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ABSTRACT: Background: Most azo dyes are synthesized by diazotiza-
tion of a primary amine, followed by conjugation with one or more electron-rich
nucleophiles. Objective: This study presents the synthesis of a new azocom-
pound by converting sulfamethoxazole to a diazonium salt. Methods: via
reaction with hydrochloric acid and sodium nitrite at temperatures between 0
and 5 °C, the resulting salt is then coupled with a 4-methoxyphenol reagent in
alkaline medium at the above temperatures to produce an azodye given the IU-
PAC name of (4-((2-hydroxy-5-methoxyphenyl)diazenyl)-N-(5-methylisoxazol-
3yl)benzenesulfonamide). The azo dye precipitate was purified by crystalliza-
tion methods using a solvent mixture of ethanol water. Characterization was
done using different analytical methods such as IR, UV-Vis and H1-NMR in
addition to measurements of physical properties. Results: The reddish-pink
azo compound gave a maximum absorbance of 495 nm. Acid-base titrimetric
analysis was conducted to examine the chemical indicator properties of the
azo dye. Clear color differences were obtained between two spaces in the pH
range 2-12, where a reddish-pink color was obtained in the basic medium and a
yellow color in the acidic medium. Conclusions: A new azo dye successfully
presented its properties as an indicator.

KEYWORDS: Sulfamethoxazole; 4-methoxy phenol; Indicator; Azo dye;
acid-base indicator

INTRODUCTION

S ulfamethoxazole(SMZ) is a member of the sulfonamide family of antibacterials and the chemical
name is 4-Amino-N-(5-methyl-3-isoxazolyl)-benzene sulfonamide [1]. It is one of many antibi-

otics[2]. A survey of the literature showed that different techniques have been reported for SMZ
analysis, some of which include spectrophotometric methods [1], for instance, HPLC [3], electrochem-
ical methods [4] an solid phase extraction [5]. Diazotization method is simple and inexpensive method.
Azo dyes are very important dye families, containing the –N=N- band [6], and are the broadest group
of dyes for their widespread applications in many areas of textile, medicine, and a variety of paints
including artist’s paints. It has excellent coloring properties that stabilize dyes in acidic and alkaline
media, absorbs visible frequencies of light being colored compounds from the yellow to red range,
in addition to color stability, and is a non-toxic and environmentally friendly compound. Dyes are
usually large aromatic molecules consisting of many connected rings attached to vinyl groups, which
are more stable [7]–[9]. Most azo dyes are synthesized by diazotization of a primary amine followed
by conjugation with one or more electron-rich nucleophiles such as amines or hydroxyl [10], [11]. In-
dicators are acids or weak bases, used to show the end point, equivalence, or neutralization point of
a reaction,and added in small quantities to a solution that shows a sharp color change, in response to
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a change in pH in a titration (i.e., acid-base) analysis [12]. The analysis is performed by determining
the volume of a solution of an accurately known concentration that is required to react quantitatively
with the measured volume of a solution of the substance to be determined [13]. Today, more than two
hundred known indicators are available that operate within the pH range and range from a strong
acid to a strong base in aqueous solutions. Some indicators show only two colors while others exhibit
a wide range [14]–[17]. The indicator is of two types;the first, is the natural indicator, which can be
isolated from a variety of plants (i.e., fungi and algae). For example, almost all flowers, red, blue or
purple, contain a number of organic pigments called anthocyanins that change color with changing
pH [18]. The mechanism of action of the color indicator can generally be formulated as follows:

HInd + H2O −→ H3O+ + Ind− (1)

Here HInd stands for the acidic form and Ind− for the basic form, Henderson-Hasselbalch equation
can be written as follows [19]:

pH = pKa + log10
(
[Ind−]

[HInd]

)
(2)

Secondly, industrial indicators such as phenolphthalein and methyl orange, are expensive and show
some toxic effects that cause cancerous diseases and damage to the skin and lungs [20]. The aim of
this study was to synthesize azo dye that has indicator properties, easy to prepare, inexpensiveand
environmentally friendly, using a pure drug. The synthesized azo dye gave a clear and identical
endpoint when compared with standard indicators such as phenolphthalene, and is therefore used for
qualitative analysis.

