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ABSTRACT 

Colorimetric anion sensing of 5-aryl azo salicylaldehydes is described via the host-guest (HG) 

approach. Various anions were tested and the solutions were monitored by UV-Vis 

spectroscopy. The changes in the color of the azo dye solutions 1 and 2 were measured upon 

exposure to different anions of TBA salts in DMSO as solvent. These changes in color in the 

case of fluoride and acetate anions were sensible to the naked eye. Spectroscopic data were 

used to calculate the association constants (Ka ≈ 105-106) via a non-linear curve fitting 

approach. Appropriate models for each dye-anion complex (HG) system were assigned based 

on fitting quality and chemical considerations. The dye: F- system followed the HG model 

while dye: OAc- seems to follow H2G model. Observed results persisted for at least one hour 

and no changes were detectable for the samples even by visual inspection or UV-Vis 

spectroscopy. The detection limit ranges were calculated to be 95-100 µM for F- and 50-60 µM 

for OAc-. 

Keywords: Azo dyes; Anion, UV-Vis Spectroscopy, Complex, Association constant   

Introduction  

Host-guest chemistry has a significant role in anion-sensing applications [1].  Colorimetric 

sensing of anions has attracted much attention for a variety of applications mostly consisting of 
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online analysis of biologically important species e.g. fluoride and acetate [2-4]. Acetate is an 

important tracer in cancer research [5], while fluoride is widely used in dental care products 

among other applications [6]. These two anions are generally considered representative species 

in studies of anion sensing [7]. Rapid detection and easy concentration measurement of anions is 

required in many applications including but not limited to clinical, food, and pharmaceutical 

analysis [8, 9].  

Colorimetric chemosensors are generally designed based on the same principle regardless of the 

species they can detect, (i.e. anion, cation, neutral molecule, etc.); such substances benefit from a 

functional moiety that is bound (either covalently or non-covalently) to a signal moiety; the 

former can in turn bound to guest species and the later produce a detectable signal when binding 

occurs [10], which can be detected by a variety of methods. The most convenient sensors can go 

through a visible color change when getting exposed to particular guest species (making initial 

detection possible) and the intensity of that change (e.g. absorbance at λmax) is proportional to the 

concentration of guest ion (making quantitative measurements possible). The obtained data from 

such studies can also be used to study the chemistry of host-guest association (stoichiometry and 

binding constants) by various techniques including but not limited to continuous variations or 

Job’s method [11] and titration [12].  

Azo dyes are one of the most important classes of industrial dyes [13] and they have found 

widespread applications in areas e.g. printing 14], LEDs [15], electro-optics [16], and solar 

energy harvesting [17]. Azo dyes have also been used in biological areas such as antifungal, 

antimicrobial, and antivirus applications [18]. In 1981, Cognard considered azo-dyes for host-

guest studies [19]. In 2013, Yang used calixarenes as a host for dye complexation [20, 21]. 

Calixarenes were also used more recently for sulfonated dye extraction by Bhanger [22].  

In 2003, Zimmerman synthesized a cross-linked dendrimer from azo dyes as a host for amine 

guests [23]. In the present study, we used synthesized azo-dyes 1 and 2 as hosts for anion 

detection. Although there are some examples of chemosensors for the same purpose in the 

literature [7, 24], mostly complex and expensive molecules have been studied so far [25].  

5-Arylazo salicylaldehyde [26] is an important starting material for the preparation of more 

complex azo dyes [27]. Following our studies on the stability of simple structures [28], (E)-2-

hydroxy-5-(phenyldiazenyl) benzaldehyde 1 and (E)-5-(4-ethylphenyl) diazenyl)-2-hydroxy 

benzaldehyde 2 (Fig. 1) were synthesized and purified using our previously reported method 
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[29]. The addition of several anions to DMSO solutions 1 and 2 was investigated. Fluoride and 

acetate anions induced a visible and durable change in the color of the solutions; so, there must 

be a stable complex formation between the anion and dye. Titration experiments were conducted 

to elucidate the stoichiometry and binding constants of the resulting complexes. 

 

 

Fig. 1. Chemical structure and appearance of the dye compounds under study 

 

Experimental 

Materials and Methods  

 All chemicals were of analytical grade, purchased from Merck (Germany) and Aldrich 

(US), and were used without further purification. For titration experiments, tetra butyl 

ammonium (TBA) salts were used from the sample which was kept in a vacuum desiccator 

before weighting. DMSO was dried over an activated 4 Å molecular sieve and stored under 

argon before use. All experiments were conducted at a constant temperature of 300±1 K. UV-Vis 

spectral data were recorded on a PG (UK) T80+ instrument using a fixed temperature cell holder.  

