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Abstract 

A highly selective colorimetric chemosensor 6,6'-((1E,1'E)-hydrazine-1,2-

diylidenebis(methanylylidene))bis(2,4-dichlorophenol) (1) based on the combination of 

hydrazine and 3,5-dichloro-2-hydroxybenzaldehyde was designed and synthesized. Receptor 

1 showed exclusive response toward cyanide by a color change from colorless to yellow in 

aqueous solution. The binding mode of 1-CN
-
 species was determined to be a 1:1 

stoichiometry through Job plot, 
1
H NMR titration, and ESI-mass spectrometry analysis. Also, 

the sensor 1 could be recyclable simply through treatment with a proper reagent such as 

hydrochloric acid.  
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Development of anion sensors is of great interest in supramolecular chemistry due to their 

chemical and biological importance [1]. Among the various anions, cyanide is one of the 

most concerned, because it is known as one of the most rapidly acting and powerful 

poisons. Its toxicity results from its propensity to bind to the iron in cytochrome c oxidase, 

interfering with electron transport and resulting in hypoxia [2-9]. Cyanide could be 

absorbed through lungs, gastrointestinal track and skin, leading to vomiting, convulsion, 

loss of consciousness, and eventual death [10-13]. Nevertheless, it has been produced in 

large quantities and used in various industrial processes, which has led to environmental 

contamination as well [14]. Thus, it is absolutely necessary to develop selective and 

sensitive methods for CN
-
 detection in aqueous solution.  

Several methods to detect CN
-
 have been developed using various experimental protocols 

and detection techniques, such as chromatography, spectrophotography electrochemical 

methods and flow injection analysis technique [15]. However, most of these methods 

require sophisticated equipment, tedious sample preparation procedures, and trained 

operators. In contrast, colorimetric methods can conveniently and easily monitor target 

ions with the naked eye [16-19]. Colorimetric methods have therefore attracted 

considerable attention in the detection of toxic anions including CN
-
. However, many anion 

sensors are not capable of distinguishing cyanide effectively from anions such as F
-
 and 

AcO
-
, because they possess similar basicity to CN

-
 and easily form hydrogen bonds. To 

overcome these limitations, we synthesized a new chemosensor capable of exclusively 

detecting CN
-
 by naked-eye. 

Herein we report on the synthesis, characterization and sensing properties of a new 

colorimetric receptor 1, based on the combination of hydrazine and 3,5-dichloro-2-

hydroxybenzaldehyde. Receptor 1 can detect cyanide by color change from colorless to 

yellow via the ‘naked-eye’ in aqueous environment. In particular, it can distinguish 

cyanide effectively from anions such as F
-
 and AcO

-
. 

The colorimetric chemosensor 1 was synthesized by condensing hydrazine with 3,5-

dichloro-2-hydroxybenzaldehyde (Scheme 1) and characterized by 
1
H NMR, 

13
C NMR, 

ESI-mass spectrometry, and elemental analysis. 
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The chromogenic sensing ability of receptor 1 with various anions in a mixture of 

CH3CN/bis-tris buffer (v/v, 3:7, 10 mM) was monitored by UV-vis absorption spectra (Fig. 

1(a)). The best selectivity was observed in the mixture of CH3CN/bis-tris buffer (v/v, 3:7) 

among various organic solvent systems. Only the addition of CN
-
 induced a distinct 

spectral change while other anions such as F
-
, AcO

-
, Cl

-
, Br

-
, I

-
 , H2PO4

-
, BzO

-
, N3

-
 and 

SCN
- 
did not induce any spectral changes. Consistent with the change of UV-vis spectrum, 

the solution of 1 resulted in an immediate color change from colorless to yellow with 

cyanide (Fig. 1(b)), indicating that receptor 1 can serve as a ‘naked-eye’ cyanide indicator 

in aqueous solution.  

