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CHEMISTRY OF AZO DYES: HISTORY, 

CLASSIFICATION, PROPERTIES AND RECENT 

DEVELOPMENTS 
 

Abstract 
 

 Dyeing has been around for centuries 

and plays a significant role in everyday life. 

The dye companies initially relied on 

naturally grown plants and animal resources 

before quickly switching to artificial 

methods of production. Sadly, a number of 

artificial dyes, particularly azo dyes, have 

recently been shown to be poisonous and 

harmful and are now outlawed globally. 

However, azo dyes are still used and 

produced nowadays for their affordability 

and additional desired qualities. The 

realisation that azo dyes make up over sixty 

percent of all dye systems known to be 

produced shows the significance of azo dyes. 

These dyes' chemistry encompasses 

straightforward monoazo molecules to 

intricate polyazo complexes with 

large molecular weights and as a result, their 

characteristics also differ. Azo dyes are 

frequently utilised in a range of sectors, 

including those that produce food, 

medicines, paper, beauty products, fabrics, 

leather, and others. We have provided an in-

depth description of the history of dyes and 

various classifications of azo dyes in this 

chapter as a function of the quantity of azo 

units and the associated groups for 

functionality. Then we discussed the 

chemical characteristics of these dyes, 

including their reactive nature, 

isomerization, tautomerism, etc. We provide 

a summary of several recentazo dye 

preparations. We emphasized about the 

Gewald reaction's basic idea and how it 

relates to the production new azo dyes. 
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I. INTRODUCTION 
 

 One of most widespread class of synthetic dyes is azo dyes. Since the discovery of 

diazo compounds by Peter Greiss in 1858, series of different types of azo dyes have been 

synthesized and marketed. The most significant artificial colourants, azo dyes are used 

extensively in the production of textiles, paper, and other materials
1
.Azo dyes are identified 

by the existence of one or more azo groups (-N=N-) that serve as linkages connecting organic 

moieties, usually including minimum one aromatic center.This linkage brings extensive 

resonance or conjugation between two aromatic rings, resulting intense color. To generate 

hydroxyazo or aminoazo products and related tautomeric counterparts, diazonium compounds 

are typically coupled with phenols, naphthols, arylamines, pyrazolones, or other appropriate 

constituents
2
.The azo group serves as the auxochrome in the resultant dyes, while the 

hydroxyl or amino group serves as the chromophore [General formula: R-N=N-R’].An azo 

dye's foundation includes auxochrome groups, chromophoric group, and solubilizing groups, 

as its chemical components [Figure 1]
3
.The azo bonds and the chromophores and 

auxochromes they are connected to, are what give azo dyes their colour. One general method 

of synthesizing azo dye [Phenyl azo--naphthol] is shown in Scheme 1. 
 

 
 

Figure 1 

 

 
Scheme 1 

 

 In the first step, aniline is reacted with sodium nitrite and hydrochloric acid to 

produce diazonium salt, which further reacts with 10% Sodium hydroxide solution of b-

naphthol, producing Phenyl azonaphthol. 
 

II. BRIEF HISTORY 

 

 By reacting arylamines in acidic media with half of an equivalent number of nitrous 

acid, half of the base was diazotized and the remaining portion acted as a coupling 

constituent, the earlier azo dyes had been made.A distinct coupling reagent, m-
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phenylenediamine was first used during synthesis of Chrysoidine [Figure 2A] by coupling 

with diazotized aniline. Roussin then developed a line of orange dyes recognised as Oranges I 

[Figure 2B], II [Figure 2C], III [[Figure 2D], and IV [Figure 2E]. Such dyes were made by 

combining diazo - -

naphthol, N,N-dimethylaniline, and diphenylamine, respectively. The achievement of such 

dyes sparked a fast growth in the chemistry of azo dyes and the production of naphthalene 

derivatives.By mixing diazotised 4-aminoazobenzene-3,4'- -naphthol, 

Nietzki created the very first disazo dye, naming Biebrich Scarlet [Figure 2F].Couple of years 

later, Wallach developed a second kind of disazo dye by combining resorcinol with one 

molecule of diazotized sulphanilic acid and one molecule of diazotized crude 2,4-xylidine. 