 

Anion recognition studies 

Trial and error for various anions   

To 0.1 mol/L solutions of dyes 1, 2, and anion salts were prepared in DMSO; after several trials, 

appropriate dilution and mixing factors were obtained for each dye-anion system. Several anions 



International Journal of New Chemistry, 2025, 12 (1), 113-124               Afsaneh Zonouzi et al 

  
 

 116  

were examined (OAc-, F-, Br- and I-) and their addition to 1 and 2 in different molar ratios was 

studied.  

Titration studies  

To conduct quantitative measurements, 5×10-5 mol/L solutions of 1 and 2 in dry DMSO were 

titrated with concentrated fluoride and acetate solutions (as TBA salts in dry DMSO) using a 

Hamilton micro-syringe and the absorbance spectra were recorded in 250-600 nm range in every 

step. Absorbance intensities of host-guest complexes were plotted against added anion 

concentration and the obtained data were fitted to different association models based on 

Thordarson’s Matlab package [12]; appropriate models were chosen based on chemical logics 

and other experimental data (isosbestic points, Job’s plots).  

 

Results and Discussion 

In continuation of our interest in the synthesis of heterocyclic compounds and removing the 

hazardous pollutants [30-33] herein we report the changes in the color of the dye solution upon 

the addition of different anions of TBA salts to DMSO solutions of 1 and 2, color changes for 

fluoride and acetate were obvious to the naked eye. Photos along with UV-Vis spectra of the 

obtained dye-anion systems are presented in Fig. 2. After the addition of fluoride and acetate 

anions, drastic changes are observed in the visible region of the absorbance spectra; the spectral 

changes upon the addition of iodine and bromide are negligible. The spectra for the pure dyes 1 

and 2 with the same concentration (5×10-5 M) suggest that their hue is fairly similar while the 

saturation (absorbance coefficient) differs considerably; this is in agreement with the visible 

color of the synthesized dry powders of 1 and 2 seen in Fig. 1. 
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Fig. 2. Color changes and absorption spectra through the addition of different anions (2 equiv.) 

to azo dyes 1 and 2 (5×10-5mol/L) 

 

Based on the initial results presented in Fig. 2, further experiments were conducted on anion-dye 

systems of 1 and 2 with fluoride and acetate anions to determine the stoichiometry of the 

resulting complexes.  

At first, we tried the continuous variations (Job’s) method. The basic idea of this method is that 

the complex concentration ([HmGn]) reaches its maximum when the host/guest ratio in the 

solution is equal to m/n [34]; thus, the mole fraction (fg) of the guest is varied while the total 

concentration of host and guest is kept constant. For this purpose, 5×10-5mol/L solutions of dyes 

1 and 2 and the same concentration of anions (fluoride and acetate) were prepared in dried 

DMSO; dye: anion (host-guest) systems were prepared by mixing the appropriate volumes of the 

obtained solutions. Ratios were taken as 9:1, 8:2, 7:3, 6:4, 5:5, 4:6, 3:7, 2:8 and 1:9 and the UV-

Vis spectra were recorded. [HmGn] was plotted against mole fraction; the maxima of the obtained 

curves appeared at fg≈0.5 for both dyes with fluoride anion which means m=n for these 

complexes [35] while the stoichiometry of dye: acetate complex was found to be H2G; the 
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association constants were computed for the four systems under study using Job’s plots and are 

presented in Table 1. 

Job’s method only works well when there is only one type of complex present in the system [36] 

and it becomes unreliable in other situations (more than one type of complex present in the 

system) [37]; this is the usual case for all complexes other than the simple 1:1 system. In such 

systems, there are usually two forms of complex (e.g. HG and H2G) with different physical 

properties (i.e. absorbance coefficient in the present study), therefore the assumption of liner 

dependence is no longer correct so Job’s method is no longer reliable [38], it’s important to 

conduct other experiments to confirm and complement the obtained results.  

After preliminary tests that ruled out the possibility of dye aggregation, dye-anion titration 

experiments were used to elucidate the stoichiometry and association constants of the dye: anion 

complexes. To 5×10-5 mol/L dyes solutions 1 and 2 were added concentrated solutions of F- and 

OAc- at a constant temperature. Each step of the titration was monitored by UV-Vis 

spectroscopy.  

