
rsc.li/pps

Photochemical &
Photobiological
Sciences
An international journal

rsc.li/pps

ISSN 1474-905X

Volume 16
Number 12
December 2017
Pages 1737-1846Photochemical &

Photobiological
Sciences
An international journal

This is an Accepted Manuscript, which has been through the  
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after acceptance, 
before technical editing, formatting and proof reading. Using this free 
service, authors can make their results available to the community, in 
citable form, before we publish the edited article. We will replace this 
Accepted Manuscript with the edited and formatted Advance Article as 
soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes to the 
text and/or graphics, which may alter content. The journal’s standard 
Terms & Conditions and the Ethical guidelines still apply. In no event 
shall the Royal Society of Chemistry be held responsible for any errors 
or omissions in this Accepted Manuscript or any consequences arising 
from the use of any information it contains. 

Accepted Manuscript

View Article Online
View Journal

This article can be cited before page numbers have been issued, to do this please use:  Y. Xu, S. zhao, Y.

Zhang, H. wang, X. Yang, M. Pei and G. zhang, Photochem. Photobiol. Sci., 2020, DOI:

10.1039/C9PP00408D.

http://rsc.li/pps
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/c9pp00408d
https://pubs.rsc.org/en/journals/journal/PP
http://crossmark.crossref.org/dialog/?doi=10.1039/C9PP00408D&domain=pdf&date_stamp=2020-01-13


  

 

ARTICLE 

  

Please do not adjust margins 

Please do not adjust margins 

Received 00th January 20xx, 

Accepted 00th January 20xx 

DOI: 10.1039/x0xx00000x 

 

A selective “turn-on” sensor for recognizing of In3+ and Zn2+ in 
respective system based on imidazo[2,1-b]thiazole 

Yuankang Xua, Songfang Zhaob,*, Yanxia Zhanga, Hanyu Wanga, Xiaofeng Yanga, Meishan Peia, 

Guangyou Zhanga,* 

A new simple and easily synthesized multitarget sensor, (E)-N'-(4-(diethylamino)-2-hydroxybenzylidene)imidazo[2,1-

b]thiazole-6-carbohydrazide (X), was designed and synthesized based on imidazo[2,1-b]thiazole-6-carboxylic acid and 4-

(diethylamino)-2-hydroxybenzaldehyde. X could be used as a sensor to detect In3+ in DMF-H2O buffer solution and detect 

Zn2+ in EtOH-H2O buffer solution through fluorescence enhancement with detection limits of 1.02 × 10-9 M and 5.5 × 10-9 M, 

respectively. X exhibited an efficient “off-on-off” fluorescence behavior by cyclic addition of metal ions (In3+ and Zn2+) and 

EDTA. The stoichiometry between X and metal ions (In3+ and Zn2+) was 1:1. The binding mode and sensing mechanism of X 

with metal ions (In3+ and Zn2+) was verified by theoretical calculations using Gaussian 09 based on B3LYP/6-31G(d) and 

B3LYP/LANL2DZ basis, respectively. Moreover, X could be applied as a potential sensor for the quantitative detection of In3+ 

and Zn2+ with a satisfactory recovery and the relative standard deviation (RSD) in real water samples. 

1. Introduction 

Metal ions are widely found in nature and closely related to the 

physiological activities of living bodies.1-3 Among diverse metal 

ions, zinc is the second most abundant trace element in the 

human body and plays an important role in various 

physiological activities, such as gene expression, cellular 

metabolism, immune function, neural signal transmission and 

DNA recombination or recognition.4-8 Thus, zinc is vital for 

human health.9, 10 The permissible concentration of zinc is 2-2.5 

g throughout the human body, whereas lack and excessive 

intake of zinc can cause a variety of diseases, such as Alzheimer, 

Parkinson, epilepsy, amyotrophic lateral sclerosis (ALS) and 

ischemia.11-15 Likewise, indium is an important industrial metal 

with good toughness, plasticity and ductility, and has significant 

applications in many fields, such as manufacture of low fusion 

gold, bearing alloys, semiconductor devices and transparent 

electrically conductive films.16-18 Moreover, it is generally 

believed that indium in pure metal form is a non-toxic and safe 

metal.19 However, some of studies recently suggested that 

indium and its compounds (indium phosphide and indium tin 

oxide) not only interfere with iron metabolism during cell 

absorption, transport and storage, but also cause severe lung 

damage.20-23 Therefore, for the above reasons, the detection of 

zinc and indium is crucial and urgent. 

Recently, various analytical technique for detection of Zinc 

and indium have been reported, such as graphite furnace 

atomic absorption spectrometry, molecular imprinted polymer 

sensor and ion-selective electrodes, which are characterized by 

complicated operation, skilled experts and involve expensive 

equipment.19, 20, 24-26 However, compared with these methods, 

fluorescence methods has attracted more and more attention 

due to its quick response, simple operation, high sensitivity and 

real application.27-30 In the past, there have been many reports 

on the detection of zinc, but few on the detection of indium.18, 

31-34 Detection of zinc and indium by fluorescent sensor in 

organic solvent or aqueous solution is often interfered by other 

metal ions.35-37 For example, cadmium, which has similar 

properties and coordination modes to zinc, will affect the 

detection of zinc.4 Analogously, the detection of indium is often 

disturbed by the same group metal ions, aluminum and 

gallium.21 In addition, the detection limit of sensor for metal 

ions is usually between 10-5 M and 10-8 M.30 So, it is necessary 

to design the sensor with high selectivity and sensitivity for 

detection of In3+ and Zn2+. At the present, the research of multi-

target sensor is much less than that of single target sensor.20, 38, 

39 Multi-target sensors with highly sensitivity and selectivity are 

valuable and should receive close attention because they could 

detect different metal ions in respective system. 

In past reports, Schiff base, derived from 4-(diethylamino)-

2-hydroxybenzaldehyde, is often used as a “off-on” sensor to 

detect single target in a particular system because they have 

simple synthesis method, ideal solubility and strong complexing 

a. School of chemistry and chemical engineering, University of Jinan, Jinan 250022, 
China, E-mail address: chm_zhanggy@ujn.edu.cn. 

b. Henan Sanmenxia Aoke Chemical Industry Co. Ltd., Sanmenxia 472000, China. E-
mail address: songfang2008@163.com. 

† Footnotes relating to the title and/or authors should appear here.  
Electronic Supplementary Information (ESI) available: [details of any supplementary 
information available should be included here]. See DOI: 10.1039/x0xx00000x 

Page 1 of 11 Photochemical & Photobiological Sciences

P
ho

to
ch

em
ic

al
&

P
ho

to
bi

ol
og

ic
al

S
ci

en
ce

s
A

cc
ep

te
d

M
an

us
cr

ip
t

Pu
bl

is
he

d 
on

 1
3 

Ja
nu

ar
y 

20
20

. D
ow

nl
oa

de
d 

by
 T

ul
an

e 
U

ni
ve

rs
ity

 o
n 

1/
13

/2
02

0 
1:

32
:4

0 
PM

. 

