
Salicylimine-Based Colorimetric and Fluorescent Chemosensor  Bull. Korean Chem. Soc. 2013, Vol. 34, No. 7     1985

http://dx.doi.org/10.5012/bkcs.2013.34.7.1985

Salicylimine-Based Colorimetric and Fluorescent Chemosensor for 

Selective Detection of Cyanide in Aqueous Buffer

Jin Young Noh, In Hong Hwang,* Hyun Kim, Eun Joo Song, Kyung Beom Kim, and Cheal Kim*

Department of Fine Chemistry, Seoul National University of Science and Technology, Seoul 139-743, Korea
*E-mail: hwang817@naver.com (I. H. Hwang); chealkim@seoultech.ac.kr (C. Kim)

Received March 20, 2013, Accepted April 2, 2013

A simple colorimetric and fluorescent anion sensor 1 based on salicylimine showed a high selectivity and

sensitivity for detection of cyanide in aqueous solution. The receptor 1 showed high selectivity toward CN− ions

in a 1:1 stoichiometric manner, which induces a fast color change from colorless to orange and a dramatic

enhancement in fluorescence intensity selectively for cyanide anions over other anions. Such selectivity

resulted from the nucleophilic addition of CN− to the carbon atom of an electron-deficient imine group. The

sensitivity of the fluorescence-based assay (0.06 µM) is below the 1.9 µM suggested by the World Health

Organization (WHO) as the maximum allowable cyanide concentration in drinking water, capable of being a

practical system for the monitoring of CN− concentrations in aqueous samples.
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Introduction

Anion recognition is an area of growing interest in supra-

molecular chemistry due to its crucial role in a wide range of

environmental, chemical and biological applications.1 Among

the various anions, cyanide is one of the most concerned. It

is known as one of the most rapidly acting and powerful

poisons, and the toxicity results from its propensity to bind

to the iron in cytochrome c oxidase, interfering with electron

transport and resulting in hypoxia.2 Also, even very small

amounts of the cyanide lead to diseases of the vascular,

cardiac, visual, endocrine, central nervous and metabolic

systems.3 Despite its extreme toxicity, cyanide is used in

many industries such as gold mining, electroplating, metal-

lurgy, polymer production such as nitriles, nylon, and acrylic

plastics which produce nearly 140,000 tons of cyanide per

year worldwide.4 It is therefore evident that reliable and

efficient ways of detecting the presence of cyanide are

needed. 

In recent years, many efforts have been devoted to design

various chemosensors specific for cyanide detection.5 The

most attractive approach focuses on the research of novel

colorimetric cyanide anion sensors, which allow naked eyes

detection of the color change without resorting to the use of

expensive instruments.6 Moreover, a fluorescent method is

especially attractive mainly because of its high sensitivity,

easy operation, rapid response rate, and relative low cost.7

Thus, a dual colorimetric-fluorescent probe for detection of

cyanide is particular attractive.

Many of the cyanide anion receptors reported to date have

relied on hydrogen-bonding motifs and, as a consequence,

have several limitations such as poor selectivity over F− or

OAc−.8 To overcome this limitation, reaction-based receptors,

rationally designed cyanide anion indicators, have been

developed recently.9 This reaction based recognition takes

advantage of strong nucleophilicity and weak hydrogen-

bonding ability of cyanide ion in aqueous media. Reported

reaction-based indicators of CN− include probes based on

oxazines,10 cationic boranes,11 acridinium salts,12 benzyl-

based systems,13 β-turn motifs,14 α,β-unsaturated systems,15

coumarins,16 hydrazones,17 aldehydes, and ketones.18 How-

ever, most of these probes suffer from limitations such as

utilization of expensive instruments, complicated synthesis,

requirements of high temperature, and lack of visible changes

in color. Most importantly, many of these are reported to

work only in organic media. Therefore, it is absolutely necess-

ary to develop new reaction-based probes for detecting CN−

in aqueous solution.