MATERIALS AND METHODS
Instruments: The prepared azo dye was characterized using various techniques including uncorrected
Electrothermal-9100, Cintra-5- UV-Visible Spectrophotometer, FTIR-8400S SHIMADZU, NMR1.JDX
60.46 MHz Spectrophotometer.

Chemicals: All chemicals were of analytical grade from Merck (Germany). The compound SMZ was
supplied by the general company for the manufacture of medical supplies – quality control laboratory
(Samarra).

General procedure (Diazotization)[6]: To prepare the azo dye, 1.30 g of SMZ (0.005 mol) was
dissolved in 5 mL of distilled water and, to acidify the solution, 0.25 mL of 12 M hydrochloric acid
was gradually added and shaken on ice (5 ˚C).In order to form diazonium salt, 0.35 g NaNO2 dissolved
in 5mL of water was then added to the mixture. On the other hand, 0.62 g of 4-methoxyphenol(0.005
mol) was prepared in an alkaline medium of 10% NaOH (0.5 mL) which was added drop-wise to the
SMZ solution with continuous stirring and a temperature range of (0-5 ˚C).The prepared azo dye
had a reddish-pink color with maximum absorbance at 495 nm. The precipitate was then filtered,
washed with cold water, dried and then purified using a mixture of ethanol-water solvent prior to
FT-IR and NMR analyses.

Titration analysis (indicator examination) [21]: In order to examine the properties of the prepared
azo dye as an indicator, a solution was prepared by dissolving 50 mg with 10 mL of ethanol and
completed with distilled water in a 100 mL volumetric flask. The indicator solution was kept in a
dark place, away from light and heat. Two titration analyses were carried out using this indicator,
one for a strong acid with a strong base and the other for a weak acid with a strong base (0.1 M HCl
versus 0.1 M NaOH, and 0.1 M CH3COOH versus 0.1 M NaOH) to which 5 drops of the prepared
indicator was added. The color changes of the solution are presented in Table 1.

Table 1. Indicator colors during titration analyses
Alkaline medium Acidic medium

0.1 M NaOH
Reddish-pink

0.1 M HCl
yellow

0.1 M NaOH
Reddish-pink

0.1M CH3COOH
yellow
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RESULTS AND DISCUSSION
The azodye synthesis involved diazotizing the SMZ with the phenolic reagent 4-methoxyphenol in an
alkaline medium which yielded a reddish-pink dye that gave a absorption at the maximum wavelength
of 495 nm. The reaction scheme and spectra of the prepared azodyeare presented in Figure 1 and
Figure 2.

Figure 1. Reaction scheme of the synthesized azo dye

Figure 2. UV-Vis spectrum of the azo dye (50 mg/mL)

The percentage yield of the new reddish-pink dye and the melting point were 84% and 220 ˚C
respectively. The physical properties of the synthesized dye are shown in Table 2.

Table 2. Physical properties of the synthesized azo dye

Color Melting point Yield %
Elemental analysis

Eluent Suggested formula
C% H% N% S%

Reddish-pink 220 °C 84% 43.3 44.1 3.3 3.2 18.9 18.4 14.4 13.9 MeOH-H2O C17H14N4SO4

The synthesized azo dye was characterized using spectroscopic methods, including FT-IR analysis.
This is utilized to demonstrate the existence of the functional groups as shown in Table 3 and Figure 3.
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Table 3. UV-Vis and FTIR analyses of the synthesized azo dye

λ max
(nm)

νO-H
(cm-1)

νN-H
(cm-1)

νC=C
in plane skeletal

vibrations
(cm-1)

νN=N
(cm-1)

νC=N
(cm-1)

νC-H
(cm-1)

Ar

νC-H
(cm-1)

Al

νC=O
(cm-1) S=O

495 3309 3198 1587 1556 1537 1456 1633 3151 2935
1772
1714
1654

1305

Figure 3. FT-IR spectrum of the synthesized azo dye

As H1-NMR analysis, the azo dye gave characteristic values as follows: 7.5-8.3 ppm (Multiplet,
8H,Ar-H), 1.9 ppm (Singlet, 3H, Ar-CH3), 2.1 ppm(Singlet, 3H, OCH3), 6.79 ppm (Singlet, 1H, OH),
9.7 ppm (Singlet, 1H, NH), shown in Table 4 and Figure 4.