Resorcin Brown [Figure 2G] was the name of this dye, which is still applied on leather. 

 

 Such dyes were treated to silk or wool using light acid baths, but cotton could only be 

stained following a mordant-preparation step. The fibre was addressed with a tannic acid 

bath, followed by a tartar emetic solution, causing antimony tannate to precipitate inside the 

fibre. This chemical then reacted with later-applied basic dyes like Bismarck Brown or 

Chrysoidine to create insoluble colours, and the fibre that had been dyed in this way 

demonstrated serious opposition to washing. 
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Figure 2 

  

 Griess found that disazo dyes might be treated to cotton with no need for a mordant 

by combining tetrazotisedbenzidinedisulphonic acid plus ingredients like naphthionic 

acid.Bottiger made the first straightforward cotton dye that was valuable commercially. 

Congo Red[Figure 2H] was created by combining two molecules of naphthionic acid with 

one component of tetrazotizedbenzidine.The dye is quite well recognised as a laboratory 

indicator and is particularly sensitive towards acids.There are numerous other significant 

cellulosic fiber dyes that have been produced. Numerous azo dyes have indeed been created 

for various uses as a result of the continuous need for fresh dyes brought on by the 

development of new synthetic materials. 

 

III. NOMENCLATURE AND CLASSIFICATION 
 

 The five primary types of precursors used in the production of azo dyes are simply 

identified by the following code symbols; (i) A: Diazotisable primary amine, (ii) D: 

Tetrazotisablediamine, (iii)E: Coupling component capable to couple with one equivalent of a 

diazoniumspecies, (iv) M: Primary aromatic amine capable of forming an aminoazo molecule 

by coupling with a diazonium compound, which can then be diazotized and coupled once 

more and (v) Z: Coupling component capable to couple with two or more equivalents of a 

diazonium entities. “” Sign denotes “diazotised and coupled with”. To easily distinguish 

between the many types of azo dyes, code letters and arrows are utilised. For example; type 

“AE”indicates monoazo dyes made by diazotizing an amine and combining with an 

suitable end compound, such as “anilinenaphthol”. Complex dyes' structures can be 
demonstrated succinctly and accurately.  

  

Benzidine

3
2,4-Diaminotoluene

1
(acid) 4-Amino-5-hydroxynaphthalene-2,7-disulfonic acid (base) 2

Aniline
 

 
Figure 3 
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 Arrows in polyazo dyes could be numbered to reflect the coupling order and when 

coupling is done in an acidic or alkaline media, which may have an impact on the coupling 

location, this is particularly helpful. For example; trisazo dye (Direct Black 4) [Figure 3] can 

be represented as above. 

 

1. Classification according to number of azo groups: Depending on how many azo 

connections are present in a single compound, azo dyes are classified as monoazo, disazo, 

trisazo, polyazo, and azoic. 

 

2. Monoazo dyes: All dyes of classes ‘AE’ with the structural formula ‘Z-N=N-W’ fall 

within this category
4
. 

 

3.  Z, W = benzene/ heterocyclic derivatives: The historic member of this group, known 

for their orange coloration and used to dye cotton
5
, is chrysoidine [Figure 2A].For 

colouring cellulosic fibres other variant [Figure 4A] is often used, whereas, for cellulose 

acetate, polyamides, polyesters, etc. dye shown in Figure 4Bis used.Mono azoic acid dyes 

Orange IV [Figure 2E] and yellow dye [Figure 4C] are used for dying purpose of wools 

and nylons. 

