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Abstract   

     Novel heterocyclic acid-base indicators 8-[3-(phenol)azo] theophylline (PAT) and 8[1-(6-

sulfonic acid naphthalene) azo] theophylline (SAT) were synthesized through the reaction 

between m-amino phenol and 1-amino naphthalene -6-sulfonic acid with sodium nitrite to form 

the diazonium salt at a temperature 0-5˚C in an acidic medium, then a coupling process 

between the diazonium salt and theophylline compound to produce pigments at the same 

temperature while maintaining the PH level at 5-6. This study aims to prepare acid-base 

indicators based on azo dyes. The structural features of these indicators were examined via 

elemental analyses [FTIR, UV-Vis, and HNMR] spectroscopies, thermal analysis (TGA), and 

scanning electron microscopy (SEM); the dyes showed good Nanoscale properties. The 

efficiency of these compounds to act as acid-base indicators has been investigated. This is due 

to the ability of azo compounds to change their colors in acid and alkaline environments. 

Compounds SAT and PAT showed good sensitivity towards changing the value of PH, and the 

color contrast was apparent. The research aims to prepare acid-base indicators based on azo 

dyes. 

Keywords: Acid-base indicator, Azo compound, Structural features, Theophylline,  

Thermogravimetric analysis. 

 

1. Introduction 

     Azo dyes are a broad category of synthetic chemical substances (1). They have constantly 

received attention because they can be used in various fields, such as systems and liquid 

crystalline devices (2), textile dyes (3,4), biological processes (5).  

Azo dyes are colored organic compounds that exhibit outstanding molar absorption coefficients 

and photochemical and thermal isomerization (6). The existence of a chromophore group and a 

dye's capacity to absorb electromagnetic radiation in the visible range (400–700 nm) determine 

its coloring property. Dyes are colored primarily due to their absorption of a particular 

wavelength of visible light (7). A heterocyclic, autochrome, chromophoric, and solubilizing 
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group are azo dye's chemical structure components. The ligands' azo function (-N=N-), which 

exhibits a strong color within the visual range and is sensitive to variations in acidity (pH), 

makes them useful as indicators in analytical chemistry (8-12). Azo dyes have been widely 

used as acid-base indicators for the past ten years due to their easy synthesis, stability, high 

efficiency, and low titration degradability. Additionally, they are occasionally employed to 

detect the endpoint of strong acids and bases' titrations (13). For instance, Methyl Red turns red 

below pH 4.4, yellow at pH 6.2, and orange in the middle. Researchers in many domains have 

used this characteristic extensively since it is conducive to detecting pH levels (14,15). The 

water solubility of a colorimetric chemosensor is critical for accurate pH estimations in cellular 

solutions and fluid secretion by the bio-gland (16). As a result, in physiology, a water-soluble, 

highly pH-sensitive colorimetric chemosensor with a considerable color shift in a weak acid or 

weak base environment would be extremely valuable (17,18). This study aims to prepare acid-

base indicators based on azo dyes. 

  

2. Materials and Methods 

2.1. Instruments 

The target compounds used chemicals and solvents from Sigma-Aldrich, Fisher, and Merck 

brands without purification. The MEL-TEMP II equipment was used to record the melting 

point using the uncorrected open capillary tube method. The FTIR spectra were recognized 

using FTIR 600. On the (Shimadzu 1800-UV) spectrophotometer, UV-Vis spectra for the 

examined substances were calculated utilizing distilled water in the zone of (200-1100) nm, 

scanning electron microscopy (SEM) (Hitachi, Model: S-3400N), 1HNMR spectra were 

performed by 60,60MHz spectrometer by using DMSO as solvent. The EURO EA 3000 was 

used to determine the CHNS element analyses (Eure Ea 3000 elemental analyzer), and 

thermogram analysis (TG) (SDT Q600 V20.9 Build) was used to obtain the thermal analysis 

(TG). 