View Article Online
DOI: 10.1039/C9PP00408D

mailto:chm_zhanggy@ujn.edu.cn
https://doi.org/10.1039/c9pp00408d


ARTICLE Journal Name 

2 | J. Name., 2012, 00, 1-3 This journal is ©  The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

ability of metal ions.40-45 Moreover, imidazo[2,1-b]thiazole, 

which contains two conjugated rings and eight central atoms in 

its molecule, was a potential fluorescent nucleus.46 In this study, 

a new simple schiff base (X) with a distinct “acceptor-donor” 

structure was designed and synthesized based on imidazo[2,1-

b]thiazole-6-carboxylic acid and 4-(diethylamino)-2-

hydroxybenzaldehyde.47-49 The sensor showed strong ability to 

recognize metal ions because of the oxygen atom of -OH and 

the nitrogen atoms of -CH=N- and -N=. As expected, X could 

be used as a highly selective and sensitive fluorescent sensor to 

detect zinc and indium by fluorescence enhancement in 

ethanol-water and DMF-water buffer system and could 

quantitatively assess zinc and indium in tap water samples. As 

shown in Table S1, the comparison of some different reported 

sensors for the detection of In3+ and Zn2+ were summarized. 

Compared with these reported sensors, comprehensively 

speaking, our sensor had a lower LOD for In3+ and Zn2+. On the 

whole, the X could serve as a sensor for In3+ and Zn2+. 

2. Experimental section 

2.1. Materials and sample preparation 

All reagents and solvents were commercially available AR and 

CP and were used without further treatment. All metal ionic 

solution are corresponding chloride, sulfate and nitrate 

solutions, including InCl3, Ga(NO3)3, ZnCl2, Li2SO4, AlCl3·6H2O, 

CdCl2·2.5H2O, CoCl2·6H2O, FeCl3, MgCl2·6H2O, CrCl3·6H2O, 

MnCl2·4H2O, AgCl, KCl, CuCl2·2H2O, NiCl2·6H2O, HgCl2. The anion 

solution is the corresponding sodium salt solutions. Stock 

solutions of the ions mentioned above were prepared with a 

concentration of 0.03 M in distilled water. The probe X was 

dissolved in ethanol/H2O (v/v = 9 : 1) buffer solution (10 mM tris, 

pH = 7.4) and DMF/H2O (v/v = 9 : 1) buffer solution (10 mM tris, 

pH = 7.4) at room temperature with the concentration of 1 × 10-

5 M. 

 

2.2. Measurements 

UV-vis spectra were obtained on a Shimadzu 3100 spectrometer. 

Fluorescence spectral data was recorded on an Edinburgh 

Instruments Ltd-FLS920 Fluorescence Spectrophotometer. 

Fluorescence measurements were recorded using excitation at 

365 nm. The slits of excitation and emission were 10 nm and 10 

nm, respectively. 1H NMR measurement was performed on a 

Bruker AV III 400 MHz NMR spectrometer with 

tatramethysilane (TMS) as internal standard and CDCl3 as 

solvent. 13C NMR spectra data was taken on a Bruker AV III 100 

MHz NMR spectrometer with tatramethysilane (TMS) as 

internal standard and DMSO as solvent. Infrared spectral data 

was obtained on a Bruker Vertex 70 FT-IR spectrometer using 

samples as KBr pellets. Thin layer chromatography (TLC) 

analyses were performed to monitor all the reactions. 

 

2.3. Calculation of quantum yield and association constant 

Quantum yield was calculated according to the following 

formula (1): 

 

Ф𝑢 = Ф𝑠

𝐹𝑢𝐴𝑠𝑛𝑢
2

𝐹𝑠𝐴𝑢𝑛𝑠
2 

Ф, F, A, and n represent the quantum yield, the integrated area 

under the corrected emission spectra, the absorbance intensity 

at the excitation wavelength and the refractive index of solvent, 

respectively. In addition, s refers to rhodamine B as the 

standard, and u refers to the target. The quantum yield (Ф) of 

rhodamine B dissolved in anhydrous ethanol is 0.97. 

The association constant between X and metal ions was 

calculated by the Benesi-Hildebrand eqn (2):  

 

1

𝐹 − 𝐹0
=

1

𝑀𝑛+
×

1

𝐾𝑎[𝐹𝑚𝑎𝑥 − 𝐹0]
+

1

𝐹𝑚𝑎𝑥 − 𝐹0
 

where F is the fluorescence intensity of the X[Mn+] complex, 

which is in accordance with the concentration of Mn+. F0 is the 

fluorescence intensity of free X. Fmax is the fluorescence 

intensity of X[Mn+] complex in the presence of the maximum 

concentration of Mn+. 

 

2.4. Theoretical calculations 

Density functional theory (DFT) structural optimizations were 

performed with the Gaussian 09 program. In all cases, the 

structures were optimized using the B3LYP functional and the 

mixed basis set 6-31+G (d) and LANL2DZ. Each structure was 

subsequently subjected to TD-DFT calculation using the B3LYP 

functional.50 For all optimized structures, frequency calculations 

were performed to confirm the absence of imaginary 

frequencies. The molecular orbitals were visualized and plotted 

with the GaussView 5.0 program. 

 

2.5. Synthesis of X 

Compound 1 (ethyl imidazo[2,1-b]thiazole-6-carboxylate) and 

compound 2 (imidazo[2,1-b]thiazole-6-carbohydrazide) were 

prepared according to a previous report.46 Firstly, compound 1 

was obtained by the reaction of thiazol-2-amine with ethyl 3-

bromo-2-oxopropanoate (80%) in THF solution. Then, 

compound 1 and hydrazide hydrate (80%) were stirred 

overnight in ethanol solution at room temperature to produce 

compound 2 (white solid). 

Synthesis of (E)-N'-(4-(diethylamino)-2-hydroxybenzylidene) 

imidazo[2,1-b]thiazole-6-carbohydrazide (X). imidazo[2,1-
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b]thiazole -6-carbohydrazide (compound 2, 84 mg, 0.461 mmol) 

and 4-(diethylamino)-2-hydroxybenzaldehyde (101 mg, 0.523 

mmol) were mixed and stirred in 10 ml ethanol at room 

temperature for 6 hours. Then the mixture was refluxed for 2 

hours. The solvent was removed by rotary evaporation. The 

residue was washed with methanol to obtain the pure yellow 

solid X. Yield: 102 mg, 62.1%. Ms (ESI): m/z = 358.13 [M + H]+. 