 

 
 

Figure 4 

 

4. Z = benzene, W = naphthenic: Figure 5 displays this category of dyes, where the first 

one [Figure 5A] is a mordant red dye and the others [Figure 5B, 5C] are blue dyes. 
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Figure 5 

 

5.  Z, W = Naphthalene: They are frequently employed upon polyamide components to 

colour black. Mordant Black 17 [Figure 6]
6
, which is utilised extensively by numerous 

textile and dyeing sectors, is a member of this group. 

 

 
Figure 6 

 

6. Disazo dyes: The three processes listed below can be used to create the diazo dyes, which 

have two groups with the formula N=N. 

 

 Dyes synthesized by the type A1ZA2: Naphthalene Black 12B [Figure 7A], 
used for coloring wools, represents this class of dye, synthesized by coupling between 

diazotized p-nitroaniline and 4-amino-5-hydroxynaphthyl-2,7-disulfonic acid in acidic 

condition, followed by coupling with diazotized aniline in basic condition. 

 

 Special subdivision in this category appears such as A1Z-X-ZA2, where 

Z-X-Z is a bifunctional linking substance, like the urea counterpart produced by the 

interaction of two aminonaphthol units with phosgene [Carbonyl J acid, Figure 7B]. 
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 Dyes synthesized by the type E1DE2: Example of dye of this category is 
Chlorazol Bordeaux B [Figure 7C], which provides bluish red coloration to cellulose 

fibres, synthesized by coupling of tetrazotisedbenzidine with naphthionicacid in 

alkaline medium followed by coupling with 6-Amino-4-hydroxy-2-

naphthalenesulfonic acid in acidic medium.One diazonium unit in 

tetrazotizedbenzidines stimulates another, making the very first coupling stronger than 

the latter. First, the less aggressive coupling element is employed. 

 

 Dyes synthesized by thetype AME: Dispersol Fast Orange B [Figure 7D] 
represents this category. This orange dye is produced by combining aniline that has 

been diazotized with a-naphthylamine in an acidic medium, followed by diazotizing 

the resultant aminoazo molecule and linking it with phenol in a basic medium.To dye 

nylon or acetate fibres, it is applied as an aqueous dispersion. 

 

 

 
 

Figure 7 
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 From symmetry point of view disazo dyes are categorized in further three 

categories, such as; 

 

7. Primary diazo: Two equivalents of diazoic acid were coupled together using the same 

coupling term to create this sort of dye. Those dyes are resorcinol and m-

phenylenediamine variants on a worldwide scale.Figure 8A represents such dye used for 

wool. 

 

8. Secondary diazoic – Symmetrical:Compared to the few acid and mordant dyes, this 

category has a significant variety of direct dyes.They originate from a diamine that has 

undergone two diazotizations and been coupled with same entities. Examples
7
 are shown 

in Figure 8B, which contains benzidine function. 

 

9. Secondary diazoic – Assymmetrical:This type of dye was created by combining an 

amino azoic acid with a phenolic coupler during dye synthesis. Figure 8C shows one such 

example
8
. 

 

 
 

Figure 8 

 

10. Trisazo Dyes: The following three categories comprise the majority of marketed trisazo 

dyes: 

 

 Dyes synthesized by the type EDZA: One such colourant, Chlorazol Orange 
Brown X [Figure 9A], is produced by combining tetrazotizedbenzidine with one 

proportion of salicylic acid in basic condition, followed by addition of one equivalent 
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of the product of combining diazotized sulphanilic acid with m-tolylenediamine. It is 

a multipurpose brown dye that is mostly used on cellulosic fibres. 

 

 Dyes synthesized by the type E1DME2: One such example is Chlorazol Drab 
RH[Figure 9B].This dye is made by combining tetrazotizedbenzidine with first 

salicylic acid in basic condition, then with mixed Cleve's acids [such as 1-

naphthylamine-6-sulphonic acid, 1-naphthylamine-7-sulphonic acid], diazotizing, and 

combining with 6-amino-4-hydroxynaphthalene-2-sulfonic acid in basic condition. 