Isosbestic points are not so invaluable for proving that there is more than one type of complex 

present in the system under study. If there is more than one isosbestic point present in the 

titration spectral data (Fig. 4 compared to Fig. 3), the 1:1 model no longer holds for the system 

[32]; thus, trying other models (2:1) in this example is justified.  The results (Figs. 3 and 4) were 

fitted in various host: guest models (HG, H2G, and HG2). Based on the obtained non-linear 

fitting curves [12], the 1:1 model can best describe the dye: F- system (parts c, d of Fig. 3) while 

it fails for dye: OAc-; this system seems to obey the 2:1 model (parts c, d of Fig. 4).  
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Fig. 3. UV-Vis dye-anion titration of dyes 1 (a, c) and 2 (b, d) with F- and the 1:1 model non-

linear curves based on the obtained spectral data. 

 

Fig. 4. UV-Vis titration of dyes 1 (a, c) and 2 (b, d) with OAc- and the 2:1 model non-linear 

curves based on the obtained spectral data. 
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Table 1. Results obtained for dye: anion systems. Ka values were computed with Job’s plots and 

also by titration based on the 1:1 model. 

Dye Anion Ka (Job’s method) Ka (titration) Cov. fit 

1 
F- 2.1×105 1.068×105 0.082 

AcO- 5.7×106 1.374 0.031 

2 
F- 2.7×105 1.066×105 0.102 

AcO- 7.7×105 1.029 0.054 

 

We postulated that dye molecules 1 and 2 possess a phenolic proton that can interact with F- 

anions to form a stable HG complex. OAc- is an ambident anion that binds to two dye molecules 

and forms an H2G complex. The obtained association constants (Ka) are presented in Table 1 

(for a simple 1:1 model) and Table 2 (for a 2:1 model of dye: OAc-).  

Going further than the simple 1:1 system, one must consider the difference between binding the 

first dye to the ambident anion (OAc-) and the second dye molecule to form H2G complex. 

Distinguishing the two binding sites by the study of physical changes (UV-Vis spectra in this 

case) is not possible, thus the equilibria involved in this process are described simply as K1 and 

K2 i.e. K1 is the binding constant for the binding of the first dye to the acetate anion. It’s 

interesting to note that when the first dye wants to bind to the ambident anion, there are two 

possible sites, but when the second one arrives, there is only one possibility. If the second site 

does not go through any change after the first binding and there is no electrostatic interaction 

binding will be “non-cooperative” and it follows K1=4K2 otherwise the system will be 

“cooperative” and an interaction parameter will be defined (α=4K2/K1).  

 

Table 2.  Obtained results for dye: acetate systems with the assumption of a 2:1 model. 

Dye  K1  K2  α Cov. fit 

1 6.864×104 1819.14 1.06 0.001 

2 1.687×105 990.91 0.02 0.001 

 

As seen in Table 2, the values of α differ considerably for dyes 1 and 2. If α>1, the system is said 

to have positive cooperatively and the formation of a 2:1 complex is favored in comparison to 
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1:1. While a 1:1 complex is preferred if α<1; this observation can be attributed to ethyl group 

steric hindrance which makes it harder for the second dye molecule to get close to the remaining 

site of the acetate anion. The above-mentioned postulation is presented schematically in Fig. 5.    

 

Fig. 5. Schematic mechanism of HG and H2G complex formation.  

Observed results persisted for at least one hour and no changes were detectable for the samples 

either by naked-eye inspection or UV-Vis spectroscopy. Based on IUPAC; the detection limits 

were determined from four times standard deviation of the blank signal for azo dye 1 and 

fluoride as 100 µM dye 1 with acetate anion as 95 µM also dye 2 with F- and OAc- as 60 and 50 

µM respectively.  

 

Conclusion 

5-Arylazo salicylaldehydes 1, 2 (Fig. 1) were synthesized and used as host: guest complexes for 

certain anions chemosensors. The aggregation did not take place for these dyes in DMSO. Still, 

the addition of fluoride and acetate, showed considerable colorimetric changes that were not only 

observed by UV-Vis spectroscopy but also by the naked eye (Fig. 2). The results were processed. 

A non-linear curve fitting approach determined association constants (Ka ≈ 105 - 106). The dye: 

F- system proved to follow the HG model but the dye: acetate system seems to obey the 2:1 

model for the H2G complex which is justified by chemical postulation. The detection limit 

ranges were calculated to be 95-100 µM for F- and 50-60 µM for OAc-. Although there are 

several reported chemosensors for biologically important anions, some are complex and 

expensive, we hope the presented compounds can be developed as simpler and less expensive 

sensors. 
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