10 nm, respectively.

2.4. Calculation of pKa

The pKa value was calculated by the Henderson-Hasselbach
type mass action equation [45]: pKa¼ pH - log ((Fmax-F)/(F-Fmin)),
where F is the fluorescence intensity of CHBQ at corresponding pH.
Fmax and Fmin is minimal and maximal fluorescence intensity at
detection range, respectively.

2.5. Preparation of test paper strips

The test paper strips were obtained by cutting filter paper with
the size of 10mm� 20mm. Prepared filter paper was placed in
acetonitrile solution of the CHBQ (2.0� 10-3 mol/L), and dried in
the air. Then 50 mL solutions of different pH were added to the filter
paper. After placing the test paper 30mm above the solvent and
keeping it for 30s, the color of test paper above acetic acid and
ethylenediamine changed to cyan and dark under UV365 nm lam,
respectively The color changes of the test paper strips were
observed under UV365 nm lamps. In order to detect the fluorescence
of the test paper discoloration, CHBQ was painted to the wall of the
cuvette, and the fluorescence emission spectrum was recorded in
different pH condition. The excitationwavelength was 330 nm, and
the excitation and emission slits was 10 nm and 20 nm,
respectively.
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3. Results and discussion

3.1. Synthesis of probe CHBQ

The synthetic route of compound CHBQ is shown in Scheme S1.
8-Hydroxyquinoline was reacted with ethyl bromoacetate in the
presence of potassium carbonate as the base in refluxed acetonitrile
to afford ethyl 2-(quinolin-8-yloxy)acetate in 80% yield as a yellow
oil, which was subsequently reacted with hydrazine hydrate in
methanol at room temperature to afford 2-(quinolin-8-yloxy)
acetohydrazide (QA) as a white solid. Coumarin 3-carboxylic acid
was reacted with NHS in the presence of DCC at room temperature
to get 2,5-dioxopyrrolidin-1-yl-2-oxo-2H-chromene-3-carboxylate
(DC). Finally, compound DC was refluxed with compound QA in
DMF for 24 h to give the final product CHBQ in 52% yield as pale
yellow solid. Compound CHBQ was confirmed by conventional
analytical methods, such as 1H NMR (Fig. S1), 13C NMR (Fig. S2), and
ESI-MS (Fig. S3), respectively.
3.2. Photophysical properties of probe CHBQ

The photophysical properties of the probe CHBQwere studied in
acetonitrile, water and solid state, respectively (Fig. 1a). When
CHBQ (1� 10-5mol/L) is in acetonitrile solution, the absorption
peaks of CHBQ is at 295 nm and 330 nm, and there is a weak
fluorescence emission peak at about 405 nm. By contrast, when
CHBQ is in aqueous solution (water content 99%), the absorption of
CHBQ (1� 10-5mol/L) is at 300 nm and 335 nm, and the fluores-
cence emission peak is at about 415 nm. It can be seen that the
absorption peak of CHBQ in water is a red shifted relative to that in
acetonitrile, and the fluorescence is increased. While the absorp-
tion and maximum emission peaks of the CHBQ in solid are at
295 nm and 530 nm, respectively.

Interestingly, we found that the CHBQ exhibited AIE effect
because it showed stronger fluorescence inwater solution than that
in acetonitrile. In the mixed solution of acetonitrile and water, the
absorbance of probe CHBQ in 330 nm decreased gradually (Fig. S4)
Fig. 1. (a) Normalized UV absorption and fluorescence emission spectra of probe CHBQ (1� 1
of probe CHBQ (1� 10-5mol/L) in the mixture solvent of CH3CN and H2O with different volu
sun light and UV365 nm lamp.
as increased volume of water. And the fluorescence of the probe
CHBQ at about 415 nm increased (Fig.1b), which could attributed to
the aggregation of CHBQ in water.

In order to visualize the difference of CHBQ in different solvents
and state, the photographs of CHBQ in CH3CN, H2O and solid state
under sunlight and UV365 nm lamp were shown in Fig. 1c. The color
of CHBQ (5� 10-4mol/L) solution in CH3CN was almost colorless
and exhibited very weak blue fluorescence under sunlight and
UV365 nm lamp, respectively. The color of the CHBQ aqueous solu-
tion has little change under sunlight, but obvious blue fluorescence
was observed under UV365 nm lamp. Moreover, CHBQ solid is pale
yellow solid and presents yellow fluorescence under sunlight and
UV365 nm lamp, respectively.
3.3. Optical response of the probe CHBQ to pH

