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INTRODUCTION

Azo dyes are the most important class of dyes accounting
for more than 50 % of all commercial dyes or colourants. They
have found many applications in various fields of science and
technology [1,2]. The importance behind this study is to synth-
esize azo dyes containing heterocyclic rings due to their superior
properties. The introduction of heterocyclic ring as coupling
components have made possible the synthesis of good colou-
rants with chromophoric strength and brilliant colours. Such
dyes have high level dyeing properties and excellent fastness
properties [3]. The usability of heterocyclic azo dye lies in the
field of textiles, papers, leather, additives, food stuff, cosmetics,
holographic data storage materials, xerography laser materials,
laser printing, materials for organic solar cells and chemo-
sensors, etc. [4-9].

Heterocyclic azodyes are found to be useful in second harm-
onic nonlinear optical material and optical switching devices
[10-12]. The strong bathochromic effect of heterocyclic system
is due to its diene character [13]. Towns [14] has reported the
developments in azo dyes derived from heterocyclic azo compo-
nents. A number of heterocyclic azo dyes and their derivatives
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are used as intermediates in dye stuff industry [15-21]. Focussed
attention has been given to heterocyclic derivatives of azo dyes
due to their diverse biological activities as antitumor, anti-
inflammatory, antibacterial and antifungal agents [22-24]. In
this endeavour, a series of heterocyclic monoazodyes with good
dyeing and fastness properties have been assessed.

EXPERIMENTAL

All the reagents and solvents for syntheses and analyses
were of Merck products and used as supplied. FTIR spectra
were recorded using KBr discs on a Perkin-Elmer spectrum 65
spectrometer. Elemental analyses were performed on a Vario
EL-III CHN elemental analyzer. Electronic absorption spectral
measurements of the dyes in methanol were conducted using
Perkin-Elmer Lambda 25 UV-Vis spectrophotometer. 1H and
13C NMR spectra were recorded on a 400MHz FTNMR instru-
ment. Mass spectra of the dyes and Schiff base obtained with
ESI mass spectra. Fastness to light, sublimation and perspiration
were assessed in accordance with BS: 1006-1978. The rubbing
fastness test was carried out with a Crockmeter, Atlas in accor-
dance with AATCC-1961 and the wash fastness test in accor-
dance with IS:765-1979. The details of the method of colour
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fastness test were described in literature [25]. The dyeing of
cotton fabrics were carried out according to the literature [26].

Synthesis of dyes: All the dyes were prepared by the
standard procedure of diazotization of amines [27,28] followed
by coupling with corresponding compounds.

Synthesis of 5-(2,3-dimethyl-1-phenyl-3- pyrazolin-5-
one-4-ylazo)-1H-pyrimidine-2,4-dione (dye I): A solution
of 4-aminoantipyrine (0.01 mol) was prepared in least amount
of HCl (2 mL). A cold solution of NaNO2 below 5 ºC was then
added to amine solution dropwise with continuous stirring. A
solution of 0.01 mol of uracil was prepared by dissolving it in
NaOH solution and then cooled to 0 ºC. The cold diazonium
salt solution was added to uracil solution in NaOH kept at 0 ºC
(Scheme-I). The yellow coloured solid dye was filtered off and
recrystallized from ethanol. The purity of product was checked
by TLC. Yield: 80 %. IR (KBr, νmax, cm-1): 1455 (N=N), 1677
(C=O). UV (λmax, MeOH): 326 nm. 1H NMR (DMSO-d6) ppm:
δ 2.23 (3H) S, 3.14 (3H), 7.60- 7.82 (5H), 11.01 (2H), 5.46
ppm (1H) s; 13C NMR (DMSO-d6) ppm: δ 12.43 (C-CH3), 36.13
(N-CH3), 96.48, 123.53 (C-N), 123.15, 125.92, 126.71, 128.43,
128.99, 129.28 (C), 135.34 (C=C), 142.08, 151.42, 166.14
(C=O), 164.26 (C=C). Elemental analysis of C15H14N6O3 calcd.
(found) %: C, 55.19 (55.21); H, 4.30 (4.28); N, 25.75 (25.74);
HRMS Calcd. (found): [M+H]+ 327.568 ([M+H]+ 327.569) [29].
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Scheme-I