FTIR (KBr, cm-1): 3312 (N-H), 1670 (C=O), 1547 (C=N). 1H NMR 

(400 MHz, CDCl3) δ 11.12 (s, 1H), 9.90 (s, 1H), 8.21 (s, 1H), 8.15 

(s, 1H), 7.51 (d, J = 4.5 Hz, 1H), 7.01 (d, J = 8.6 Hz, 1H), 6.97 (d, J 

= 4.5 Hz, 1H), 6.26 – 6.20 (m, 2H), 3.37 (q, J = 7.0 Hz, 4H), 1.18 

(t, J = 7.0 Hz, 6H). 13C NMR (101 MHz, DMSO) δ 160.20, 157.87, 

150.49, 149.30, 140.90, 132.18, 120.69, 116.75, 115.86, 107.05, 

104.05, 98.05, 44.25, 13.01. 

 

3. Results and discussion 

As shown in scheme 1, X was designed and synthesized in 

medium yield according to the synthetic route. Compound 1 

(ethyl imidazo[2,1-b]thiazole-6-carboxylate) and compound 2 

(imidazo[2,1-b]thiazole-6-carbohydrazide) were synthesized 

according to a previous report. The structure of X was 

characterized by 1H NMR (Fig. S1), 13C NMR (Fig. S2), FTIR (Fig. 

S3), ESI-MS (Fig. S4). All the data in the spectra were in good 

accordance with the structure. 

 

3.1. The sensing behavior of X to In3+ in DMF buffer solution 

The sensing behavior of X to In3+ was studied by UV-vis and 

fluorescence emission spectra. Primitively, the fluorescence 

sensing behavior of X (1 × 10-5 M) to various metal ions (In3+, Ag+, 

Zn2+, Ni2+, Mg2+, Cd2+, Cu2+, K+, Cr3+, Fe3+, Mn2+, Ga3+, Al3+, Hg2+, 

Li+ and Co2+) were explored in DMF/H2O buffer solution (v/v = 

9:1, tris = 10 mM, pH = 7.4). As shown in Fig. 1(a), X exhibited a 

relatively weak fluorescence intensity with excitation at 365 nm. 

When various metal ions (7.5 equiv.) were added into X, only 

In3+ could lead to a significant increase in fluorescence at 463 

nm. From Fig. 1 insert, the color of X was easy observed in the 

absence and presence of In3+ under UV lamp. After addition of 

In3+, the fluorescence intensity of X changed from dim blue (Ф = 

0.11) to bright blue (Ф = 0.42). As shown in Fig. 1(b), when In3+ 

were added, the fluorescence intensity of X was significantly 

increased (about 9 times), displaying an efficient “turn-on” 

behavior. In addition, the fluorescence intensity of X was almost 

unchanged in the presence of other metal ions, except for Ni2+ 

and Co2+. Both Ni2+ and Co2+ could quench the fluorescence of 

X.  

The absorbance sensing behavior of X (1 × 10-5 M) to 

various metal ions (In3+, Ag+, Zn2+, Ni2+, Mg2+, Cd2+, Cu2+, K+, Cr3+, 

Fe3+, Mn2+, Ga3+, Al3+, Hg2+, Li+ and Co2+) were also explored in 

DMF/H2O buffer solution (v/v = 9:1, tris = 10 mM, pH = 7.4). As 

shown in Fig. S5, the absorption spectrum of free X exhibited a 

maximum peak centred at 366 nm. When 7.5 equiv. of various 

metal ions were added, the absorption of X was basically 

unchanged, except for In3+, Ni2+, Co2+ and Cu2+. All four metal 

ions could from stable complexes with X. In order to explore the 

anti-interference ability of X, the competitive experiments were 

carried out in presence of various metal ions. As shown in Fig. 

S6, the fluorescence response of X to In3+ was disturbed to 

varying degrees and maintained significant enhancement in the 

presence of Ni2+, Cu2+, Fe3+, Hg2+ and Co2+. These results 

indicated that X could be used as a sensor to detect In3+ in 
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DMF/H2O buffer solution with good selectivity and anti-

interference ability. 

In order to further investigate the chemosensing properties 

of X, relevant titration experiments of X with In3+ were carried 

out in DMF/H2O buffer solution (v/v = 9:1, tris = 10 mM, pH = 

7.4). As shown in Fig. 2, the free X (1 × 10-5 M) exhibited an 

absorption peak at 366 nm. Upon gradual addition of In3+ (0 - 8 

× 10-5 M) to X solution, the absorption peak at 366 nm 

decreased obviously, whereas new prominent absorption peaks 

at 401 nm and 420 nm were appeared with an isosbestic point 

at 385 nm. The results indicated that X could form a stable 

complex (X[In3+]) with In3+. In addition, the fluorescence 

titration experiments were also shown in Fig. 3. As mentioned 

above, the free X maintained a concentration of 1 × 10-5 M and 

exhibited weak fluorescence. With the increased gradually of 

In3+ concentrations from 0 to 8 × 10-5 M, the fluorescence 

intensity of X increased steadily (Fig. 3(a)) and reached a plateau 

(Fig. 3(b)) at 463 nm, indicating that the fluorescence intensity 

reached the maximum. As shown in Fig. 3(b) insert, a good 

linear relationship between the fluorescence intensity of X and 

the low concentration of In3+ (0 - 1 × 10-7 M) with R2 = 0.9864 

and Y = 14.63X + 377.54 was obtained. The detection limit of X 

for In3+ was calculated to be 1.02 × 10-9 M based on 3σ/s 

equation, which is lower than that had been reported.17, 21 The 

association constant (Ka) of X with In3+ was calculated to be 1.01 

× 105 M-1 (Fig. S7) based on eqn (2). These results indicated that 

X could be used as a sensitive sensor to detect In3+ in DMF/H2O 

buffer solution.  

Furthermore, the favorable reversibility was an important 

characterization of sensor. EDTA was an ideal metal chelating 

agent, which could extract metal ions from the complex (sensor-

metal ions) and restore the fluorescence of sensor. The cycle 

test was carried out by successively adding In3+ and EDTA to X. 

As shown in Fig. 4, free X exhibited weak fluorescence intensity. 

In the presence of In3+ (7.5 equiv.), the fluorescence intensity of 

X increased significantly at 463 nm. When the same 

concentration (7.5 equiv.) of EDTA were added to X[In3+] system, 

the fluorescence was completely quenched, indicated the 

regeneration of free X. Then continue to add In3+ (10 equiv.) to 

the system above, the fluorescence intensity was significantly 

increased again. Moreover, keep adding EDTA, the fluorescence 

disappeared completely. In addition, X still maintains a good 

response to In3+ after two cycles with a negligible fluorescence 

loss at 463 nm and exhibited efficient “on-off-on” behavior 
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indicated that X could be used as a reversible sensor to 

detection of In3+. 

