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ABSTRACT

series of monoazo disperse dyes based on naphthalimide was

synthesized using N-alkylcarboxylic acid-1,8-naphthalimide as diazo

component and N,N-diethylaniline derivatives as a coupling
components. 4-amino-N-ethanoic (propanoic) acid-1,8-naphthalimide was
synthesized from 4-nitro-1,8-naphthalic anhydride by imidation and subsequent
reduction reactions. These compounds were diazotized and further coupled to
substituted N, N-diethylaniline to produce dyes which give red to violet hues on
polyester fabrics. The prepared dyes and their corresponding intermediates were
characterized by elemental analysis, DSC, FTIR, 'HNMR and UV-Vis
spectroscopic techniques. The dyed polyester fabrics showed moderate light
fastnesses, very good to excellent washing, rubbing and sublimation fastnesses.
Prog. Color Colorants Coat. 4(2011), 27-37. © Institute for Color Science and
Technology.

1. Introduction

Polyester fibers and its blends with cotton are extensively

utilized in the textile

industry. Due to their

in which various dyeing methods such as dyeing under
boiling conditions with the aid of carriers, high
temperature and thermosol-pad method can be utilized

hydrophobicity, polyester fibers are dyed mostly with [1,3].

disperses dyes [1]. Disperse dyes are nonionic, have very
limited solubility in water at ambient temperatures and
have substantively important for synthetic fibers; e.g.
cellulose acetates, nylons, acrylics and polyesters [2-3].
Disperse dyes are mainly used for dyeing polyester fibers

*Corresponding author: Gharanjig@jicrc.ac.ir

For polyester, most disperse dyes, in terms of the
number of commercialized structures and industrial
production volume, are based on azo chromophores.
Consumption of the azo disperse dyes is about 60 % of
the total production of disperse dyes in the world [4]. A
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large production of disperse dyes are in the form of
monoazo structures derived from benzenoid diazo

components [5]. Recently azonaphthalimides were
investigated as new class of disperse dyes for dyeing of
polyester fibers [6-8].
Aminonaphthalimides are known to produce
fluorescent yellow dyes for synthetic polymer fibers. In
these compounds, when N-substituted of naphthalimide
is an aryl, most of the dyes exhibit properties similar to
typical organic colorants, due to strong aggregation. The
dyes with alkyl group in N-substituted of naphthalimides
can be converted into disperse dyes which are used in the
coloration of synthetic fibers [9]. Deficiencies in fastness
of these dyes especially on polyester fibers, lead to the
e.g. 7H-

benzimidazo-[2,1-a]-benz-[d,e]-isoquinolin-7-one, naph-

development of more satisfactory dyes,
thalene-1,4,5,8-tetracarboxylic acid, benzo-[k,I]-thioxan-
thene-3,4-dicarboxylic acid derivatives [10].
4-Amino-N-substituted-1, 8-naphthalimides are well-
established diazo components for synthesis of monoazo

disperse dyes. The presence of carbonyl groups as an

CH )COOH

electron withdrawing group in the naphthalimide ring
made strong bathochromic shift in this type of monoazo
dye [11].

Monoazo disperse dyes based on N-ester-1, 8-
naphthalimide accompanying commercial reactive dyes
were used for the dyeing of a polyester-cotton blend. The
results showed that these dyes are applicable for both the
one and two-bath dyeing procedures [12]. Generally,
monoazo disperse dyes derived from naphthalimides
show exceptionally good thermal stability and good
dyeing fastness properties [13-14]. However, the 4-
amino-N-alkyl (ester)-1, 8-naphthalimide derivatives of
monoazo disperse dyes have relatively low heat fastness
properties. Moreover, lack of polar groups in their
structures made them hardly soluble in water.

In this paper, synthesis of some new monoazo
naphthalimide dyes containing carboxylic group and their
dyeing properties on polyester fabrics are investigated.
The chemical structures of the synthesized dyes are
shown in Figure 1.
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Figure 1: Chemical structure of the synthesized dyes.
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2. Experimental

All compounds used in this study were of analytical
grade unless otherwise stated. All melting points were
measured using a Perkin-Elmer DSC instrument (Pyris
model). The FTIR (KBr method), and '"HNMR spectra
were carried out on a Perkin-Elmer FTIR spectrometer
and Bruker Evance 500 MHZ, respectively. The UV-Vis
spectra were obtained on a Cecil 9200 double beam
transmission spectrophotometer. The spectrophotometric
data of the dyed samples were measured on a Gretag
Macbeth Color Eye 7000A.

