
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

Analytical
 Methods

www.rsc.org/methods

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/


Analytical Methods 

Cite this: DOI: 10.1039/c0xx00000x 

www.rsc.org/xxxxxx 

Dynamic Article Links ►

CommunicationCommunicationCommunicationCommunication
 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  1 

 A Fluorescent Probe for Thiol Based on Strong Nucleophilic Attack of 

Sulfydryl and Its bioimaging 

Jianfang Li, 
a
§ Caixia Yin, *

a
 Fangjun Huo

 
*
b
 Jianbin Chao,

 b
 Yongbin Zhang, 

b
 Lixi Niu

 c
 

Received (in XXX, XXX) Xth XXXXXXXXX 200X, Accepted Xth XXXXXXXXX 200X 

DOI: 10.1039/b000000x 5 

A fluorescent probe has been synthesized and characterized 

as a selective and sensitive sensor for thiols detection. The 

probe exhibits a rapid response and high sensitivity to thiol in 

HEPES: DMF = 1:1 (V/V pH = 7.0) solution.  The practical 

utility of the probe was demonstrated by its application to the 10 

detection of thiol in live cells. 
1. Introduction 

   Biothiols such as cysteine (Cys), homocysteine (Hcy), and 

glutathione (GSH) are important part of many proteins and small 

molecules, and play an important role in cellular antioxidant 15 

systems. It is considered that a large number of biological 

phenomena depend on these thiols containing mercapto group. 

For example, deficiency of Cys will result in many syndromes 

such as slow growth in children, hair depigmentation, edema, 

lethargy, liver damage, loss of muscle and fat, skin lesions, and 20 

weakness.[1-4] Furthermore, homocysteine is a risk factor for 

Alzheimer’s and cardiovascular diseases.[5,6] GSH, which is the 

most abundant intracellular non-proteinogenic thiol,  plays a 

pivotal role in many diseases such as liver damage, leukocyte 

loss, cancer, AIDS and neurodegenerative diseases.[7,8] Therefore, 25 

the rapid, selective and sensitive detection of thiols in biological 

samples has attracted a great deal of attention.  

Many instrumental methods for the detection of thiol levels 

have been reported, e.g., HPLC,[9] capillary electrophoresis[10], 

MS[11,12], electrochemical methods,[13,14] and fluorescent methods.
 

30 

[15,16]
 Among all kinds of detection methods, fluorescent detection 

techniques have been developing dramatically in this last two 

decades due to its high sensitivity, selectivity, simplicity and low 

detection limit.  In the past few years, various fluorescent probes 

for thiols based on different mechanisms have been exploited, 35 

including Michael addition,[17–23] cyclization reaction with 

aldehyde,[24–31] cleavage reaction by thiols[32–36] and others. [37–43] 

Kand[44] et al. reported a colorimetric probe for detection of thiols 

based on intramolecular charge transfer, but no fluorescence 

response which limit its application of imaging. The luminescent 40 

probe for Cys/Hcy reported by Zhang[26] showed a remarkable 

luminescence enhancement with a large blue-shift of the 

maximum emission wavelength from 720 to 635 nm, whereas 

detection limits are 1.41 µM for Cys and 1.19 µM for Hcy, 

respectively. So, there is still plenty of room for improvement in 45 

terms of selectivity, sensitivity, and performance with a different 

interaction mechanism. 

In this work, a fluorescent probe has been synthesized and 

characterized for its application as a selective and sensitive sensor 

for thiols detection.The investigation showed that the changes of 50 

the probe on absorbance spectra and emission spectra after 

reaction with thiols could be used for the detection of thiols. 

 

2. Experimental 

2.1. Materials 55 

4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) 

was purchased from Sigma-Aldrich (St. Louis, MO). Sodium 

hydroxide solution (0.1 mol/L) was added to aqueous HEPES (10 

mmol/L) to adjust the pH to 7.0. Amino acids were purchased 

from Shanghai Experiment Reagent Co., Ltd (Shanghai, China). 60 

All other chemicals used were of analytical grade. 