Moreover, the fluorescence response of X to In3+ at 

different pH value (from 3 to 11) were shown in Fig. 5. The free 

X (1 × 10-5 M) exhibited a stable and weak fluorescence between 

pH value from 3 to 11. In the presence of In3+ (7.5 equiv.), the 

fluorescence intensity did not change in the range of 3 to 5 and 

gradually increased with the pH changed from 5 to 7.4. When 

pH ＞ 7.4, the fluorescence intensity of X[In3+] gradually 

decreased over the pH range of 7.4 to 10 and reached a stable 

value (pH＞10). These results indicated that sensor responded 

best to In3+ at pH = 7.4.  

Otherwise, the possible binding mode between X and In3+ was 

also proposed and demonstrated. As shown in Fig. S7, an ideal 

linear relationship (R2 = 0.9952) between 1 / (I - I0) and 1 / In3+ 

suggested that the stoichiometry between X and In3+ may be 

1:1. In addition, the binding model was further demonstrated 

by mass spectrometry. As shown in Fig. S8, a peak at m/z 

506.8572 corresponded to [X + In3+ + Cl- - H+]+ and a peak at m/z 

472.8330 corresponded to [X + In3+]3+, respectively. All of the 

experimental data indicated that the binding ratio between X 

and In3+ ions was 1:1. Thus, the possible binding mechanism 

between X and In3+ ions were proposed in scheme 2 according 

to experiments data and relevant literatures.17, 20, 23, 38 The 

oxygen atom on -OH, the nitrogen atoms on C=N bond were 

involved in the complexation of In3+ ions.  

Moreover, in order to prove the feasibility of the proposed 

binding mechanism between X and In3+, structure optimization 

and energy calculation of X and X[In3+] were investigated using 

density functional theory (DFT) combined with time-dependent 

density functional theory (TDDFT) calculations, as implemented 

in the Gaussian 09 package based on B3LYP/LANL2DZ basis.50 

The optimal structure of X and X[In3+] were shown in Fig. S9. For 

X, imidazo[2,1-b]thiazole and 4-(diethylamino)-2-

hydroxybenzaldehyde maintained good planar property, 

respectively. After binding with In3+, X[In3+] had good planarity 

and structural rigidity. Besides, the spatial distributions and 

orbital energies of the highest occupied molecular orbital 

(HOMO) and the lowest unoccupied molecular orbital (LUMO) 

of X and X[In3+] were shown in Fig. 6. For free X, the HOMO and 

LUMO were distributed around 4-(diethylamino)-2-

hydroxybenzaldehyde and C=N group. There was no obvious 

electron transfer. For X[In3+], the HOMO was still around 4-

(diethylamino)-2-hydroxybenzaldehyde and C=N group, while 

electrons in LUMO were mostly concentrated around the 4-

(diethylamino)-2-hydroxybenzaldehyde and marginally 

distributed over the C=N group and the imidazole ring. 

Obviously, after binding with In3+, the degree of intramolecular 

charge transfer was increased when excited. Moreover, the 

energy gap of X and X[In3+] were calculated to be 4.31 eV and 

3.35 eV. Thus, theoretical calculation results proved the binding 

model between X and In3+ was feasible and indicated that the 

response of X to In3+ may be the joint result of photo-induced 

electron transfer (PET) and chelation enhanced fluorescence 

mechanism (CHEF).11, 31, 38, 51, 52 
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In order to explore the practical application of X, X was 

used as a sensor to detect In3+ in tap water. The various 

concentrations of In3+ were prepared in tap water and 

measured by fluorescence assay method. As shown in Table S2, 

In3+ in tap water samples could be accurately measured with a 

satisfactory recovery (91.2%, 92.3%, 92.8% and 94.1%) and the 

relative standard deviation (RSD) of three measurements was 

less than 3.51%. Ultimately, these results indicated that X could 

be applied as a potential sensor for the quantitative detection 

of In3+ in real water samples. 

 

3.2. The sensing behavior of X to Zn2+ in EtOH buffer solution 

Furthermore, the properties of X in EtOH buffer solution were 

also explored by fluorescence and ultraviolet absorption. 

Primarily, the fluorescence response of X to various metal ions 

(Zn2+, Li+, K+, Mg2+, Al3+, Mn2+, In3+, Ga3+, Hg2+, Ag+, Cd2+, Fe3+, 

Cr3+, Ni2+, Cu2+ and Co2+) was shown in Fig. 7. In Fig. 7(a), the free 

X displayed a weak fluorescence intensity in EtOH buffer 

solution (v/v = 9:1, tris = 10 mM, pH = 7.4) with excitation at 365 

nm. Upon addition of various metal ions (5 equiv.), only Zn2+ 

could immediately cause a significant increase in fluorescence 

intensity at 463 nm while other metal ions lead to either no or 

slight change in the emission intensity relative to free X. From 

Fig. 7 insert, the color of X was direct observed to be dim blue 

(Ф = 0.11) and medium blue (Ф = 0.26) in the absence and 

presence of Zn2+ under UV lamp. As shown in Fig. 7(b), in the 

presence of Zn2+, the fluorescence intensity of X was increased 

by about 6.5 times, showing an obvious fluorescence “off - on” 

behavior. Moreover, some metal ions could cause a slight 

increase in the fluorescence intensity of X, such as In3+ and Cd2+. 

On the contrary, Ni2+, Cu2+ and Co2+ could quench the emission 

intensity due to intrinsic quenching nature.53-55 These results 

indicated that X could be used as a fluorescence enhancement 

sensor for recognizing of Zn2+. 

The UV absorption spectra of X (1 × 10-5 M) in EtOH/H2O 

buffer solution (v/v = 9:1, tris = 10 mM, pH = 7.4) was also 

investigated in the absence and presence of various metal ions, 

including Zn2+, Li+, K+, Mg2+, Al3+, Mn2+, In3+, Ga3+, Hg2+, Ag+, Cd2+, 

Fe3+, Cr3+, Ni2+, Cu2+ and Co2+. As shown in Fig. S10, the 

absorption spectrum of free X exhibited a maximum peak 

centered at 371 nm. When 5 equiv. of various metal ions were 

added, both Cu2+ and Co2+ could induce a distinct change in the 

ultraviolet absorption spectrum except for Zn2+, indicating that 

they could also form complexes with X.  

