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ABSTRACT

Resorcinol-formaldehyde oligomer was synthesized by the condensation of
resorcinol and formaldehyde in presence of oxalic acid. The mole ratio of
reactants employed was 1 :0 .5, respectively. A series of new oligomeric
disperse dyes were prepared by coupling various aromatic diazonium salts to
resorcinol-formaldehyde oligomer. Their dyeing on polyester, nylon and wool
resulted in variety of attractive hues on fibres . In this study of oligomeric azo-
resorcinol-formaldehyde dyes, the dyeing of the fibres completed in short
time and most important is that no patches were observed on the fibres, while
the earlier reported oligomeric dyes form patches on the fibres . They were
characterized in terms of their softening points, colour, solubility, IR and UV
visible spectra and thermogravimetric properties . Their dyeing on, polyester,
nylon and wool resulted in yellow, orange and brown to red shades with good
to excellent light fastness and washing fastness properties.
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INTRODUCTION

Phenolics are known as matrix resins or binding
resins for various applications . The main advantages
of phenolics are their easy availability and some of
their excellent properties [I], such as: high thermal
stability, excellent acid resistance, and high fire
retardancy, etc ., are known as well.

One such area of using phenolic resin as
coupling component in the formation of azo dyes or
pigments has received little attentions, both academic-
ally and industrially, in spite of the above advantages.

Only few instances [2–4] on the use of phenolic

resins as coupling components in the azo dyes
formation have been patented. These dyes are report-
ed of being used in dyeing of synthetic and natural
fibres and the metallized dyes are applied to leather.
These are reported to have good fastness properties.

Hence it is thought interesting to explore the
field of azo dyes based on phenolic resin coupling
components . The present paper comprises the
synthesis of oligomer based on condensation of
resorcinol with formaldehyde, coupling of various
diazonium salts to resorcinol-formaldehyde (RF)
oligomer (Scheme I) and evolution of the properties
of the resultant oligomeric azo RF dyes.

{.) To whom correspondence should be addressed .
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Scheme I
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n OH

Where : m=2, n=2 or 3 and Ar=corresponds to amines
1 to 12 (Table 1).

EXPERIMENTAL

Materials
Resorcinol was of analytical grade and it was crystal-

lized prior to use, formalin (37% wilt) and oxalic acid

were of laboratory grades.
For diazonium salt preparation, the aromatic

amines of analytical grade presented in Table 1 were
employed.

Polyester (PET) and wool used in the dyeing of
oligomeric azo-RF dyes were pure texturized poly-

ester and pure wool fabric . Atul Products Ltd ., ATUL,
supplied it.

Procedures
Preparation of Resorcinol formaldehyde Oligomer
In a 2 L three-necked, round bottom flask resorcinol

Table 1 . Aromatic amines for the preparation of dizonium
salt .

Number Aromatic amines

4-Chloro-2-nitro aniline

2 4-Nitro-2-chloro aniline

3 2-Cyano-4-nitro aniline

4 2-Cyano-6-broma-4-nitro aniline

5 2,6-Dibromo-4-nitro aniline

6 2,6-Dichloro-4-nitro aniline

7 6-Bromo-2 :4-dinitro aniline

8 6-Chloro-2 :4-dinitro aniline

9 2,6-Dibromo--methyl aniline

10 4-Nitro-2-methyl aniline
11 5-Nitro-2-methyl aniline

12 2,5-Dichloro-4-nitro aniline

(1 mol), formalin (37%wlv, 0 .5 mol), oxalic acid (2.0
g) and benzene (500 mL) were agitated on magnetic
stirrer for an hour . The contents were then refluxed at
80–82 'C for 3 h . The resultant reaction mixture was
then distilled under reduced pressure (10–15 mm/Hg)

at 90—100 'C, to remove benzene and water as much
as possible . The resulting thick liquid was collected

and kept in a vacuum desiccator. The yield was 80%.