2.2. Synthesis of indicators  (PAT and SAT)  

As stated in the literature (19) (0.01 mol, 1.091 g of m-amino phenol, and 0.01 mol, 2.23 g of 

1- amino naphthalene -6-sulfonic acid) both separately were dissolved in a solution of (10 mL) 

Acetic acid and (20 mL) distilled water at 0-5˚C which was diazotized by Using (0.75 g, 0.011 

mol) of sodium nitrite dissolved in (10 mL) of distilled water. The end outcome is diazonium 

salt. The two solutions were combined separately with the coupling agent theophylline (0.01 

mol, 1.8016 g) diluted in a 10% alcoholic NaOH solution. After leaving the reaction mixture 

overnight, the colorful precipitates were filtered, washed with water-ethanol [1:1], dried, and 

collected, as shown in Scheme 1. The physical properties are tabulated in Table 1. 

 

  Table 1. Physical properties of the two dyes. 

Name of dye Symbol M.wt 

(g/mol) 

Color      m.p  

     (C0) 

Yield   

% 

8-[3-phenol)azo] theophylline 

(C13H12N6O3) 

(300.29) 

PAT 300 Brwn 228 - 230 80 

8[1-(6-sulfonic acid naphthalene) azo] 

theophylline 

(C17H14N6O5S) 

(414.41) 

SAT 414 Red 145-147 85 
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Scheme 1. Synthesis of indicators (PAT ) and (SAT); (Ar=NH2)= m-amino phenol and 1-amino naphthalene-6-

sulfonic acid. 

 

3. Results and Discussion 

     This study synthesized the novel azo indicator  PAT and SAT by coupling m-amino phenol 

and 1-amino naphthalene -6-sulfonic acid with theophylline. In the first step, the diazonium salt 

is prepared and then reacted as an electrophile with a nucleophile, represented by theophylline. 

The indicators are stable in air and soluble in water. Table 2 shows some physicochemical 

properties. 

 
Table 2. Some data from analytic and physical sources for indicators. 

Compounds 

(M.wt) (gm/mol) 

Color  

λ (nm) 

                 Elemental analysis  

C H N S 

PAT(C13H12N6O3) 

(300.29) 

Brown 

436 

52.2 

51.9 

3.4 

3.9 

27.2 

27.9 

----- 

SAT(C17H14N6O5S) 

(414.41) 

Red 

514 

49.6 

49.22 

3.7 

3.37 

20.41 

22.26 

8.1 

7.7 

 

3.1. Thermogravimetric analysis (TGA)  

TGA assays showed that the indicator SAT and PAT are thermally degradable at (25-1000)oC in 

argon gas. Table 3 limited the mass loss, stages of decomposed parts, and TG range of the 

decomposition, as displayed in Figures 1 and 2. The proposed formula and thermal stability 

were validated using thermal analysis for the synthesized indicators (PAT and SAT). Deduce that 

the PAT is more thermally stable than SAT from the (TGA) curves due to the residues of SAT 

(22%) and PAT (46.54%) being the same. 
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Table 3. The TGA of PAT and SAT. 

Com. Sym 

Chemical Formula 

 

 

Steps TG. Range of the  

decomposition(°C) 

   S
u

g
g

este
d

 

a
ssig

n
m

en
t 

%Mass loss 

  

C
a

lcu
la

te
d

    

%
 

F
o

u
n

d
  

%
 

PAT (C13H12N6O3) 

 

1 25-165 C2H12 11.98 11.80 

2 165 -380 C25 9.99 10.01 

3 380-850 C6.5 25.97 26.50 

4 849-1000 C1.25 4.99 5.02 

5 Residue C0.75N6O3 46.54 46.54 

SAT (C17H14N6O5S) 1 25 – 200 C4H2 12.06 12.07 

2 200 -390 C8H12 26.06 26.24 

3 390 – 540 C3.25 9.41 9.79 

4 540 -950 C 1.75N6O1.5 31.1 30.98 

5 Residue O 3.5S 21.1 20.91 

                             
Figure 1. TG-thermogram of (PAT) indicator. 

