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ABSTRACT 

A series of black and navy-blue disazo acid dyes, derived from 4-amino-2'- 
nitrodiphenylamine and 1-N-phenylaminonaphthalene-8-sulphonic acid, were 
synthesized. The dyes were suitable for dyeing polyamide fibres and wool from 
a weakly acidic dyebath without electrolytes. Spectroscopic data for these 
dyes were estimated. Their application properties are characterized by a high 
tinctorial power and a very high degree of exhaustion from the dyebath. 
Copyright © 1996 Elsevier Science Ltd 

INTRODUCTION 

Acid dyes are the main group of dyes used for dyeing wool, silk and poly- 
amide fibres and they have also found use in leather dyeing.l,2 The require- 
ments for acid dyes vary, depending on their end-use, but they are now 
mostly expected to show a high degree of exhaustion from the dyebath at 
a low or a very low concentration of electrolytes and at a relatively high 
pH (5-6). 

This investigation concerns some disazo dyes in which derivatives of 
4-amino-2r-nitrodiphenylamine were used as first components, p-cresidine 
(1) or 1-aminonaphthalene-7-sulphonic acid (If) as middle component, and 
1-N-phenylamino-naphthalene-8-sulphonic acid as the final component, i.e. 
as exemplified by the general formula 1. 

* Corresponding author. 
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X 

NO 2 

N ~ N - - S m , ~ ' N ~ N  

SO3Na 

(1~ 

where:X= --SO3Na,--SO2NH 2, --SO2NH--CH2~CH2OH, --SO2NH 

or --SO2NH ~ OH 

COONa 

© 
SO3Na 

S .  = p-cresidine or I-aminonaphthalene-7-sulphonic acid 

Taking into account the structural analogy between the dyes under investi- 
gation and dyes such as C.I. Acid Blue 116 or C.I. Acid Blue 113, and similar 
dyes in which as the S,,c component 1-naphthylamine, a strongly carcino- 
genic compound, is used, 3,4 it was expected that by using derivatives of 
4-amino-2'-nitrodiphenylamine as diazo component (which have quite a high 
absorption in the range 420-450 nm) and 1-aminonaphthalene-7-sulphonic 
acid or p-cresidine as middle components, it would be possible to obtain acid 
dyes having black and navy blue hues and high tinctorial power. Addition- 
ally, by introducing sulphonamide groups in to the dye molecule, it was 
anticipated that the resultant dyes would dye polyamide fibres and wool 
from a weakly acidic bath, providing dyeings of relatively high fastness to 
wet treatments. 5 

EXPERIMENTAL 

Synthesis of 4-aminodiphenylamine derivatives 

The following derivatives of 4-amino-2-nitrophenylamine, as shown by the 
general formula 2, were used for the synthesis of dyes (1): 
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2 

NH ~ N H  2 

(2) 

where: X = --SO3H (A-l), --SO2NH 2 (A-2), --SO2NHCH2CH2OH (A-3), 

--SO2NH ~ (A-4), SO2NH- ~ (A-5), 

SO3H SO3H 

--SO2NH ~ S O 3 H  ( A-6), - - S O 2 N H ~  OH (A-7). 

CO2H 

Amines (2) were prepared according to the following general reaction 
scheme: 

NO 2 NO 2 

C I ~ S O 2 C I  + NH2R .~ C I ~ S O ~ N H R  
temp. 10-50°C 

pH 6-7 
(3) (4) 

NO 2 

C I ~ S O 2 N H R  + H 2 N ~ N H  2 - - ~ - ' ~  
temp. 100°C 

(4) pH 6.5-7.5 

NO 2 

H2N ~ NH ~- - -SO2NHR 

(2) 

where: R is H or a residue of 2-, 3- or 4- p-anilinesulphonic acid, ethanoloamine or 
3-aminosalicylic acid 
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The condensations between 1-chloro-2-nitrobenzene-4-sulphonyl-chloride 
and the anilinesulphonic acids or 3-aminosalicylic acid were carried out 
in aqueous solution at 30-50°C; when ethanolamine or ammonia were used, 
the condensation was carried out at 10-30°C and pH 6-7. The reaction 
was maintained at pH 8-8.5 only during the condensation between the 
sulphonylchloride (3) and ammonia. 

Crude products (4) were crystallized from 80% aq. ethanol. The resulting 
derivatives were then condensed with 1,4-phenylenediamine (10% excess) in 
aqueous solution in the presence of sodium acetate at 100-102°C, except for 
the ethanolamine derivative, which was condensed with 1,4-diphenylene- 
amine in 80% aq. D M F  at 80°C. The products obtained were separated from 
the reaction solution by salting out at pH 2-3. 