In order to deeper understand the optical characteristics of the
probe CHBQ, the pH response experiment was carried out by uti-
lizing UV absorption spectrum and fluorescence emission spectrum
in the mixed solution of acetonitrile/water (1/99, v/v). The ab-
sorption changes of the probe CHBQ (1� 10-5mol/L) at different pH
were displayed in Fig. 2a. With the pH changes of the solution from
2.00 to 7.00, the shoulder absorption peak of CHBQ at 330 nm
gradually weaken. Interestingly, the absorption peak at 330 nm is
gradually redshift to 370 nm when the pH changes from 8.00 to
12.00. The change of fluorescence spectra of CHBQ in different pH
were shown in Fig. 2b. When the pH of the solution changes from
2.00 to 6.00, the fluorescence of CHBQ at 475 nm decreases and
generates blue shift from 475 nm to 415 nm. On the other hand, the
fluorescence of CHBQ at 415 nm decreases gradually when the pH
changes from 7.00 to 12.00. The result indicated that the probe
CHBQ had an obvious fluorescence response to the change of pH. In
addition, the acid titration and alkaline titration experiments were
carried out to investigate the sensitivity of CHBQ for detecting pH.
Nonlinear fit of the sigmoidal curve in acid and alkali (emission
intensity versus pH value) afforded a pKa value of 4.26 and 8.60
respectively. The fluorescence intensity value between the two
0-5mol/L) in CH3CN, H2O and solid (lex¼ 330 nm); (b) Fluorescence emission spectrum
me ratio (lex¼ 330 nm); (c) The photographs of CHBQ in CH3CN, H2O and solid under



Fig. 2. The UV absorption (a) and fluorescence emission spectra (b) of CHBQ (1� 10-5mol/L) in different pH. Sigmoidal fitting of the pH-dependent emission of probe CHBQ (1� 10-
5mol/L) in 475 nm (c) and 415 nm (d) (lex¼ 330 nm). Insert: fluorescence emission titration spectra of CHBQ in acid (c) and alkali (d).
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titration platforms was changed about 23 times and 21 times in
acid and alkali, respectively. The titration results implied that there
was a good sensitivity for probe CHBQ to detect a broad range pH.

3.4. Reversibility, interference and time course test

The reversibility of the probe represents the value of the probe
in practical applications, we performed a reversibility experiment
of the probe CHBQ (1� 10-5mol/L) between pH 4.00-7.00 and pH
7.00-10.00 in the mixed solution of acetonitrile-water (1/99, v/v).
As shown in Fig. 3, the probe is still able to recover the fluorescence
intensity at pH 4.00 (l¼ 475 nm) and pH 10.00 (l¼ 415 nm) after
five cycles, which indicated the probe with a good reversibility.

Because the actual samples are complicated for the fact that
there may be a variety of ions including somemetal ions and anions
in samples, so it is very important for the probe CHBQ to conduct
the interference experiments for pH detection. The interference
test of the probe CHBQ (1� 10-5mol/L) for pH detectionwas carried
out in potassium hydrogen phthalate (pH¼ 4.00) and sodium tet-
rabrate (pH¼ 9.18) buffer solution. The interfering ions (1� 10-
4mol/L) include Kþ, Ca2þ, Naþ, Mg2þ, Al3þ, Zn2þ, Fe3þ, Fe2þ, Cu2þ,
Agþ, Pb2þ, Cr2þ, Cd2þ, Co2þ, Ni2þ, Mn2þ, F-, Cl-, Br-, I-, CO3

2-, HCO3-,
CH3COO-, NO3

- , NO2
- , SO4

2-, SO3
2-, S2O3

2-, H2PO4
- , HPO4

2-, ClO4
- , S2-. As

shown in Fig. 3c, in the pH 9.18 buffer solution, the detection of pH
by probe CHBQ is hardly affected by other ions. In the buffer so-
lution with pH 4.00, most of the ions have no significant effect on
the pH detection, only the excess Fe3þ reduced the fluorescence of
probe CHBQ at pH 4.00 by about 20%, which indicating that the
probe has good anti-interference ability for pH detection.

In addition, the time-response of the probe CHBQ for pH
detection was also measured to investigate the detection response
time. After the probe CHBQ (1� 10-5mol/L) was uniformly mixed
with the calibrated solution of pH 4.00 and pH 10.00, the
fluorescence curve was measured every 30 s. As shown in Fig. 3d,
the fluorescence intensity of the probes CHBQ reached a stable level
after CHBQ mixed with pH solution for 30 s, which indicated that
the probe CHBQ is a high-efficiency pH detection probe.