The result is a gloomy brownish olive color on cellulosic fibres. 

 

 Dyes of the type AM1M2E: Durazol Blue 2R [Figure 9C] represents this class 
of dyes.This dye is made by combining diazotized 3-aminonaphthalene-1,5-

disulphonic acid with 1-naphthylamine, followed by diazotizing itself and combining 

with 1-naphthylamine-7-sulphonic acid. The generated species is diazotized again 

and combined with 6-amino-4-hydroxynaphthalene-2-sulfonic acid in basic condition.  

 

   The dye is mostly used on cellulosic fibres to produce pale blue colours. 

 

 

 
 

Figure 9 

 

11. Tetrakisazo Dyes: It gets more challenging to obtain the target molecule in a pure state 

as the count of azo groups in a dye molecule increases, in part since coupling tends to 
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occur at more than one site and in part since some diazo breakdown happens at every 

step. They are primarily employed to create brown or black hues on leather or cellulosic 

fibres.One such example, Direct Brown 44 [Figure 10] can be synthesized by coupling 

two equivalent of diazotized sulphanilic acid with Bismarck brown. 

 

 
 

Figure 10 

 

12. Polyazo Dyes: The repeating of the azo groups within the same structure defines polyazo 

dyes.They are designed to dye leather in deep hues.One such example is Direct Red dye
9
 

[Figure 11]. 

 

 
 

Figure 11: Classification according to reactive functional groupings 

 

13. Mono and Dichlorotriazine: Figure 12A and 12B display examples of mono and 

dichlorotriazine dyes
10

, respectively. At 20 to 30
o
C, those dyes have a strong 

compatibility towards cellulose. Scheme 2 shows the synthetic route for 

monochlorotriazine dye
11

. Hydrolysis [Scheme 3] deactivates the carbon carrying the 

Cl atom in basic medium. Reactivity of the other Cl is noticeably reduced when one Cl is 

swapped out for a hyrdoxyl or cellulose ion. The properties and the solubility of the dye 

are affected by the -NH- linkage connecting the chromophore and the reactive group. 
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Figure 12 

 
Scheme 2 

 
Scheme 3 

 

14. Mono-amino-chlorotriazine: The chromophoric units are identical to those of 

dichlorotriazine. It contains one amine and one active Cl. These entities become less 

active than dichlorotriazine
12

. Figure 12C shows one such example. 
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15. Pyrimidines 

 

 TrichloroPyrimidines: By nucleophilically substituting one Cl in 
tetrachloropyrimidine with an arylamine, trichloropyrimidine[Figure 13a] was 

produced.For effective fixation on a cellulosic kind of textile material, these 

colourants need a lighter temperature range. These withstand hydrolysis better. 

 

 Chlorofluoropyrimidine: The addition of fluorine instead of chlorine increased this 
type of dyes' [Figure 13B] reactivity. In an acidic environment, the bond created with 

the fibre of the textile has been more stable, but upon irradiation of light, this bond 

becomes susceptible to oxidation by the peroxide chemicals
12

. This kind of dye needs 

to be fixed at a temperature of 40-50
o
C. 

 

 
 

Figure 13 

 

 Dichloroquinoxaline: High reactivity than dichloro pyrimidine, dichlorotriazine and 

difluoro pyrimidine dyes is a characteristic of this kind of dye [Figure 14]. The fiber-

dye bonding has shown lower resistance when peroxides, as well as when light and/or 

heat is used. The ideal temperature for a successful fixation is around 50
o
C. 

