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A dye is a coloured substance that has an
applied. The dye is generally applied in an
a mordant to improve the fastness of the dye on the fiber. Both dyes and pigments 
appear to be coloured because they absorb some wavelengths of
others. Natural dyes
or minerals. The majority of natural dyes are
roots, berries, bark, leaves
lichens.  Many natural dyes require
dye to the textile fibres.
by William Henry Perkin
synthesis of quinine. Many thousands of 

Synthetic dyes quickly replaced the traditional natural dyes. They cost less, they 
offered a vast range of new colors, and they imparted better properties to the dyed 
materials. Dyes are now classified according to 
process. Acid dyes are
as silk, wool, nylon and modified
Attachment to the fiber is attributed, at least partly, to s
groups in the dyes and
cellulosic fibers. Most synthetic food colors fall in this category.

Basic dyes are water-
but find some use for wool and silk. Usually
help the uptake of the dye onto the fiber. Basic dyes are also used in the coloration 
of paper. 
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substance that has an affinity to the substrate to which it is being 
applied. The dye is generally applied in an aqueous solution

to improve the fastness of the dye on the fiber. Both dyes and pigments 
appear to be coloured because they absorb some wavelengths of

Natural dyes are dyes or colorants derived from plants
. The majority of natural dyes are vegetable dyes from plant sources

leaves, and wood—and other organic sources such as
Many natural dyes require the use of chemicals called mordants

dye to the textile fibres. The first human-made organic dye, mauveine, was discovered 
William Henry Perkin in 1856, the result of a failed attempt at the

quinine. Many thousands of synthetic dyes have since been prepared.

Synthetic dyes quickly replaced the traditional natural dyes. They cost less, they 
offered a vast range of new colors, and they imparted better properties to the dyed 

Dyes are now classified according to how they are used in the dyeing 
are water soluble anionic dyes that are applied to

and modified acrylic fibers using neutral to acid dye baths. 
Attachment to the fiber is attributed, at least partly, to salt formation between anionic 
groups in the dyes and cationic groups in the fiber. Acid dyes are not substantive to 

fibers. Most synthetic food colors fall in this category. 

 

-soluble cationic dyes that are mainly applied to
but find some use for wool and silk. Usually acetic acid is added to the dye bath to 
help the uptake of the dye onto the fiber. Basic dyes are also used in the coloration 
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to which it is being 
aqueous solution, and requires 

to improve the fastness of the dye on the fiber. Both dyes and pigments 
appear to be coloured because they absorb some wavelengths of light more than 

plants, invertebrates, 
from plant sources—

and other organic sources such as fungi and 
mordants to bind the 

mauveine, was discovered 
in 1856, the result of a failed attempt at the total 

synthetic dyes have since been prepared. 

Synthetic dyes quickly replaced the traditional natural dyes. They cost less, they 
offered a vast range of new colors, and they imparted better properties to the dyed 

how they are used in the dyeing 
dyes that are applied to fibers such 

using neutral to acid dye baths. 
alt formation between anionic 

groups in the fiber. Acid dyes are not substantive to 

dyes that are mainly applied to acrylic fibers, 
is added to the dye bath to 

help the uptake of the dye onto the fiber. Basic dyes are also used in the coloration 
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Mordant dyes require a mordant, which improves the fastness of the dye against 
water, light and perspiration. The choice of mordant is very important as different 
mordants can change the final color significantly. Most natural dyes are mordant dyes 
and there is therefore a large literature base describing dyeing techniques. The most 
important mordant dyes are the synthetic mordant dyes, or chrome dyes, used for 
wool; these comprise some 30% of dyes used for wool, and are especially useful for 
black and navy shades. The mordant, potassium dichromate, is applied as an after-
treatment. It is important to note that many mordants, particularly those in the heavy 
metal category, can be hazardous to health and extreme care must be taken in using 
them. 