Synthesis of 6-amino-5-(1,5-dimethyl-3-oxo-2-phenyl-
2,3-dihydro-1H-pyrazol-4-ylazo)-1H-pyrimidine-2,4-dione
(dye II): A solution of 4-aminoantipyrine (0.01 mol) was prepared
in least amount of HCl (2 mL). A cold solution of NaNO2 below
5 ºC was then added to amine solution dropwise with contin-
uous stirring. A solution of 0.01 mol of 6-aminouracil was prep-
ared by dissolving in NaOH solution then cooled to 0 ºC. The
cold diazonium salt solution was added to 6-aminouracil solution
in NaOH kept at 0 ºC (Scheme-II). The red coloured solid dye
was filtered off and recrystallized from ethanol. The purity of
product was checked by TLC. Yield: 78 %. IR (KBr, νmax, cm-1):
1429 (N=N), 1658 (C=O). UV (λmax, MeOH): 508 nm. 1H NMR
(DMSO-d6) ppm: δ 2.24 (3H), 3.24 (3H), 7.60-7.82 (5H), 11.02
(2H), 5.46  (1H), 8.34 (2H); 13C NMR (DMSO-d6) ppm: δ 11.23
(C-CH3), 37.12 (N-CH3), 97.41, 124.18 (C-N), 120.01, 124.21,
127.30, 128.14, 130.17, 131.99 (C), 142.13, 152.61, 160.14
(C=O), 167.15 (C=C), 178.01 (C-NH2). Elemental analysis of
C15H16N7O3 calcd. (found) %: C, 52.63 (52.64); H, 4.67 (4.65);
N, 28.65 (28.63); HRMS Calcd. (found): [M+H]+ 343.23 ([M+H]+

343.23).
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Scheme-II

Synthesis of 5-(3-hydroxy-pyridin-2-ylazo)-1H-primi-
dine-2,4-dione (dye III): A solution of 2-amino-3-hydroxy-
pyridine (0.01 mol) was prepared in the minimum amount of
HCl (2 mL). A cold solution of NaNO2 below 5 ºC was then
added to amine solution dropwise with continuous stirring. A
solution of 0.01 mol of uracil was prepared by dissolving in
NaOH solution then cooled to 0 ºC. The cold diazonium salt
solution was added to uracil solution in NaOH kept at 0 ºC
(Scheme-III). The pink coloured solid dye was filtered off and
recrystallized from ethanol. The purity of product was checked
by TLC. Yield: 81 %. IR (KBr, νmax, cm-1): 1438 (N=N), 1669
(C=O). UV (λmax, MeOH): 480 nm. 1H NMR (DMSO-d6) ppm:
δ 7.60-7.82 (3H), 11.01 (2H), 5.46 (1H), 9.37 (1H); 13C NMR
(DMSO-d6) ppm: δ 100.01, 124.36, 125.89, 138.75, 141.36,
142.75, 152.91, 155.36 (C-OH), 164.89 (C=O). Elemental anal-
ysis of C9H8N5O3 calcd. (found) %: C, 46.15 (46.17); H, 3.40
(3.38); N, 29.91 (29.92); HRMS Calcd. (found): [M+H]+ 235.03
([M+H]+ 235.01.
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Synthesis of 2-(2-hydroxy-naphthalen-1-ylazo)pyridin-3-
ol (dye IV): A solution of 2-amino-3-hydroxypyridine (0.01
mol) was prepared in the minimum amount of HCl (2 mL). A
cold solution of NaNO2 below 5 ºC was then added to amine
solution dropwise with continuous stirring. A solution of 0.01
mol of β-naphthol was prepared by dissolving in NaOH solution
then cooled to 0 ºC. The cold diazonium salt solution was added
to β-naphthol solution in NaOH kept at 0 ºC (Scheme-IV). The
grey coloured solid dye was filtered off and recrystallized from
ethanol. The purity of product was checked by TLC. Yield: 72
%. IR (KBr, νmax, cm-1): 1468 (N=N), 3392 (O-H). UV (λmax,
MeOH): 265 nm.1H NMR (DMSO-d6) ppm: δ 7.70-7.90 (9
H), 9.40 (1H), 10.40 (1H); 13C NMR (DMSO-d6) ppm: δ 99.98,
109.51, 116.16, 117.74, 120.13, 123.63, 125.12, 126.37, 126.53,
127.77, 128.98, 129.85, 134.61, 153.35, 159.12 (C-OH). Elem-
ental analysis of C15H11N3O2 calcd. (found) %: C, 67.66 (67.64);
H, 4.51 (4.50); N, 15.69 (15.70);  HRMS Calcd. (found): [M+H]+