Crude amines (2) were crystallized from 50% or 80% aq. ethanol. The 
properties of  the prepared amines are listed in Table 1. 

Synthesis of disazo dyes 

Dyes (1) were synthesized according to methods reported in Ref. (6). 
The diazotization of the derivatives of 4-aminodiphenylamine (2), was 

carried out by the 'inverse' procedure at 5-8°C, using 4.5 moles of hydro- 
chloric acid and a diazotization time of  2-3 h. To the resulting diazonium 
compound,  after removal of excess nitrous acid, a solution of p-cresidine 
hydrochloride or 1-aminonaphthalene-7-sulphonic acid at pH 4.5-5 was 
added dropwise. The initial pH of 2 was increased to pH 5 by dropwise 
addition of a solution of sodium acetate. The obtained monoazo dyes were 
separated, and after" dissolving them in water, they were diazotized by the 
'inverse' procedure at 8-10°C. After diazotization, a solution of 1-N- 
phenylaminonaphthalene-8-sulphonic acid was added at pH 5. After stirring 
for 2 h a solution of  sodium acetate was added dropwise. Once the coupling 
process and neutralization to pH 8-8.5 were completed, the resultant dyes 
were separated by salting out with sodium chloride at 70°C. When impurities 
were found (chromatographic test), the dyes were recrystallized from water 
by salting out with sodium chloride. 

Dye properties 

The disazo dyes were spectroscopically evaluated using solutions in 50% aq. 
acetone; these solutions satisfied the Lambert-Beer's law within the range of 
the concentrations used viz. 1 x 1 0  - 6  - 2 X 1 0  - 4  mol/dm 3. Measurements 
were carried on an M-40 spectrophotometer (Carl Zeiss, Jena). 

The results are listed in Table 2 and are shown in Figs 1 and 2. The results 
of  the measurements are given in relation to 100% dyes. 
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F ig .  1. Absorption spectra of  dye D-4 in acetone:water, 50:50 by vol .  ( ) and water ( . . . . .  ). 

3 

a~ 2 
s . . . . .  

I I I I I 
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h [nml 

F ig .  2. Absorption spectra of dye D-7 in acetone:water, 50:50 by vol .  ( ) and water ( . . . . .  ). 

The dye performance properties were determined on the basis of dyeings 
on polyamide 6 fibres. The degree of  dyebath exhaustion was determined at a 
liquor ratio of  1:40 and pH 5, using 3% of a 100% dye. 

Light-fastness was determined using a Xenotest (Heraus-Hanau), using 
samples of polyamide fabrics dyed to a strength 1/3 and 1/1 of the stan- 
dard sample. The fastnesses of  the dyeings to water, acidic and alkaline 
perspiration, washing at 40°C, dry and wet rubbing were determined in 
accord with defined standards. 7 The results are listed in Table 3 and shown 
in Fig. 3. 
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/ ~ ~-41 
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t [mini 

Fig. 3. Absorption curves of dyes D-1 and D-4 ( ); dyeing temperature (- -). 

Typical example of the syntheses 

Synthesis of 1-chloro-2-nitrobenzene-4-sulphonanilido-3'-sulphonic acid 
To a solution of  87 g (0.5 mole) of metanilic acid (sodium salt) in 500 cm 3 of 
water at pH 6.5-7 and 30-35°C, 128 g of  2-nitrochlorobenzene-4-sulphonyl- 
chloride was added over 2 h with vigorous stirring. The reaction was main- 
tained at pH 6.5-7 by dropwise addition of 15% aq. NaOH. The end-point 
of the process was estimated by diazotization of  samples of the reaction 
mixture; the reaction duration was about 4 h. The system was then heated to 
50°C, stirred for 1 h at pH 7, and 50 g of sodium chloride was then added 
and the mixture slowly cooled to room temperature. The precipitated pro- 
duct was filtered and washed with 200 cm 3 of 10% brine. The press cake was 
dried at 60°C; yield 197 g. 

The syntheses of the other derivatives were carried out under the same 
conditions. 