Characterization ofRF Oligomer
RF oligomer was a thick liquid, C and H contents of

this oligomer agreed with the structure proposed
earlier [l1 . The free resorcinol and formaldehyde in
this oligomer were 2—3% and 1—2%, respectively The

Me .and efflux viscosity time (t) of this oligomer was
given below :

RF : Mn = 600, t = 72s

Preparation of Diazonium Salt Solution
The diazonium salt solutions of aromatic amines
(Table 1) were prepared as follows. Aromatic amine

(0 .2 mol) was dissolved in sulphuric acid (d : 1 .84,

15 mL) and the solution was cooled to 0 ' C. A
solution of sodium nitrite (0 .28 mol) in sulphuric acid
(10 mL) was added with stirring and the solution was

cooled to 0 'C . After 30 min urea was added and

reaction solution was poured onto ice, giving a clear
solution of the diazonium salt.

Preparation of Oligomeric RF Azo Dyes
Details of the oligomeric RF azo dyes are given in

Table 2.
The general synthesis of oligomeric azo dyes is

as follows. In a beaker, O .1 mol RF oligomer was
dissolved in 10% (v/v) aqueous NaOH (75 mL) and

the pH of solution was adjusted to 10—10 .5 . The
solution was then cooled to 0 `C . To this solution one
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Table 2 . Characterization of otgomeric azo-RF dyes.

Oligomeric Colour on polyester Softening C (%)

	

I

	

H (%)

	

1

	

N (34) Mean Yield
azo-RF dyes fabric point (C) found number of azo (%)

AN-1 Orange 120-22 57.20 3 .53 8 .71 1 .92 80
AN-2 Reddish 115 57.12 3 .52 8 .89 1 .90 82
AN-3 Light brown 125-27 60.7t 3 .60 11 .8 1 .94 79
AN-4 Reddish 118-20 51 .91 2 .90 10 .1 1 .90 78
AN-5 Brown 110-12 45.56 2 .65 6 .95 1 .91 83
AN-6 Light brown 108 53.25 3 .08 8 .2 1 .95 81
AN-7 Yellow 112 48.30 2 .80 10 .4 1 .93 84
AN-8 Reddish 115-17 52 .35 3 .10 112 1 .96 78
AN-9 Yellow 118 50.02 3 .31 4 .9 1 .95 79

AN-10 Orange 122-24 62 .34 4 .33 9 .1 2 .0 80
AN-11 Light brown 126-28 62 .30 4 .30 9 .0 1 .91 84
AN-12 Oran 110-12 53.20 3 .10 8 .2 1 .96 75

Oligomeric
Oligo dyesazo-RF

Mn

	

re
2osss (nm)

(WO)

Dyeing on polyester Dyeing on nylon* Dyeing on woor
Light

fastness
Washing
fastness

Light
fastness

Washing

fastness
Light

fastness
Washing
fastness

AN-1 965 462.5 3 4 2 3 2-3 3
AN-2 988 452 .5 2-3 4-5 3 2-3 3 3-4
AN-3 950 546 .5 3 4-5 2-3 4 2-3 4
AN-4 1110 551 .5 2 3-4 3 3-4 2-3 3-4
AN-5 1212 549 .5 3-4 4-5 2-3 4 2 4-5
AN-6 1037 541 .5 3 4 4 4 3-4 4-5
AN-7 1144 549 2-3 4-5 3 4 2-3 4
AN-8 1056 547 2-3 3 2-3 3-4 3 3-4
AN-9 1152 406 3 3-4 2 4 2-3 4-5

AN-10 924 424 .5 3 4 3-4 4-5 3-4 4
AN-11 926 458 2-3 5 3 4-5 4 4-5
AN-12 1036 543 .5 3 4 2-3 4 3 3-4

(') (1) minimum, i2) poor, (3) moderate, (4) fairly good, (5) very good, (7) excellent, (8) mwdmum.

of the diazonium salt solution was added dropwise at
such a rate that reaction progressed at low temper-

ature (exothermic reaction) while maintaining the pH
10-10 .5 . After the completion of azo coupling the

reaction mixture was then stirred for 1 h at 0-5 .0 and
then acidified with acetic acid (40% vfv) to pH 5 .5-6.

