


SYNTHESIS, CHARACTERIZATION, AND SOLVATOCHROMIC ACTION OF 4-BROMOPHENYLAZO-2-NAPHTHOLAZO-BENZENE 	Comment by Lenovo: Appropriate title: Synthesis, characterization and solvatochromic action of 4-((4-bromophenyl) diazenyl)-2-((4-hydroxyphenyl)diazenyl) naphthalene-1-ol
Note: Structure of the synthesized dye and title of the article does not match.

Abstract
This study reveals the successful synthesis and comprehensive characterization of a novel disazo dye, 4-Bromophenylazo-2-Naphtholazo-Benzene, using accessible precursors through sequential diazotization and coupling reactions. The synthesis involved the diazotization of 4-bromoaniline and aniline, followed by stepwise coupling with 2-naphthol and benzene, yielding a maroon colored dye with high crystallinity and a melting point of 186 °C. Structural and functional analyses were conducted using UV-Visible spectrophotometry, Fourier Transform Infrared Spectroscopy (FTIR), Thin Layer Chromatography (TLC), Gas Chromatography-Mass Spectrometry (GC-MS), and elemental analysis. The UV-Vis spectrum revealed characteristic π–π* and n–π* transitions with absorption maxima up to 780 nm, attributed to the extended conjugation and presence of electron-withdrawing bromine substituents. FTIR spectra confirmed the presence of key functional groups such as azo (–N=N–) and aromatic C–Br, while GC-MS validated the compound’s molecular integrity through prominent base peaks. TLC analysis indicated moderate polarity (Rf = 0.76), and elemental composition corroborated the incorporation of bromine and nitrogen within the structure. The dye displayed excellent application potential, exhibiting high wash-, light-, and heat-fastness ratings (4–5) across a range of textile fibres including cotton, polyester, acrylic, and wool. These results highlight the compound’s chemical stability and suitability for commercial dyeing applications.	Comment by Lenovo: 4-hydroxy aniline	Comment by Lenovo: analysis 	Comment by Lenovo: Rf
1.0 Introduction
Azo dyes are a prominent class of synthetic dyes characterized by the presence of one or more azo groups (-N=N-) linked to aromatic systems. These dyes are extensively used in various industries, including textile, food, pharmaceutical, cosmetics and leather due to their vibrant colours and stability [1]. They are used in pharmaceutical industry as drugs themselves or for identification purposes, and in food industry as additives to make the products more appealing to the consumer. Due to the nature and the positions of the substituents on the aromatic rings and amino nitrogen atom, there are toxic properties related to azo dyes. Studies have also shown that some dyes showing mutagenic responses to salmonella and mammalian assay systems [2]; [3]. These dyes are synthesized from a simple method of disazotization and coupling. Different routes and modifications are made to obtain the desired colour properties, yield and particle size of the dye for improved dispersibility. Azo dyes are the most important synthetic colourants which have been widely used in textile, printing, paper manufacturing, etc [4]. As a result of the harmful effects of azo dyes on humans and aquatic life, there have been urgent calls for the treatment of effluents containing azo dyes in oder to eliminate these dyes or convert them into useful and safe products [5]. Most azo dyes are synthesized by disazotization of an aromatic primary amine, followed by coupling with one or more electron-rich nucleophiles such as amino and hydroxyl compounds. There are other methods of synthesis of azo dyes among these are reduction of nitroaromatic derivatives in alkaline medium, reduction of nitroso compounds by AlLiH4, oxidation of primary amines by potassium permanganate or lead tetraacetate, condensation of hydrazines and quinones, condensation of primary amines with nitroso derivatives, etc [6]. The azo dyes are generally characterized by a chemical group capable of forming covalent bonds with the textile substrates. The energy required for the rupture of these bonds is similar to that used to degrade the support itself [7].	Comment by Lenovo: LiAlH4
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Fig 1: Example of an azo dye structure
Disazo dyes derived from 4-bromo- and 4-chloroanilines are important in the textile industry due to their vibrant colours and stability. The synthesis and evaluation of these dyes have been extensively studied to understand their properties, applications, and environmental impact. The continued research focuses on improving environmental sustainability and exploring new industrial applications.
2.0 Materials and methods
Materials: The materials used in this research includes: 4-bromoaniline, aniline, 2-naphthol, benzene, 4-hydroxybenzene, sodium nitrite (NaNO₂), concentrated hydrochloric acid (HCl), sodium hydroxide (NaOH), ethanol, methanol, distilled water, ice.
Equipment: The equipment used in this research includes:  Beakers, conical flasks, measuring cylinders, burettes, pipettes, magnetic stirrer, filter papers, Buchner funnel, vacuum pump, desiccator, drying oven, melting point apparatus, UV-Vis spectrophotometer, FTIR spectrophotometer, TLC plates, pH meter and XRF.
2.1 Methods
2.1 Synthesis of 4-Bromophenylazo-2-Naphtholazo-Benzene
100cm³ of pure water and 22.0cm³ of strong hydrochloric acid were combined to create the combination.  10.9g of 4-Bromoaniline was dissolved in the solution combination, and the resultant solution was then chilled to 0°C.  The temperature was maintained at 0°C for 10 minutes while stirring, and then a cold 2M sodium nitrite solution (50.0cm3) was progressively added.  14.4g of 2-naphthol, which had been created by dissolving the chemical in 150.0 cm³ of a 2M sodium hydroxide solution, was then added to the disazonium salt solution (made above).  For half an hour, the solutions were swirled and gradually blended.  It was filtered, cleansed with distilled water, dried, and then crystallized once more using acetone as the solvent after getting a red dye. 4.6g of aniline was dissolved in a solution of 22.0cm³ strong hydrochloric acid and 100cm³ water, and the liquid was cooled to 0°C to perform a second disazotization.  To keep the temperature at 0°C, a 50cm³ cold 2M sodium nitrite solution was gradually added and swirled for ten minutes.  A sodium hydroxide solution was made by dissolving 1.5g of sodium hydroxide in 38.0cm³ of water, and 6.6g of the previously prepared brown dye was completely dissolved in this solution.  This was combined with the benzene disazonium salt solution and stirred continuously for 30 minutes.  Whatman filter paper No. 1 (11 cm in size) was used to filter the marron dye, which was then cleaned with distilled water, dried, and recrystallized in acetone.  The yield % and TLC were calculated.	Comment by Lenovo: 50.0 cm3	Comment by Lenovo: First you mentioned colour of the dye is red and now it is brown.
2.1.2 TLC Analysis
A rectangular silica gel TLC plate of 3.5 cm by 10 cm was used for TLC analysis of each dye sample, with a methanol/hexane mixture (3:2 ratio) serving as the mobile solvent.  After lightly dotting one end of the rectangular plate with the dye sample, the plate was immersed from the spotted end into a TLC tank containing the mobile solvent until it rested on the side of the tank.  However, the solvent and dye did not come into close touch.  The spotting was carried out in such a way that the solvent ascended and carried the sample along with it until the solvent and sample fronts were clearly distinct.  After being taken out of the tank, the TLC plate was left to dry in the open air. The retardation factor (Rf) value of the dye sample was finally calculated from the following mathematical expression:	Comment by Lenovo: Rf
		