Synthesis of 1-amino-Z-nitrodiphenylamino-4~-sulphonanilido-3-sulphonic acid 
To a solution of  124.6 g (0.3 mole) of the sodium salt of  the acid (4) and 24 g 
of sodium acetate in 500 cm 3 of  water at 50°C, 35.7 g (0.33 mole) of 1,4- 
phenylenediamine were added. The reaction mixture was heated to 100°C 
and stirred for 4 h. After 2 h stirring the product began to precipitate. The 
process was complete when a chromatographic test confirmed the absence 
of 4. After cooling to 70°C, 50 g of  sodium chloride was added. The 
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precipitated product was filtered off at room temperature, dispersed in 
400 cm 3 of water, heated to 70°C and 30 cm 3 of hydrochloric acid was added 
to give an acid reaction to Congo Red. After stirring for 30 min, the product 
was filtered, washed with water at 50°C, and then dried at 60°C; yield 138 g 
of a dark-green product containing 97% of pure amine (A-5). Other amines 
were prepared in the same way, except for amine (A-3) which was prepared 
in 80% aq. DMF. 

Synthesis of dye D-3 

9.3 g (0.02 mole) of 1-amino-2'-nitrodiphenylamine-4'-sulphonanilido-3-sul- 
phonic acid (A-5) was dissolved in 100cm 3 of water and 2.5cm 3 of 
30% NaOH solution (alkaline reaction against Brilliant Yellow) and 1.38 g 
(0.02 mole) of sodium nitrite were added. The resulting solution was added 
dropwise at 20-25°C to 9 cm 3 of 30% HC1 in 25 c m  3 of water and 40 g of ice 
with vigorous stirring. The diazotization process was carried out at 5-8°C for 
2-3 h, maintaining a slight excess of nitrous acid. Once the diazotization 
process was completed, excess nitrous acid was removed using 10% aq. 
sulphamic acid. To the obtained diazonium compound, 5.1 g (0.02 mole) of 
the sodium salt of 1-aminonaphthalene-7-sulphonic acid dissolved in 100 c m  3 

of water at pH 5 was added dropwise. Whilst maintaining a temperature of 
6-8°C, 20% aq. sodium acetate was added dropwise over 2 h to ensure pH 
4.5-5. The duration of the coupling process was 5-6 h. The liquor was then 
heated to 60°C, 27 g of sodium chloride added, and after cooling to room 
temperature, the product was filtered. The press cake was dissolved in 
200 cm 3 of water, 2.5 cm 3 of 30% aq. NaOH added (to give an alkaline 
reaction with Brilliant Yellow), followed by 1.38 g of sodium nitrite in 5 cm 3 
of water. The resultant solution was then added dropwise at 10°C over 0.5 h 
to 7 cm 3 of 30% HC1 in 25 cm 3 of water and 30 of ice, keeping the reaction 
temperature at 8-10°C; the diazotization duration was 3-4 h. Excess nitrous 
acid was removed with 10% aq. sulphamic acid. 

To the resulting suspension of the diazonium compound, 6.3 g (0.02 mole) 
of 95% 1-N-phenylaminonaphthalene-8-sulphonic acid dissolved in 100 cm 3 
of water at pH 6 was added dropwise. After stirring the mixture for 2 h at 
8-10°C, sodium acetate solution was added over 1 h to give pH 4.5-5; the 
coupling process proceeded over 5-6 h. The reaction mixture was then 
heated to 70°C, 30% aq. NaOH was added to give pH 8.5-9 and the dye 
was precipitated by addition of 30 g sodium chloride. After cooling to 
25°C, the dye was filtered off and washed with 150 cm 3 of 10% brine. After 
drying at 70°C, 23.7g of dye containing 15.4% of sodium chloride was 
obtained. 
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RESULTS AND DISCUSSION 

Dyeing and fastness properties 

Investigations of the synthesis of dyes (1) confirmed that the process pro- 
ceeded satisfactorily both in the diazotization and coupling reactions, 
resulting in the formation of dyes with quite a high degree of purity, an 
important factor from a technological point of view. 

The performance properties of the dyes showed that their dyeings were 
characterized by high or very high fastness. 