 

 

Vat dyes are essentially insoluble in water and incapable of dyeing fibres directly. 
However, reduction in alkaline liquor produces the water soluble alkali metal salt of 
the dye, which, in this leuco form, has an affinity for the textile fibre. 
Subsequent oxidation reforms the original insoluble dye. The color of denim is due to 
indigo, the original vat dye. 

 

Reactive dyes utilize a chromophore attached to a substituent that is capable of 
directly reacting with the fibre substrate. The covalent bonds that attach reactive dye 
to natural fibers make them among the most permanent of dyes. "Cold" reactive dyes, 
such as Procion MX, Cibacron F, and Drimarene K, are very easy to use because the 
dye can be applied at room temperature. Reactive dyes are by far the best choice for 
dyeing cotton and other cellulose fibers at home or in the art studio. 

Disperse dyes were originally developed for the dyeing of cellulose acetate, and are 
water insoluble. The dyes are finely grind in the presence of a dispersing agent and 
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sold as a paste, or spray
dye polyester but they can also be used to dye nylon,
fibres. In some cases, a dyeing temperature
dye bath is used. The very fine particle size gives a large surface area
dissolution to allow uptake by the fibre. The dyeing rate can be significantly 
influenced by the choice of dispersing agent used during the grinding.

Azoic dyeing is a technique in which an insoluble
or within the fibre. This is achieved by treating a fibre with both diazoic and 
coupling components. With suitable adjustment of dye bath conditions the two 
components react to produce the required insoluble azo dye. This technique of dyeing 
is unique, in that the final color is controlled by the choice of the diazoic and coupling 
components. This method of dyeing cotton is declining in importance due to the toxic 
nature of the chemicals used.

Azo Dye are important class of organic colorants consists of at least a c
chromophore azo (-N=N
chomophoric system is associated with two or more aromatic or heterocyclic rings. 
The colour properties of organic dye depend on both the presence of chromophore
group and crystallographic arrangement of the molecule in the solid state. There may 
be more than one azo group present in the dye molecules and thus classified into 
monoazo, diazo, triazo, and so on according to whether there are one, two, three, four 
or more azo groups present in the dye molecule. The general structure of azo dye as 
follows; 

 
Alkyl azo compounds 
aryl azo compounds. One example is diethyldiazene, C
temperatures or upon irradiation
compounds cleave with the loss of nitrogen gas to generate
process, some aliphatic azo compounds are utilized as
their instability, aliphatic azo compounds pose the risk of

Aryl azo compounds 
prototypical aromatic azo compound. It exists mainly as the
photolysis, converts to the
using an azo coupling
reaction where an aryl diazonium cation
those substituted with electron
unstable near room temperature, the azo coupling reactions are typically conducted 
near ice temperatures. The

Online International Interdisciplinary Research Journal, {Bi-Monthly}, ISSN 2249-9598, Volume-09, Jan 2019 Special Issue (03)

w w w . o i i r j . o r g                      I S S N  2 2 4 9-

sold as a paste, or spray-dried and sold as a powder. Their main
but they can also be used to dye nylon, cellulose triacetate, and acrylic 

fibres. In some cases, a dyeing temperature of 130 °C is required, and a pressurized 
dye bath is used. The very fine particle size gives a large surface area
dissolution to allow uptake by the fibre. The dyeing rate can be significantly 
influenced by the choice of dispersing agent used during the grinding.

is a technique in which an insoluble azo dye is produced directly onto 
the fibre. This is achieved by treating a fibre with both diazoic and 

components. With suitable adjustment of dye bath conditions the two 
components react to produce the required insoluble azo dye. This technique of dyeing 

final color is controlled by the choice of the diazoic and coupling 
components. This method of dyeing cotton is declining in importance due to the toxic 
nature of the chemicals used. 

are important class of organic colorants consists of at least a c
N=N-) group and the largest and most versatile class of dyes. This 

chomophoric system is associated with two or more aromatic or heterocyclic rings. 
The colour properties of organic dye depend on both the presence of chromophore
group and crystallographic arrangement of the molecule in the solid state. There may 
be more than one azo group present in the dye molecules and thus classified into 
monoazo, diazo, triazo, and so on according to whether there are one, two, three, four 

more azo groups present in the dye molecule. The general structure of azo dye as 

 