2.2. Preparation and characterization of probe 

 The synthesis of probe is summarized in Scheme 1. Addition a 

mixture of 1,4-Phthalaldehyde (134.13mg, 1mmol) and 1,2,3,3-

tetramethyl-3H-indolium iodide (602 mg, 2 mmol) in EtOH (20 65 

mL), then adding dropwise 200 ul pyridine into it as catalyst. The 

mixture solution was heated under reflux for 4h. The clear 

solution obtained was concentrated and left to cool, and then 

filtered to obtain the dark solid. 1H NMR (DMSO, 300 MHz): δ 

8.49 (s, 2H), 8.42 (s, 4H), 7.96 (d, 2H, J = 6 Hz), 7.90 (d, 2H, J = 70 

4.8 Hz), 7.84 (s, 2H), 7.69 (s, 4H), 4.24 (s, 6H), 1.84 (s, 12H), 13C 

NMR (DMSO, 75 MHz): δ 183.16, 152.26, 145.36, 143.30, 

139.63, 132,26, 131.33, 130.56, 124.41, 117.04, 116.77, 53.92, 

36.46, 26.59; Elemental analysis (calcd. %) for C32H34I2N2: C, 

54.87, H, 4.89, I, 36.24 N, 4.00, Found: C, 54.35, H, 4.97, N, 75 

3.79. ESI–MS m/z: [probe – 2I + CH3OH]+ Calcd for C33H37N2O 

477.29, Found 477.08 (Fig. S1, ESI†). 

3. Results and discussion 

3.1. Selectivity over thiols 

  In order to examine the selectivity of probe 1, the optical 80 

responses of probe 1 to various natural amino acids, including L-

alanine, L-arginine, L-asparagine, L-aspartic acid, L-glutamine,  

L-glutamic acid, L-glycine, L-histidine, L-isoleucine, L-leucine, 

L-lysine, L-methionine,  L-phenylalanine, L-proline, L-serine, L-

threonine, L-tryptophan and L-valine, as well as biothiols (Cys, 85 

Hcy, and GSH) were tested under the same conditions. As shown 

in Fig. 1a, probe 1 displayed significant fluorescence quenching 

not only towards Cys, but also towards Hcy and GSH, which 

indicates that probe 1 can be used to detect these three biothiols 

simultaneously. In contrast, addition of other analytes showed 90 

almost no noticeable change of the fluorescence signal. Fig. 1b 

shows that fluorescence optical density at 545 nm when various 

amino acids are added and fluorescence color changes. 

Furthermore, these three biothiols could induce a change on UV–

vis spectra, while other amino acids couldn’t (Fig. 2). For other 95 
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thiols, such as ME (2-mercaptoethanol) and MPA 

(Mercaptopropionic Acid), probe showed similar fluorescence 

responses (Fig. S2, ESI†). Furthermore, competitive experiments 

showed that colorimetric and fluorescent detection of biothiols 

can be carried out by probe 1 in the presence of various amino 5 

acids. 

3.2. UV–vis and fluorescence spectra of detecting Hcy 

 The titration experiment of the probe for thiols was also 

carried out. Fig. 3a shows the change in the UV–vis spectra when 

Hcy was added to HEPES: DMF = 1:1 (V/V pH = 7.0) solution 10 

containing probe (5 µmol/L). With increasing Hcy concentration, 

the absorption peak at 445 nm gradually decreased and a new 

peak appeared at 292 nm. A well-defined isosbestic point was 

noted at 400 nm, which may indicate the formation of single new 

species. The changes in the fluorescence spectra of probe 1(Φ = 0. 15 

11) (15 µmol/L) in the absence or presence of Hcy (0–480 

µmol/L) in HEPES: DMF = 1:1 (V/V pH=7.0) are displayed in 

Fig. 3b. As it can be seen the addition of Hcy caused fluorescence 

quenching at 545 nm in the fluorescence spectra (Φ = 0.03). 

Upon ddition of Cys and GSH to probe, respectively, similar 20 

phenomena both on UV–vis spectra and fluorescence spectra can 

be observed (Fig. S3, ESI†). 

3.3. Detection limit of probe for Hcy 

   To investigate the detection limit of probe for Hcy, probe (15 

µmol/L) was treated with various concentrations of Hcy (0–480 25 

µmol/L) and the relative emission intensity at 545 nm was plotted 

as a function of the Hcy concentration (Fig. 4). The emission 

intensity of probe was linearly proportional to Hcy 

concentrations. The detection limit, based on the definition by 

IUPAC (CDL= 3 Sb/m),[45] was found to be 0.035 µmol/L. 30 

Similarly, the detection limits were estimated to be 0.053 µmol/L 

for Cys and about 0.052 µmol/L for GSH (Fig. S4, ESI†). Probe 

shows a high sensitivity towards the thiol which is comparable to 

other reported thiol chemosensors (Table 1). [26,46–48] 

3.4. Time-dependence in the detection process of Hcy 35 

Time-dependent modulations in the fluorescence spectra of 

probe were monitored in the presence of 10 eq. of thiols. The 

kinetic study showed that the fluorescence signal for the system 

decreases gradually with increasing reaction time and the reaction 

was complete within 20 s for Hcy, Cys and within 5 min for 40 

GSH, indicating that probe reacts rapidly with thiols under the 

experimental conditions (Fig. S5, ESI†). This unprecedented fast 

response could provide the possibility of quantitative detection 

without any pretreatment of samples. 