The precipitated dyes were then filtered,
washed thoroughly with hot water and dried . The dye

was soxhlet-extracted with ether to purify from
adventitious products presumably due to the

formation of simple dye from the coupling of diazo
compounds with free resorcinol present in oligomer.

The oligomeric azo RF dyes were dissolved in
appropriate solvent and reprecipitated by addition of
water . The yield was around 75-80%.

Measurements

The elemental analysis of RF oligomer and oligo-

meric azo RF dyes were performed with an elemental
analyzer, Carlo erba, Italy.

The free formaldehyde and resorcinol in the
oligomer were determined according to methods report-
ed in literature [5] . The number average molecular
weight, Mn, of RF oligomer as well as oligomeric azo
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RF dyes were estimated both by vapour pressure osmo-
merry (DMF, 70 'C) and non-aqueous conductometric
titration [6–7] (in pyridine against standard sodium
methanolate). The number of azo groups of azo RF
dyes was estimated by a method reported earlier [8].

Efflux viscosity time of RF oligomer was
measured by B-5 cup flow.

The IR spectra of oligomeric dye samples were
scanned in KBr pellets on a Perkin Elmer spectro-
photometer.

Visible spectra of all the oligomeric dyes were
recorded in DMF on a Shimadzu UV I60A spectro-
photometer.

Thermogravimetric analysis (TGA) of oligo-
meric azo RF dyes was carried out on Dupont TGA
983 analyzer, in air at a heating rate of 10 'C/min.

Dyeing of Polyester, Nylon and Wool Fibres with RF
Azo Dyes
A known quantity of each RF azo dyes (Table 2) was
taken in DMF along with the same quantity of
setamol, a dispersing agent, 2–3 drops of wetting
agent (2% sodium lauryl sulphate solution) and the
dispersion of the azo RF dyes particles in DMF was
prepared by vibration for 2 h . An exact quantity of
dispersion (containing 40 mg of the dye in 100 mL
water) was used for dyeing synthetic fibres (2 g
weight of each fibres) 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 for the polyester,
nylon and wool was maintained at 130 `C, 90 'C and
90 0C, respectively.

The fastness properties were determined
according to international standards [9].

RESULTS AND DISCUSSION

High molecular weight compounds are used as
pigments rather than dyes due to their poor dyeability
on fabrics [10] . A phenol-formaldehyde polymer is
feared for its poor dyeability and therefore it was
planned to obtain the oligomer of low molecular
weight from condensation of resorcinol with form-
aldehyde .

Perusal of literature has revealed that phenol-
formaldehyde oligomers have been extensively
employed in the veritable applications and hence
many synthetic methods of their formation are
available [I] . Based on the studies of novel dyes, the
synthesis of RF oligomer has been modified to suit
the azo coupling reactions for a number of amino
compounds . To achieve suitable oligomer in the
present study, several variable namely molar ratios of
reactants, temperature, catalyst and reaction time have
been optimized in the synthesis.

Thus RF oligomer was synthesized for the dye
formation as mentioned in the experimental part . It
was observed that RF oligomer was thick liquids and
remained liquid for several months during storage in a
desiccator (i .e ., the efflux time for flow viscosity of
oligomer did not change during its storage) . But on
standing at room temperature in ambient atmosphere,
oligomer started to solidify; it is presumed that some
extent of cross-linking might have occurred under
atmosphere conditions . No further evidence is report-
ed for such cross-linking.