Alkyl azo compounds (R or R' = aliphatic) are less commonly encountered than the 
aryl azo compounds. One example is diethyldiazene, C2H5N=NC

irradiation, the carbon-nitrogen (C-N) bonds in certain alkyl azo 
compounds cleave with the loss of nitrogen gas to generate radicals
process, some aliphatic azo compounds are utilized as radical initiators
their instability, aliphatic azo compounds pose the risk of explosion

Aryl azo compounds usually stable, crystalline species. Azobenzene
prototypical aromatic azo compound. It exists mainly as the trans isomer
photolysis, converts to the cis isomer. Aromatic azo compounds can be synthesized by 

azo coupling reaction, which entails an electrophilic substitution 
aryl diazonium cation is attacked by another aryl ring, especially 

those substituted with electron-donating groups. Since diazonium salts are often 
unstable near room temperature, the azo coupling reactions are typically conducted 
near ice temperatures. The oxidation of hydrazine (R-NH-NH-R') also gives azo 
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dried and sold as a powder. Their main use is to 
cellulose triacetate, and acrylic 

of 130 °C is required, and a pressurized 
dye bath is used. The very fine particle size gives a large surface area that aids 
dissolution to allow uptake by the fibre. The dyeing rate can be significantly 
influenced by the choice of dispersing agent used during the grinding. 

 

dye is produced directly onto 
the fibre. This is achieved by treating a fibre with both diazoic and 

components. With suitable adjustment of dye bath conditions the two 
components react to produce the required insoluble azo dye. This technique of dyeing 

final color is controlled by the choice of the diazoic and coupling 
components. This method of dyeing cotton is declining in importance due to the toxic 

are important class of organic colorants consists of at least a conjugated 
) group and the largest and most versatile class of dyes. This 

chomophoric system is associated with two or more aromatic or heterocyclic rings. 
The colour properties of organic dye depend on both the presence of chromophore 
group and crystallographic arrangement of the molecule in the solid state. There may 
be more than one azo group present in the dye molecules and thus classified into 
monoazo, diazo, triazo, and so on according to whether there are one, two, three, four 

more azo groups present in the dye molecule. The general structure of azo dye as 

(R or R' = aliphatic) are less commonly encountered than the 
N=NC2H5. At elevated 

N) bonds in certain alkyl azo 
radicals. Owing to this 

radical initiators. Because of 
explosion. 

Azobenzene is the 
trans isomer, but upon 

isomer. Aromatic azo compounds can be synthesized by 
electrophilic substitution 

is attacked by another aryl ring, especially 
Since diazonium salts are often 

unstable near room temperature, the azo coupling reactions are typically conducted 
R') also gives azo 
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compounds. Azo dyes derived from benzidine are carcinogens; exposure to them has 
classically been associated with bladder cancer. 
Applications of azo dye 
As dyes and pigment 
Azo compounds have intense colours due to their extensions of the delocalized 
aromatic π electron system made possible by the presence of the azo group. The azo 
compounds are widely used as dyes and pigments since almost any colour can be 
obtained with this class of compounds 
Spectrophotometer investigation 
Dyes containing a sulphonic acid group in the 8-position of naphthaol ring proved to 
be less sensitive toward metal ions. Many chromotropic acid derivatives have 
photometric reagents in the acidic media, contracting colour changes. 
As indicators 
The derivatives have been used as indicators for the direct titration. 
in view of the diverse applications associated with azo dyes, we thought of 
synthesizing new noel azo dyes and study their applications and this study was 
undertaken. 

Experimental 

All chemicals and solvents used were laboratory grade and purified prior to use. 
Melting points were determined by open capillary method and are uncorrected. IR 
spectra were recorded (in KBr pallets) on SCHIMADZU spectrophotometer.. All 
reactions were monitored by using thin layer chromatography (TLC). Reaction 
components were visualized in iodine chamber. 