 

 
Figure 14 

 

 Vinylsulfone: The functional group [SO2-(CH2)2-O-SO3Na] is what makes up the 

reactive portion of these types of cores. According to the mechanism depicted in 

Scheme 4, the functionality is inactive in an acidic/neutral solution, but, 

becomes active in basic condition.Nucleophilic addition [Scheme 5], which results in 

the production of a cellulose ether
12,13

, is the binding process with the cellulosic 

fibres.Because it contains [-O-SO3Na] group, the sulphatoethylsulfone entity has 

superior water solubility.  After the sulfone group was removed in basic condition, the 

solubility was reduced and the propensity for cellulose increased.Remazol [Figure 15] 

is one of the examples of this class of dye. 
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Scheme 4 

 

 
Scheme 5 

 

 
Figure 15 

 

 Bis-Mono Chlorotriazine: This type of dyes is distinguished from its homo-

functional equivalent, mono-chlorotriazine, for having a doubled 

dimensionality
12,14

[Figure 15B]. Due to its higher affinity for depleting, they are used 

on interfaces made of cellulosic fiber.  

 

 Bis-Amino Nicotinotriazine: These kinds of dyes [Figure 15C] were created through 
a substitution reaction by using pyridine carboxylic acid and Cl of triazine core. 

Comparable to mono chlorotriazine dyes, such dyes exhibit color and solidity when 

used towards cellulosic surfaces. In addition to being more advantageous chemicals 

than dichlorotriazines and dichloroquinoxalines, bisaminonicotinotriazine has 

better reactivity than vinyl sulfones and chlorodifluoropyrimidines. 
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 Monochlorotriazine–sulphatoethylsulphone: Dichlorotriazine reacts with an 
arylamine that contains a sulphatoethylsulfone unit to produce monochlorotriazine-

sulphatoethylsulfone
15

.The reacting groups facilitate strong cellulosic fiber 

binding.Due to their strong affinity, sulphatoethylsulfone binds to fibers in a 

bifunctional configuration. Distinct amounts of firmness are promoted by the presence 

of two different fiber-dye linkages. Supra-gloss Sumifixe red 2BF
16

[Figure 16A] is 

one illustration of this class of dye. 

 

 Monofluorotriazine–sulphatoethylsulfone: Generally consists of an aliphatic 
moiety linked to the second reactive site of mono fluorotriazine and bound to the 

sulphatoethylsulfone entity.These are more expensive to produce than other 

dyes.Their excellent attachment, moderate to high efficiency washability, and stability 

make up for it. One such example of Ciba C
12

 isshown in Figure 16B. 

 

 
 

Figure 16 

 

IV. PROPERTIES 

 

1. Reactivity: Products of addition of hydrogen or hydrogenation of an azo group are shown 

in Scheme 6. Scheme 7 displays the product after addition of oxidizing agents like 

hydrogen peroxide or peracid to the same. The architecture of a dye's reactive component 

determines how active it is.The most reactive compounds are dichlorotriazines, next by 

dichloroquinoxalines, difluoropyrimidines, and monofluorotriazines, in that order. 

Vinylsulfones stand in for the moderate reactive dyes. The least reactive compounds are 

trichloropyrimidines.The ability to absorb a dye on a fabric supporting substrate is known 

as substantialivity, which also depends on the reactive components involved
17

. The 

degree of substantivity follows the following
18

 order: 

sulphatoethylsulphone>Trichloropyrimidine>fluorotriazine>dichloroquinoxaline>dichlor

otriazine>aminochlorotriazine. 

 

 
Scheme 6 



Futuristic Trends in Chemical, Material Sciences & Nano Technology 

e-ISBN: 978-93-5747-683-6 

IIP Series, Volume 3, Book 3, Chapter 4 

CHEMISTRY OF AZO DYES: HISTORY, CLASSIFICATION,  

PROPERTIES AND RECENT DEVELOPMENTS 

 

Copyright © 2024 Authors                                                                                                                      Page | 56 

 
Scheme 7 

 

2. Isomerism: Double bond within azo compounds promotes stereoisomerism, resulting in 

confirmation of both cis- and trans- counterparts in some circumstances.Azobenzene, for 

instance, can be recovered in two varieties with distinct physical characteristics: cis-(E- 

form) and trans-(Z- form) [Scheme 8]. Their melting points are 71.4 and 68
o
C, 

respectively. 