Table 4. H1-NMR analysis of the synthesized azo dye
Singlet-ppm Hydrogen Assignment

7.55-8.3 8H Ar-H aromatic
2.1 3H -OCH3
1.9 3H Ar-CH3
9.73 1H N-H
6.79 1H O-H

Figure 4. H1-NMR spectrum of the synthesized azo dye

The curve in Figure 5 represents the absorbance versus pH value of the azo solution at λmax of
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495 nm [22].

Figure 5. pH effect on the synthesized azo dye

UV-visible spectral measurements of the synthesized azo are considered over a wide pH range
(2–12). NaOH, HCl (0.1N) solution were used to adjust the pH value of azo. A series of solutions
with different pH are prepared and measurements are made using a UV-Vis spectrophotometer [23],
as shown in Figures 6, 7.

Figure 6. UV-Vis spectrum of the synthesized dye at different pH

Figure 7. Color of the synthesized azo dye as an indicator in different media: (a) alkaline, (b) natural and (c) acid

Similarly to the phenolphthalein indicator, the synthesized azo dye does not cause an obvious color
change when titrating a weak acid against a weak base due to its short reaction time, as shown in
Figure 8.
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Figure 8. Ionization of phenolphthalein as indicator in acidic and alkaline media

CONCLUSION
The indicator is one of the most important chemical compounds that has important uses in determin-
ing and estimating concentrations of unknown chemicals. In this study, an environmentally friendly,
simple, and inexpensive green method for preparing a new azo dye was performed using the diazonium
reaction of SMZ with a phenolic dye reagent that yielded a colored dye compound that absorbed at
495 nm. Various analytical techniques have been applied to characterize the newly synthesized azo
dye including UV-Vis, FT-IR, H1-NMR in addition to other physical properties measurements. The
new dye had a reddish-pink color in an alkaline medium and yellow in an acidic medium. The pre-
pared dye was then applied as an indictor to test 20 samples by titration analysis (acid-base titration).
The results showed that the newly synthesized dye gave accurate measurements as compared to a
standard indicator. It was measured in different ways, including UV-Vis , FTIR, H1-NMR. New dye
gave a reddish -pink color in an alkaline media and yellow in an acidic media. The new azo dye has
an important practical effect in the industrial and practical fields, where a test for this indicator was
carried out using 20 samples by titration of the most important reactions (acid-base titration), which
is an essential point for knowing and determining the concentrations of the chemicals being dealt,
also it gave high conformity and efficiency with the standard indicator.

SUPPLEMENTARY MATERIAL
None.

AUTHOR CONTRIBUTIONS
Conceptualization, methodology and software Marwa Sabar Falih; validation, formal analysis, and
investigation Neda Ibrahim Mahdi; resources, data curation and writing original draft preparation Ala’a
Abdull wahid Jasim; writing review, editing, visualization, supervision, and project administration
Ruba Fahmi Abbas ; funding acquisition Abdul Adheem Abdul Abbas Rahi.

FUNDING
None.

DATA AVAILABILITY STATEMENT
Data is available in the article.

ACKNOWLEDGMENTS
We are grateful to Mustansiriyah University, College of Science, Department of Chemistry for their
valuable help.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

https://mjs.uomustansiriyah.edu.iq DOI: https://doi.org/10.23851/mjs.v35i2.1375

https://mjs.uomustansiriyah.edu.iq
https://doi.org/10.23851/mjs.v35i2.1375


Volume 35, Issue 2, 2024 7

REFERENCES
[1] S. A. Mohammed, N. M. Al-Hamdany, and A. N. Abdulkader, “Spectrophotometric determination of sulfamethox-

azole in pure and in pharmaceutical preparations by diazotization and coupling reaction,” Rafidain Journal of
Science, vol. 28, no. 3, pp. 15–26, 2018. doi: 10.33899/rjs.2018.163144.

[2] T. H. Le, H. J. Lee, J. H. Kim, and S. J. Park, “Highly selective fluorescence sensor based on graphene quantum
dots for sulfamethoxazole determination,” Materials, vol. 13, no. 11, p. 2521, 2020. doi: 10.3390/ma13112521.

[3] O. O. Ayejuyo, N. Courage, M. O. Hamed, and O. J. Oladipo, “Liquid chromatographic technique for the simulta-
neous determination of sulphamethoxazole and trimethoprim in pharmaceutical formulations,” Unilag Journal of
Medicine Science and Technology, vol. 4, no. 2, pp. 120–132, 2020.

