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SUMMARY 

Dara on a series of 65 azo dves derll;ed from I-aikylamdo-2- 

IzJdrosybenzolc acids are reported The dyes are suitable for applrcario?z 

IO polyanzrde fibres 

Many correiatlons between the nature of substltuents and rhe physical, 
spectroscopic or tmctorlal properties of dyes were esrabizshed. 

Correlations between structure and colour of dyed fabrics were also 

found 

1. INTRODUCTION 

The field of dyes containing hydrophobic alkyl chains of modular length 
has been investlgared for many technical purposes. In their classlc work, 
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Fierz-David and Kuster’ studied the change of surface tension due to the 
change in chain length m azo dyes potentially usable as acid or direct dyes. 
Acid wool dyes of the ‘Carbolan’ series have been marketed by ICI,’ 
besides the lightfastness inherent to the anthraquinone moiety, these 
show high fastness to repeated washings due to the presence of a C, Z unit. 
The molecular areas and orientation at water surfaces of aromatic azo 
compounds contaimng long alkyl chains have been studied by Giles and 
Neustadter.3 Many patents claim the use of weighted non-diffusing azo 
dyes in sliver halide emulsions.’ Several long alkyl chain azo dyes have 
been proposed for the dyemg of polypropylene fabrics5w6 Disazo dyes of 
this type also have been used to colour gasoline, fuel and diesel oils.’ The 
effects of long chains on standard affimty, lightfastness, wetfastness and 
diffusion rate have been studied by several authors.8-‘o 

In this paper a series of disperse monoazo dyes for polyamide fibres is 
described. Suitable aromatic amines were diazotized and coupled with 
acyl derivatives of 4-ammo-2-hydroxybenoic acid (I) containing alkyl 
chains m the range Cl-Cls. The effects of substituents and chains on 
chemical, physical and technical properties of the dyes (III) were 
investigated 

2 EXPERIMENTAL 

2.1. Dyes and intermediates 

4-Alkylamido-2-hydroxybenzoic acids (II) were prepared as indicated in 
refs 11 and 12 and purified by repeated crystallization from ethanol. 

The diazotization of the ammes was performed following the usual 
procedures. Coupling was carried out m alkaline condrtions, in water for 
R = CH,, C,H,, m 25 y0 aqueous ethanol for R = C7H15, Cl ,H,, and in 
50 Y0 aqueous ethanol (contammg 10 o/0 pyridme) for R = C 1 gH3 1 _ After 
coupling, the mixture was kept overnight and acidified with acetic acid. 
The dye was then collected and crystallized as indicated in Table 1. All the 
dyes gave correct elemental analyses. 

2.2. Chromatography 

R, values were determined on silica gel 60 F-254 TLC plates, using as 
eluent B.A W (n-butanol:acetic acid:water) 4: 1:5 
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2.3. Spectra 

The electronic spectra of the dyes were determined on a Pye Unicam 
SP 8-100 spectrophotometer m ethanol (data in Table 1) and m ethanolic 
0- 1 M-potassium hydroxide (data in Fig. 5). 

Nuclear magnetic resonance spectra were obtained with a Varian T-60 
spectrometer n-r DMSO-d, solution (6%) using TMS as internal 
standard. 

2.4. Dyeings and fastness determinations 

The baths were prepared by dissolvmg the dyes into a small amount of 
acetone, addmg Dlsperlene T 333 (A-1-C Sp A . Turin) as dispersmg 
agent and gently removmg the solvent Distilled water was added to the 
final required volume. 

Dyeings on polyamrde 6 6 were carried out on an Ahlba Texomat 
apparatus to 2 o/0 depth and at liquor ratio 40: 1. The pattern, prevrously 
wetted, was put into the dye dispersion (60 “C) and the temperature raised 
to boiling m 30 mm and maintained for 45 mm. The dyed fibre was then 
removed, well rinsed with a soap solutron and dried m hot an 

The fastness was assessed by standard procedures. ’ 3 Lightfastness was 
determined on a Xenotest 150. The fastness to sublimatron was evaluated 
after treatment for 30s at 150°C. 

2.5. Colour measurements 

The colour of dyed fabrics was determined on an IBM 7841 mod. 2 
colour analyser using the D source and barium sulphate as standard 
whrte 

3 RESULTS AND DISCUSSION 

3.1. Chemistry, structure and physical properties of the dyes 

The starting material for the synthesis of dyes was p-aminosahcylic acid 
(I), an intermediate easily available at low cost and well known for 
pharmaceutical purposes. It can be employed not only as a coupling 
component at the starred posltion, but also as a diazo component in the 
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synthesis of azo dyes-l4 By reaction with acyl halides (Schotten- 
Baumann) the amino group may be acylated (R in the range C,-C, 5) and 
the resulting coupling agents (II), reacting with the diazonium salts of 
suitable aromatic ammes, give monoazo dyes of general structure III. The 
micellar properties of some compounds II have recently been 
investigated.” 