To further investigate the chemosensing properties of 1, UV-vis titration of 1 with the CN
-
 

ion was performed (Fig. 2). On gradual addition of CN
-
 to a solution of 1, the absorption 

band at 300 nm decreased and a new band at 440 nm emerged and gradually increased to 

maxima at 120 equiv with a distinct isosbestic point at 490 nm, indicating the formation of 

the only one species between 1 and CN
-
. This bathochromic shift led us to propose the 

transition of intramolecular charge transfer (ICT) band through the deprotonation of the 

chemosensor 1 by CN
-
, based on Bhattacharya’s proposal [20,21].  

The binding mode between 1 and CN
-
 was determined through Job plot analysis. The Job 

plot exhibited a 1:1 binding interaction (Fig. 3), which was confirmed by ESI-mass 

spectrometry analysis (Fig. 4). The positive-ion mass spectrum of 1 upon addition of CN
-
 

showed the formation of [1-H
+
 + 2TEA]

+ 
binding mode [m/z: 636.87; calcd: 637.24]. To 

elucidate in more details the binding interaction of receptor 1 with CN
-
, 

1
H NMR titration 

experiments were carried out in DMSO-d6 (Fig. 5). Upon addition of 1 equiv of the CN
-
 to 

the receptor 1, the proton signals of -OH at 11.81 ppm disappeared completely and the imine 

and aromatic protons were shifted to upfield. This result indicates that the cyanide 

participates in the deprotonation of the -OH protons. In addition, no new peak was observed 

in the range of 5-6 ppm, which shows that the nucleophilic addition of cyanide to the imine 

moiety did not occur.  

To further confirm whether the color change originated from the transition of ICT through 

the deprotonation mechanism, the interaction between 1 and OH
-
 was also conducted. UV-vis 
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spectral change of 1 upon addition of OH
-
 was nearly identical to that of 1 upon addition of 

CN
-
, which supports the deprotonation mechanism of 1 by CN

-
 (Fig. S1). 

From the Benesi-Hildebrand equation [22], the association constant was found to be 4 x 

10
2
 M

−1
 for the CN

-
 recognition of receptor 1 (Fig. S2). This value is within the range of 

those (1.0 ~ 1.0 x 10
5
) reported for CN

-
 sensing chemosensors [23-27]. The detection limit 

(3∂/k) of receptor 1 for the analysis of CN
-
 ions was calculated to be 210 μM (Fig. S3) [28]. 

The preferential selectivity of 1 as a colorimetric chemosensor for the detection of CN
-
 

was studied in the presence of various competing anions. For competition tests, receptor 1 

was treated with 120 equiv of CN
-
 in the presence of 120 equiv of other anions. No 

interference was observed for the detection of CN
-
 in the presence of other anions, while 

H2PO4 did interfere completely (Fig. 6). This result suggests that 1 could be an excellent 

sensor for selectively detecting CN
-
 in the presence of most of the competing anions. 

To examine the reversibility of receptor 1 toward CN
-
 in a mixture of CH3CN/bis-tris 

buffer (v/v, 3:7, 10 mM) solution, hydrochloride acid (HCl) (120 equiv) was added to the 

1-CN
-
 solution. As shown in Fig. 7, the solution color changed from yellow to colorless 

and the absorbance at 440 nm completely disappeared. Upon addition of CN
-
 into the 

solution again, the color and the absorbance were recovered. The color changes were 

almost reversible even after several cycles with the sequentially alternative addition of CN
-
 

and HCl. These results indicate that receptor 1 could be recyclable simply through 

treatment with a proper reagent such as HCl, and further confirm that 1 would detect CN
- 

by the deprotonation mechanism. 

In summary, we have reported a simple imine-based naked-eye chemo-sensor 1 for the 

detection of CN
- 
in aqueous solution.

 
The receptor 1 showed high selectivity toward CN

- 

ions in a 1:1 stoichiometric manner, which induced a fast color change from colorless to 

yellow. Moreover, the addition of hydrochloric acid (HCl) to the 1-CN
-
 solution 

regenerated the free 1, indicating that the sensor 1 could be recyclable easily through 

treatment with a proper reagent such as hydochloric acid (HCl). Therefore, this type of a 

simple, easy-to-synthesize chemo-sensor 1 will contribute to potential use for detecting and 

monitoring cyanide in aqueous environment. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

5 

 

 

Acknowledgements 

Basic Science Research Program through the National Research Foundation of Korea 

(NRF) funded by the Ministry of Education, Science and Technology (2012001725 and 

2012008875) are gratefully acknowledged. 