In order to further explore the selectivity of X for Zn2+, the 

competitive experiments were carried out in presence of 

various metal ions (Li+, K+, Mg2+, Al3+, Mn2+, In3+, Ga3+, Hg2+, Ag+, 

Cd2+, Fe3+, Cr3+, Ni2+, Cu2+ and Co2+). As shown in Fig. S11, most 

metal ions, except for Cu2+ and Co2+, did not have much effect 

on the fluorescence response of X to Zn2+. Thus, the X was less 

efficient in detecting Zn2+ in the presence of Cu2+ and Co2+. 

These results indicated that X could be used as a sensor to 

detect Zn2+ in EtOH/H2O buffer solution without interference 

from most metal ions.  

To further explore the binding property of X with Zn2+, 

relevant titration experiments were carried out in EtOH/H2O 

buffer solution (v/v = 9:1, tris = 10 mM, pH = 7.4). Primarily, the 

UV-vis titration was shown in Fig. 8. The free X (1 × 10-5 M) 

showed an absorption peak at 371 nm. It can be obviously 

observed that the absorption peak gradually decreased at 371 
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nm and increased at 399 nm with the addition of Zn2+ from 0 to 

5 × 10-5 M. In addition, a clear isosbestic point was found at 386 

nm, indicating that X could form a stable complex (X[Zn2+]) with 

Zn2+. Moreover, the fluorescence titration experiments for the 

binding of X with Zn2+ were also shown in Fig. 9. As mentioned 

above, the free X maintained a concentration of 1 × 10-5 M and 

exhibited weak fluorescence. With the increased gradually of 

Zn2+ concentrations from 0 to 5 equiv., the fluorescence 

intensity of X increased gradually (Fig. 9(a)) and reached a 

plateau at 463 nm (Fig. 9(b)) when the concentration was 5 × 

10-5 M, indicating that the fluorescence intensity reached the 

maximum. As shown in Fig. 9(b) insert, a good linear 

relationship between the fluorescence intensity of X and the 

low concentration of Zn2+ (1 × 10-7 M - 6 × 10-7 M) with R2 = 

0.9858 and Y = 26X + 235.5 was obtained. The detection limit of 

X for Zn2+ was calculated to be 5.5 × 10-9 M based on 3σ/s 

equation, which is lower than detection of Zn2+ that had been 

reported.13, 15 The association constant (Ka) of X with Zn2+ was 

calculated to be 2.65 × 105 M-1 (Fig. S12) based on eqn (2). 

Furthermore, the reversible binding of X to Zn2+ was also 

verified by adding EDTA. As shown in Fig. 10, free X exhibited 

weak fluorescence intensity. When Zn2+ (5 equiv.) were added, 

the fluorescence intensity of X increased significantly at 463 nm. 

When EDTA (5 equiv.) were added to X[Zn2+] system, the 

fluorescence signal was completely disappeared. Then continue 

to add Zn2+ (10 equiv.) to the system above, the fluorescence 

intensity was significantly increased again. Moreover, keep 

adding EDTA, the fluorescence disappeared completely. X still 

maintained well response to Zn2+ after two cycles with a small 

fluorescence loss at 463 nm and exhibited efficient “on-off-on” 

behavior.  

Moreover, the fluorescence response of X to Zn2+ at 

different pH value (from 2 to 11) were shown in Fig. 11. The free 

X (1 ×  10-5 M) exhibited a stable and weak fluorescence 

between pH value from 2 to 11. In the presence of Zn2+ (5 

equiv.), the fluorescence intensity did not change in the range 

of 2 to 4.5 and gradually increased with the pH changed from 

4.5 to 7.4. When pH＞7.4, the fluorescence intensity of X[Zn2+] 

gradually decreased over the pH range of 7.4 to 9.5 and reached 

a stable value (pH＞9.5). These results indicated that X could be 

used as a sensor to detect Zn2+ in physiological conditions for 

biological samples. 

The possible binding mode between X and Zn2+ was also 

proposed and demonstrated. The stoichiometry between X and 

Zn2+ may be 1:1, which was proved by B-H equation (Fig. S12) 

and mass spectrometry (a peak at m/z 422.9017 corresponded 

to [X + Zn2+]2+, Fig. S13). Thus, the possible binding model 

between X and Zn2+ ions was proposed in scheme 3 according 

to experiments data and relevant literatures.38, 47-49 The oxygen 

atom on -OH and the nitrogen atoms on C=N bond were 

involved in the complexation of Zn2+ ions.  

Moreover, in order to prove the feasibility of the proposed 

binding mechanism between X and Zn2+, structure optimization 

and energy calculation of X and X[Zn2+] were also investigated 

using ab initio density functional theory (DFT) combined with 

time-dependent density functional theory (TDDFT) calculations, 

as implemented in the Gaussian 09 package based on B3LYP/6-

31G(d) basis.50 The optimal structure of X and X[Zn2+] were 
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shown in Fig. S14. For X[Zn2+], from vertical view, the whole 

molecule was basically in the same plane after binding with Zn2+. 

Otherwise, the spatial distributions and orbital energies of 

HOMO and LUMO of X and X[Zn2+] were shown in Fig. 12. For 

X[Zn2+], the HOMO was still around 4-(diethylamino)-2-

hydroxybenzaldehyde and C=N group, while electrons in LUMO 

were uniformly distributed throughout the whole molecule, 

including imidazo[2,1-b]thiazole  and 4-(diethylamino)-2-

hydroxybenzaldehyde parts. The role of Zn2+ ions was to 

increase the degree of intramolecular charge transfer.38 The 

energy gap of X[Zn2+] were calculated to be 3.24 eV. Thus, 

theoretical calculation results proved the binding model 

between X and Zn2+ was feasible and indicated that the 

response of X to Zn2+ may also be the joint result of PET and 

CHEF. The calculated results and experimental phenomena 

were highly consistent with the theoretical basis.  

Furthermore, in order to explore the practical application 

of X, X was used as a sensor to detect Zn2+ in tap water. The 

various concentrations of Zn2+ were prepared in tap water and 

were measured by fluorescence assay method. As shown in 

Table S3, Zn2+ could also be accurately measured in tap water 

samples. Suitable recoveries (97.3%, 104.1% and 106.2%) and 

RSD (1.50%, 2.39% and 3.01%) were observed. Ultimately, these 

results indicated that X could be applied as a potential sensor 

for the quantitative detection of Zn2+ in real water samples. 

Conclusions 

In summary, A new simple and easily synthesized multitarget 

sensor(X), was designed and synthesized based on imidazo[2,1-

b]thiazole-6-carboxylic acid and 4-(diethylamino)-2-

hydroxybenzaldehyde. The structure of X was characterized by 

NMR, FTIR and ESI-MS spectroscopy. X could be used as a sensor 

to detect In3+ in DMF-H2O buffer solution and detect Zn2+ in 

EtOH-H2O buffer solution through fluorescence enhancement. 