3.5. Proposed mechanism and theoretical calculations

According to the above experimental phenomena and other
reported literatures [32,41,42], the broad pH response mechanism
of CHBQ we proposed is as follows. When CHBQ dissolved in
acetonitrile, the N, N0-diformylhydrazine bond can rotate randomly,
which decrease the fluorescence emission. It is well accepted that
the N, N0-diformylhydrazine bond can produce an isomerization
similar to the enol conversion of the enol in high polar solvents
[41]. We infer that the isomerized N, N0-diformylhydrazine bond
could occur and simultaneously triggered excited-state intra-
molecular proton transfer (ESIPT) process forming a six membered
ring when CHBQ dispersed in water (Fig. 4a), which hindered the
random rotation of CHBQ backbone and enhanced fluorescence
emission. Moreover, when acid added in CHBQ, the N atom in
quinoline and eC¼Ne bond will be protonated and a new five-
membered ring will be formed between the protonated quinoline
and O due to the presence of hydrogen bond [32]. This change
causes the CHBQ backbone becomemore rigid and shows strongest
fluorescence emission. In addition, after CHBQ was protonated, the
lone pair electrons at the N atom of quinoline and eC¼Ne bond
disappeared, and the pull electron capacity of the quinoline moiety
increased. This change will lead to ICT process that the electron
transfer from coumarin moiety to quinoline moiety will occur in
CHBQ. Therefore, when pH changes from 7.00 to 2.00, the UV ab-
sorption peak about 330 nm produces a weak red shift, and the
fluorescence produces a red shift of about 60 nm. Meanwhile, due
to the presence of AIE effect in CHBQ, the fluorescence at about



Fig. 3. Fluorescence intensity reversible changes of CHBQ (1� 10-5mol/L) at 475 nm between pH 4.00 and 7.00 (a) and at 415 nm between pH 10.00 and 7.00 (b) (lex¼ 330 nm) in
CH3CN-H2O (1/99, v/v) system. (c) Fluorescence responses of CHBQ (1� 10-5mol/L) in mixed solution of CH3CN-H2O (1/99, v/v) at pH 4.00 (475 nm) and pH 9.18 (415 nm) in the
presence of diverse ions (1� 10-4mol/L), respectively (lex¼ 330 nm). 0, blank; 1, Kþ; 2, Ca2þ; 3, Naþ; 4, Mg2þ; 5, Al3þ; 6, Zn2þ; 7, Fe3þ; 8, Fe2þ; 9, Cu2þ;10, Agþ; 11, Pb2þ; 12, Cr2þ; 13,
Cd2þ; 14, Co2þ; 15, Ni2þ; 16, Mn2þ; 17, F-; 18, Cl-; 19 Br-; 20, I-; 21, CO3

2-; 22, HCO3
- ; 23, CH3COO-; 24, NO3

- ; 25, NO2
- ; 26, SO4

2-; 27, SO3
2-; 28, S2O3

2-; 29, H2PO4
- ; 30, HPO4

2-; 31, ClO4
- ; 32, S2-;

red bar: pH¼ 4.00; blue bar: pH¼ 9.18. (d) The fluorescence change of CHBQ with time at pH¼ 4.00 (lem¼ 475 nm) and at pH¼ 10.00 (lem¼ 415 nm).
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475 nm gradually increases. When probe CHBQ is in alkali, the
hydrazine moiety is deprotonated, the charge is transferred to O
atom, thus increasing the p-conjugation length of the molecule.
Consequently, when the pH changes from 8.00 to 12.00, the ab-
sorption peak produced a red shift about 40 nm. At the same time,
due to the presence of negative charge, the hydrophilicity of the
probe CHBQ increases, thereby the aggregation state is destroyed,
the fluorescence decreased. The change of 1HNMR of CHBQ in
acetonitrile, acid and alkaline (Fig. S5) also indicated that there are
different structures when the probe CHBQ presented in different
solvents.

To demonstrate the existence of ICT properties in acidified
CHBQ, the fluorescence emission spectra of acidified CHBQ (1� 10-
5mol/L) containing 20 mL CF3COOH in 2mL different solvents were
investigated. As shown in Fig. S6b, the maximum emission peaks of
CHBQ solution are gradually red-shifted as the increase of solvent
polarity. In contrast, the fluorescence spectra of CHBQ in neutral
solvent (Fig. S6a) and alkaline solution (Fig. S6c) has little change
with increasing of solvent polarity, indicating the weak ICT
characteristics.
3.6. Theoretical structure simulation