3.5. pH dependence 45 

The effect of pH on the fluorescence properties of the system 

was also investigated. Fig. S6 showed the fluorescence intensity 

obtained for the free probe and probe-Hcy in different pH values. 

Over the pH 2.0–6.0, the fluorescence emission of probe 1 is 

strong, but Hcy induced a small fluorescence change for probe. It 50 

is evident that the fluorescence signal of the probe decreased 

sharply from pH 7.0 to 9.0 and even to no fluorescence in the pH 

vales from 12.0 to 13.0. When pH value exceeds 6.0, the 

fluorescence change of probe solution containing Hcy becomes 

obvious. Therefore, the pH 7.0 is effective for this probe and was 55 

used for further studies. 

3.6. Proposed mechanism 

  To explore the detection mechanism, 2-mercaptoethanol (ME) 

was selected as the thiol species for the mechanism study based 

on previously reported methods. [6] The reaction between probe 1 60 

and ME was monitored by 1HNMR (Fig. S7). Upon addition of 

ME in solution of probe, one of C=C protons in the 1H NMR of 

probe shift to high filed (δ 5.27) due to the interrupt of conjugate 

system. Protons of methyl connected with N atom in the 1H NMR 

split into two peaks (δ 4.13, 3.12), and also protons of methyl 65 

connected with C atom split into two peaks (δ 1.78, 1.36). These 

changes indicate the reaction of ME with the C=N double bond 

(Scheme 2). Mass spectral analysis for its adduct showed 

corroborative evidence for the product (probe-ME) at 522.92 m/z 

(calcd 523.28 for [probe+ME-I-]) (Fig. S8, ESI†). Therefore, the 70 

nucleophilic attack of thiol on the C=N double bond between the 

two main molecular moieties would interrupt the conjugation, 

which would contribute to the blue shift in the absorbance spectra, 

and quenching to a certain extent in the emission spectra. It is 

noted that some nucleophilic reagents such as CN– and HS– did 75 

not response for probe, which was attributed to the sulfydryl 

having more strong nucleophilicity than others. 

3.7.  Cellular  Imaging 

In order to further demonstrate the permeability and real time 

monitoring thiols in living cells, confocal microscopy 80 

experiments were carried out. As shown in Fig. 5A, under 

selective excitation at 450 nm, HepG2 cells incubated with probe 

1 (15 µmol/L), a certain yellow fluorescence was exhibited inside 

the cells. In a control experiment, when cells were pretreated with 

N-ethylmaleimide (NEM, 20 µmol/L, 30 min, a trapping reagent 85 

of thiol species), a little stronger fluorescence intensity was 

observed (Fig. 5B). In a further experiment it was found that 

HepG2 cells displayed almost no fluorescence (Fig. 5C) when the 

cells were first incubated with 15µmol/L of probe for 30 min at 

37◦C and then incubated with Hcy (200 µmol/L), indicating the 90 

specific detection of thiols by 1. Confocal fluorescence images in 

HepG2 cells incubated with probe 1 and GSH also carried out. 

(Fig. S9, ESI†) These results suggest that probe 1 can enter cells 

and make fluorescent labeling.  

4.  Conclusions 95 

In summary, we have developed a fluorescent probe for the 

detection of Cys, Hcy and GSH over other natural amino acids in 

aqueous solution. The probe displayed a dramatic change in 

fluorescence intensity selectively for Cys, Hcy and GSH over 

other natural amino acids in HEPES buffer (10 mmol/L, pH 7.0). 100 

In combination with photochemical properties, convenient 

synthetic procedure, water solubility and neutral nature of the 

compound under physiological conditions allow this probe to act 

as an effective tool for mark Cys, Hcy and GSH within living 

cells. We believe that this effort has shown the utility of a new 105 

strategy to design bio-thiols selective probes. 
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Scheme 1 The synthesis of the probe. 

