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The synthesis and dyeing properties of several basic dyes,
obtained by quaternization of pyridine or triethylamine with
p 'substituted p-chloroacetylaminoazobenzene are described.
The compounds, applied as cationic dyes on acrylic fibre,
show good fastness to light and wet treatments, The uptake
of pyridine-containing dyes is higher than that of the
corresponding triethylamine derivatives. On increasing pH,
an increase in dye uptake is observed, whereas, on increasing
dyebath concentration, the dye adsorption increases
greatly.

The dyeing rate and times of half-dyeing are discussed.

Introduction

The mechanism of dyeing polyacrylonitrile fibre (p.a.n.) with
cationic dyes [1-9] can be divided into three main steps:
adsorption of dye to the fibre surface, diffusion of dye from
the surface to the interior of the fibre, interaction of the dye
with active sites in the textile substrate. The important
requirements of the process are to produce good level
dyeings and to obtain uniform penetration of dye in the
acrylic fibre [9,10]. In addition, the relationship between
chemical structure and dyeing properties has been found to
play an important role [11—-13].

In connection with these studies and following previous
work on the dyeing of p.a.n. [14—17], the synthesis of
several cationic dyes of general formula |, prepared by
quaternization of triethylamine or pyridine with the approp-
riate p substituted p-chloroacetylaminoazobenzene (see
Experimental), is reported in this paper.
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This study includes dyeing tests on acrylic fibre at
various pH values and dyebath concentrations, some fastness
tests and the measurement of dye uptake and dyeing rate of
dyes of general formula 1.

EXPERIMENTAL

Intermediates

p' Substituted p-Chloroacetylaminoazabenzenes

To a solution of suitable p’ substituted p-aminoazobenzene
(0.01 mol} {18,19] in acetone (20 ml) 0.012 mol of

chloroacetyl chloride were added dropwise, maintaining the
temperature below 5°C. The mixture was then kept at room
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temperature for 24 h, The precipitate obtained after solvent
evaporation was collected and crystallized from ethanol to
give the p-chloroacetylamino derivatives, yield ca. 80%. [X,
m.p. {°C), Amax in 95% ethanol (nm), log €] : OCH;, 188,
360, 4.39; CH3, 192, 350, 4.35; H, 165 [20-22], 346, 4.33;
Cl, 199 [22], 354, 4.30; NO,, 217 [22], 372, 4.46. (Found
: C, 59.5; H, 4.8; N, 13.9. C; sH,; 4 N5 0O, Cl requires, C, 59.3;
H, 4.6; N, 13.8). (Found : C, 62.4; H, 4.8; N, 14.5.
C; sH14 N3 OCl requires C, 62.6; H, 4.9; N, 14.6}.

Dyes (1)

These cationic dyes were obtained by quaternization of

triethylamine (i) or pyridine {ii) with the p’ substituted

p-chloroacetylaminoazobenzene, according to the procedure
described by Abdallah [23] ;

{i} The azobenzenes (1g) in benzene (20 ml) and dry
triethylamine (5 ml) were refluxed for 2 hr. The solid
precipitate (B0% vield) was filtered off, washed with
ether and purified by recrystallization;

(i) A mixture of a suitable azobenzene (1g) and dry
pyridine (10 ml} was refluxed, with stirring, for % h. The
yellow precipitate {85% yield), after cooling, was collect-
ed, washed with ether and recrystallized from a mixture
of ethanol and ether,

The dyes reported here were assumed to be pure only
when one distinct chromatographic spot was obtained. The
chromatography was carried out on silica gel, using a mixture
(4:1) of carbon tetrachloride and methanol as eluent.

Table 1 summarizes some physical properties as well as
analytical data and visible spectra of the dyes prepared. The
spectra of the dyes in agueous solution were recorded on a
Hitachi Perkin—Elmer EPS—3T recording spectrophotometer
using a 1.0-cm cell at a dye concentration of about 1 x 107
mol/I.

Dyeing and Testing Procedures

Acrylic fibre (Montefibre product) was of 20 denier and n.
dtex 296. It contained both weak and strong acidic groups
(30 and 12.5 1 equiv./g, respectively). Dyeings with cationic
dyes (!} were carried out at various pH values (4, 5, 6, 7} in
100-ml Pyrex glass flasks placed into a constant-temperature
bath {£0.01 °C). 1% dyeings were prepared keeping the
liquor-to-goods ratio at 40:1; the fibre was immersed in the
dyebath at 70°C and the temperature slowly raised to the
boil over 1 h, After 120 min at the boil, the temperature of
the dyebath was lowered to 60°C, and the fabric was then
removed, washed, soaped, rinsed and dried.