 

Supplementary Information. 

Supplementary material associated with this article can be found, in the online version. 

 

References and notes 

[1] (a) Beer, P. D.; Gale, P. A. Angew. Chem. Int. Ed. 2001, 40, 486-516; (b) Xu, Z.; 

Chen, X.; Kim, H. N.; Yoon, J. Chem. Soc. Rev. 2010, 39, 127-137; (c) Sessler, J. 

L.; Gale, P. A.; Cho, W. S. Anion Receptor Chemistry Royal Society of Chemistry 

Cambridge 2006; (d) Martinez, M. R.; Sancenon, F. Chem. Rev. 2003, 103, 4419-

4476; (e) Ding, Y.; Li, T.; Zhu, W.; Yongshu, X. Org. Biomol. Chem. 2012, 10, 

4201-4207. 

[2] Vennesland, B.; Comm, E. E.; Knownles, C. J.; Westly, J.; Wissing, F. Cyanide in 

Biology Academic Press London 1981. 

[3] Noh, J. Y.; Hwang, I. H.; Kim, H.; Song, E. J.; Kim, K. B.; Kim, C. Bull. Kor. 

Chem. Soc. 2013, 34, 1985-1989. 

[4] Park, G. J.; Hwang, I. H.; Song, E. J.; Kim, H.; Kim, C. Tetrahedron 2014, 70, 

2822-2828. 

[5] Tang, L.; Zhou, P.; Zhong, K.; Hou, S. Sens. Actuators B 2013, 182, 439-445. 

[6] Yang, R.; Wu, W.; Wang, W.; Li, Z.; Qin, J. Macromol. Chem. Physic. 2010, 211, 

18-26. 

[7] Dong, S.; Ou, D.; Qin, J.; Li, Z. J. Polym. Sci. A1. 2011, 49, 3314-3327. 

[8] Chen, X.; Nam, S.; Kim, G.; Song, N.; Jeong, Y.; Shin, I.; Park, S.; Kim, K. J.; Park, 

S.; Yoon, J. Chem. Commun. 2010, 46, 8953-8955. 

[9] Qua, Y.; Jin, B.; Liu, Y.; Wub, Y.; Yang, L.; Wua, J.; Hua, J. Tetrahedron Lett. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

6 

 

2013, 54, 4942-4944. 

[10]  Kulig, K.W. Cyanide Toxicity U.S. Department of Health and Human Services: 

Atlanta GA 1991. 

[11]  Baskin, S. L.; Brewer, T. G.; Sidell, F. R.; Takafuji, E. T.; Franz, D. R.; (Eds.), 

Medical Aspects of Chemical and Biological Warfare, TMM Publications, 

Washington, DC, 1997, 271-286. 

[12]  Baird, C.; Cann, M. Environmental Chemistry Freeman New York 2005. 

[13]  Sumiya, S.; Doi, T.; Shiraishi, Y.; Hirai, T. Tetrahedron 2012, 68, 690-696. 

[14]  Jung, H. S.; Han, J. H.; Kim, Z. H.; Kang, C.; Kim, J. S. Org. Lett. 2011, 13, 5056-

5059. 

[15]  Nie, H. M.; Gon, C. B.; Tang, Q.; Ma, X, B.; Chow, C. f. Dyes pigm. 2014, 106,  

74-80. 

[16]  Ai, K.; Liu, Y.; Lu, L. J. Am. Chem. Soc. 2009, 131, 9496-9497. 

[17]  Xiong, D. J.; Li, H. B. Nanotechnology 2008, 19, 465502. 

[18]  Gore, A. H.; Gunjal, D. B.; Kokate, M. R.; Sudarsan, V.; Anbhule, P. V.; Patil, S. 

R.; Kolekar, G. B. ACS Appl. Mater. Interfaces 2012, 4, 5217-5226. 

[19]  Kaur, P.; Kaur, S.; Mahajan A.; singh, K. Inorg. Chem. Commun. 2008, 11, 626-

629. 