where Rf is Retardation factor
2.1.3 Melting Point Determination	
Melting point tubes were made by sealing capillary tubes, about 5 cm long, in a bunsen flame at one end.  A tiny quantity of the dried dye sample was cautiously introduced to the melting point tube, making sure the sample landed at the tube's bottom.  The sample-containing tube was inserted into a Stuart MP3 melting point device, connected to an electrical source, and activated using the socket.  The temperature at which the sample began to melt was recorded using the thermometer that was placed at the thermometer point of the apparatus.
2.1. Elemental Analysis
The elemental analysis was carried out using the Thermo Jarrel Ash IRIS Advantage Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES).  An aqueous sample was turned into an aerosol using a nebulizer.  The aerosol was transported to the inductively coupled plasma's high temperature (8,000–10,000°C) region.  To create characteristic optical emissions, the analyte was heated (stimulated) to different (atomic and/or ionic) states.  The spectrometer recorded the results, showed the intensities of these emissions, and sorted them based on their particular wavelengths.
2.1.5 UV-Visible Analysis
In a test tube, 10 cm³ of methanol was used to completely dissolve the dye sample (0.001g).  After adding the sample solution to a cuvette, which was then placed inside the UV/visible spectrophotometer's sample chamber, the wavelength was measured between 900 and 200 nm.  The 400–500 nm range showed distinct peaks that were printed out (Scultz and Julius, 2001).
2.1.6 FTIR Analysis
The dye sample (0.001g) was weighed and ground in a mortar for 5minutes. The sample was added to 7.5mg of KBr. This was further collected in a sampler and inserted in a Perkin-Elmer 100 IR spectrophotometer and the results recorded.	Comment by Lenovo: 5 minutes