 

 
(a) 5 

 
(b) 

Fig. 1 (a) Fluorescence emission spectra of the probe (15 µmol/L) in 
HEPES: DMF = 1:1 (V/V pH=7.0) in the presence of 1000 µM Ala, Arg, 

Asn, Asp, Gln, Glu, Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, Trp, 10 

Val and Hcy (480 µmol/L), GSH (280 µmol/L), Cys( 700 µmol/L). (b) 
Optical density graph of the probe (15 µmol/L) at 545 nm upon the 

addition of several analytes (1000 µmol/L) for 5 min in HEPES: DMF = 

1:1 (V/V pH=7.0) (λex=450 nm, slit: 5/5 nm). Inset: a color change 
photograph for thiol and other amino acids under illumination with a 365 15 

nm UV lamp. 

 

 

Fig.2 The absorption spectra of the probe (5 µmol/L) in the presence of 

HEPES: DMF = 1:1 (V/V pH=7.0) in the presence of 1000 µmol/L Ala, 20 

Arg, Asn, Asp, Gln, Glu, Gly, His, Ile, Leu, Lys, Met, Phe, Pro, Ser, Thr, 

Trp, Val and Hcy (190 µmol/L), GSH (90 µmol/L), Cys( 375 µmol/L). 

 

 
(a) 25 

 
(b) 

Fig. 3. (a) UV–vis spectra of probe (5 µmol/L) in in HEPES: DMF = 1:1 
(V/V pH=7.0) upon addition of various concentrations of Hcy (0–190 

µmol/L); (b) Fluorescence spectra of the probe (15 µmol/L) in the 30 

presence of various concentrations of Hcy (0–480 µmol/L) in HEPES: 
DMF = 1:1 (V/V pH=7.0) (λex= 455nm, slit: 5 nm/5 nm). 
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Fig. 4. The linearity of the relative fluorescence intensity versus Hcy 

concentration. 

 
Method Analyte Signal  

output 

Solvent Detection  

limit 

Ref.[26]  Hcy   Fluorescence CH3CN/H2O 0.12 µM 

Ref.[46]      Hcy   Fluorescence DMSO/H2O 1.19 µM 

Ref.[47]  Hcy Fluorescence   DMSO/H2O 1.96µM 

Ref.[48]     Hcy Fluorescence   CH3CN/H2O 0.13µM 

This work  Hcy Fluorescence DMF/H2O 0.035µM 

table. 1  A  comparison  table  about  the  detection  limits  for  Hcy. 5 

 

 

Scheme 2. The mechanism of chemosensor. 

 

 10 

Fig.5. Confocal fluorescence images of HepG2 cells: (a) Fluorescence 

image of HepG2 cells with adding probe (15 µmol/L) and its bright field 

image (d); (b) Fluorescence image of HepG2 cells incubated with 15 

µmol/L probe after pretreated with NEM (20µmol/L) for 30 min at 37℃ 

and its bright field image (e). (c) Fluorescence image of HepG2 cells 15 

incubated with 15 µmol/L probe and 200 µmol/L Hcy for 30 min at 37◦C 

and its bright field image (f). 

Notes and references 

a Institute of Molecular Science, Shanxi University, Taiyuan 030006, 

China. Fax: +86 351 7011022; Tel: +86 351 7011022;  20 

 b Research Institute of Applied Chemistry, Shanxi University, Taiyuan 

030006, China; 
c Institute of Biotechnology, Shanxi University, Taiyuan 030006, China. 

E-mail: yincx@sxu.edu.cn  

huofj@sxu.edu.cn 25 

Electronic Supplementary Information (ESI) available: [details of any 

supplementary information available should be included here]. See 

DOI: 10.1039/b000000x/ 

 

1.   S. Shahrokhian, Anal. Chem., 2001, 73, 5972–5978. 30 

2.   C. X. Yin, F. J. Huo, J. J. Zhang, R. Martı´nez-Ma´n˜ez,Y. T. Yang, H. 

G. Lv and S. D. Li, Chem.Soc.Rev., 2013,42, 6032–6059. 

3.  W. Droge, H. P. Eck and S. Mihm, Immunol Today, 1992, 13, 211-

214; 

4.  M. W. Lieberman, A. L. Wiseman and Z. Z. Shi,Proc. Natl. Acad. Sci. 35 

U. S. A., 1996, 93, 7923–7926. 

5.  S. Seshadri, A. Beiser, J. Selhub, P.F. Jacques, I.H. Rosenberg, R.B. 

D’Agostino, P. W. F. Wilson, P. A. Wolf, New Engl. J. Med., 2002, 

346, 476–483. 