267.13 ([M+H]+ 267.11) [30].
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Synthesis of 4-(2,4-dihydroxy-phenylazo)-3-hydroxy-
naphthalene-1-sulfonic acid (dye V): A solution of 1-amino-
2-naphthol-4-sulphonic acid (0.01 mol) was prepared in least
amount of HCl (2 mL). A cold solution of NaNO2 below 5 ºC
was then added to amine solution dropwise with continuous
stirring. A solution of 0.01 mol of resorcinol was prepared by
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dissolving in NaOH solution then cooled to 0 ºC. The cold diazo-
nium salt solution was added to resorcinol solution in NaOH
kept at 0 ºC (Scheme-V). The brown coloured solid dye was
filtered off and recrystallized from ethanol. The purity of product
was checked by TLC. Yield: 83 %. IR (KBr, νmax, cm-1): 1459
(N=N), 3436 (O-H). UV (λmax, MeOH): 360 nm. 1H NMR (DMSO-
d6) ppm: δ 6.10-7.70 ppm (8H), 2.50 (1H, s), 8.70 (1H, s), 9.30
(1H, s), 11.1 (1H, s); 13C NMR (DMSO-d6) ppm: δ 108.12, 109.34,
117.43, 124.01, 124.35, 126.12, 126.51, 126.99, 127.32, 129.30,
133.05, 136.73, 145.08, 145.98, 152.28,152.31 (C-OH). Elem-
ental analysis of C16H12N2O6S calcd. (found) %: C, 53.30 (53.32);
H, 3.32 (3.30); N, 7.71 (7.70); S, 8.88 (8.87). HRMS Calcd.
(found): [M+H]+ 361.31 ([M+H]+ 361.30) [31,32].
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Synthesis of N-(4-dimethylamino-benzylidene)-N-(2-
{2-[(4-dimethylamino-benzylidine)amino]ethylamino}-
ethyl)-ethane-1,2-diamine) (dye VI): A methanolic solution
of triethylenetetramine (0.01 mol) and N,N-dimethylbenzal-
dehyde (0.01mol) was heated under reflux on a water bath for
7 h. The solution was kept at room temperature for 24 h. Brown
crystals separated was filtered and recrystallized from methanol
(Scheme-VI). Yield: 85 %. IR (KBr, νmax, cm-1): 1620 (C=N),
3021 (N-H). UV (λmax, MeOH): 394 nm.Elemental analysis
of C24H36N6 calcd. (found) %: C, 70.58 (70.59); H, 8.82 (8.80);
N, 20.58 (20.57). HRMS Calcd. (found): [M+H]+ 409.03
([M+H]+ 409.01).
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Dyeing of cotton fabric and dyeing properties: Efforts
have been made to prepare disperse dyes derived from hetraryl
compounds. Useful dyes in this respect are derived from 4-amino-
antipyrine, uracil, 6-aminouracil, 2-amino-3-hydroxy-pyridine,
1-amino-2-naphthol-4-sulphonic acid and triethylenetetramine.
The new dyes are studied for their dyeing properties and perfor-
mance. The new dyes were applied on cotton fabric at 2 %
shade by high temperature technique and gave generally deep
and bright intense hues, ranging from yellow to red.