2.1.7 GCMS Analysis
GCMS analysis was performed using a GCMS-QP plus (Schimadzu Oceania, pan) type instrument.  In a 60m x 0.25mm id BPX-35 capillary column with a 0.25 micrometer film thickness, helium was used as the carrier gas while keeping the initial flow rate at 2 m/min and the head pressure at 35 psi.  At a rate of 40°C per minute, the GC was run at a temperature gradient of 85°C to 330°C, and it was kept there for ten minutes.  A spitless injection of 1 microliter was used (230°C, 1.5min).  Full-scan mass spectra from 85 to 550 mass/charge ratio were acquired at a rate of 10 spectra per second.  The MS transfer line was kept at 250°C, and the ion source was kept at 200°C [8]
2.1.8 Wash-fastness
The wash-fastness test was conducted using the protocol described by [9].  The dyed fabric was aggressively and continuously stirred in the detergent solution in a 250 cm³ Beaker at 45°C for five minutes with a glass rod.  For the "So klin" detergent solution, 0.5g of the powder was dissolved in 30cm³ of distilled water.  Once the cloth was carefully taken out of the solution, it was rinsed with enough distilled water and left on a piece of white cardboard to dry for a full day.
2.1.9 Light-fastness Evaluation
Text for light-fastness qualities was done using the [9] method.  After being securely affixed to a white piece of cardboard using an office pin, the dyed materials were exposed to diffused sunlight for three hours.
3.0 Result and Discussion	Comment by Lenovo: Title of the paper and structure of dye does not match
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Fig 2: Structure of synthesized dye
3.1 Melting point
Table 1: Melting Point of Synthesized Disazo Dyes
	Dye Name
	Synthesis Formulation
	Melting Point (°C)

	4-Bromophenylazo-2-Naphtholazo-Benzene
	4-Bromoaniline + Aniline	Comment by Lenovo: 4-bromo aniline + 4-hydroxy aniline
	186



A crucial physicochemical characteristic that sheds light on a compound's purity, crystallinity, thermal stability, and molecular interactions is its melting point.  The type of substituents on the aromatic rings, the symmetry of the molecule, and the existence of electron-withdrawing or donating groups that strengthen intermolecular forces like hydrogen bonds and Van der Waals interactions all have a significant impact on the melting point of azo dyes, particularly disazo compounds [10].  Because the bromine atom is polarizable and has a relatively large atomic radius, it increases intermolecular Van der Waals forces, which is why the dye 4-Bromophenylazo-2-Naphtholazo-Benzene, which is generated from 4-bromoaniline and aniline, had a melting temperature of 186 °C. The dye's conjugated structure encourages π–π stacking interactions, which support thermal stability.  	Comment by Lenovo: 4- hydroxyl aniline
3.2 UV-Vis Analysis of Disazo Dyes
The produced disazo dyes' UV-Vis spectra reveal information on their electronic transitions, conjugation length, and substituent effects.  Extended π-conjugation in azo dyes is characterized by absorption peaks in the visible region (400–800 nm) of the spectra of the bromoaniline + aniline dyes. The dye 4-bromoaniline + aniline shows absorption maxima between 450 and 780 nm, with the strongest peak showing up close to 780 nm.  In contrast to the hydroxyl-substituted dye, the bromine (-Br) substituent, a strongly electron-withdrawing group, causes a minor hypsochromic shift, or blue shift.  Despite improving molecule stability through halogen bonding, bromine has a less noticeable bathochromic effect since it does not considerably lengthen conjugation.  The spectrum's numerous peaks point to intramolecular charge transfer and n-π* transitions that are impacted by the bromine atom and azo bond.
[image: ]
Fig 3: UV Spectral of synthesized dye
3.3 Result of TLC Analysis 
Table 2: Rf values of synthesized dyes	Comment by Lenovo: Rf
	Dye Name
	Substituent
	Rf value