X exhibited an efficient “off-on-off” fluorescence behavior by 

cyclic addition of metal ions (In3+ and Zn2+) and EDTA. The 

binding mode and sensing mechanism of X with metal ions (In3+ 

and Zn2+) was verified by theoretical calculations using Gaussian 

09. Moreover, X could be applied as a potential sensor to detect 

In3+ and Zn2+ in real water samples.  

Conflicts of interest 

There are no conflicts to declare. 

Acknowledgements 

The authors thank the Henan Sanmenxia Aoke Chemical 

Industry Co., Ltd. w0920 for financial support. Financial support 

by the National Natural Science Foundation of China (Grants 

21708013) and the China Postdoctoral Science Foundation 

(Grants 2017M620288) 

Notes and references 

1 Z. Wang, J. Yang, P. Liu, Y. Yang, H. Fang, X. Xu, J. Rui, H. Xu, S. 
Wang, Isolongifolanone-based molecular fluorescence 
marker for imaging endogenous Zn2+ in vivo, Tetrahedron, 
2017, 73, 5912-5919. 

2 J. Yang, H. Fang, X. Fang, X. Xu, Y. Yang, J. Rui, C. Wu, S. Wang, 
H. Xu, A novel tetrahydroquinazolin-2-amine-based high 
selective fluorescent sensor for Zn2+ from nopinone, 
Tetrahedron, 2016, 72, 4503-4509. 

3 M. Z. Jonaghani, H. Zali-Boeini, H. Moradi, A coumarin based 
highly sensitive fluorescent chemosensor for selective 
detection of zinc ion, Spectrochim. Acta, Part A, 2019, 207, 16-
22. 

4 Y. Liu, Y. Li, Q. Feng, N. Li, K. Li, H. Hou, B. Zhang, ‘Turn‐on’ 
fluorescent chemosensors based on naphthaldehyde‐2‐
pyridinehydrazone compounds for the detection of zinc ion in 
water at neutral pH, Luminesce., 2017, 33, 29-33. 

5 H. L. Chen, Z. F. Guo, Z. l. Lu, Controlling Ion-Sensing Specificity 
of N-Amidothioureas: From Anion-Selective Sensors to Highly 
Zn2+-Selective Sensors by Tuning Electronic Effects, Org. Lett., 
2012, 14, 5070-5073. 

6 D. K. Das, P. Goswami, B. Medhi, N-benzoate-N′ 
salicylaldehyde ethynelediamine: A new fluorescent sensor 
for Zn2+ ion by “off-on” mode, J. Fluoresc., 2014, 24, 689-693. 

7 L. Tang, X. Dai, K. Zhong, X. Wen, D. Wu, A 
Phenylbenzothiazole Derived Fluorescent Sensor for Zn(II)  
Recognition in Aqueous Solution Through “Turn-On” Excited-
State Intramolecular Proton Transfer Emission, J. Fluoresc., 
2014, 24, 1487-1493. 

8 Y. W. Choi, G. J. Park, Y. J. Na, H. Y. Jo, S. A. Lee, G. R. You, C. 
Kim, A single schiff base molecule for recognizing multiple 
metal ions: A fluorescence sensor for Zn(II) and Al(III) and 
colorimetric sensor for Fe(II) and Fe(III), Sens. Actuators, B, 
2014, 194, 343-352. 

9 H. Wang, T. Kang, X. Wang, L. Feng, A facile strategy for 
achieving high selective Zn(II) fluorescence probe by 
regulating the solvent polarity, A facile strategy for achieving 
high selective Zn(II) fluorescence probe by regulating the 
solvent polarity, Talanta, 2018, 184, 7-14. 

10 J. H. Kang, J. Han, H. Lee, M. H. Lim, K. T. Kim, C. Kim, A water-
soluble fluorescence chemosensor for the sequential 
detection of Zn2+ and pyrophosphate in living cells and 
zebrafish, Dyes Pigm., 2018, 152, 131-138. 

11 H. Liu, T. Liu, J. Li, Y. Zhang, J. Li, J. Song, J. Qu, W. Y. Wong, A 
simple Schiff base as dual-responsive fluorescent sensor for 
bioimaging recognition of Zn2+ and Al3+ in living cells, J. Mater. 
Chem. B., 2018, 6, 5435-5442. 

12 Y. Tang, Y. Huang, L. Lu, C. Wang, T. Sun, J. Zhu, G. Zhu, J. Pan, 
Y. Jin, A. Liu, M. Wang, Synthesis of a new pyrene-devived 
fluorescent probe for the detection of Zn2+, Tetrahedron Lett., 
2018, 59, 3916-3922. 

13 X. Feng, Y. Fu, J. Jin, J. Wu, A highly selective and sensitive 
fluorescent sensor for relay recognition of Zn2+ and HSO4

-

/H2PO4
- with “on-off” fluorescent responses, Analytical 

Biochemistry, 2018, 563, 20-24. 
14 N. Behera, V. Manivannan, A Probe for Multi Detection of Al3+, 

Zn2+ and Cd2+ Ions via Turn-On Fluorescence Responses, J. 
Photochem. Photobiol., A, 2018, 353, 77-85. 

15 T. Mandal, A. Hossain, A. Dhara, A. A. Masum, S. Konar, S. K. 
Manna, S. K. Seth, S. Pathak, S. Mukhopadhyay, Terpyridine 
derivatives as “turn-on” fluorescence chemosensors for the 
selective and sensitive detection of Zn2+ ions in solution and 
in live cells, Photochem. Photobiol. Sci., 2018, 17, 1068-1074. 

16 Y. C. Wu, H. J. Li, H. Z. Yang, A sensitive and highly selective 
fluorescent sensor for In3+, Org. Biomol. Chem., 2010, 8, 3394-
3397. 

17 H. J. Jang, J. H. Kang, D. Yun, C. Kim, A multifunctional selective 
“turn-on” fluorescent chemosensor for detection of Group 

Page 8 of 11Photochemical & Photobiological Sciences

P
ho

to
ch

em
ic

al
&

P
ho

to
bi

ol
og

ic
al

S
ci

en
ce

s
A

cc
ep

te
d

M
an

us
cr

ip
t

Pu
bl

is
he

d 
on

 1
3 

Ja
nu

ar
y 

20
20

. D
ow

nl
oa

de
d 

by
 T

ul
an

e 
U

ni
ve

rs
ity

 o
n 

1/
13

/2
02

0 
1:

32
:4

0 
PM

. 

View Article Online
DOI: 10.1039/C9PP00408D

https://doi.org/10.1039/c9pp00408d


Journal Name  ARTICLE 

This journal is ©  The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 9  

Please do not adjust margins 

Please do not adjust margins 

IIIA ions Al3+, Ga3+ and In3+, Photochem. Photobiol. Sci., 2018, 
17, 1247-1255. 