3.2. Fourier transform infrared spectra of the compounds (FT-IR) 
The FT-IR spectrum of the indicator (PAT) in Figure 3 showed the main bands were discovered 

at (3433, 1701, 1639, 1575, 1421, 1334) cm-1 assigned to ʋ(N-H), ʋ(C=O), ʋ(C=N), ʋ (C-N=N- 

C), ʋ(N=N), ʋ(N-H) [20].While the same extended vibration modes ranges of the indicator 

(SAT) in Figure 4 appeared at (1224, 1417, 1440, 1560, 1666, 1641, 1710, 3440, and 3380)            

cm-1, as well as the band at (1224) cm-1, which was attributed to ʋ (SO3H), as shown in Table 4. 

 
Figure 2. TG-thermogram of (SAT) indicator. 
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Table 4. The FTIR assignments for PAT and SAT indicators. 

 

Sh=sharp, m=medium, w=weak, d=doublet, vw=very weak. 

 

 
   Figure 3. The FTIR spectrum of PAT. 

 
   Figure 4. The FTIR spectrum of SAT. 

 

 

Compound ʋ(OH) 

ʋ(N-H) 

ʋ 

(C=O) 

ʋ 

(C=N) 

ʋ 

(C=C) 

ʋ 

  (N=N) 

ʋ 

   (-CN=NC-) 

ʋ 

(SO3H) 

PAT 3433 st  

3288 m  

1701 

vw 

1641 

d,st 

1558st 1413 

m 

1338w  

SAT 3440 

3425 d,st 

3288 m 

1710 

m 

1666 

1641 

dm 

1560st 1417 

sh 

1483w 

 

1224 

sh 
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3.3. The 1HNMR of indicators  

The generated indicators' 1HNMR spectra were compared using TMS as an internal standard, 

and chemical shift data (δ) in ppm for various proton types are shown in Figures 5 and 6. The 
1HNMR spectra were captured in the DMSO-d6 solution, while all data are shown in Table 5. A 

single signal appeared at (14.5 and 13.75) ppm belonging to (N-H, H ) in the imidazole moiety in 

theophylline for PAT and SAT, respectively (21). 

Two signals are shown by the free ligand (PAT) at (3.36 and 3.48) ppm can be attributed to the 

protons of (N-CH3pyrm) ppm and a singlet signal at (6.75) ppm belong to (OH, H) of phenol 

moiety. The multiple signals at (6.74- 6.67) ppm which related to benzene ring (22), as well as 

the ligand (SAT) displayed two singlet signales at (3.44 and 3.24) ppm attvibuted to (N-CH3) at 

pyrimidine moiety. At the same time, the SO3H have asignal at (8.04) ppm (23). The naphthalene 

multiple signals at (7.38-8.40) ppm (12). DMSO and H2O were connected to the singlet signals 

at (1.8 and 3.5) ppm, respectively. 

 
Table 5. The chemical shift [δppm] of SAT and PAT ligands. 

Compound N-CH3 

pyrm.  

N-H  imd Ar-H  OH δppm SO3H δppm Naph. 

PAT 3.36  

3.48 

14.5 6.74-667 6.75 -  

SAT 3.44 

3.94 

13.75         -    -  8.04 7.38-8.40 

 

 
 Figure 5. The 1HNMR Spectrum for the (PAT). 
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Figure 6. The 1HNMR Spectrum for the (SAT). 

 

3.4. The UV-Vis  spectra 
It is one of the methods for characterizing compounds that are most frequently utilized (UV-Vis). 

The (PAT and SAT) were examined at a concentration of (10-3 M) using water as a solvent with 

a range (190-1100 nm). The acquired results are presented in Table 6, and the electronic spectra 

are displayed in Figures 7 and 8. Two bands may be seen in the electronic spectrum of the  

(PAT) at (436 nm, 22935 cm-1), and (286 nm, 370 37 cm-1). The first band represents the energy 

of the intramolecular charge transfer (INCT) through azo linkage (24,25). Moreover, the 

pyrimidine intramolecular transition [inter CT], imidazole, and benzene moieties were found in 

the UV area (π→π*) transition (26). The ligands (SAT) appeared at four peaks. At (370 nm, 

27027cm-1) and (514 nm,19455 cm-1) back to electronic transition ( n→π*),while the bands at 

(244 nm, 40983 cm-1) and (339 nm, 29498 cm-1) were related to (π→π*) transition (26). 