Fastness tests were carried out on the dyed fibre at pH 7
using the standard Unitex procedures.

Several dyeings were produced {0,2%, 0.5%, 1%, 2%, 3%
and 4% depths), maintaining the pH at 7 and the liquor ratio
at 40:1; in each case 2 h was allowed for equilibrium to be
reached,



TABLE i

Physical Properties, Analyses and Absorption Maxima of Dves (I}

Dye X Z Molecular M.p. Found
formula {°c) C H
| OCH; EtsN  Cy;H,90,N,C1 2156 624 7.3
1 CH, EtaN  C;  HyoON4CI 208 64,7 7.4
] H Et3N  C,yoH;,0N,Cl 203 643 7.2
v Cl EtsN  CypoH,50NsCl, 222 643 7.1
A NO, EtsN C,0H;603NsCl 243 57.1 6.1
Vi OCH3 CsHgN ChoH40,N,Cl 250 62.8 4.8
Vil CH; CgHsN C,oH,sON,Cl 249 654 438
VI H CsHsN CigH;,0N,CI 262*
IX Cl CsHsN CigH;sONsCl;, 263 4.8 4.2
X NO, CsHsN CioH{s03NsCl 282 603 4.1
*Ref [20]

The amount of dye absorbed by the fibre was spectro-
photometrically calculated by dissolving the dyed fabric in
N,N-dimethylformamide [24], using extinction coefficients
previously determined with standard solutions of the dye in
the same solvent,

The rates of dyeing were determined at pH 7 for 1%
dyeings at a 40:1 liquor ratio, at constant temperature
{100°C). The times of half-dyeing were obtained by plotting
the percentage exhaustion of bath against time.

RESULTS AND DISCUSSION

The influence of pH and dye concentration in the dyebath
on dye uptake for cationic dyes (I} can be seen from the data
given in Table 2, where the amount of dye absorbed by
acrylic fibre is expressed in mmal/kg of fibre.

From the results obtained it is clear that uptake of the
pyridine-containing dyes is greater than that of correspond-
ing triethylamine derivatives,

The unsubstituted compounds (dyes 11l and Vil have
the highest dye uptake values (25.01 and 38.53 mmol/kg of
fibre, respectively), whereas the nitro derivatives {dyes V and
X} have the lowest values {16.07 and 26.45 mmol/kg of
fibre),

On increasing pH, an increase in dye uptake is observed,
whereas on increasing dyebath concentration, the dye
adsorption increases greatly. This trend is clearly shown in
Figures 1 and 2, where the variation of the amount of dye
adsorbed as a function of pH and dyebath concentration,
respectively, for three dyes (V, Vil and X) is reported. On
the other hand, the effect of pH on dye uptake is greater
with fibres containing only weak acidic groups, as previously
observed for Courtelle E (154 4 equiv./g of weak acidic
groups and 0 u equiv./g of strong anionic groups) [25].

TABLE 2

Required Amax Loge
N Cc H (nm)
13.7 62.7 7.2 138 359 4.26
143 648 7.5 144 345 4725
147 641 7.3 149 341 4.32
14,9 642 70 150 348 4.32
13.2 572 6.2 13.3 362 4.33
145 627 4,7 14.6 358 4.98
16.2 655 4.9 153 346 420
343 4.32
158 649 43 159 349 430
175 604 40 176 363 4.41
25 |
£ 20} VI
?
g /
< 15 F /’__’/‘ X
3
<
: 10 |
3 u/‘“"’o——‘—nv
5
1 1 A 1 1

Dyebath pH

Figure 1 — Variation of the amount of dye adsorbed with pH

However, in the case of most commercial fibres which
contain both weak and strong anionic groups, the increase of
dye adsorbed is negligible, because the dissociation of strong
acidic groups is hardly influenced by pH variation.

The data obtained for the dyes investigated here are in
good agreement with the conclusions reached by Cegarra
{71, as established by potentiometric titration [1].