[20]  Kumari, N.; Jha S.; Bhattacharya, S. J. Org. Chem. 2011, 76, 8215-8222. 

[21]  (a) Li, L.; Liu, F.; Li, H.; Spectrochim. Acta Part A 2011, 79, 1688-1692; (b) Xie, 

P.; Guo, F.; Yang, S.; Yao, D.; Yangand, G.; Xie, L. J. Fluoresc. 2014, 24, 473-480.  

[22]  Benesi, H. A.; Hildebrand, J. H. J. Am. Chem. Soc. 1949, 71, 703-2707. 

[23]  Gong, W.; Zhang, Q.; Shang, L.; Gao, B.; Ning, G. Sens. Actuators B 2013, 177,   

322-326. 

[24]  Hijji, Y. M.; Barare, B.; Zhang, Y. Sens. Actuators B 2012, 169, 106-112.  

[25]  Tavallali, H.; Deilamy, R. G.; Parhami, A.; Kiyani, S. Spectrochim. Acta. A 2014, 

121, 139-146. 

[26]  Kim, D.; Chung, Y.; Jun, M.; Ahn, K. H.; J. Org. Chem. 2009, 74, 4849-4854. 

[27]  Chen, L.; Nie, H.; Zhang, G.; Gong, F.; Yang, Y.; Gong, C.; Tang, Q.; K. Xiao,  

Tetrahedron Lett. 2014, 55, 3017-3023. 

[28]  Tsui, Y. K.; Devaraj, S.; Yen, Y. P. Sens. Actuators B 2012, 161, 510-519. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

7 

 

 

 

Scheme 1. Synthetic procedure of 1. 
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Scheme 2. Proposed sensing mechanism of 1 for cyanide. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT
 

9 

 

Figure captions 

 

Figure 1. (a) UV-vis spectral changes of 1 (20 µM) upon the addition of various anions 

(120 equiv) in a mixture of CH3CN/bis-tris buffer solution (v/v, 3:7). (b) The color 

changes of 1 (20 µM) upon addition of various anions (120 equiv). 

 

Figure 2. UV-vis spectral changes of 1 (20 µM) upon addition of CN
-
 (up to 120 equiv). 

 

Figure 3. Job plot of receptor 1 and cyanide. The total concentration of CN
-
 ions with 

receptor 1 was 1.0 x 10
-5

 M. 

 

Figure 4. Positive-ion electrospray ionization mass spectrum of 1 (20 µM) upon 

addition of CN
-
 (1 equiv). 

 

Figure 5. 
1
H NMR titration of 1 (10 mM) with CN

-
. 

 

Figure 6. (a) Competitive selectivity of 1 (20 μM) towards CN
-
 (120 equiv) in the 

presence of other anions (120 equiv). (b) The color changes of 1 (20 μM) in the 

presence of CN
-
 (120 equiv) and other anions (120 equiv). 

Figure 7. (a) UV-vis spectral changes of 1 (20 µM) after the sequential addition of CN
- 

and HCl. (b) The color changes of 1 (20 µM) after the sequential addition of CN
- 
and 

HCl.  
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Fig. 1 
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Fig. 2 
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Fig. 3 
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Fig. 4  
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Fig. 5 
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(a) 

 

(b) 

 

 

Fig. 6 
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(a) 

  

(b)  

 

 

Fig. 7  
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Graphical abstract 

 

 

A highly selective colorimetric chemosensor (1) based on the combination of hydrazine and 

3,5-dichloro-2-hydroxybenzaldehyde was designed and synthesized. Receptor 1 showed 

exclusive response toward cyanide by a color change from colorless to yellow in aqueous 

solution. The binding mode of 1-CN
-
 species was determined to be a 1:1 stoichiometry 

through Job plot, 
1
H NMR titration, and ESI-mass spectrometry analysis.  
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Highlights 

 

 

► A colorimetric Schiff base chemosensor 1 was synthesized. 

 

► CN
-
 resulted in an immediate color change from colorless to yellow. 

 

► Receptor 1 could be recyclable simply through treatment HCl. 