A. Preparation of pyrazol carbaldehyde 

Scheme 1 
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Scheme 1: synthesis of pyrazol carbaldehyde 

General procedure for Preparation of pyrazol carbaldehyde 

A mixture of heteroaldehyde (1 mol), pyrazolone (1 mol), and sodium acetate (4 mol) 
in glacial acetic acid, was refluxed for 2-3 hours at 50-60o C. After completion of 
reaction (monitored by TLC), the reaction mixture was poured in ice cold water, 
orange coloured solid separates out, filter it and purified by crystallization in acetic 
acid. 
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B. Preparation of diazenyl benzaldehyde 

Scheme 2 
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Scheme 2: Synthesis of diazenyl benzaldehyde 

General procedure for Preparation of diazenyl benzaldehyde 

A mixture of o-hydroxy benzaldehyde and p-Nitro aniline (1 mol) in presence of 
NaNO2(1 mol) in HCl were treated at 0-5oC. After completion of reaction, to the 
reaction mixture was diluted with ice cold water the solid separates out, the separated 
solid were filtered and purified by crystallization in methanol. 

C. Preparation of diazenyl pyrazol-5-one 

Scheme 3 

 

 Scheme 3: Synthesis of diazenyl pyrazol-5-one 

General procedure for Preparation of diazenyl pyrazol-5-one 

A mixture of substituted aldehydes (1 mol), pyrazolone (1mol) and sodium acetate (4 
mol) in acetic acid were treated for 3 hours gives brown coloured compound. This 
brown coloured solid is reacted with diazonium chloride in presence of sodium 
acetate gives dark brown coloured final product. 
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Some other derivatives prepared are shown in Figure 

 

Spectroscopic data of some selected compounds: 

4-(4-chlorobenzylidene)-3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (3a); 

UV λmaxin nm (log ε): 595 (2.60), 568(2.60), 394 (3.83), 205 (4.00); IR(KBr) cm-1: 
3035,1690,1608,754;1HNMR (DMSO d6)ppm: δ 1.23 (s, 3H),6.92(s, 1H), 7.22-7.61 
(m, 9H, Ar-H);Mass (m/z): 296 [M]+. 

4-(3-nitrobenzylidene)-3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (3b); 

UV: λmaxin nm (log ε):  361 (5.14), 241(4.91), 205 (4.96): IR(KBr) cm-1: 
3032,1697,1618,1536;1HNMR (DMSO d6)ppm: δ 1.23 (s, 3H), 6.92(s, 1H), 7.22-7.61 
(m, 9H, Ar-H);Mass (m/z): 307 [M]+. 

4-(2-chlorobenzylidene)-3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (3d); 
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UV λmaxin nm (log ε):  355 (5.30),241 (5.02), 205 (5.06); IR(KBr) cm-1: 
3031,1698,1612,752;1HNMR (DMSO d6)ppm: δ 1.21 (s, 3H), 6.94(s, 1H), 7.20-7.59 
(m, 9H, Ar-H);Mass (m/z): 296 [M]+. 

4-(4-nitrobenzylidene)-3-methyl-1-phenyl-1H-pyrazol-5(4H)-one (3e); 

UV λmaxin nm (log ε): 361 (4.79), 247(4.46), 205 (4.44); IR(KBr) cm-1: 
3032,1697,1618,1536;1HNMR (DMSO d6)ppm: δ 1.23 (s, 3H),  6.92(s, 1H), 7.22-
7.61 (m, 9H, Ar-H);Mass (m/z): 307 [M]+. 

4-((4-nitrophenyl)((4-nitrophenyl)diazenyl)methylene)-1-phenyl-1H-pyrazol-
5(4H)-one (5a); 

UV λmaxin nm (log ε): 346 (4.69), 238(4.20); IR(KBr) cm-1:1697,1618,1536, 1515; 
1HNMR (DMSO d6)ppm: δ7.22-7.61 (m, 15H, Ar-H);Mass (m/z): 442.38 [M]+. 