Assessment of colour fastness: Satisfactory colour yields
compared with commercial dyes applied under similar conditions
were obtained at 2 % depth of dye liquors were also achieved

[33,34]. Furthermore, the dyes gave excellent uniformity
of colouration on cotton fabric without the use of retarding
agent.

Fastness to washings at 50 ºC and to perspiration shows
excellent behaviour. Most of the dyes have a fair rubbing fastness
3, which can be attributed to inadequate diffusion of the dye
molecules into the fabric. Most of the dyes exhibit good sublim-
ation and light fastness.

Determination of dyeing and fastness

Dyeing: The fabric was dyed with 2 % dye (calculated
on the weight of fabric), 1 % NaCl (as dispersing agent), kept
at a liquor ratio of 20:1. The process was started at 60 ºC and
the temperature was then raised to 130 ºC over 30 min and main-
tained for 1 h. After cooling, the fabric was taken out and
treated with a solution of 2 % sodium bisulphite, 2 % NaOH
and 0.1 % NaCl at 70 ºC for 30 min. Finally, the fabric was
rinsed and dried at 60 ºC [35].

Evaluation of fastness properties of a dye is done by meas-
uring washing, light, rubbing and perspiration fastness values
using wash wheel, xenoster, crock meter and prespirometer,
respectively in terms of standard methods and these properties
were measured using grey scale [36].

Colour fastness tests

Fastness to washing: A specimen of dyed cotton fabric
was stitched between two pieces of undyed cotton fabric all
of equal length and then washed at 50 ºC for 30 min. After
soaping treatment, the specimen is removed, rinsed twice in
cold water and then in cold running tap water. Squeezed and
dried in air at a temperature not exceeding 60 ºC. The staining
on the undyed adjacent fabric was assessed according to the
gray scale [37].

Fastness to perspiration: The samples were prepared by
stitching a piece of dyed cotton fabric between two pieces of
undyed cotton fabric, all of equal length and then immersed
in the acidic (pH 3.5) or alkaline solution(pH 8.0) for 30 min.
The staining on undyed adjacent fabric was assessed according
to gray scale.

Fastness to rubbing: The dyed cotton fabric was placed
on the base of crockmeter, so that it rested flatly on the abrasive
cloth with its long dimension in the direction of rubbing. A
square of white testing cloth was allowed to slide on the tested
fabric back and froth 20 times by making 10 complete turns
of the crank. For the wet rubbing test, the testing squares were
thoroughly immersed in distilled water. The rest of the procedure
was the same as in the dry test. The staining on the white testing
cloth was assessed according to the gray scale [38].

Fastness to sublimation: Sublimation fastness was measured
with an iron tester.The samples were prepared by stitching a
piece of dyed cotton fabric between two pieces of undyed
cotton, all of equal length and then treated at 180 and 210 ºC
after every 1 min. Any staining on undyed adjacent fabric or
change in tone was assessed according to gray scale.

Fastness to light: Light fastness was determined by exposing
the dyed polyester on a Xenotest 150 (original Hanau, Chamber
temperature: 25-30 ºC; black panel temperature: 60 ºC; relative
humidity: 50-60 %; dark glass UV filter system) for 40 h. The
change in colour was assessed according to gray scale [39].
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RESULTS AND DISCUSSION

The above mentioned azo dyes provide wide range of colour
with good levelness, brightness and depth on dyeing cotton
fabrics. The nature and position of substituents present on the
diazotized compound and coupling components has great influ-
ence on shade of dyeing [40,41]. The heteroatoms present in
the ligand structure also results in the bathochromicity and leads
to the brightness of shades. From the results (Table-1), it is
revealed that dyes have fair to good fastness properties to light,
washing, perspiration, rubbing and sublimation. The fastness
properties of dyeing are correlated with the structure of the
dye and substrate to which it is applied [42].