 
Table 6. Electronic transitions, of the indicators at (10-3 M). 

Compound  

(Color in solution) 

Wave length 

(nm) 

Wave number 

(cm-1) 

Assignment 

PAT 

Dark orange 

436 

286 

22935 

34965 

n→π* 

π→π* 

SAT .  

Red 

 

514 

370 

339 

244 

217 

19455 

27027 

29498 

40983 

46.082 

n→π* 

n→π* 

π→ π* 

π→ π* 

π→ π* 
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Figure 7. The UV-Vis Spectrum for the PAT. 

 

Figure 8. The UV-Vis Spectrum for the  SAT. 

 

3.5. Scanning electron microscopy analysis (SEM) 

For the characterization of 2D and 3D materials, SEM is a highly flexible method. The SEM has 

excellent spatial resolution in imaging and chemical characterization modes, from nano- to 

microscale (28). Different crystalline structures and surface homogeneities may be seen in the 

morphology of the (SAT and PAT) who attended, as mentioned in the practical part. SEM 

procedure was accredited for a cross section's area (100 nm) and expanding power 

(Mag=20.00KX and 50.00 KX) as displayed in Figures 9 and 10, respectively. The SEM 

pictures demonstrated heterogeneous surfaces with various forms that vary with multiple 

compounds and particle volume changes Table 7. 

 
Table 7. Morphological surface of the (PAT and SAT) compounds. 

Compound Average volume (nm) Shape 

PAT 133.6 sheets 

SAT 53.65 corale 
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Figure 9. The SEM analysis for the [PAT]. 

 

 
Figure 10. The SEM analysis for the [SAT]. 

 

3.6. Acid-base indicator 

Azo dyes have been widely used as acid-base indicators for the past ten years due to their easy 

synthesis, stability, high efficiency, and low titration degradability (29,30). 

In acid-base titration, the  (PAT and SAT) were used as indicators by utilizing (0.1 M) of HCl 

against (0.1 M) NaOH and (0.1 M) of CH3COOH against (0.1 M) of NaOH. The indicators are 

evident in either an acidic or basic solution. They exhibit a good color change when transitioning 

between the two, as shown in Figures 11 and 12. All data was collected in Tables 8 and 9. 

 

Table 8. Titration of acid (0.1 M) against NaOH (0.1 M) for (PAT). 

NO Volume  Volume of  

    NaOH 

Color with acid Color with base 

1 (HCl) 5 mL       2 mL Deep orange Light orange 

2 (ACOH) 5 mL       6 mL Red light orange 
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            PAT with HCl                      

 
             PAT with CH3COOH           

Figure 11. Change in color of Azo indicator (PAT) in acid and base  solutions. 

 
Table 9. Titration of acid (0.1 M) against NaOH (0.1 M) for (SAT). 

NO Volume  Volume of  

    NaOH (mL) 

Color with acid Color with base 

1 HCl: 5             3        Red Light yellow 

2 ACOH: 5             4        Pink Yellow 

 

 
SAT with HCl 

 
SAT with CH3COOH 

Figure 12. Change in color of Azo indicator (SAT) in acid and base solutions. 

 

4. Conclusion 

     The ability of the synthesized novel azo compounds (PAT and SAT) to work as acid-base 

indicators was investigated by different acid-base titrations.Using acid-base titrations between 

(NaOH, HCl) and (NaOH, CH3COOH ), the capacity of the produced azo compounds to serve as 

acid-base indicators were examined. Each azo compound accurately identified the endpoint. As 

well as the formula was detected by various physiochemical methods. 
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