[4] J. Wan, C. Jin, B. Liu, Z. She, M. Gao, and Z. Wang, “Electrochemical oxidation of sulfamethoxazole using ti/sno2-
sb/co-pbo2 electrode through ann-pso,” Journal of the Serbian Chemical Society, vol. 84, no. 7, pp. 713–727, 2019.
doi: 10.2298/JSC180810025W.

[5] K. M. Dimpe, A. Mpupa, and P. N. Nomngongo, “Microwave assisted solid phase extraction for separation precon-
centrationsulfamethoxazole in wastewater using tyre based activated carbon as solid phase material prior to spec-
trophotometric determination,” Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, vol. 188,
pp. 341–348, 2018. doi: 10.1016/j.saa.2017.07.039.

[6] N. K. Abood and M. J. M. Hassana, “Spectrophotometric determination of sulfadoxine drug use cloud point and
flow injection methods in pharmaceutical formulations,” Egyptian Journal of Chemistry, vol. 64, no. 6, pp. 2913–
2924, 2021. doi: 10.2130/RSC.EJCHEM.1020423.

[7] H. Wan, C. Li, S. Mahmud, and H. Liu, “Kappa carrageenan reduced-stabilized colloidal silver nanoparticles for the
degradation of toxic azo compound,” Colloids and Surfaces A: Physicochemical and Engineering Aspects, vol. 616,
p. 126 325, 2021. doi: 10.1016/j.colsurfa.2021.126325.

[8] M. R. Maliyappa, J. Keshavayya, M. Mahanthappa, Y. Shivaraj, and K. V. Basavarajappa, “6-substituted benzothiazole-
based dispersed azo dyes containing a pyrazole moiety: Synthesis, characterization, electrochemical, and dft stud-
ies,” Journal of Molecular Structure, vol. 1199, p. 126 959, 2020. doi: 10.1016/j.molstruc.2019.126959.

[9] K. P. Roopa and B. K. Jayanna, “Spectrophotometric determination of some cephalosporins in bulk and in phar-
maceutical formulations,” Analytical Chemistry Letters, vol. 6, no. 2, pp. 143–152, 2016. doi: 10.1080/22297928.
2016.1191970.

[10] S. Benkhaya, S. M’rabet, and A. El Harfi, “Classifications, properties, recent synthesis and applications of azo
dyes,” Heliyon, vol. 6, no. 1, e03271, 2020. doi: 10.1016/j.heliyon.2020.e03271.

[11] M. J. M. Hassan and M. S. F. Al-Rubaiawi, “Cloud point extraction spectrophotometric method for determination
of three types of cephalosporin via diazotization reactions with different reagents,” Br. J. Anal chem, vol. 4, no. 17,
pp. 1–7, 2017.

[12] H. Kahlert, G. Meyer, and A. Albrecht, “Colour maps of acid–base titrations with colour indicators: How to choose
the appropriate indicator and how to estimate the systematic titration errors,” ChemTexts, vol. 2, pp. 1–28, 2016.
doi: 10.1007/s40828-016-0026-4.

[13] N. Raghavendra, L. V. Hublikar, S. R. Chitnis, R. A. Joseph, D. S. Sheelimath, and P. S. Pattan, “Areca catechu
seed extract as improvised acid-base indicator in titrimetric analysis: An environmental benign approach,” Journal
of Water and Environmental Nanotechnology, vol. 5, no. 2, pp. 129–138, 2020. doi: 10.22090/jwent.2020.02.003.

[14] N. Vogler, M. Lindemann, P. Drabetzki, and H. C. Kühne, “Alternative ph-indicators for determination of car-
bonation depth on cement-based concretes,” Cement and Concrete Composites, vol. 109, p. 103 565, 2020. doi:
10.1016/j.cemconcomp.2020.103565.

[15] X. W. Hua, Y. W. Bao, and F. G. Wu, “Fluorescent carbon quantum dots with intrinsic nucleolus-targeting
capability for nucleolus imaging and enhanced cytosolic and nuclear drug delivery,” ACS applied materials &
interfaces, vol. 10, no. 13, pp. 10 664–10 677, 2018. doi: 10.1021/acsami.8b02083.