RF oligomer has lower Mn(D, = 4 or 5) in-
dicating that they have possible reactive sites for
electrophilic substitution reactions such as azo coupl-
ing . With this view the attempt was made successfully
to couple the diazo salts to these RF resins.

All the oligomeric dispersed azo-RF dyes
(Table 2) were soluble in common organic solvents . It
has been reported that the simple phenol base dyes are
soluble in common organic solvent [10] including
ether. The oligomeric azo-RF dyes are solid powder,
which soften in the range of 100–200 'C depending
upon the nature of the oligomeric dye . Nitrogen
content of all the oligomeric azo-RF dyes indicates
that there may be two azo groups present in oligomer
chain . The nitrogen and azo group contents of each
oligomeric azo-RF dyes also agree with their corres-
ponding M . values.

The IR spectra of all oligomeric azo-RF dyes
comprise the important characteristic bands of azo
groups and phenolic moieties . A broad peak at 3600–
3400 cm-' due to VoH, medium broad peak at 2925
and 2850 cm-' attributed to asymmetric and sym-
metric —CH 2— bridges of phenolics, and the bands at
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1625 and 1450 cm-t arising from the azo group. All
the spectra comprise the bands in double bond region
due to aromatic rings . Other bands due to the presence
of substituents on the arylazonium moiety are observ-
ed at their respected positions.

The UV visible spectra of all the azo-RF dyes
were obtained in DMF solution. The maximum wave-
length (L,,,,,,) of their absorption of azo-RF dyes are
presented in Table 2 . The wavelength of maximum
absorption is attributed to the excitation of azo groups
in the dye, which is observed around 350—600 nm.
The variations in 1 ,,a may be attributed to the struc-
tural variations in the oligomers and the amine
coupling components.

TGA measurements reveal that the solid
powder oligomeric dyes start their decomposition
between 140—160 •C, weight loss being completed
between 220—230 'C depending upon the structural
variations. It further demonstrates that the decomposi-
tion of all these oligomeric dyes might justify that
they are the independent entity of the dye.

The oligomeric azo-RF dyes were dyed on
polyester, nylon and wool fibres at 2% shade and
gave yellow, brown to red and orange shades (Table
2). 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% depend-
ing upon the nature of the oligomeric dye, while it
was observed that in simple aryl azo (resorcinol) [II]
dyes the exhaustion and fixation-varied from 60—80%.

The light fastness properties of all azo-RF dyes
(Table 2) were determined according to international
standards (1SO) [9] . Examination of the data reveals
that the light fastness of all azo-RF dyes on polyester,
nylon and wool fibres was particularly appreciable.
The light fastness of oligomeric dyes varied form 2—3
(moderate) on polyester fibre and 3—4 (good) on
nylon fibre . Similarly, the most of disperse dyes
having 3 (good) and 4 (very good) rating on polyester,
nylon and wool . The wash fastness of all dyes varied
from 3—5 on polyester, nylon and wool fibres . It can
be concluded that the light fastness of dying by
oligomeric azo-RF dyes on polyester, nylon and wool
varies from poor to very good compared to moderate
results for dying by simple azo phenol dyes [III A

difference is also observed between wash fastness of
the produced oligomeric dyes and that of simple azo-
phenol, which was slightly higher for oligomeric dyes.

It is interesting to note that most of polymeric
dyes reported earlier {11] have been dyed on various
textiles but they form patches on the fibre. In this
study of oligomeric azo-RF dyes, the dying on the
fibres is completed in short time (1 .5 h on polyester,
45 min on nylon, 45 min, on wool) and low
temperature . Fixation is also high and most important
is that no patches were observed on the fibres.

CONCLUSION

A series of new oligomeric disperse dyes were
prepared by coupling various aromatic diazonium
salts to resorcinol-formadehyde (RF) oligomer . Their
dyeing ability was tested on polyester, nylon and wool
fibres . There were no patches observed and the most
interesting aspect was that the dyeing procedure,
compared to other systems, is completed within short
period of time.
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