6.   L. J. Qu, C. X. Yin, F. H. Huo,  J. F. Li, J. B. Chao, Y. B. Zhang, Sens. 40 

Actuators, B, 2014, 195, 246–251. 

7.  K. R. Atkuri, J. J. Mantovani and L. A. Herzenberg, Curr. Opin. 

Pharmacol., 2007, 7, 355–359. 

8.   K. Aoyama, S. W. Suh and A. M. Hamby, Nat. Neurosci., 2006, 9, 

119–126. 45 

9. W. Chen, Y. Zhao, T. Seefeldt, X. Guan, J. Pharma. Biomed. Anal., 

2008, 48, 1375–1380. 

10. A. Zinellu, S. Sotgia, B. Scanu, M. F. Usai, A. G. Fois, V. Spada, A. 

Deledda, L. Deiana, P. Pirina, C. Carru, AminoAcids, 2009, 37, 395–

400. 50 

11. N. O. D. Baez, J. A. Reisz, C. M. Furdui, Free Radical Bio.Med., 

2015, 80,  191-211. 

12.  M. Fafii, R. Elango, G. Courtney-Martin, J. D. House, L. Fisher, P. 

B. Pencharz, Anal. Biochem., 2007, 371, 71–81. 

13. P. T. Lee, R. G. Compton, Sens. Actuators, B, 2015, 209, 983-988. 55 

14. M. Wen, H. Liu, F. Zhang, Y. Zhu, D. Liu, Y. Tian, Q. Wu, Chem. 

Commun., 2009, 30, 4530–4532.  

15. Y. T. Yang, F. J. Huo, C. X. Yin, J. B. Chao, Y. B. Zhang, Dyes 

Pigments, 2015, 114, 105–109. 

16. F. J. Huo, J. Kang, C. X. Yin, Y. B. Zhang, J. B. Chao, Sens. 60 

Actuators, B, 2015, 207, 139–143. 

17. Y. B. Zhang, F. J. Huo, C. X. Yin, Y. K. Yue, J. S. Hao, J. B. Chao, D. 

S.Liu, Sens. Actuators, B, 2015, 207, 59–65. 

18. S. Sreejith, K. P. Divya, A. Ajayaghosh, Angew. Chem. Int. Ed., 2008, 

47, 7883–7887. 65 

19. T. Matsumoto, Y. Urano, T. Shoda, H. Kojima, T. Nagano, Org. Lett., 

2007, 9, 3375–3377. 

20. H. S. Hewage, E. V. Anslyn, J. Am. Chem. Soc., 2009, 131, 13099–

13106. 

21. J. Guy, K. Caron, S. Dufresne, S. W. Michnick, W. G. Skene, J. W. 70 

Keillor, J. Am. Chem. Soc.,  2007, 129, 11969–11977. 

22. V. Hong, A. A. Kislukhin, M. G. Finn, J. Am. Chem. Soc., 2009, 131, 

9986–9994. 

23. W. Y. Lin, L. Yuan, Z. M. Cao, Y. M. Feng, L. L. Long, Chem. Eur. 

J.,  2009, 15, 5096–5103. 75 

24. J. Mei, Y. Wang, J. Tong, J. Wang, A. Qin, J. Sun and B. Tang, Chem. 

Eur. J., 2013, 19, 613–620. 

25.  L. P. Duan, Y. F. Xu, X. H. Qian, F. Wang, J. W. Liu, T. Y. Cheng, 

Tetrahedron  Lett., 2008, 49, 6624–6627. 

26.  R. Zhang, X. J. Yu, Z. Q. Ye, G. L. Wang, W. Z. Zhang, J. L. Yuan, 80 

Inorg. Chem., 2010, 49, 7898–7903 

27.  Z. G. Yang, N. Zhao, Y. M. Sun, F. Miao, Y. Liu, X. Liu, Y. H. 

Zhang, W. T. Ai, G. F. Song, X. Y. Shen, X. Q. Yu, J. J. Sun and W. 

Y. Wong, Chem. Commun., 2012, 48, 3442–3444. 

28.  X. Zhang, X. Ren, Q. H. Xu, K. P. Loh, Z. K. Chen, Org. Lett., 2009, 85 

11, 1257–1260. 

29. W. Y. Lin, L. L. Long, L. Yuan, Z. M. Cao, B. B. Chen, W. Tan, Org. 

Lett., 2008, 10, 5577–5580. 