18 D. Y. Han, J. M. Kim, J. Kim, H. S. Jung, Y. H. Lee, J. F. Zhang, J. 
S. Kim, ESIPT-based anthraquinonylcalix[4]crown 
chemosensor for In3+, Tetrahedron Lett., 2010, 51, 1947-1951. 

19 Q. Y. Cao, J. F. Zhang, W. X. Ren, K. Choi, J. S. Kim, Ferrocene-
based novel electrochemical In3+ sensor, Tetrahedron Lett., 
2011, 52, 4464-4467. 

20 A. Kim, J. H. Kang, H. J. Jang, C. Kim, Fluorescent detection of 
Zn(II) and In(III) and colorimetric detection of Cu(II) and Co(II) 
by a versatile chemosensor, Journal of Industrial and 
Engineering Chemistry, 2018, 65, 290-299. 

21 H. Cho, J. B. Chae, C. Kim, A thiophene-based blue-fluorescent 
emitting chemosensor for detecting indium (III) ion, Inorg. 
Chem. Commun., 2018, 97, 171-175. 

22 H. Kim, K. B. Kim, E. J Song, I. H. Hwang, J. Y. Noh, P. G. Kim, K. 
D. Jeong, C. Kim, Turn-on selective fluorescent probe for 
trivalent cations, Inorg. Chem. Commun., 2013, 36, 72-76. 

23 A. Kim, C. Kim, A hydrazono-quinoline-based chemosensor 
sensing In3+ and Zn2+ via fluorescence turn-on and ClO- via 
color change in aqueous solution, New J. Chem., 2019, 43, 
7320-7328. 

24 P. Wang, D. Zhou, B. Chen, High selective and sensitive 
detection of Zn(II) using tetrapeptide-based dansyl 
fluorescent chemosensor and its application in cell imaging, 
Spectrochim. Acta, Part A, 2018, 204, 735-742. 

25 L. Fan, J. Qin, T. Li, B. Wang, Z. Yang, A novel rhodamine 
chromone-based “Off–On” chemosensor for the differential 
detection of Al(III) and Zn(II) in aqueous solutions, Sens. 
Actuators, B, 2014, 203, 550-556. 

26 B. K. Kundu, P. Mandal, B. G. Mukhopadhyay, R. Tiwari, D. 
Nayak, R. Ganguly, S. Mukhopadhyay, Substituent dependent 
sensing behavior of Schiff base chemosensors in detecting 
Zn2+and Al3+ ions: Drug sample analysis and living cell imaging, 
Sens. Actuators, B, 2019, 282, 347-358. 

27 W. Gao, Y. Zhang, H. Li, S. Pu, A multi-controllable selective 
fluorescent turn-on chemosensor for Al3+ and Zn2+ based on a 
new diarylethene with a 3-(4-methylphenyl)-1H-pyrazol-5-
amine Schiff base group, Tetrahedron, 2018, 74, 6299-6309. 

28 M. Patil, K. Keshav, M. K. Kumawat, S. Bothra, S. K. Sahoo, R. 
Srivastava, J. Rajput, R. Bendre, A. Kuwar, Monoterpenoid 
derivative based ratiometric fluorescent chemosensor for 
bioimaging and intracellular detection of Zn2+ and Mg2+ ions, 
J. Photochem. Photobiol. A, 2018, 364, 758-763. 

29 J. Zhu, Y. Zhang, Y. Chen, T. Sun, Y. Tang, Y. Huang, Q. Yang, D. 
Ma, Y. Wang, M. Wang, A Schiff base fluorescence probe for 
highly selective turn-on recognition of Zn2+, Tetrahedron Lett., 
2017, 58, 365-370. 

30 Z. Wang, S. Cui, S. Qiu, Z. Zhang, S. Pu, A highly sensitive 
fluorescent sensor for Zn2+ based on diarylethene with an 
imidazole unit, Spectrochim. Acta, Part A, 2018, 205, 21-28. 

31 Z. Lu, W. Fan, Y. Lu, C. Fan, H. Zhao, K. Guo, W. Chua, Y. Lu, A 
highly sensitive fluorescent probe for bioimaging zinc ion in 
living cells and zebrafish models, New J. Chem., 2018, 42, 
12198-12204. 

32 J. Li, Y. Chen, T. Chen, J. Qiang, Z. Zhang, T. Wei, W. Zhang, F. 
Wang, X. Chen, A benzothiazole-based fluorescent probe for 
efficient detection and discrimination of Zn2+ and Cd2+, using 
cysteine as an auxiliary reagent, Sens. Actuators, B, 2018, 268, 
446-455. 

33 M. J. Chang, M. H. Lee, A highly selective dual-channel 
fluorescent probe for the detection of Zn2+ ion and 
pyrophosphate in micelle, Dyes Pigm., 2018, 149, 915-920. 

34 L. TANG, D. WU, Z. HUANG, Y. BIAN, A fluorescent sensor 
based on binaphthol-quinoline Schiff base for relay 
recognition of Zn2+ and oxalate in aqueous media, J. Chem. Sci., 
2016, 128, 1337-1343. 

35 Y. J. Dong, X. L. Li, Y. Zhang, W. K. Dong, A highly selective 
visual and fluorescent sensor for Pb2+ and Zn2+ and crystal 
structure of Cu2+ complex based-on a novel single-armed 
Salamotype bisoxime, Supramol. Chem., 2017, 29, 518-527. 

36 M. Y. Jia, Y. Wang, Y. Liu, L. Y. Niu, L. Feng, BODIPY-based self-
assembled nanoparticles as fluorescence turn-on sensor for 
the selective detection of zinc in human hair, Biosens. 
Bioelectron., 2016, 85, 515-521. 

37 L. Yan, R. Li, F. Ma, Z. Qi, A simple salicylaldehyde-based 
fluorescent “turn on” probe for selective detection of Zn2+ in 
water solution and its application in living cells imaging, Anal. 
Meth., 2017, 9, 1119-1124. 

38 J. Sun, Z. Liu, Y. Wang, S. Xiao, M. Pei, X. Zhao, G. Zhang, A 
fluorescence chemosensor based on imidazo[1,2-a]quinoline 
for Al3+ and Zn2+ in respective solutions, RSC Adv., 2015, 5, 
100873-100878. 

39 J. Sun, B. Ye, G. Xia, H. Wang, A multi-responsive squaraine-
based “turn on” fluorescent chemosensor for highly sensit ive 
detection of Al3+, Zn2+ and Cd2+ in aqueous media and its 
biological application, Sens. Actuators, B, 2017, 249, 386-394. 