 
Scheme 8 

 

The phenomena of “phototropy” or “Photo isomerization”
8,19

 are made possible by 

the stereoisomerism of azo dyes, which is important in practise.When treated on non-

polar materials like cellulose acetate and subjected to bright light, several dyes exhibit a 

noticeable shift in hue; the shift is undone after preservation in dark. It is thought that 

exposure causes a substantial transformation of the trans- into the cis- state, and that the 

opposite happens when the activating effects of light are removed. 

 

 
 

Figure 17 

 

Figure 17 is a schematic picture that Atherton and Peters used to describe the 

phenomenon named “phototropy” in azo dyes. It depicts that the cis- and trans- versions 

as reasonably stable configurations with different energy contents.The energy required in 

twisting the molecule via the intermediary strained regions of the azo linkage separates 

the two forms by an energy barrier.For a component in the cis- configuration to transition 

into the trans- configuration, energy E1 is needed, while energy E2 is needed for the 

opposite transformation.Both E1 and E2 are significantly more than and close to the 
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energy that a dye unit in situ at room temperature possesses. As a result, compounds in 

the cis- state easily gain the energy required to switch into the trans- state, but few trans- 

entities are adequately energised to effect the opposite transformation unless energy is 

available from outside.  As a result of irradiation of light, equilibrium shifts in support of 

the cis- form. 

 

3. Tautomerism: -

naphthol is identical to that produced by the condensation of 1,4-naphthoquinone and 

phenylhydrazine
20

.It has been demonstrated that both hydroxyl and keto units exist, and 

that the two forms coexist in equilibrium in each reaction's final product [Scheme 9A]. 

One more such example is shown in Scheme 9B. The intramolecular movement of the 

hydrogen from one component to the next is the outcome of azo/hydrazone 

tautomerism
21,22,23

.Interconversion occurs quickly.Such tautomerism is significant for azo 

dyes because it causes the emergence of properties like lightfastness and dye tinctorial 

potency. 

 
Scheme 9 

 

The azo form is significantly favoured through equilibrium in hydroxyazo 

substances in the benzene series, although generally seen increased fraction of hydrazone 

type in polycyclic chemicals upon the increase in the quantity of rings.1-arylazo-2-

naphthols are produced by combining diazotized arylamines with p-naphthol; the 

isomeric 2-arylazo-1-naphthols are produced by condensation of 1,2-naphthoquinone 

with arylhydrazines.The p-hydroxyazo products in the benzene & naphthalene series act 

like acids and thus are soluble in aq. NaOH, whereas the o-hydroxyazo species, like 1-

phenylazo-2-naphthol, remain unchanged by basic environment.It is claimed that a 

hydrogen bond formed here between azo N atom and the -OH group. The tautomeric 

equilibrium in question can be illustrated by Scheme 10. 

 
Scheme 10 
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Additionally, o- and p-aminoazo compounds exhibit tautomerism
24

 [Scheme 

11].These substances often stay in the aminoazo configuration. H bonds between 

individual molecules happen in o-aminoazo compounds.H bond does not impede the 

diazotization of o-aminoazo substances of benzene family; however the equivalent 

naphthalene counterparts cannot undergo this process. However, p-amino compounds are 

easily diazotized in both classes.Other tautomers exist, such as azonium/ammonium
25

 

dyes when azo dyes are protonated
26

 [Scheme 12]. 