In Table 1 the formulae of dyes III and their physical and spectroscopic 
data are reported. 

,COOH 

*o OH 

D- 
m-l, 

I 

COOH COOH 

RCOCI 
-* 

ti 

OH AK> 
AI--N=N 

-0 
0 OH 

N HCOR NHCOR 
II III 

In Figs 1 and 2 the outlined NMR pattern of dyes 26 and 10 are shown, 
as an example. The related attributions confirm the structure of the dyes. 

The melting points of individual dyes are plotted against chain length in 
Fig. 3. In general these molecules have quite high meltmg points and this 
could be a significant property in connection with technical finishing. 
There can be seen a general trend whereby melting points decrease as the 

Ha= 785 Hb= 750 

H,= a35 H,j=818 

He= 233 

I 

e 

cda b 

w 

I I 
>...L....l.... 1...11....,.* I 1 ,,,..,.I....,.,..,....: I 1 

. . . . 

10 8 6 4 2 0 
P pm t6) 

Fig. 1. NMR spectrum of dye no 26 
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Ha= 737 s= 782 

H,= a40 H,-j=82s 

Ha Hb yH Hd 
He= 252 Hg= 230 

CO-CF+H&CH3 Hf =lOO -1.90 

f 

t 

i 

Fig. 2. NMR spectrum ofdye no 10 

chain length increases This ts not unexpected, takmg into consideratton 
the negattve effect of weighted hydrophobrc structures on accom- 
modatlon into a crystalline lattice. 

An opposite effect IS shown rf R, data are consrdered (Frg. 4). In this 
case the chain Iengthenmg causes a loss of mteractron with the polar 
substrate. The apparently low Rrvalues for the 2-OCH,,5-NO, series can 

be explained m terms of polarity at the A ring moiety. The donor (OCH,) 
and acceptor (NO?) groups are n-r the para posltton, while rn the other 
nltro blsubstltuted series the meta posltlon IS occupied 

3.2. Electronic absorption spectra 

In the case of the monosubstrtuted dyes falling within the general 
structure of donor-acceptor substituted azobenzenes (IV), the i.,,, of the 
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OC 
-alp 

250 

200 

150 

I 1 I I 1 

CH3 C3% C7Y5 % H23 

Fig. 3. Correlation between melting pomts and structure of dyes 

long wavelength bands have been plotted against Hammett’s o,constants 
(Fig 5) and a good relationship observed_ The I.,, vaIues were taken in 
alkaline solution, m which the conjugated system could be regarded as a 
resonance hybrrd of the two extreme canonical forms V and VI, in order 
to enhance the slope of the regression. No effect of the chain on the 
wavelength of absorption was observed_ The crP value here assrgned to the 
hetaryl substituent, 6-methyl-2-benzothiazolyl, is -1-0.64 as previously 
obtamed for 2-benzothiazolyl. I6 The bathochromic shifts associated wtth 

04-H S 4-CO-CHg 

0 4-CH3 A 4- NH-CO-CH3 

04-a I Z-Cl-*-NO2 

Or-NO, 0 2- CHJ-4-N% 

O4-CN A 2-0CH3-4-NO2 

v 4-OCH3 X 2-OCH3- 5-NO2 

A BZT 
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/ 
04-H l 4-CO-CH, 

J 

X r4-CH3 A 4- NH-W-CHO 

04-Cl q Z-Cl-4-NO2 

0 a-NO2 U- Z- CH,-d-NO2 

0 4-CN A 2-OCH3 s-NO2 

0 4-OCHJ X 2-0CH3- s-NO2 

A BZT 

I I I 1 I 

CH3 C,H, v-s, %%3 C15H31 R 

Fig. 4. Correlauon between R, and structure of dyes 

the electron withdrawing power of substituents (also observed in neutral 

media) indicate that these dyes, as with the majority of arylazophenols, 

exist solely in the azo and not in the hydrazone form-l7 

3.3. Dyeing properties 

All the dyes were particularly suitable for use as disperse dyes in the 
dyeing of polyamide 6 6 fabrics. Attempts at application to polyester were 
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6 65 1'00 eP 
ocH3cw3 H Cl BZT COCHJ CN N02 

NHCOCH3 

Fig. 5. Correlation between i.,, of dyes and Hammett’s cpconstants The equation for 
the regresslon IS 

L, =49 33a,+460 75 

and r = 0 977. The CN series IS excluded from the regression. if Included, r = 0 959 

unsatrsfactory, mainly due to the long chain substituents. Exhaustion of 
dye liquors, levelling and colour yield (compared wrth commercial dyes in 
srmilar conditrons) were good. A shght tendency to exhrbit phototropic 
changes was however observed for most dyes in the series. 

Fastness data of the dyemgs are reported in Table 2. The following 
comments can be made: 

(a) Fastness to solvents and to sublimation are very good or excellent 
u-r the whole serves (data not reported in Table 2). Fastness to rubbing 1s 
very good for monosubstituted classes (except for the hetaryl substituent, 
BZT) but generally lower for the bisubstituted ones. 