	4-Bromophenylazo-2-Naphtholazo-Benzene
	Br
	0.76



The synthetic disazo dyes were tested for polarity and purity using Thin Layer Chromatography (TLC).  Pre-coated silica gel plates and a solvent system consisting of methanol and hexane in a 3:2 ratio were used for the analysis.  The retention factor (Rf) values of each dye were calculated based on the distance traveled by the compound with respect to the solvent front after the plates were seen under UV light (at 254 nm) during development.  Each dye molecule's structural properties, polarity, and functional group interactions with the stationary and mobile phases were revealed by the observed Rf values. With the highest Rf value of roughly 0.76, the dye 4-Bromophenylazo-2-Naphtholazo-Benzene showed some degree of polarity. This is explained by the absence of highly polar groups like hydroxyl or sulfonic acid and the hydrophobic character of the bromine substituent [11].  The halogen atoms and aromatic rings that make up the majority of the molecular structure have a weak interaction with the polar silica gel surface, which permits the dye to move up the plate.  This high Rf value is in line with patterns seen in the literature, which show that halogenated aromatic azo compounds exhibit greater mobility because of their low hydrogen bonding potential and nonpolar nature [12] 
3.4 Elemental Composition (wt%)	Comment by Lenovo: Wt% ?????
Table 3: Elemental composition of synthesized dye
	Dye Name
	C (%)
	H (%)
	N (%)
	S (%)
	Cl (%)
	Br (%)

	4-Bromophenylazo-2-Naphtholazo-Benzene
	65.23
	4.92
	12.47
	ND
	ND
	9.84



The elemental analysis of the synthesized disazo dyes, carried out using the Thermo Jarrel Ash IRIS Advantage ICP-OES, revealed compositions consistent with their respective molecular architectures. Bromine (Br) present in the starting aromatic amines, were successfully detected in the relevant dye structures. 4-Bromophenylazo-2-Naphtholazo-Benzene exhibited significant bromine content, affirming the incorporation of the bromo-substituent during diazotization and coupling.
3.5 FTIR Analysis
Table 4: FTIR result of synthesized dye
	Dye Name
	–OH 
	–N=N– 
	C=C Aromatic 
	C–Cl / C–Br 
	S=O 

	4-Bromo-2-Naphtholazo-Benzene
	3430
	1492
	1600
	596 (Br)
	–



The FTIR spectral analysis of the synthesized disazo dyes revealed characteristic absorption bands corresponding to various functional groups inherent in the molecular structure of azo compounds. All the dyes showed intense absorption bands in the region of 1480–1600 cm⁻¹, which are typically attributed to the stretching vibrations of the azo group (–N=N–), confirming successful diazotization and coupling reactions. This observation aligns with research where azo dyes commonly exhibit strong –N=N– absorptions between 1450–1600 cm⁻¹ [13].
3.6 GC-MS Spectra for 4-Bromo-2-Naphtholazo-Benzene
The GC-MS analyses showed the presence of bromoaniline and its associated degradation products, with notable differences in their fragmentation patterns and intensities. In Fig 4, the base peak occurs at m/z 172, corresponding to the molecular ion of para-bromoaniline (C6H6BrN), confirming the identity of the compound. The chromatogram shows a single dominant peak at a retention time of approximately 6.49 minutes, suggesting a relatively pure compound with minimal fragmentation. Minor peaks at m/z 157 and m/z 93 correspond to fragment losses of methyl and bromine moieties, which are typical fragmentation pathways of halogenated aromatic amines. While the base peak still appears around m/z 172, indicative of the intact bromoaniline structure, additional fragments are more pronounced, especially m/z 65, 78, and 120, which might suggest the presence of further breakdown products such as aniline derivatives or rearranged phenyl fragments. The retention time also slightly shifts, possibly due to instrumental parameters or changes in the sample matrix. These results suggest that while both spectra confirm the presence of bromoaniline, the second spectrum reflects either a different formulation, environmental degradation, or a more complex matrix, possibly post-treatment or environmental exposure. According to [14], the GC-MS of halogenated anilines often shows a dominant molecular ion peak and distinctive halogen-related fragments, especially under EI conditions. [14] in their study on dye contaminants in water systems, reported that bromoaniline residues exhibited base peaks at m/z 172 and 157, with fragmentation into smaller units indicating progressive degradation. [13] emphasized that the degradation products of bromoaniline in aquatic media often include phenolic and nitroaromatic compounds, which may appear as minor peaks with retention times beyond the primary dye component. This could explain the additional peaks in the second spectrum, which were absent in the first, possibly due to oxidative or photolytic degradation [15].	Comment by Lenovo: Fig. 4 is not present.
Molecular ion peak is not found.
3.7 Fastness Evaluation
3.7.1 Wash-fastness
Table 5: Wash Fastness Ratings of the Synthesized Disazo Dyes on Textile Fibre
	Dye
	Cotton (100%)
	Polyester (Dacron 54)
	Nylon
	Acrylic fibre
	DR Flannel worsted wool
	Fine worsted wool