4-((4-chlorophenyl)diazenyl)(4-nitrophenyl)methylene)-1-phenyl-1H-pyrazol-
5(4H)-one(5b); 

UV λmaxin nm (log ε): 346 (4.69), 238(4.20); IR(KBr) cm-1: 1697, 1618, 1536, 1520; 
1HNMR (DMSO d6)ppm: δ 7.22-7.61 (m, 15H, Ar-H);Mass (m/z): 431.08 [M]+. 

4-((3-nitrophenyl)-(4-nitrophenyl)diazenyl)methylene)-1-phenyl-1H-pyrazol-
5(4H)-one(5e); 

UV λmaxin nm (log ε):  472 (3.85), 301(3.68), 223 (4.30); IR(KBr) cm-1:1697,1618, 
1536, 1515; 1HNMR (DMSO d6) ppm: δ 7.22-7.61 (m, 15H, Ar-H);Mass (m/z): 
442.38 [M]+. 

Result and Discussion 

In  the  recent  times,  considerable  attention  has  been  devoted  to  antimicrobial  
application  ofazo  dye.  In  fact,  numerous  literatures  are  available  recently  to  
supplement  this  paradigmshift in azo dyes utilization. First and foremost, it is 
important to note that theazo  dyes  synthesized  were  of  two  forms  based  on  the  
nature  of  the  starting  materialcommon  to  each  group.The  rational  for  choosing  
these  dyes  is  to  be  able  to  get  variousscaffolds  of  this  nature  by  derivatization  
which  will  in  turn  help  in  the  future  SAR  study  ofthese  compounds. However, 
thetwo sets were prepared using the same procedure as reported by Liebermann 
(1883) but in modified version. In a nutshell,  to  understand  the  detail  of  the  
observed  reaction,  it  isessential  to  explain  the  formation  of compound  1  as  a  
representative  of  the  azodyes.  The azo dye was prepared in excellent yield by 
coupling of salicyladehyde/ pyazolone/ chalcone with aniline. The same procedure 
was repeated with substituted aniline derivatives to affordother azo dyes. Generally 
speaking, the azo dyes, azo dyes wereprepared in good to excellent yield (76.53-
99.56%) by the diazo coupling of the aniline andat 0-5ºC as shown in Scheme 1, 2 
and 3. 

The structures of the synthesized were provided by UV-Visible, IR, 1H NMR spectral 
studies. For instance, in UV-Visible spectrum, all the compounds showed absorption 
maxima in the region 418-474 nm. However the compounds showed second 
absorption maxima peaks at 541 and 569 nm respectively due to the presence of 
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chromophoric (NO2) group. The results of the electron absorption studies indicating 
that all synthesized compounds were absorbed in the visible region. 

In  IR  spectra,  all  the  compounds  showed  a  broad  band  in  the  range  of  3504  
cm-1 to  3382  cm-1 corresponding–OH (str) group whenever present in the compound, 
however, the observed values are lesser than that of the corresponding free- OH 
group. This suggests that the compounds possess hydrogen bonding between C=O of 
carboxylic group and OH group ortho to it.  The  consistent  pattern  stretching  
absorption  bands  due  to–N=N-  observed  clearly  indicates  the formation of the 
compounds. 

In 1H  NMR  spectra,  all  the  synthesized  compounds showed  the  peaks  due  to  
aromatic  and  substituent protons at the expected region. All these observations 
strongly favor the formation of the products. 

Conclusions 

In summary, the synthesis of series of azo dyes were successfully  achieved  using  
various  substituted  aniline  derivatives  as  the  coupling agents. The chemical 
structures of all synthesized compounds were confirmed using analytical data 
andspectroscopic technique which include UV-visible, IR, and Massspectra,1HNMR. 
The compounds are new and could be a good yardstick for monitoring of trend in 
activity of the functionalized azo dyes as a result of difference in substituent; structure 
activity relationship (SAR) study, in the nearest future. Thus, the azo dyes herein 
synthesized are goodcandidates for further study in terms of the investigation of their 
biological activities.  This might create a new vista of opportunity in new drug 
discovery and medicinal research. 
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