Dye I to V contains azo group and VI contains azomethine
group as chromophore. Dye I and II contains carbonyl group,
dye II and III contains amino group, IV and V contains hydroxyl
group, V contains sulfonic acid group and VI contains NH group
as well as N(Me)2 groups. Such groups often attatched to chromo-
phores modify colours to molecules. In cotton fabrics, these
dyes gets attached to fabric by hydrogen bonding. Dye VI is
long enough and straight so that they can line up with cellulose
fibers and form several hydrogen bonds.

An important property of textiles is their light fastness
which is affected by several factors such as physico-chemical
characteristics of fibers, chemical structure of dyes the wave-
length distribution of impinging radiation and several other
environmental conditions [43]. In this present case, the reported
dyes exhibit wide range of fastness from 1 to 5 on cotton fabrics
and are significantly affected by nature of substituents. The light
fastness depends on degree of aggregation of dye within the
fabric, nature of fabric in which it is dispersed, characteristics
of incident radiation, molecular structure, molecular size and
substantivity [41]. In this work, the best light fastness was
obtained for dye II, IV and V. This agrees with the notion that
azo compounds appended with electron withdrawing substituents
on the diazo components are less prone to photofading [44].
The presence of electron withdrawing group such as sulfonic
acid adjacent to diazotizable amino group has a bathochromic
influence on the shades of these dyes on fabric and is useful
for better dispersability and dyeability.

The solubility and rate of movement of dye out of the fabric
during washing depends on the size of dye molecules, the type
of mechanical linkage between dye and fiber, and the type of
charge on dye, which in turn depends on the electron donating
or electron attracting character of substituents. If the fabric is

crystalline and hydrophobic in nature it inhibit the diffusion
of dye out of the fiber, thus better ratings are obtained. The
remarkable degree of brightness of the fabric after washing is
indicative of good penetration and the excellent affinity of the
dye to different fabrics [45].

The best results are shown for perspiration fastness as the
dye molecules penetrates deeper into fabric. The rubbing fast-
ness depends on the presence of loose dye particles on the surface
of fabric. It depends on the substantivity of dye for the fabric,
which in turn depends on molecular size, geometry and polarity
of molecule [46]. Rubbing fastness property is moderate in
dry and fair to moderate in wet condition. Sublimation fastness
are good to excellent at 180 ºC and moderate to excellent at
210 ºC as dye molecules are less stable at higher temperature.

Dye V having sulfonic acid group as well as three hydroxyl
group shows better result to fastness properties among the
discussed dyes in this work. The molecular size, geometry
and molecular mass also enhances the discussed properties.

Conclusion

Azo dyes derived from various heterocyclic amines have
been synthesized and characterized. These dyes gave yellow
hues with good levelness, brightness and depth on fabrics. The
variation in the hues of the dyed fabrics results from both the
nature and position of the substituent present on the azo
coupling ring. All the fastness properties are inter-related since
they depend on rate of diffusion of dye into fabric. This rate is
a function of geometry of dye molecule, small molecular size,
the intrinsic property of heterocyclic ring, the electron with-
drawing character of an appropriately substituted groups and
hydrophobic nature of heterocyclic ring which is useful for
better dispersability, dyeability and intrinsic conjugation in
structure leading to fair to excellent properties. All the dyes
have higher rating. The washing fastness of dyes are very good
compared with commercial dyes. From the results, it can be
conclued that dye IV and V have good assessment values for
fastness properties that can be successfully used for dyeing textile
fabrics,mainly on account of the facility and low-cost of the
dyes synthesis, ease of application and overall versatility of
their use.
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