[16] S. Leshe and H. Baye, “Extraction of green acid-base indicators from acanthus pubescens flower for use in the school
laboratory,” International Journal of Chemistry, vol. 12, no. 2, pp. 35–44, 2020. doi: 10.5539/ijc.v12n2p35.

[17] O. O. Olanrewaju and N. O. Adeosun, “Application of principles and tools in green chemistry to education using
rose flower extract as acid-base indicator,” Journal of the Chemical Society of Nigeria, vol. 48, no. 1, pp. 45–50,
2023. doi: 10.46602/jcsn.v48i1.847.

[18] M. Jabeen, K. Tariq, A. Rehman, S. U. Hussain, and A. M. Zafar, “Evaluation of improvised and eco-friendly
natural ph-paper indicators,” Frontiers In Chemical Sciences, vol. 3, no. 2, pp. 22–31, 2022. doi: 10.3389/fchem.
2022.1406228.

https://mjs.uomustansiriyah.edu.iq DOI: https://doi.org/10.23851/mjs.v35i2.1375

https://doi.org/10.33899/rjs.2018.163144
https://doi.org/10.3390/ma13112521
https://doi.org/10.2298/JSC180810025W
https://doi.org/10.1016/j.saa.2017.07.039
https://doi.org/10.2130/RSC.EJCHEM.1020423
https://doi.org/10.1016/j.colsurfa.2021.126325
https://doi.org/10.1016/j.molstruc.2019.126959
https://doi.org/10.1080/22297928.2016.1191970
https://doi.org/10.1080/22297928.2016.1191970
https://doi.org/10.1016/j.heliyon.2020.e03271
https://doi.org/10.1007/s40828-016-0026-4
https://doi.org/10.22090/jwent.2020.02.003
https://doi.org/10.1016/j.cemconcomp.2020.103565
https://doi.org/10.1021/acsami.8b02083
https://doi.org/10.5539/ijc.v12n2p35
https://doi.org/10.46602/jcsn.v48i1.847
https://doi.org/10.3389/fchem.2022.1406228
https://doi.org/10.3389/fchem.2022.1406228
https://mjs.uomustansiriyah.edu.iq
https://doi.org/10.23851/mjs.v35i2.1375


Volume 35, Issue 2, 2024 8

[19] C. P. Tao, C. C. Jiang, Y. H. Wang, J. F. Zheng, Y. Shao, and X. S. Zhou, “Single-molecule sensing of interfacial
acid–base chemistry,” The Journal of Physical Chemistry Letters, vol. 11, no. 23, pp. 10 023–10 028, 2020. doi:
10.1021/acs.jpcl.0c07222.

[20] G. O. GeneviveChinyereOnuegbu OnyekachiOnyinyechiNnorom, “Comparative study on the acid-base indicator
properties of natural dye, turmeric rhizome (curcuma longa) and synthetic dyes,” Journal of Textile Science and
Technology, vol. 9, pp. 20–29, 2023. doi: 10.4236/jtst.2023.91002.

[21] M. A. J. A. G. Sager, “Preparation and characterization of two azo dyes fordibenzothiophen by the diazotization
reaction and studying their action as acid-base indicators,” Journal of university of Anbar for Pure science, vol. 7,
no. 2, pp. 39–49, 2013.

[22] K. R. Al-Jorani, R. F. Abbas, and A. A. Waheb, “Synthesis and characterization of a novel benzimidazole derivative:
Solvatochromic and acid-base indicator applications,” Materials Today: Proceedings, vol. 42, pp. 1791–1799, 2021.
doi: 10.1016/j.matpr.2021.01.342.

[23] J. Yang, X. Xu, Y. Yang, J. Rui, Y. Zhang, H. Kuang, and L. ...Wu, “Synthesis, optical properties, and acid–base
indicating performance of novel ketene hydroxybenzylidenenopinone derivatives,” RSC advances, vol. 6, no. 113,
pp. 111 760–111 766, 2016. doi: 10.1039/C6RA13320A.

https://mjs.uomustansiriyah.edu.iq DOI: https://doi.org/10.23851/mjs.v35i2.1375

https://doi.org/10.1021/acs.jpcl.0c07222
https://doi.org/10.4236/jtst.2023.91002
https://doi.org/10.1016/j.matpr.2021.01.342
https://doi.org/10.1039/C6RA13320A
https://mjs.uomustansiriyah.edu.iq
https://doi.org/10.23851/mjs.v35i2.1375