 

 
 

Scheme 11 

 

 
 

Scheme 12 

  

The three main groups of dyes; azo-acetoacetanilide
27

, azo-pyrazolone
28

, and azo-

pyridone
29

, in hydrazone pattern are shown in Figure 18A. The azo derivative of many 

dyes results from the imino group's instability [Figure 18B]. With reference to the 

diazodyes made of amino-naphthol, the two groups, one in azo form and the other in 

hydrazo form, are seen to cohabit [Figure 18C]. 
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Figure 18 

 

V. SYNTHESIS 

 

1. Using Gewald Reaction: In Gewald's synthesis, cyano ester is condensed with a 

ketone or an aldehyde (apart from formaldehyde) to produce poly-substituted 2-

aminothiophene. The crucial intermediary for diazotization and subsequent azodye 

production is this 2-amino thiophene. This methodology has been used for synthesizing 

several conventional and functional dyes
30,31

. R. W. Sabnis et al. described several such 

synthesis methods. Few of them are depicted in Scheme 13, 14, 15, 16 and 17. Benzo-

thiophene-3(2H)-one-1,1-dioxide was combined with ethyl cyanoacetate to produce the 

adduct, which was then diazotized employing nitrosylsulfuric acid followed 

by coupling with N, N-dialkyl aryl amines  in acidic condition to produce Azo dyes 26 

[Scheme 13]
32

.Similar process produced a crucial precursor, 5-amino-6-cyano-2-

phenylthienooxazole, which had been diazotized using nitrosylsulfuric acid and linked to 

N, N-dialkyl modified arylamines at an acidic pH to produce azo-thieno-oxazoles dyes 

[Scheme 14]
33

.The same group also reported that 2-amino-3-cyano- and 2-amino-3-

carbethoxy-4, 5, 6, 7-tetrahydrobenzothiophene were diazotized at low temperature using 

HCl and NaNO2 and combined to N, N-dialkyl-substituted aryl amines to produce 

monoazo dyes. Arylaminomonoazothiophenes were produced of monoazo dyes in basic 

condition. These compounds were then diazotized with nitrosylsulfuric acid and 
combined with 2-naphthol and N, N-dimethylaniline to produce intensely coloreddisazo 

dispersion dyes 38 [Scheme 15]
32

.The same team also published additional series of 

reactions employing 2-aminothiophene through the Gewald reaction, as shown in Scheme 

16
32

.By combining diazotized aniline with the appropriate 2-amino-3-cyano-4-aryl-

modified thiophenes at the fifth position, Wardakhan et al. described the production of 

azothiophene dyes 42 [Scheme 17]
34

. 
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Scheme 13 

 

 
Scheme 14 

 

 
Scheme 15 

 

 
Scheme 16 
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Scheme 17 

 

2. By the diazotization/coupling reaction: General synthetic scheme via coupling reaction 

between diazo salt compounds and aryl amines/phenols mainly has already been shown in 

scheme 1.One of the most significant reactions in the growth of industrial organic 

chemistry is this one.The majority of diazonium compounds are fragile and potentially 

explosive when dry. They are constantly created at ~ 0℃ in an acidic medium with 
vigorous stirring in order to reduce exposure to water, which would otherwise generate 

phenol, and are then employed right away in the condensation reactions. The diazonium 

compound interacts as an electrophile with a coupling component (a phenol or an aniline 

or their derivatives) that is abundant in electrons to finish the production of the azo dye. 

An electrophilic aromatic substitution route drove this event. If the para site is available 

and not occupied, the hydroxyl or amine group leads the aryl diasonium ion there; 

otherwise, it will bind to the ortho location. 

 

3. Alternative methods: Alternative procedures for making azo dyes include reducing 

nitroaromatic compounds in basic condition, reducing nitrosated substances, oxidizing 

primary amines, condensing hydrazines and quinones, and condensing primary amines 

and nitrosated analogues. Presence of a catalyst (Cuprous Chloride/Pyridine)
35

 and under 

photocatalytic circumstances aided by Titanium dioxide
36

, Ferric oxide
37

, Mercuric 

oxide
38

, or oxidizing substances like potassium permanganate
39

, Manganese dioxide
40

, 

Sodium perborate
41

, Potassium superoxide
42

, Potassium Ferrate
43

, Silver oxide
44

, or Lead 

acetate
45

, the oxidative coupling process of two amines will occur. Zn or Stannous 

chloride in a alkaline condition
46,47

, Lithium Aluminum hydride
48

, ethylenediamine
49

, 

Sodium Telluride
50

, or Pb, either with triethylammoniumformate, or NH4OAc
51,52

, are the 

reduction chemicals utilized. 

