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ABSTRACT

A series of new oligomeric disperse dyes were prepared by coupling various

aromatic ether's diazonium salts to 2-naphthol-furfuraldehyde (2-NF) oligo-
mers . They were evaluated in terms of their yields, colour, solubility, IR and

UV visible spectra, and the structure-property relationship are also discussed
and their dyeing on polyester PET and nylon-6,6 are assessed . Dyeing on
polyester and nylon-6,6 resulted in yellow, orange and cream to fight pink

coloration.having excellent light fastness and washing fastness properties.
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INTRODUCTION

This article reports the synthesis of oligomers based

on the condensation of 2-naphthol with furfural-

dehyde, coupling of various aromatic ether diazonium
salts oligomer and evaluation of the properties of the

resultant oligomeric disperse azo-naphtho-furfural-
dehyde dyes.

The main advantages of phenolics are their
easy availability and their excellent properties, such

as high thermal stability, excellent acid resistance,

high fire retardance, etc . [I] .

One such area which phenolic resins find use is

as coupling agents in the formation of azo dyes or

pigments. This area has received little attention both
academically and industrially, in spite of their

advantages [2–4].
Naphthols are well-established intermediate for

the synthesis of dyes . The use of 2-naphthol-furfural-

dehyde condensates as coupling components in the
formation of azo dyes and pigments have been

reported [5–7] and the products are stated to be useful
in the dyeing of synthetic and natural fibbers, and also

leather as well . They are reported to have good

Scheme I
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Table 1 . Characterization of 2-naphthol-furfuraldehayde (2-NF) oligomer.

Naphthol- Colour Melting point Elemental analysis (%) M„ estimated by

furfuraldehyde {'C) 0 H Vapour pressure
oligomer Calcd.

	

Found Calcd .

	

Found osmometry
(2-NF) Light brown 170-172 80 .58

	

79 .7 4.46

	

4 .45 772

fastness properties . Hence, it was throughout interest-
ing to explore the field of azo dyes based on phenolic
resin as coupling component (Scheme I).

EXPERIMENTAL

Materials
2 -Naphthol was of analytical grade and crystallized
prior to use. Furfuraldehyde and potassium carbonate
were of laboratory grades . For diazonium salt prepara-
tion, some aromatic amines of analytical grade were
obtained from Anupam Rasayan Private Ltd., Surat,
and some were prepared via literature [8-10].

Polyester PET (100%) and nylon-6,6 were
obtained from local market.

Procedures
Preparation oft-Naphthol furfuraldehyde Oligomer
In a round bottom flask (1 L) a mixture of 2-naphthol
(288 g, 2 mol), furfuraldehyde (80 g, I mol) and
potassium carbonate (2 g) was heated for half an hour
at 50-60 ' C temperature until the solid lumps were
obtained . It was washed with hot water to remove
unreacted material . It was kept in vacuum desiccators.

The yield was 75% and was designated as 2-NF
oligomer. Characterization data of these oligomers are
reported in Table 1.

Preparation of Diazonium Salt Solution [11-12]
The diazonium salt solutions of aromatic amines
(Table 2) were prepared as usual method.

Preparation of Oligomeric 2-NF .Aw Dyes
Details of the oligomeric 2-NF azo dyes are given in
Table 2 . To a cooled (0 'C) alkaline solution (pH 10-
10 .5) of the 2-naphthol-furfuraldehyde oligomer
(2-NF, 0 .1 mol) the diazonium salt solution was added

dropwise at such a rate that the reaction proceeded at
low temperature (exothermic reaction) while main-
taining the pH between 10-10 .5 . After the completion
of azo coupling the reaction mixture was then stirred
for 1 h at 0-5 'C and then it was acidified to pH 5 .5-6.
The precipitated dyes were then filtered, washed
thoroughly with hot water and they were dried. The
dye was soxhlete-extracted with ether to remove any
mono azo dye resultant from the presence of any
residual naphthol in the oligomer. The yield was
around 75-80%.