With these considerations in mind, we report a simple

salicylimine-based colorimetric and fluorescent cyanide selec-

tive chemosensor 1, which can work effectively in aqueous

media. Receptor 1 can detect cyanide ion via naked-eye

discernible color change and exhibits an unique ‘turn-on’

fluorescence with high selectivity and sensitivity in a water/

THF solution.

Experimental Section

General Information. All the solvents and reagents (ana-

lytical grade and spectroscopic grade) were obtained from

Sigma-Aldrich and used as received. o-Phenolsalicylimine

(1) was synthesized as previously reported.19 1H NMR mea-

surements was performed on a Varian 400 MHz spectrometer

and chemical shifts are recorded in ppm. Electrospray ioni-

zation mass spectra (ESI-MS) were collected on a Thermo

Finnigan (San Jose, CA, USA) LCQTM Advantage MAX

quadrupole ion trap instrument. Absorption spectra were

recorded at 25 °C using a Perkin Elmer model Lambda 2S

UV/Vis spectrometer. Fluorescence measurements were per-

formed on a Perkin Elmer model LS45 fluorescence spectro-
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meter. 

UV-Vis Measurements. Receptor 1 (53.3 mg, 0.25 mmol)

was dissolved in tetrahydrofuran (5 mL) and 3 μL of

receptor 1 (50 mM) was diluted to 2.997 mL 10% bis-tris/

THF buffer (0.01 M, pH 7.0) to make the final concentration

of 50 μM. Tetraethylammonium cyanide (234.4 mg, 1.5

mmol) was dissolved in tetrahydrofuran (5 mL). 5-30 μL of

CN− solution (300 mM) was transferred to each receptor

solution (50 μM) prepared above. After mixing them, UV

absorption spectra were taken at room temperature. 

Fluorescence Measurements. Receptor 1 (53.3 mg, 0.25

mmol) was dissolved in tetrahydrofuran (5 mL) and 3 µL of

the receptor 1 (50 mM) was diluted in 2.997 mL 10% Bis-

tris/THF buffer (0.01 M, pH 7.0) to make the final concen-

tration of 50 µM. Tetraethylammonium cyanide (234.4 mg,

1.5 mmol) was dissolved in tetrahydrofuran (5 mL). 4-35 μL

of CN− solution (300 mM) was transferred to each receptor

solution (50 μM) prepared above. After mixing, fluorescence

spectra were obtained at room temperature.

Job Plot Measurement. Receptor 1 (10.7 mg, 0.05 mmol)

was dissolved in tetrahydrofuran (2 mL). 12, 10.8, 9.6, 8.4,

7.2, 6.0, 4.8, 3.6, 2.4, and 1.2 μL of receptor 1 solution were

taken and transferred to vials. Each vial was diluted with

10% Bis-tris/THF buffer (0.01 M, pH 7.0) to make a total

volume of 2.988 mL. Tetraethylammonium cyanide (7.81

mg, 0.05 mmol) was dissolved in tetrahydrofuran (2 mL). 0,

1.2, 2.4, 3.6, 4.8, 6.0, 7.2, 8.4, 9.6, 10.8, and 12 μL of the

tetraethylammonium cyanide solution were added to each

diluted receptor 1 solution. Each vial had a total volume of 3

mL. After shaking the vials for a few minutes, fluorescence

spectra were taken at room temperature.

NMR Titration. For 1H NMR titrations of receptor 1, five

NMR tubes of receptor 1 (2.13 mg, 0.01 mmol) dissolved in

a mixture of THF-d8 (630 μL) and D2O (70 μL) were pre-

pared and then five different concentrations (0.01, 0.03,

0.05, 0.1 and 0.3 mmol) of tetraethylammonium cyanide

dissolved in THF-d8 were added to each solution of receptor

1. After shaking them, 1H NMR spectra were taken at room

temperature. 

