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Abstract 

The preparation of the two azo dyes, 4 bearing benzothiazole moiety, was undertaken using a known method. The yield of the 

dyes was moderate. It was established that all the physical, spectroscopic and analytical data of compound 4 were in full 

agreement with those previously reported. The solvatochromism behaviour of the azo compounds is investigated by studying 

their spectra in pure organic solvents of different characteristics. The presence of electron donor groups and the delocalization 

of pi electrons, which establish a long-range conjugation, results in the maximum absorption of compound 4a (2.097 in 

MeOH) being greater than the maximum absorption of compound 4b (1.243 in EtOH). 
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Introduction 

Over the past decade, our research has encompassed the 

synthesis [1, 2] and medicinal applications [3-6] of azo dyes 

with diverse heterocycles. Azo dyes, which contain a 

heterocyclic structure, exhibit a number of advantageous 

properties. These include excellent brightness and strong 

adhesion to the fibres of the polymers to which they are 

applied [7, 9]. Azo dyes are also described in the literature as 

nonlinear optical materials. It has been demonstrated that 

azo dyes which contain heterocycles in their structures 

exhibit superior optical properties in comparison to those 

derived from aniline [10, 12]. 

The present study investigates the solvatochromism 

behaviour of azo compounds that contain a benzothiazole 

skeleton, a heterocycle, within their structure. This 

investigation involves the study of the compounds' spectra 

in four different solvents, each with a distinct polarity. The 

objective of this study is to evaluate the impact of the nature 

of the solvent on the degree of absorption of the dyes. 

 

Material and Methods 

The azo dye 4 was synthesised in accordance with the 

literature procedure as published previously [13].  

 

Preparation of the reagents and starting materials 

All the reagents mentioned in this work were purchased 

from Aldrich and Fluka and were used without further 

purification.  

 

Preparation of diazonium salt solution 

As previously described [13], 0.69 g (10 mmol) of dried 

sodium nitrite was slowly added to 10 mL of concentrated 

sulphuric acid over a period of 30 minutes, with occasional 

stirring. The solution was then cooled to 0–5 °C. Compound 

1 was dissolved in dimethyl sulfoxide (DMSO) (10 mL) and 

cooled to 0–5 °C. The nitrosyl sulphuric acid solution was 

then added to the 1 solution, maintaining the temperature 

between 0 and 5 °C. The clear diazonium salt solution 

obtained, consisting of intermediate 2 formed in situ, was 

used immediately in the coupling reactions. 

 

General procedure for the preparation of the coupling 

products 4a, b 

Acetaminophen (1.51 g, 10 mmol) was dissolved in 10 mL 

of DMSO and cooled in an ice bath at 0–5 °C. The 

previously prepared diazonium solution (2) was added 

dropwise over one hour, after which 15 ml of 10% sodium 

acetate solution was added to the mixture. The pH of the 

mixture was in the range 9–11. The solid precipitate was 

collected by filtration and crystallised from methanol to give 

the title compound. 

 

N-(2-(6-ethoxy-5-((6-ethoxybenzo[d]thiazol-2-

yl)diazenyl)benzo[d]thiazol-2-yl)diazenyl)-3-((6-ethoxy-5-

((6-ethoxybenzo[d]thiazol-2-yl)diazenyl)benzo[d]thiazol-2-

yl)diazenyl)-5,6-bis((6-ethoxybenzo[d]thiazol-2-

yl)diazenyl)-4-hydroxyphenyl)acetamide hexahydrate (4a) 

Compound 4a was obtained in 47% yield as red powder; 

m.p. 196 – 199 °C (dec), ){Lit. m. p.  197 – 199 °C, [13]}; 

Anal. Calcd. for C62H63N19O14S6: C, 49.96; H, 4.26; N, 

17.85; S, 12.90. Found: C, 49.98; H, 4.28; N, 17.81; S, 

12.88. Rf = 0.39. 

 

N-(4-hydroxy-3-((6-methoxybenzo[d]thiazol-2-yl) 

diazenyl) phenyl) acetamide hexahydrate (4b) Compound 

4b was obtained in 51% yield as brown powder; m.p. 196 – 

198 °C (dec), {Lit. m. p.  197 – 199 °C, [13]}; Anal. Calcd. 

for C16H26N4O9S: C, 42.66; H, 5.82; N, 12.44; S, 7.12. 

Found: C, 42.63; H, 5.80; N, 12.41; S, 7.10. Rf = 0.30.   

 

Absorption spectroscopy  

Double beam 721G/722G UV–Visible spectrophotometer 

was used to record the absorption spectra over a wavelength 
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range 338–800 nm which combined with a cell temperature 

controller. Quartz cuvettes were used for measurements in 

solution via l = 1 cm. 

 

Results and Discussion 

Synthesis of azo dyes 4a, b 

The azo dye 4 (Scheme 1, Figure 1) was prepared in 

excellent yield as previously reported [13]. All the physical, 

spectroscopic and analytical data of compound 4 were in 

full agreement with those previously reported [13].  

 

 
 

Scheme 1: reactions’ sequences to compounds 4 

 

 
 

Fig 1: Structures of compounds 4 

 

The solvent effect on the absorption spectra 

The absorption spectra of azobenzothiazole dyes 4a and 4b 

(figure 2) were measured in four organic solvents with 

different polarities (dichloromethan, ethylacetate, ethanol, 

methanol) in the wavelength range 338–400 nm at a 

concentration ~10−5 mol·L−1.   