Measurements
The elemental analysis of 2-NF oligomer and oligo-
meric azo 2-NF dyes was carried out on an elemental
analyzer, (Carlo Erba, Italy) . The mean number of azo
groups of the dyes was determined by known methods
113-16] . The visible spectra were recorded on
Beckman DK-2A spectrophotometer and the thermal
stability of the dyes were assessed on a DuPont-951
thermal analyzer at a heating rate of 10 'Clmin . The
number average molecular weight of all the oligomeric

Table 2. Aromatic amines for the preparation of diazonium
salt [8-10].

No Aromatic amines
1 4-Phenoxy aniline

'2 2-Amino-2'methyl ether
3 2-Phenoxy aniline
4 4-Amino-4'chloro diphenyl ether
5 2-Amino-4,4'dichloro diphenyl ether
6 2-Amino-4,4' dichloro-2'sulphanic acid
7 4-Amino-2,4'dichloro diphenyl ether
8 2-Amino-4' chloro dipheny ether
9 4-Amino-2'4' dichloro diphenyl ether

10 2-Amino-2',4' dichloro diphenyl ether
11 Amino resorcin-di-o-cresyl ether
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disperse dyes were estimated both by VPO and non-
aqueous conductimetric titration method . in of
2-NF dyes, obtained by VPO method, is represented
in Table 3.

Dyeing of Polyester PET, Nylon-6,6 with Oligomeric
Azo-NF Dyes
A known quantity of each oligomeric azo-2-NF dyes
Table 3) was taken in DMF along with same quantity
of Dodamol, a (dispersing agent), 2-3 drops of wetting
agent (2% sodium lauryl sulphate solution) and the
dispersion of the azo 2-NF dyes particles in DMF was
prepared by ultrasonic vibration for 2 h . An exact
quantity of dispersion (containing 40 m of the dye in
100 mL water) was used for dyeing synthetic fibres (2
g weight of each fibre) so as to obtain 2% shade of the
dye on fibres. The material to liquor (M :L) ratio was
maintained at 1 :50 . The temperature maintained for
polyester was 130 'C, and for nylon, 90 'C.

The fastness properties were determined

according to international standards [14-17].

RESULTS AND DISCUSSION

Infusible compounds of the type studied have been
used as a pigments rather than dyes due to their poor
dyeability on fabrics [15-17] . Naphtho-furfuralde-
hyde oligomers are known to have poor dye ability
and it was there for attempt to obtain the oligomer of
low molecular weight from condensation of 2-
naphthol with furfuraldehyde.

Phenol-furfuraldehyde oligomers can be
utilized in various applications and many synthetic
methods for their formation are available [16-17].

The synthesis of naphthol-furfuraldehyde oligo-
mer has received less attention . To provide suitable
oligomer for this present study, a number of variables
in synthesis, as for example molar ratios of reactants,
temperature, catalyst and reaction time have been

Table 3 . Characterization of oligomeric azo-2-NF dyes.

Oligomeric Colour Melting Nitrogen Azo Yield M 7, Dyeing on polyester Dyeing on nylon
azo-2-NF point (C) found (mean no) (%) (VPO} (nm) Light Washing Light Washing

dyes (%) fastness fastness fastness fastness
CKD-1 Dark

orange

103 4.37 1 .91 80 1281 501 4 3 4 4

CKD-2 Orange 115 4.78 1 .82 90 1178 488 5 4 4 4
CKD-3 Orange 104 4.05 1 .92 91 1383 487 5 5 3 3-4
CKD-4 Orange 100 4 .60 1 .90 85 1220 460 4 4 4 4
CKD-5 Light

orange
90 4 .88 1 .83 80 1147 487 4 5 4-5 4

CKD-6 Cream 95 4 .87 2 .00 90 1149 472 5 4 4 3

CKD-7 Orange 99 4 .36 2 .00 90 1217 486 5 4-5 5 3-4
CKD-8 Orange 110 4 .54 1 .98 90 1220 357 4 5 5 5

CKD-9 Light
golden

yellow

100 4 .60 1 .91 80 1217 485 5 4 3 4

CKD-10 Dark

orange

113 4 .38 2 .00 85 1280 483 3 5 3 4

CKD-11 Light

coffee

100 4 .14 1 .99 90 1221 480 3 3 4 3
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optimized in the synthesis . The C and H contents
(Table 2) for 2-naphthol oligomer are in arrangement
with the proposed structure I . This also emphesizes
the probable heterogeneous nature of the products due
to the reaction proceeding at the ortho position and
the more probable at para position, or combination of
the two.