Results and Discussion

Colorimetric Anion-Sensing. The chromogenic sensing

ability of 1 was examined first with tetraethylammonium

(TEA) salts of a series of anions including F−, Cl−, Br−, I−,

CN−, OAc− in aqueous THF solutions (Fig. 1(a)). Upon the

addition 60 equiv of each anion, only CN− induced distinct

spectra changes while other anions did not induce any

spectra changes. As a result, the solution color of 1 changed

from colorless to orange only with cyanide with fast re-

sponse time (Fig. 1(b)), indicating that receptor 1 can serve

as a “naked-eye” indicator for CN− in aqueous media. The

high selectivity of 1 for cyanide may be due to the nucleo-

philicity of cyanide in water. The water decrease the anion’s

nucleophilicity by hydrogen bonding to the nucleophile.

Anions such as F− and OAc− interact with water through

hydrogen-bonding leading to a large decrease in their nucleo-

philicity and basicity, thus, resulting in a poor deprotonation

reaction. In contrast, cyanide has much weaker hydrogen-

bonding ability in comparison with F− and OAc− and stronger

nucleophilicity toward the imine group, which results in the

addition reaction of CN− to the carbon atom of an electron-

deficient imine group and, subsequently, fast proton transfer

of the phenol hydrogen to the neighboring nitrogen anion

through an intramolecular hydrogen bond (Scheme 1).20 In

an aprotic solvent such MeCN, the selectivity of 1 for CN−

was poor as shown in Fig. S1. All the basic anions such as

CN−, F− and OAc− caused the solution color of 1 to change

from colorless to orange by a simple deprotonation reaction,

because there are no hydrogen bonding between MeCN and

the basic anions.21 A quantitative investigation of the bind-

ing affinity of 1 with CN− was studied by UV-vis titration

(Fig. 2). The addition of CN− ions to a solution of 1 resulted

in a decrease of absorption band at 354 nm and the ap-

pearance of a new band at 426 nm with a clear isosbestic

Figure 1. (a) Absorption spectra changes of 1 (30 μM) in the
presence of 30 equivalents of different anions. (b) The color
changes of 1 (30 μM) upon addition of various anions (30 equiv)
in 10% Bis-tris/THF buffer (0.01 M, pH 7.0). 

Scheme 1. The proposed sensing mechanism of 1 for cyanide in
10% Bis-tris/THF buffer (0.01 M, pH 7.0). 



Salicylimine-Based Colorimetric and Fluorescent Chemosensor  Bull. Korean Chem. Soc. 2013, Vol. 34, No. 7     1987

point at 371 nm, indicative of a clean conversion of 1 into

the 1-CN− complex. From the Benesi-Hildebrand equation,22

the association constant was found to be 2.0 ± 0.5 × 103 M−1

for the 1-CN− anion complexation (Fig. S3). To check the

possible interference of other anions on cyanide complexa-

tion with receptor 1, competition experiments were perform-

ed in the presence of CN− mixed with various anions (Fig.

S4). All of these competing anions such as F−, Cl−, Br−, I−

and OAc− did not interfere with naked-eye detection of CN−

by 1 in aqueous solution, which means that the receptor 1

displays a good selectivity for CN− over other competing

anions. Therefore, absorption studies clearly showed that

receptor 1 can act as a specific chromogenic chemodosi-

meter for cyanide in aqueous solution.