 

   
 

 

Fig 2: Electronic spectra of azo dyes 4a in different solvent 

 

The azo compounds displayed a single band in their 

electronic absorption spectra in all the organic solvents 

used. This band was attributed to an electronic transition 

involving the entire electronic system of the compounds in 

aromatic and heteroaromatic systems.  As can be seen in 

Figure 2, the electronic absorption spectra of 

azobenzothiazole dyes 4a and 4b do not show a systematic 

variation with solvent polarity.  
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Compound 4a exhibited significant maximum absorption in 

methanol (MeOH), ethanol (EtOH) and chloroform 

(CH₂Cl₂), with a maximum absorption wavelength of λmax = 

366 nm, but low maximum absorption in acetonitrile 

(AcOEt). This may be due to the low solubility of 

compound 4a in AcOEt compared to the other solvents. It is 

acknowledged that the photophysical behaviour of a 

dissolved dye depends on its environment. The intensity, 

shape and maximum absorption wavelength of the dye's 

absorption band in solution depend strongly on solvent-

solute interactions and the nature of the solvent [14]. The 

absorbance of compound 4a in the polar solvent EtOH 

(0.576) and the non-polar solvent CH₂Cl₂ (0.572) is very 

close, suggesting that the solubility of compound 4a is 

identical in these two solvents, indicating that this dye does 

not exhibit strong solvent dependence. This finding is 

consistent with the relevant literature [15]. However, the 

maximum absorption of compound 4a in EtOH and CH₂Cl₂ 

is lower than that observed in MeOH. The maximum 

absorbance is four times greater in MeOH than in EtOH and 

CH₂Cl₂. 

Compound 4b exhibited significant maximum absorption at 

a wavelength of λmax = 366 nm in all four solvents 

(methanol, ethanol, acetonitrile and dichloromethane) used 

in this study. This suggests that the solubility of compound 

4b is approximately analogous in these four solvents. 

However, the maximum absorption is higher in EtOH 

(1.243) than in AcOEt (0.658), CH₂Cl₂ (0.628) and MeOH 

(0.606). The maximum absorption of compound 4b in EtOH 

is almost double the values obtained in the other three 

solvents. 

Overall, comparing the graphs in Figures 2a and 2b shows 

that the maximum absorption of compound 4a (2.097 in 

MeOH) is greater than that of compound 4b (1.243 in 

EtOH). This is due to the presence of electron-donor groups, 

such as ethoxy and methoxy, which are directly attached to 

the benzene ring of benzothiazole-based azo dyes. These 

groups are also associated with the delocalisation of π-

electrons, forming long-range conjugation [16]. 

It also appears that there is better absorbance in the protic 

solvents MeOH and EtOH. In protic solvents such as 

methanol or ethanol, azo dye 4 with amino groups in the 

para position undergoes mono-protonation to give the 

ammonium (I) and/or azonium (II) tautomers. 

 
 

Scheme 2: Tautomeric changes on protonation of aminoazo dye 4b 

 

Effect of concentration on the absorption spectra 

Solutions of different concentrations of compounds 4a and 

4b were analysed in the same solvent at a wavelength of 

λmax = 366 nm, and the optical densities were recorded. The 

effects of the concentrations of compounds 4a and 4b on the 

optical density were interpreted using the concept of a linear 

relationship, as shown in Figures 3 and 4. Figures 3 and 4 

shows that the optical density increases with the 

concentration of compound 4 in solution. However, the 

correlation coefficient R² in AcOEt (0.93) is higher than that 

obtained in EtOH (0.90), MeOH (0.87) and CH₂Cl₂ (0.86) 

for compound 4a. The correlation coefficient R² for 

compound 4b is generally lower than that for compound 4a. 

These values range from 0.86 in CH₂Cl₂ to 0.73 in AcOEt. 

The R² correlation coefficients of compounds 4a and 4b in 

CH₂Cl₂ are equal. Despite the interesting value of R² for 

compound 4a in AcOEt, as observed above, compound 4a 

exhibits very little absorption in this solvent, probably due 

to its low solubility in AcOEt. This leads us to conclude that 

AcOEt is not suitable for measuring the absorption of 

compound 4a. However, MeOH appears to be the 

appropriate solvent for determining the maximum 

absorption of compound 4a, with a correlation coefficient R² 

of 0.87 and a good optical density of 2.097. 

Of the four solvents used in this study, chloroform (CH₂Cl₂) 

with a correlation coefficient (R²) of 0.86 seems to be the 

best solvent for analysing compound 4b. However, based on 

the observations in Figure 4, ethanol (EtOH) remains the 

best solvent for dye 4b's absorption, with an R² close to 1 

and an optical density of 1.243. 
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Fig 3: Variation of DO with concentration of compound 4a in different solvent 

 

 

  
 

Fig 4: Variation of DO with concentration of compound 4b in different solvent 

 

We also compared the optical density of compounds 4a and 

4b in the same solvent at the same concentration (see Figure 

6). Figure 6 shows the optical density of compounds 4a and 

4b in EtOH, MeOH and CH₂Cl₂ solvents. 
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Figure 6: Variation of optical density of compounds 4a and 4b at the same concentration in the same solvent 
 

The optical density of compounds 4a and 4b is comparable 

in MeOH and EtOH solvents at the same concentrations. 

However, we also noticed that the optical density of dyes 4a 

and 4b at the same concentrations is different in AcOEt and 

CH₂Cl₂ solvents. In these two solvents, the optical density of 

compound 4b is greater than that of compound 4a. 

 

Conclusion 

The absorption maximum of dyes 4a and 4b showed one 

band in the wavelength range of 338–400 nm in all four of 

the solvents investigated in this study. Methanol and ethanol 

are the best solvents for UV-visible analysis of compounds 

4a and 4b. The maximum absorption of compound 4a (2.097 

in methanol) is greater than that of compound 4b (1.243 in 

ethanol). This can be attributed to the presence of electron 

donor groups, which are also linked with the delocalisation 

of pi electrons, establishing long-range conjugation. 
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