 

VI. RECENT AZO DYES 

 

1. Azo dyes with hydrazine group: For commercial use, azo dyes exhibiting azo-

hydrazonetautomerism are crucial
21

. Since the two azo-hydrazonetautomers have 

different technological features and varied dyeing capabilities, the aspects of these 

tautomeric units are of considerable significance
53

.When 3-ethylthio-5-cyanomethyl-4-

phenyl-1,2,4-triazole is combined with benzene diazonium chloride, a good percentage of 

5-ethylthio-N', 4-diphenyl-4H-1, 2, 4-triazole-3-carbohydrazonoyl cyanide is produced
54

. 
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There are three different tautomeric versions of the dye that can exist: the azo species, the 

hydrazone type, as well as the azo-enamine form [Scheme 18].The equilibrium seen 

among three forms is influenced by substitution at the para- position of the aryl moiety in 

the diazonium salt.The amount of azo formations is raised by electron-releasing 

substituents in the para position and concentration of the hydrazone state is promoted by 

electron-withdrawing moieties
55

.When diazotized product of 4-methyl aniline is used 

instead of aniline, azo product is formed in major quantity in similar reaction condition 

[Scheme 19], but, surprisingly, when diazotized product of 4-chloro aniline is used, azo 

tautomer forms in major quantity [Scheme 20] here too
54

.Two methods
21

shown in 

Scheme 21, were used to generate arylazopyridone dyes.Scheme 22 depicts 

literature reports of a few unique azo-hydrazonetautomeric dyes and associated 

production processes
56

. Aromatic groups for this bisazo dyes are shown there. The first 

compound shows five possible tautomeric structures, whereas the rest compounds show 

three possible tautomeric structures. These tautomeric structures are shown in Scheme 23 

and 24, respectively. 

 

 
Scheme 18 

 

 
 

Scheme 19 
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Scheme 20 

 
Scheme 21 

 
Scheme 22 
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2. Azo dyes with chromene group: Such dyes are made by combining 2-

hydroxybenzaldehyde with substituted diazotized anilines, followed by reaction with 

acetylacetone in presence of Cu-SBA-15 catalyst
57

 in 2:1 CH2Cl2/EtOH mixture
58

 

[Scheme 25]. Oner more chromene based important type of dye based on 2-amino-7-

hydroxy-4-phenyl-4H-chromene-3-carbonitrileand cyanuricchloridewas reported by 

Badreyet al.
59

. These were synthesized by two different methodologies shown in Scheme 

26. 

 
 

Scheme 23 

 

 
 

Scheme 24 
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Scheme 25 

 

  
 

Scheme 26 

3. Azo dyes with 2-aminothiophene and 2-aminothiazoles group: Hallas et al. published 

synthesis of several 2-aminothiophene and 2-aminothiazole based dyes. Their general 

synthetic routes
60

 are shown in scheme 27. Aminothiophenes and aminothiazoles with 

diazo-nitro substituents proved to be of extremely significance for their practical use as 

diazo components. 
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Scheme 27 

 

VII. APPLICATIONS 
 

 Azo dyes are the most diverse class of synthetic dyes, and they are very popular for 

numerous industrial purposes.Azo dyes currently account for the majority of dye chemical 

manufacturing, and significance may potentially rise in the near future. These are employed 

in high-tech products including lasers and nonlinear optical systems
61

, thermal transfer 

printers, and fuel cells
62

, as well as in the sectors of pharmacy and pharmacological 

activities
63

, as well as biology
64

. Also susceptible to dyeing of textiles
65

, leather, paper, 

food
66,67

, cosmetics
68

, and medications
69,70

. These are also susceptible to photodynamic 

treatment
62

,metallochromic indicators
71

, solar cells
72

 etc.  
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