In order to better understand the structure changes of probe
CHBQ, the DFT calculationwas used to simulate the structure of the
probe CHBQ under different conditions, where B3LYP/6-31G (d)
level was chose as basic set. As shown in Fig. 4b, the LUMO electron
cloud of CHBQ in acetonitrile is mainly concentrated in the
coumarin moiety, and the HOMO electron cloud is mainly
concentrated in quinoline moiety. The electron cloud distribution
of LUMO and HOMO of CHBQ under alkaline conditions is similar to
that of acetonitrile. Inwater, the electron cloud of LUMO and HOMO
don’t change significantly except for expanding to the hydrazide
bond. In acid, LUMO electron cloud expands to the whole molec-
ular, and HOMO electron cloud transfers to the coumarin unit. The
energy band-gaps between the HOMO and LUMO energy levels in
acetonitrile, water, acid and alkaline were calculated as 3.59 eV,
3.40 eV, 3.95 eV and 3.03 eV, respectively. The measured band-gaps
were calculated from the extrapolation of the absorption edges and
the equation Eg¼ 1240/l in acetonitrile, water, acid and alkaline
was 3.31 eV, 3.26 eV 3.29 eV and 2.90 eV. The similar Eg results of
experiment and theoretical calculations confirmed that the pro-
posed action mechanism, which is consistent with the actual mo-
lecular structural changes.
3.7. Test paper strips of CHBQ for pH detection

The simple detection device of broad range pH in real life is of
great significance. On account of that the probe CHBQ could
response pH at different wavelength with the same excitation
wavelength. Based on the case, test paper strips of CHBQ for pH
detection were developed. As seen from Fig. 5, when the acidic
solution was added to the paper strips containing CHBQ, the color
of the strips is cyan under the UV365 nm lamp. As the pH increase,
the color of the paper strips turned to blue. When the pH of the
solution continues to increase, the blue fluorescence of the paper
strips gradually decreases, which can be observed by naked eyes
under UV365 nm lamps. Besides, the test paper strips could be used
to detect volatilized solvent such as acetic acid and ethylenedi-
amine. Due to the gas from the solvent interacted with CHBQ, the
color of test paper above acetic acid and ethylenediamine changed
to cyan and darken under UV365 nm lamp respectively.



Fig. 4. (a) Structure changes of probe CHBQ in CH3CN, H2O, acid and alkali; (b) Theoretical simulation and electron cloud distribution of probe CHBQ in CH3CN, H2O, acid and alkali.

Fig. 5. The pH sensor trips containing CHBQ under UV365 nm lamp.
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The PL data of solid, CIE diagram and CIE coordinates of CHBQ in
different pH were showed on Fig. S7 and Fig. S8. When pH changed
from 2.00 to 5.00, the fluorescence of solid CHBQ at about 480 nm
decreased and the maximum wavelength took place blue-shift
gradually. And in CIE diagram, the coordinate of CHBQ in pH 2.00
is (0.183, 0.271), which was located in cyan area. When pH changed
from 2.00 to 5.00, the color in CIE diagram varied from the cyan
area to the blue area. When pH was 6.00, the coordinate of CHBQ is
(0.148, 0.041), which was located in blue area. When pH changed
from 6.00 to 12.00, the fluorescence of CHBQ at about 415 nm
decreased gradually, and the color in CIE diagram all in blue area.
All of these indicate that CHBQ is a satisfactory pH-responsive
fluorescent probe.

4. Conclusion

Combining the characteristics of pH probes and the mechanism
of AIE molecules, we have rationally designed and synthesized a
probe CHBQ. The probe CHBQ exhibited fascinating photophysical
properties. When probe CHBQwas in acetonitrile, there was aweak
fluorescence emission peak at about 405 nm. In the mixed solution
of acetonitrile and water, the fluorescence of probe CHBQ at 415 nm
gradually enhanced as the proportion of water increased. At the
excitation of 330 nm, the probe CHBQ shows different fluorescence
changes from pH 2.00 to pH 12.00. Under acidic conditions, the
fluorescence emission peak of the probe CHBQ gradually decreased
and presented a blue shift from 475 nm to 415 nm as the pH
changes from 2.00 to 6.00. Meanwhile, the color change of CHBQ
solution from cyan to blue will be observed under UV365 nm lamp.
Under alkaline conditions, as the pH changes from 7.00 to 12.00, the
fluorescence emission peak of the probe CHBQ at 415 nm gradually
decreased, and the blue color of the solution gradually darkens
under UV365 nm lamp. The response time for probe CHBQ detection
of pH was fast as 30 s and hardly interfered by other ions. In
addition, CHBQ could be developed as a pH test strip for the
detection of a broad range pH in actual samples.
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