Variation of the Amount of Dye Adsorbed (mmol/kg fibre} with pH and

Dyebath Concentration

Dye pH 4 5 5] 7
% Dvyeing 1 1 1 02 05 1 2 3 4

| 1065 11,80 1299 3.25 4.72 13.09 1403 17.90 19.76
" 10.01 11.07 12.63 3.22 469 1273 1356 1507 19.21
I 12.99 1449 14.66 3.78 6.12 15.84 17.49 24.06 25.01
v 10.03 11.24 13.01 3.26 4.78 1558 16.72 20.06 22.73
v 603 7.14 7.89 3.07 464 803 13.10 1578 16.07
Vi i5.03 15.88 16.02 3.83 7.80 1959 31.86 36.32 37.38
Vit 13.36 1458 1488 3.79 6.20 15.88 28.90 32.85 33.67
VI 15.71 16.22 16.75 4.45 7.84 19.75 32.93 37.01 38.53
X 14.22 14.88 1500 3.82 7.25 17.76 31.27 33.04 33.80
X 12.76 1445 14,63 3.77 6.10 15.76 17.28 21.37 26.45
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Figure 2 — Variation of the amount of dye adsorbed with
dye concentration

The greater dye uptake of pyridine-containing dyes with
respect to the corresponding triethylamine derivatives is clear
from Figure 3, which shows the variation of dye adsorbed
with different dye concentration, for dyes 1 and VI,
respectively. In fact, it is important to note that for the
triethylamine-containing dye (1), the percentage of dve
uptake strongly decreases with the increase of bath concent-
ration, whereas, for the pyridine-containing derivative (V1},
the amount of dye adsorbed remains high up to a 2%
concentration of dye and at higher dyebath concentrations
decreases more slowly than that of the corresponding dye ().

The percentage exhaustion of the dyebath and times of
half-dyeing for all dyes (I} are given in Table 3. Figure 4
shows the rate curves of dyes |, 11, Viand VHI. The values
listed in Table 3 confirm the higher exhaustion of the
dyebath for pyridine-containing dyes;: moreover, the triethyl-
amine-containing dyes have greater values of ty, with respect
to corresponding pyridine derivatives.

The percentage exhaustion, at the end of the dyeing,
varied from 64 to 85%.

The results obtained are in good agreement with the
Vogel equation [26] :
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Figure 3 — \Variation of dye adsorbed (%) with dye
concentration
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TABLE 3

Exhaustion (%) of Dyebath and Times of Half-dyeing

5

9
20
156
30
27
20
25
28
38
31

10
16
27
22
35
36
27
31
40
45
39

20
26
34
30
47
37
38
41
48
60
46

t {min)

35
37
43
41
60
64
51
53
57
Fa
58

50
44
56
49
73
68
58
64
65
78
1

75
54
64
63
78
73
69
70
73
82
78

90
60
68
70
81
75
71
73
76
83
80

120 ty, (min)

64
1
74
84
78
76
75
83
85
82

28
21
27
16
14
20
17
11
8
1
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Figure 4 — Rate-of-dyeing curves

F=tga(\fti\fta)

Time, min

(1

where F is the amount of dye adsorbed at time t, tgx =
dF/d~/t is an arbitrary rate constant, and t, varies with fibre.
In fact, good correlation coefficients are obtained by plotting
the percentage exhaustion against t0.5 (see Figure b).

All the tests for fastness to acid and alkaline perspiration,
and those for fastness to mild and medium washing, gave
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Figure 5 — Rate-of-dyeing curves



TABLE 4

Fastness Properties of Dyes (1)*

Washing**

Dye Mild Medium Strong Acid

| 5 5 5 5 6 & 5 5 4-55 5 §
1 5 5 5 5 5 5 5 5 455 5 §
] 5 65 5 b b b 5 5 5 5 5 5
v 5 & 5 5 5§ 5 b 4-5 § '5 b 5
\' 5 5 4-5 5 5 4-5 5 5 5 b 54—
Vi 5 5 5 5 5 5 4-5 5 455 5 §
VIl 5 5§ 5 5 5 b 4-5 5 4 5 5 5
VHI B & 5 5 6 5 5 4.-54 55 5 5
IX &5 5 5 5 5 5 4-5 5 4 5 565 5
X 5 5 § 5 5 4-5 4 45 4 55 5

*Determined on 2% dyeings
**Vatues in the first column refer to the change of colour, in the second column to the

staining of acrylic fibre and in the third column to the staining of wool

excellent values (Table 4}, Further, the dyes exhibit good
fastness to strong washing and to light.

* * *
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