All the oligomeric azo 2-NF dyes listed in
Table 3 are soluble in solvent as ethanol, 1 :4 dioxane,
DMF and DMSO . As the 2-NF condensates are the
mixture of different molecular NF oligomeric chains
and trace of free naphthol, the resulting azo-NF dyes
could be non-heterogeneous and on the premise [17]
that simple naphthol based azo dyes are soluble in
solvents such as ether, ethanol, 1,4-dioxane, DMF and
DMSO. The oligomeric azo-NF dyes were soxhlet
extracted with ether-ethanol (I :1) to remove both the
simpler dyes resulting from trace of any low
molecular weight oligomeric azo-NF dye . The values
of the nitrogen content of the azo-NF dyes indicate
that there may be two azo groups present per oligomer
chain. This is in agreement with the estimated azo
group content of samples in this series of oligomeric
azo-NF dyes.

The UV visible spectra of the azo-NF dyes
were recorded in DMF. Absorption maximum is
shown in Table 3 . The wavelength of maximum
absorption is attributed to the excitation of azo groups
in the dye, which is observed around 357–501 nm.
The variations in ?,, u may be attributed to the
structural variations in the oligomers and the amine
coupling components . The thermal stability of the
azo-2-NF dyes was also assessed in terms of the loss
in the weight at different temperatures at constant
heating rate of 10 -CImin in air.

All of the oligomeric disperse azo-2 NF dyes
(Table 3) were solid, which melted in the range of
95–115 -C depending upon the nature of oligomeric
dyes .

The IR spectra of all oligomeric azo-2-NF dyes
comprise the important characteristic bands of azo
groups and phenolic moieties . The broad band
extending from 3600–3400 em-1 attributed to
aromatic –OH group, the weak bands at 2950 and
2830 cm-1 appeared discernible are due to asymmetric

and symmetric vibrations of –CH bridge between
naphthalene nuclei . The bands at 1625 and 1450 cm

-i

arising from the –N=N– stretching, 735 and 725 cm
arising form C–Cl stretching, and 1230 and 1000 cm -'
arising ethereal (R--0–R linkage) . Al! the spectra
comprised the bands in double bond region due to
aromatic rings. Other bands due to the presence of
substituents on the arylazonium moieties are observed
at their respected position.

The oligomeric azo-2-NF dyes were dyed on
polyester and nylon fibres at 2% shade and gave light
orange-orange-cream to dark orange shades (Table 3).
They resulted in variety of attractive hues on dyed
fibres . The results of percentage dye bath exhaustion
and fixation of all dyes varied from 75–95 %
depending upon the nature of the oligomeric dye.

The wash fastnesses of the oligomeric azo
naphthol dyes are shown in Table 3 . The light fast-
ness of 2-NF dyes on polyester PET and Nylon-6,6
fibres varied from moderate to good on polyester and
good to very good on Nylon-6,6 . The majority of the
dyes are having higher rating. The washing fastness
(natural detergents) varied from moderate to very
good for Nylon-6,6 fibres compared with simpler azo
phenol dyes [16], and the dyeing produced from the
oligomeric azo-NF dyes had more moderate light
fastness, but slightly higher washing fastness . It is of
our interest to note that most of the polymeric dyes
previously reported [19], when dyed on various
textiles, gave somewhat unleveled colorations with
the azo-2-NF dyes being described in the present
work, and particularly when the dyeing were carried
out for relatively short period (1 .5 hon polyester PET
and 45 min on Nylon-6,6) and at low temperatures as
well.

CONCLUSION

–A series of oligomeric azo dyes were synthesized by
coupling various aromatic ethereal diazonium salts to
2-NF.
–The dyes were characterized by a variety of
techniques.
–The use of this compounds in the dyeing of polyester
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and nylon resulted in yellow, orange, golden yellow,
coffee and cream coloration with excellent light and
washing fastness properties.
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