40 P. Torawane, K. Tayade, S. Bothra, S. K. Sahoo, N. Singh, A. 
Borse, A. Kuwar, A highly selective and sensitive fluorescent 
‘turn-on’ chemosensor for Al3+ based on C=N isomerisation 
mechanism with nanomolar detection, Sens. Actuators, B, 
2016, 222, 562-566. 

41 I. H. Hwang, Y. W. Choi, K. B. Kim, G. J. Park, J. J. Lee, L. Nguyen, 
I. Noh, C. Kim, A highly selective and sensitive fluorescent 
turn-on Al3+ chemosensor in aqueous media and living cells: 
experimental and theoretical studies, New J. Chem., 2016, 40, 
171-178. 

42 R. Chandra, A. Ghorai, G. K. Patra, A simple benzildihydrazone 
derived colorimetric and fluorescent ‘on–off-on’ sensor for 
sequential detection of copper(II) and cyanide ions in aqueous 
solution, Sens. Actuators, B, 2018, 255, 701-711. 

43 H. Wang, B. Fang, L. Zhou, D. Li, L. Kong, K. Uvdal, Z. Hu, A 
reversible and highly selective two-photon fluorescent “on–
off–on” probe for biological Cu2+ detection, Org. Biomol. 
Chem., 2018, 16, 2264-2268. 

44 S. Gharami, K. Aich, L. Patra, T. K. Mondal, Detection and 
discrimination of Zn2+ and Hg2+ using a single molecular 
fluorescent probe, New J. Chem., 2018, 42, 8646-8652. 

45 J. Qin, L. Fan, Z. Yang, A small-molecule and resumable two-
photon fluorescent probe for Zn2+ based on a coumarin Schiff-
base, Sens. Actuators, B, 2016, 228, 156-161. 

46 Y. Xu, H. Wang, J. Zhao, X. Yang, M. Pei, G. Zhang, Y. Zhang, A 
dual functional fluorescent sensor for the detection of Al3+ 
and Zn2+ in different solvents, New J. Chem., 2019, 43, 14320-
14326. 

47 K. Santhiya, S. K. Sen, R. Natarajan, R. Shankar, B. 
Murugesapandian, D-A-D Structured Bis-acylhydrazone 
Exhibiting Aggregation-Induced Emission, Mechanochromic 
Luminescence, and Al(III) Detection, J. Org. Chem., 2018, 83, 
10770-10775. 

48 Y. Xia, H. Zhang, X. Zhu, Q. Zhang, M. Fang, X. Li, H. Zhou, X. 
Yang, X. Zhang, Y. Tian, Two-photon fluorescent probe with 
enhanced absorption cross section for relay recognition of 
Zn2+/P2O7

4- and in vivo imaging, Spectrochim. Acta, Part A, 
2018, 204, 446-451. 

49 Z. Liu, C. Peng, Y. Wang, M. Pei, G. Zhang, A fluorescent sensor 
for Zn2+ and NO2- based on the rational control of C=N 
isomerization, Org. Biomol. Chem., 2016, 14, 4260-4266. 

50 Y. Xu, X. Liu, J. Zhao, H. Wang, Z. Liu, X. Yang, M. Pei, G. Zhang, 
A new ‘‘ON–OFF–ON’’ fluorescent probe for sequential 
detection of Fe3+ and PPi based on 2-pyridin-2-ylethanamine 
and benzimidazo [2,1-a]-benz[de]isoquinoline-7-one-12-
carboxylic acid, New J. Chem., 2019, 43, 474-480. 

Page 9 of 11 Photochemical & Photobiological Sciences

P
ho

to
ch

em
ic

al
&

P
ho

to
bi

ol
og

ic
al

S
ci

en
ce

s
A

cc
ep

te
d

M
an

us
cr

ip
t

Pu
bl

is
he

d 
on

 1
3 

Ja
nu

ar
y 

20
20

. D
ow

nl
oa

de
d 

by
 T

ul
an

e 
U

ni
ve

rs
ity

 o
n 

1/
13

/2
02

0 
1:

32
:4

0 
PM

. 

View Article Online
DOI: 10.1039/C9PP00408D

https://doi.org/10.1039/c9pp00408d


ARTICLE Journal Name 

10 | J. Name., 2012, 00, 1-3 This journal is ©  The Royal Society of Chemistry 20xx 

Please do not adjust margins 

Please do not adjust margins 

51 P. Li, S. Xiao, A highly sensitive and selective sensor based on 
imidazo[1,2-a]pyridine for Al3+, J. Photochem. Photobiol. A, 
2016, 330, 169-174. 

52 M. Sohrabi, M. Amirnasr, H. Farrokhpour, S. Meghdadi, A 
single chemosensor with combined ionophore/fluorophore 
moieties acting as a fluorescent “Off-On” Zn2+ sensor and a 
colorimetric sensor for Cu2+: Experimental, logic gate behavior 
and TD-DFT calculations, Sens. Actuators, B, 2017, 250, 647-
658. 

53 X. Bai, J. Yan, J. Qin, Z. Yang, A multi-ion fluorescent probe for 

Mg2+/Zn2+ based on a novel chromonedendron Schiff base, 
Inorg. Chim. Acta, 2018, 474, 44-50. 

54 K. Boonkitpatarakul, A. Smata, K. Kongnukool, S. Srisurichan, 
K. Chainok, M. Sukwattanasinitt, An 8-aminoquinoline 
derivative as a molecular platform for fluorescent sensors for 
Zn(II) and Cd(II) ions, J. Luminesce., 2018, 198, 59-67. 

55 Y. P. Zhang, Q. H. Xue, Y. S. Yang, X. Y. Liu, C. M. Ma, J. X. Ru, 
H. C. Guo, A chromene pyrazoline derivatives fluorescent 
probe for Zn2+ detection in aqueous solution and living cells, 
Inorg. Chim. Acta, 2018, 479, 128-134. 

Page 10 of 11Photochemical & Photobiological Sciences

P
ho

to
ch

em
ic

al
&

P
ho

to
bi

ol
og

ic
al

S
ci

en
ce

s
A

cc
ep

te
d

M
an

us
cr

ip
t

Pu
bl

is
he

d 
on

 1
3 

Ja
nu

ar
y 

20
20

. D
ow

nl
oa

de
d 

by
 T

ul
an

e 
U

ni
ve

rs
ity

 o
n 

1/
13

/2
02

0 
1:

32
:4

0 
PM

. 

View Article Online
DOI: 10.1039/C9PP00408D

https://doi.org/10.1039/c9pp00408d


Graphical abstract

Short statement:

    An imidazo[2,1-b]thiazole based compound (X) was 

designed and synthesized as an “off-on-off” sensor for the 

multiple recognition of In3+ and Zn2+ in different system.
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