Dyes in which p-cresidine was used as middle component showed wet 
fastness and rubbing of a maximum rating of 5. The light fastness of dyeings 
on polyamide 6 (Xenotest) was 4-5 for the dyeings corresponding to 1/3 of 
the standard sample, and 5-6 for 1/1 strength of standard sample. Dyes in 
which 1-aminonaphthalene-7-sulphonic acid was used as middle component 
also showed high or very high wet fastnesses. Their fastness to wet treat- 
ments and to acidic and alkaline perspiration were within the range 4-5, 
showing slight stains on concomitant polyamide fibres. On the other hand, 
these dyes showed, for azo dyes, a very high light fastness, viz. 5-6 for dye- 
ings on polyamide fibres at a strength 1/3 of standard sample; dyes of this 
group can therefore be considered very good. Only dye D-5, containing no 
sulphonamide group, showed fastnesses to water, acidic and alkaline per- 
spirations and wet rubbing at a level of 4 or 4-5. On the other hand, dye D- 
11, containing a residue of salicylic acid, had very high fastnesses to wet 
treatments and rubbing, similar to the dyes derived from p-cresidine, and a 
light fastness which was higher than that of the latter dyes. 

The dyes were also characterized by advantageous properties from 
the point of view of their application, including a very high degree of 
dyebath exhaustion, e.g. from 94.8% for D-7 to 99.8% for D-2 (Table 3). 
Only dye D-5 was exhausted to a lower value of 90.8%, but this exhaus- 
tion could be increased to 95% when the pH of the dyebath was decreased 
to 4. 

A further useful feature of the dyes is their very high degree of absorption 
from the dyebath at a temperature of 98°C, i.e. over 90-95% (Fig. 3). The 
increase of absorption whilst the dyebath was being cooled was only of a few 
percent. Very often in dyeing polyamide fibres it is not before the cooling 
stage that the dye absorption increases from 30 to 40%. This phenomenon is 
considered disadvantageous, as it often decreases the wet fastness and the 
degree of dye absorption. Therefore, the dyes could be considered to be pro- 
ecological products due to their practically quantitative exhaustion from the 
dyebath without the use of electrolytes, and with only a slight increase in the 
quantity of acid required in the dyeing process. 
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Spectroscopic examinations 

The dyes have two absorption bands, the first within the range 432-459 nm 
(50% acetone) and the second within the range 576-603 nm (50% acetone). 
In 50% acetone, independent of the middle component, dyes D-2 to D-4 
(derivatives of p-cresidine), when compared with dyes D-7 to D-10 (deriva- 
tives of l-naphthylamine-7-sulphonic acid) showed the same /~max (433 nm) 
as well as a very similar molar absorption. This band is related to the 
2-nitrodiphenylamine moiety, while the remaining elements of the dye 
structure show only a slight effect on its character. 

On the other hand, the long wavelength bands show considerable differ- 
ences in Amax and in molar absorption, depending on the type of the middle 
component. 

For dyes D-1 to D-4, in which the middle component is p-cresidine, )krnax 
varied from 576 to 579 nm, and for dyes in which the middle component is 
1-naphthylamine-7-sulphonic acid, Amax was from 591 nm (D-6) to 608 nm 
(D-7). Thus, comparing pairs of dyes, such as D-1 and D-5, the latter shows a 
bathochromic effect equal to 22 nm, while for dyes D-2 and D-8 the batho- 
chromic effect is 28 nm. Similar effects are shown by other pairs of dyes. 

Spectroscopic measurements of the dyes in aqueous solutions indicate 
their high degree of aggregation, particularly in the dyes containing sulphon- 
amide groups. This aggregation is mainly apparent in the long wavelength 
band, which shows high hypochromic effect and a slight hypsochromic effect. 

On the other hand, no hypochromic effect was observed in the short 
wavelength band when compared with the measurements in 50% aq. acetone. 
There was only a bathochromic effect from 5 to 38 nm. 

The observed spectroscopic effects show that the aggregation of these dyes 
is relatively complicated and that aggregates of the 'sandwich' type are 
superimposed over one another and arranged 'head to tail'. It can be 
assumed that the high capability of the dyes to aggregate advantageously 
effects the wet fastnesses of the dyeings on polyamide fibres. In addition, the 
short wavelength band is very broad, from 370 to 500 nm, and the /~max is 
mostly apparent on a broad slight inflexion. Such a shape of the absorption 
curve is often characteristic of black dyes. 

Dyes D-1 to D-4, containing p-cresidine as the middle component, in 
polyamide fibre dyeings over 3% are blacks with a slight red hue. On the 
other hand, dyes D-6 and D-11 in polyamide dyeings over 3% are deep 
natural blacks, giving uniform colours on this fibre. The remaining dyes dyed 
polyamide fibres to a dark navy-blue colour. 

All the investigated dyes were characterized by a high tinctorial power 
and, as already mentioned, by a very high degree of exhaustion from the 
dyebath, essentially without the use of electrolytes (Na2SO4 or NaC1). 
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