	4-Bromo-2-Naphtholazo-Benzene
	4-5
	4
	4
	4-5
	4
	4-5



The wash fastness ratings of the synthesized disazo dyes on various textile fibres, as presented above indicate generally good performance across the tested substrates. Most dyes exhibited wash fastness values ranging from 3 to 5, which are considered moderate to excellent. 4-Bromo-2-Naphtholazo-Benzene demonstrated the highest and most consistent wash fastness, with ratings between 4 and 4–5 on all fibres, including cotton, polyester (Dacron 54), nylon, acrylic, DR flannel worsted wool, and fine worsted wool. 
3.7.2 Light-fastness Evaluation
Table 6: Light Fastness Ratings of Synthesized Disazo Dyes on Textile fibre
	Dye
	Cotton (100%)
	Polyester (Dacron 54)
	Nylon
	Acrylic fibre
	DR Flannel worsted wool
	Fine worsted wool

	4-Bromo-2-Naphtholazo-Benzene
	5
	5
	4
	5
	5
	5



The light fastness ratings of the synthesized disazo dyes on various textile fibres, as shown above, reveal that the dyes generally exhibited good to excellent resistance to fading when exposed to light. The ratings ranged from 4 to 5, which is considered satisfactory for commercial textile applications. 4-Bromo-2-Naphtholazo-Benzene displayed excellent light fastness across all tested fibres, achieving a consistent score of 5 on cotton, polyester (Dacron 54), acrylic, DR flannel worsted wool, and fine worsted wool, with a slightly lower value of 4 on nylon. 
3.7.3 Heat-fastness (Sublimation fastness) Evaluation
Table 7:Heat Fastness (Sublimation Fastness) Ratings of the Disazo Dyes
	Dye
	Cotton (100%)
	Polyester (Dacron 54)
	Nylon
	Acrylic fibre
	DR Flannel worsted wool
	Fine worsted wool

	4-Bromo-2-Naphtholazo-Benzene
	5
	5
	4-5
	5
	5
	5



The staining ratings of the synthesized disazo dyes on various textile fibres reveal a generally high level of fastness across all substrates. The ratings ranged from 4 to 5, indicating good to excellent stability under standard test conditions. 4-Bromo-2-Naphtholazo-Benzene displayed outstanding and consistent fastness performance across all fibres. It achieved perfect ratings of 5 on cotton, polyester (Dacron 54), acrylic fibre, DR flannel worsted wool, and fine worsted wool, with only a slightly lower rating (4–5) on nylon. 
4.0 Conclusion
The synthesis and evaluation of 4-Bromo-2-Naphtholazo-Benzene derived from 4-bromoaniline and 4-chloroaniline in this study have demonstrated the potential of developing high-performance dyes using locally accessible reagents through a relatively simple and reproducible chemical process. The study successfully synthesized 4-Bromo-2-Naphtholazo-Benzene using various combinations of diazotizing and coupling components. Each dye was subjected to physical, thermal, and spectroscopic analysis to establish purity, molecular structure, and functional group confirmation. The characterization techniques employed such as UV-Visible spectrophotometry, FTIR, GC-MS, and elemental analysis provided clear insights into the chromophoric and auxochromic properties of the synthesized dyes, confirming the presence of azo linkages and other key substituents that contribute to their dyeing performance. The performance evaluation of the synthesized dyes on varioaus textile fibres revealed promising results. Most of the dyes exhibited good to excellent fastness properties, particularly in terms of wash and light fastness, which are critical for determining the practical durability of dyes in textile applications.	Comment by Lenovo: You synthesize only one dye	Comment by Lenovo: dye	Comment by Lenovo: dye
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