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Abstract 

Two positively charged amphiphilic benzothiadiazoles (2–3), functionalized with 2,3-di-

methylbenzo[d]thiazol-3-ium and 2,3-dimethylnaphtho[2,1-d]thiazol-3-ium acceptor moi-

eties, synthesized earlier in our research group, from 7-(4-methoxy-

phenyl)benzo[c][1,2,5]thiadiazole-4-carbaldehyde (1), were evaluated concerning their 

optical chemosensory capabilities towards different anions in DMSO and in a DMSO/wa-

ter (75:25). Spectrophotometric and spectrofluorimetric titrations were performed demon-

strating that both compounds were highly sensitive to cyanide in DMSO. Compound 2 

showed fluorescence quenching at 657 nm with 5 equivalents of CN−, while compound 3 

displayed a decrease in absorption at 480 nm and emission at 666 nm with 7 equivalents 

of CN− in DMSO solution. Nevertheless, in DMSO/water mixture, the sensitivity de-

creased, requiring 50–70 equivalents of cyanide for fluorescence quenching. 
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1. Introduction 

In recent years, “push-pull” heterocyclic molecules, like donor-π-acceptor (D-π-A) 

benzothiadiazole derivatives, have drawn significant attention due to their tunable optical 

and electronic properties. These benzothiadiazoles are particularly interesting in the fields 

of optoelectronics, optical chemosensing and bioimaging due to their easy functionaliza-

tion, high photostability and biocompatibility [1–4]. 

Cyanide ions are highly toxic to humans and the environment, as they interfere with 

oxygen use. This can lead to cellular death and negatively impacts multiple physiological 

systems such as the vascular, cardiac and nervous systems. Symptoms of cyanide poison-

ing include vomiting, convulsions and, in severe cases, death. Despite its toxicity, cyanide 

salts remain in use across several industries, such as plastic manufacturing and gold min-

ing [5–7]. 

Considering this, we report the study of the optical chemosensory ability of two 

“push-pull” benzothiadiazole derivatives, reported recently by us [8], towards different 

anions in DMSO and in DMSO/water (75:25), demonstrating a highly sensitive cyanide 

detection in DMSO. 
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2. Materials and Methods 

The solvents were of spectroscopic grade and used as received. The ultraviolet and 

visible absorption spectra (UV/vis) were carried out on a Shimadzu UV-2100 spectropho-

tometer. The fluorescence emission spectra were obtained on FluoroMax- 4 (HORIBA). 

All the fluorescence emission spectra were corrected for the wavelength response of the 

system. The measurements in solution were obtained using a 1 cm quartz cuvette. 

2.1. Synthesis and Photophysical Characterization of Benzothiadiazole Derivatives 1–3 

The synthesis and photophysical characterization of precursor 1 and benzothiadia-

zole derivatives 2 and 3 (Figure 1) have been reported recently by our research group [8]. 

 

Figure 1. Chemical structures of precursor 1 and benzothiadiazoles 2 and 3. 

2.2. Chemosensory Studies of Benzothiadiazoles 2 and 3 

The evaluation of the chemosensing properties of compounds 2 and 3 was carried 

out in the presence of several anions (H2PO4−, CH3CO2−, NO3−, ClO4−, HSO4−, BzO−, Br−, 

CN−, I−, and F−) with environmental and biomedical relevance. The solutions of the ben-

zothiadiazole derivatives were prepared in DMSO at a final concentration of 1 × 10−5 M, 

and the solutions of anions were prepared in DMSO at a concentration of 1 × 10−2 M. 

The preliminary study was performed by the addition of 50 equivalents of each anion 

to the solution of the compounds. 

Considering the results obtained in DMSO solutions, a new test in an aqueous solu-

tion was performed. Therefore, solutions of compounds 2 and 3 were prepared from a 

dilution of the stock solution, with a final concentration of 7.5 × 10−6 M in a DMSO/water 

mixture (75:25). The ion solutions used were the same and, similarly, 50 equivalents of 

each ion were added to the solution of each compound. 

The spectrophotometric and spectrofluorimetric titrations were performed according 

to the results obtained in the preliminary study in both DMSO and DMSO/water mixture. 

The compounds and anion solutions were prepared as in the previous study. After suc-

cessive additions of anion equivalents, the absorption and emission graphics of the com-

pounds were obtained. 

3. Results and Discussion 

3.1. Photophysical Characterization of Benzothiadiazole Derivatives 1–3 

Table 1 presents the photophysical characterization of compounds 1–3 (Figure 1) in 

DMSO [8]. 

Table 1. Spectroscopic data (maximum wavelength of absorption and fluorescence, Stokes’ shift, 

fluorescence quantum yield ϕF, and logarithm of the molar absorption coefficient, log ε) for the ben-

zothiadiazole derivatives in DMSO at 293 K. 

Compound 𝝀𝒎𝒂𝒙
𝑨𝒃𝒔  (nm) 𝝀𝒎𝒂𝒙

𝑭𝒍𝒖𝒐 (nm) ∆𝑺𝑺 (cm−1) log ε 𝝓𝑭 

1 400 570 7456 3.99 0.43 

2 465 657 6285 4.24 0.15 

3 480 665 5796 4.41 0.17 
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3.2. Chemosensory Studies of Benzothiadiazoles 2 and 3 

3.2.1. Compound 2 

Preliminary chemosensory studies for compound 2 showed a colorimetric and fluo-

rometric response upon addition of 50 equivalents of the anions CH3CO2−, CN− and F−. 