30. H. L. Li, J. L. Fan, J. Y. Wang, M. Z. Tian, J. J. Du, S. G. Sun, P. P. 

Sun, X. J. Peng,  Chem. Commun., 2009, 39, 5904–5906. 90 

31.  X. M. Liu, N. Xi, S. J. Liu, Y. Ma, H. R. Yang, H. R. Li, J. H. He, Q. 

Zhao, F. Y. Li and W. Huang, J. Mater. Chem., 2012, 22, 7894–7901. 

32.  M. M. Pires, J. Chmielewski, Org. Lett., 2008, 10, 837–840. 

33. Z. T. Zhu, W. Liu, L. H. Cheng,  Z. F. Li, Z. Xi, L. Yi, Tetrahedron 

Lett., 2015, 56, 3909–3912. 95 

Page 4 of 6Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  5 

34. L. Peng, Z. J. Zhou, R. R.Wei, K.Li, P. S. Song, A. J. Tong, Dyes 

Pigments, 2014, 108, 24–31. 

35. S. Ji, J. Yang, Q. Yang, S. Liu, M. Chen, J. Zhao, J. Org. Chem., 

2009, 74, 4855–4865. 

36.  J. Bouffard, Y. Kim, T. M. Swager, R. Weissleder, S. A. Hilderbrand, 5 

Org. Lett., 2008, 10, 37–40. 

37.  T. Liu, F. J. Huo, C. X. Yin, J. F. Li, L. X. Niu, RSC Adv., 2015, 5, 

28713–28716. 

38. Y. H. Ahn, J. S. Lee, Y. T. Chang, J. Am. Chem. Soc., 2007, 129, 

4510–4511. 10 

39.  Y. Q. Sun, J. Liu, H. X. Zhang, Y. Y. Huo, X. Lv, Y. W. Shi, W. Guo, 

J. Am. Chem. Soc., 2014, 136, 12520–12523. 

40. M. Zhang, M. X. Yu, F. Y. Li, M. W. Zhu, M. Y. Li, Y. H. Gao, L. Li, 

Z. Q. Liu, J. P. Zhang, D. Q. Zhang, T. Yi, and C. H. Huang, J. Am. 

Chem. Soc., 2007, 129, 10322–10323. 15 

41. C. F. Chow, B. K. W. Chiu, M. H. W. Lam, W. Y. Wong , J. Am. 

Chem. Soc., 2003, 125,7802–7803. 

42. P. K. Sudeep, S. T. S. Joseph, K. G. Thomas, J. Am. Chem. Soc., 

2005, 127, 6516–6517. 

43.  Y. Y. Fu, H. X. Li, W. P. Hu, D. B. Zhu, Chem. Commun., 2005, 25, 20 

3189–3191. 

44. X. L Tang, W. M. Liu, J. S. Wu, W. W. Zhao, H. Y. Zhang, P. F. Wang, 

Tetrahedron Lett., 2011, 52, 5136–5139. 

45.  B. P. Joshi, J. Park, W.I. Lee, K.H. Lee, Talanta, 2009, 78, 903–909. 

46. S. Chen, P. Hou, B. J. Zhou, X.Z. Song, J. S. Wu, H. Y. Zhang, J. W. 25 

Foley, Chem. Commun., 2013, 3, 11543–11546. 

47.  H. Y. Lee, Y. P. Choi, S. Kim, T. Yoon, Z. Q. Guo, S. Lee, K. M. K. 

Swamy, G. Kim,  J. Y. Lee, I. Shin and J. Yoon, Chem. Commun., 

2014, 50, 6967–6969. 

48. H. Y. Shiu, M. K. Wong, C. M. Che, Chem. Commun., 2011, 47, 30 

4367–4369. 

Page 5 of 6 Analytical Methods

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

A
na

ly
tic

al
M

et
ho

ds
A

cc
ep

te
d

M
an

us
cr

ip
t



Abstract Graphic 

The Ttitle: 

 

A Fluorescent Probe for Thiol Based on Strong Nucleophilic Attack of Sulfydryl and Its 

bioimaging 

List of Authors: 

Jianfang Li, 
a
 Caixia Yin,*

a
 Fangjun Huo,*

b
 Jianbin Chao,

 b
 Yongbin Zhang, 

b
 Lixi Niu

 c
 

The statement: 

 

 

The sensor displayed selectivity for copper ions, as evidenced by a green fluorescence to colorless 

change, was characterized using fluorescence spectroscopy and its potential application to 

bioimaging was also illustrated.  
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