Fluorescent Anion-sensing. To further explore the utility

of receptor 1 as an anion-selective fluorescent chemosensor

for CN− ions, the fluorogenic behavior of 1 was investigated

with various anions in aqueous THF solution. As shown in

Figure 3, receptor 1 alone displayed a very weak fluore-

scence emission with an excitation of 370 nm. Also, the

addition of some anions such as F−, Cl−, Br−, I− and OAc− to

the solution of 1 showed no significant changes of the

fluorescence. In contrast, the addition of CN− resulted in a

drastic enhancement (102-fold) of the emission intensity

positioned at 492 nm. In order to study in details the fluore-

scent sensing behavior of 1, fluorescence titration experi-

ments were performed (Fig. 4). When the receptor 1 was

titrated with CN−, the fluorescence intensity increased up to

60 equiv and then no further change was observed. The Job

plot for the binding between 1 and CN− exhibited a 1:1

stoichiometry (Fig. S2).23 The fluorescence quantum yields

of receptor 1 without and with CN− were found to be 0.001

and 0.085, respectively.24 The detection limit of receptor 1

for the analysis of CN− ions on the basis of 3σ/K was cal-

culated to be 6.0 × 10−8 M (Fig. S5).25 As cyanide concen-

trations lower than 1.9 × 10−6 M are acceptable in drinking

water according to the World Health Organization (WHO),26

the detection limit of 1 is far below the WHO guidelines of

drinking water, which means that receptor 1 is a powerful

tool for the detection of cyanide in water. To check further

the practical applicability of receptor 1 as a CN−-selective

fluorescence sensor, we carried out competition experiments

(Fig. S6). When 1 was treated with 60 equiv of CN− in the

presence of other anions of the same concentration, the

fluorescence enhancement caused by CN− was retained with

F−, Cl−, Br−, I− and OAc−. These results indicate that receptor

1 shows an excellent selectivity for cyanide anion in the

presence of other anions, making it very useful in practical

applications.
1H NMR and ESI-MS Studies. The 1H NMR titration

experiments were studied in the mixed solvent (THF-d8:

D2O = 9:1, v/v) to examine the binding mode between 1 and

CN− ion. 1H NMR spectra of receptor 1 before and after

treatment with 30 equiv of CN− are shown in Figure 5. With

the increasing of cyanide concentration, the Ha proton of the

imine group at 8.9 ppm disappeared and a new peak (Ha') at

Figure 2. Absorption spectra changes of 1 (30 μM) in the presence
of different concentrations of CN− ions (2, 4, 6, 8, 10, 12, 14, 16,
18, 20, 22, 24, 26, 28 and 30 eq) at room temperature. Inset:
absorbance at 448 nm versus the number of equivalents of CN−

added.

Figure 3. Flourescence spectra of receptor 1 (50 μM) upon
addition of tetraethylammonium salts (60 equiv) of F−, Cl−, Br−, I−,
CN−, OAc− with an excitation of 370 nm.

Figure 4. Fluorescence spectra of 50 μM receptor 1 (λex = 370
nm) after addition of increasing amounts of CN− ions (8, 10, 15,
20, 25, 30, 35, 40, 45, 50, 60 and 70 eq) at room temperature.
Inset: intensity at 492 nm versus the number of equivalents of CN−

added.
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5.7 ppm started appearing, indicating that the cyanide anion

functions as a nucleophile in aqueous solution. All aromatic

protons were shifted to upfield, which suggests that the

negative charge developed by the attack of CN− ion de-

localized through the whole receptor molecule. The formation

of cyanide adduct was further confirmed by mass spectro-

scopy. The negative-ion mass spectrum of 1 upon addition of

30 equiv of CN− showed the formation of the 1+CN−

complex [m/z: 239.20; calcd, 239.08] (Fig. 6). Based on the

Job plot, 1H NMR titration and ESI-Mass analysis, we pro-

pose the structure of an 1:1 complex of 1 and CN−, as shown

in Scheme 1.

Conclusions

In summary, we have reported a simple imine-based turn-

on colorimetric and fluorescent chemodosimeter, which dis-

plays high selectivity and sensitivity for detection of cyanide

in aqueous solution. The receptor 1 showed high selectivity

toward CN− ions in a 1:1 stoichiometric manner, which

induces a fast color change from colorless to orange and a

dramatic enhancement in fluorescence intensity selectively

for cyanide anions over other anions. Such selectivity results

from the nucleophilic addition of CN− to the carbon atom of

an electron-deficient imine group and, subsequently, the fast

proton transfer of the phenol hydrogen to the neighboring

nitrogen anion through an intramolecular hydrogen bonding.

Moreover, the detection limit of 1 for CN− falls below the

WHO detection level. Consequently, the chemodosimeter 1

appears to be a practical system for monitoring CN− con-

centrations in aqueous solution.
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