Therefore, the solution of the compound changed from orange to colorless and a fluores-

cence quenching occurred, as can be seen in Figure 2. 

 

Figure 2. Solutions of compound 2 in DMSO under (top) natural light and (bottom) UV radiation at 

λmax = 312 nm upon addition of 50 equivalents of various anion solutions. 

Considering these results, and having in mind potential practical applications, a sec-

ond preliminary study was performed in a mixture of DMSO/water (75:25). Under these 

conditions, the interaction of CN− with the solution of compound 2 showed a color change 

from yellow to colorless and under UV light, and additionally, a quenching of fluores-

cence was also observed (Figure 3). 

 

Figure 3. Solutions of compound 2 in DMSO/water (75:25) under (top) natural light and (bottom) 

UV radiation at λmax = 312 nm upon addition of 50 equivalents of various anions solutions. 

Therefore, spectrophotometric and spectrofluorimetric titrations were performed in 

DMSO solution with CN−. In both cases, after addition of only 5 equivalents of CN−, a total 

decrease in the absorbance values at 465 nm and in the fluorescence intensity at 657 nm 

was observed. Figure 4a presents a representative example of the spectrofluorimetric ti-

tration. In this case, it appears that a displacement of the emission band occurs, however 

its intensity does not change with the addition of more equivalents. Subsequently, the 

spectrofluorimetric titration was performed in a DMSO/water (75:25). As can be seen in 

Figure 4b, the fluorescence intensity decreased with the successive additions of CN−, alt-

hough 50 equivalents were necessary to reach a minimum intensity value. However, at 

first, the emission intensity increased until the addition of 8 equivalents and began to de-

crease after the addition of 10 equivalents. 
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Figure 4. (a) Spectrofluorimetric titration of compound 2 with increasing equivalents of CN− in 

DMSO. The inset represents the normalized emission at 657 nm as a function of [CN−]/[2]. ([2] = 1 × 

10−5 M, [CN−] = 1 × 10−2 M, λexc = 465 nm, T = 293 K). (b) Spectrofluorimetric titration of compound 2 

with increasing equivalents of CN− in DMSO/water (75:25). The inset represents the normalized 

emission at 657 nm as a function of [CN−]/[2]. ([2] = 7.5 × 10−6 M, [CN−] = 1 × 10−2 M, λexc = 465 nm, T 

= 293 K). 

3.2.2. Compound 3 

The preliminary chemosensory studies for compound 3 (Figure 5), showed a slight 

decrease in color and fluorescence of the solution of compound 3 after interaction with 

CH3CO2−. Therefore, upon addition of 50 equivalents of CN− and F−, the solution of 3 

changed from orange to colorless and a fluorescence quenching was also observed. 

 

Figure 5. Solutions of compound 3 in DMSO under (top) natural light and (bottom) UV radiation at 

λmax = 312 nm upon addition of 50 equivalents of various anions solutions. 

Having in mind the potential practical applications, the interaction of compound 3 

with the same anion solutions was also performed in DMSO/water (75:25). In this aqueous 

mixture, the compound only interacts with CN−, changing the solution’s color from yellow 

to colorless and a decrease of the fluorescence was also observed (Figure 6). 

Therefore, spectrophotometric and spectrofluorimetric titrations were also per-

formed in DMSO for CN−. In both titrations, upon the successive addition of equivalents, 

the intensity of each band decreased at 480 nm (Figure 7a) and 666 nm (Figure 7b), respec-

tively, reaching the lowest intensity with only 7 equivalents of CN−. A spectrofluorimetric 

titration was also conducted in DMSO/water (75:25) with the same anion. As for benzo-

thiadiazole derivative 2, in the DMSO/water mixture, compound 3 was also less sensitive 

to CN− additions, with an increase in emission intensity up to around 40 equivalents, and 

only then a decrease to the minimum emission value was observed with 76 equivalents of 
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CN−. This phenomenon may be attributed to the aqueous environment acting as a com-

petitive medium, which inhibits the interaction between the compound and the analyte. 

 

Figure 6. Solutions of compound 3 in DMSO/water (75:25) under (top) natural light and (bottom) 

UV radiation at λmax = 312 nm upon addition of 50 equivalents of various anions solutions. 

 

Figure 7. Spectrophotometric (a) and spectrofluorimetric (b) titrations for compound 3 with increas-

ing equivalents of CN− in DMSO. The insets represent the normalized absorbance and normalized 

emission at 480 nm and 666 nm as a function of [CN−]/[3], respectively. ([3] = 1 × 10−5 M, [CN−] = 1 × 

10−2 M, λabs = 480 nm, λexc = 480 nm, T = 293 K). 

4. Conclusions 

This work reports the optical chemosensory studies of two positively charged D-π-

A amphiphilic benzothiadiazoles 2 and 3. The recognition behavior of these compounds 

was investigated in the presence of different anions in DMSO and in DMSO/water (75:25). 

The results from the spectrophotometric and spectrofluorimetric titrations in organic me-

dia for compounds 2 and 3 demonstrated a high sensitivity towards cyanide, with mini-

mum absorption and fluorescence values being reached with only 5 and 7 equivalents, 

respectively. In the aqueous media, this sensitivity decreased for both compounds, with 

an initial increase in fluorescence intensity, followed by a decrease after the addition of 

more equivalents of CN−. 
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