(b) Whrie the behaviour of indrvidual dyes in the specific tests has to be 
evaluated, it was nevertheless interesting to work out some generah- 
zatrons in view of the large amount of available data. Plotting the total 
wetfastness (Table 2) versus substitution, the curve in Fig. 6 is obtained. 
The worst effect is due to 2-C1,4-NO, substitutron, whereas the best is due 
to 2-OCH&NO,. No correlation between lightfastness (total light, 
Table 2) and wetfastness 1s found. The graphs are helpful if a compromise 
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Monoazo dyes for polyamide 

Fig. 6. Wetfastness and hghtfastness properties of dyemgs accordmg to the 

substltutlon 

is sought. The 2-OCH,,4-NO, and 4-CN series, besides havmg the 
highest lightfastness, display a satisfactory fastness to wet treatments and 
the 4-BZT and 4-COCH, series associate high wetfastness with an 
appreciable fastness to hght. Substitution, however, plays an important 
role and this becomes evident considenng the very poor results for the 
unsubstituted series. 

(c) In order to weigh the effect of chain extension on wetfastness 
(lightfastness is not particularly affected), in Fig. 7 total wetfastness 
values (Table 2) are plotted against the number of carbon atoms in the 
chain. The general trend 1s consistent with an increase of fastness with 
chain lengthening. A tendency towards a ‘levelling out’ effect towards 
longer chain lengths is evidenced by the shape of the area included within 
the dotted lines (the spread of values changes from 13 (R = CH,) to 4 
(IX = C, 5H31)). In some cases the transition C, - C, is accompanied by a 
falling-off of fastness. 
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3.4. Colour assessment 

Ernzanno Barnr et al 

04 -H m .a-CO-CH3 

/ 
/ .a -CH, A 4 - NH-CO -CH3 

I= 

04-Cl I z-Cl-e-NO2 

04-NO2 9 2-CH3-a-NO2 

/ 
0 .a-CN * 2-0CH3-e-N02 

/ w4-OCH3 x 2-OCH,-5-NO, 

A BZT 

1 I I 

C% c3% cPl5 W-h 

Fig. 7. Effect of chain lengthemng on wetfastness 

The colour of dyed fabrics was assessed by tristimulus calorimetry. The 
observed colour on the fibre, as well as the chromaticlty values, are 
reported m Table 3. Some general remarks can be made: 

(a) For a given substitution, the highest luminance is shown by dyes 
with R = C,,H,, whereas the percentage purity with these dyes 
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1 
8 I 1 

0 05 100 @P 
OCH,W, H Cl BZT COCH, CN N02 

NHCOCH3 

Fig. 8. Correlntion between /c of d>ed fabrrcs and Hammett’s op constants The 

equation lor the regression IS 

ic=692~,+479 33 

and r = 0 99-l The CN scrles IS excluded from the regrewon. lf mcluded. r = 0 967 

Y% 

50 

25 

10 

87 

85 

33 

580 585 590 595 A, 

Fig. 9. General correlation between 2, Y and P 
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(b) 

cc> 

has the lowest or low values. This behaviour could be due to the 
dyeing method which employs a fixed depth of shade (2 y0 based on 
the weight of fibre) with no allowance for the effect of molecular 
weight on the consequent molar concentration. Aggregation in the 
absorbed state provides another possible explanation of lower 
percentage purity with dyes carrying C,,H,, side chains. 
Figure 8 shows the linear correlation between ;i, values and 
Hammett’s bp constants of substrtuents. This correlatron is not 
unexpected if two facts are taken Into consideration: the prewously 
reported plot of the absorption maxima of dyes m solution against 
Hammett constants and the general conne&ron between %= values 
and the absorbed portion of the incident radiation. 
Collecting the dyes mto three groups accordmg to the hue of the 
dyeings (yellow x, 578, yellow-orange iT, 584, red-orange K,, 59s) 
a general correlatron between x,, Y and B is found. The results in a 
typical group are shown in Fig. 9 which shows that, as shade 
becomes deeper the higher 1s the purity percentage and the lower 
the lummance 

4. CONCLUSIONS 

The versatrhty of 4-ammo-2-hydroxybenzorc acid (PAS) has been 
exploited m the synthesis of variously substituted monoazo disperse dyes. 
The substitutron has mvolved traditional (and hetaryl) substituents and 
hydrophobic chains of modular length. The dyes gave good dyeings on 
polyamide 6.6 fabrics and their fastness 1s sufficient, in many cases, for 
practtcal apphcattons. 

Owing to the large amount of avarlable data, many interesting 
correlations have been found These correlatrons Involved on one hand 
the nature and the positron of substituents and the length of hydrophobic 
chams and, on the other, phystcal (melting points and R, values), 
spectroscopic (electronic absorption maxima), technical (fastness data) 
and colour (dominant wavelength, complementary dominant wave- 
length, luminance and purity) properties 
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