2.1. Synthesis of 4-nitro-N-ethanoic (propanoic)
acid-1, 8-naphthalimide (2)

A suspension of 0.02 ml 4-nitro-1,8-naphthalic anhydride
(1) and glycine or alanine (0.03 mol) was stirred under
reflux for 7 hours in ethanol (102 ml). The cooled
suspension was filtered out to give a pale yellow solid
which recrystallized with ethanol. The yield of reactions
and melting points of the 4-nitro-N-ethanoic acid-1,8-
naphthalimide and 4-nitro-N-propanoic acid-1,8-naphtha-
limide (2) were 73.6%, 274-275 °C and 89.9%, 232-235
°C , respectively. The chemical structures of 4-nitro-N-
acid-1,8-naphthalimide(2) are

ethanoic  (propanoic)

shown in Figure 2.
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n
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n
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Figure 2: Chemical structure of 4-nitro-N-ethanoic
(propanoic) acid-1,8-naphthalimide (n=1 or 2).

2.2. Synthesis of 4-amino-N-ethanoic (propanoic)
acid-1, 8-naphthalimide (3)

A mixture of 18 mmol 4-nitro-N-ethanoic (propanoic)
acid-1,8-naphthalimide (2) and stannous chloride (90
mmol) in ethanol (81 ml) was refluxed for 1 hour with
hydrochloric acid (10.1 ml) till the reaction was
completed. The mixture was poured into 100 ml of water
and then the precipitated solid was filtered out. The crude
products were purified by column chromatography
ethyl acetate/hexane=2/1). The

(eluent: yields of

reactions and melting points of 4-amino-N-ethanoic acid-
1,8-naphthalimide (3) and 4-amino-N-propanoic acid-
1,8-naphthalimide (3) were 97%, 311-314 °C and 95.1%,
263-266 °C, respectively. The chemical structures of 4-
amino-N-ethanoic (propanoic) acid-1, 8-naphthalimide
(3) are shown in Figure 3.

CH,)COOH CH,)COOH
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Figure 3: Chemical structure of 4-amino-N-ethanoic
(propanoic) acid-1, 8-naphthalimide (n=1 or 2).

2.3. Diazotization of 4-amino-N-ethanoic
(propanoic) acid-1,8-naphthalimide

Dry sodium nitrite (7 mmol) was added to cold
concentrated sulfuric acid (98%, 3 ml) at such a rate that
yellow fumes were not evolved. The reaction temperature
was gradually increased to 65 °C by a water bath until all
the sodium nitrite was dissolved. The solution was
cooled externally to 2 °C and then the finely ground
powder of 7 mmol 4-amino-N-ethanoic (propanoic) acid-
1,8-naphthalimide (3) was added portion wise at less than
10 °C. Acetic acid (4 ml) was added to the mixture with
stirring and then the liquor was stirred for 3 hours. The
obtained clear diazonium salt solution was used
immediately in the coupling reactions. The chemical
structures of 4-amino-N-ethanoic (propanoic) acid-1, 8-
naphthalimide (3) are shown in Figure 4.

rCHQCOOH YCHQCOOH
n n
0y _N.__0 Ox_N._0
+
NH, N=N

Figure 4: Chemical structure of 4-amino-N-ethanoic
(propanoic) acid-1,8-naphthalimide syntheses
of dyes (n=1 or 2).
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2.4. Syntheses of dyes

Each of the coupling components (5) (7 mmol) were
dissolved in acetic acid (4 ml). The solution was cooled
to 5 °C. The prepared diazonium salt was slowly added
into the coupler solution with stirring over a period of 30
minutes below 10 °C followed by stirring for one hour at
5-10°C. The pH of reaction mixture was adjusted to 4-5
by adding saturated sodium acetate solution (40 ml). The
mixture was stirred for 3 hours and then filtered, washed
off with warm water followed by cold water. The
obtained product dried at 100 °C in an oven to give azo
dyes 1-6. The purification of all dyes was carried out by
preparative  TLC method using hexane/ethyl acetate
(1/4). The chemical structures of synthesized dyes are
shown in Figure 5.
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Figure 5: The synthesized dyes.

2.5. Dyeing procedure

Polyester fabric (1 g) was dyed in the HT dyeing
machine with an appropriate amount of each of the dyes
and dispersing agent (1%) to produce the standard depth
1:1. The pH of the dyebath was adjusted to 4-5 by adding
acetic acid. Liquor to goods ratio of 50:1 was used.
Dyeing was carried out by raising the dye bath
temperature from 30 °C to 90 °C at the rate of 2 °C/min,
followed by 90 °C to 130 °C at the rate of 1 °C /min,
holding at this temperature for 60 minutes and cooling to
70 °C at the rate of 3 °C/min as shown in Figure 6.
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The dyed samples were reduction cleared using
sodium hydrosulfite (2 g/1), sodium hydroxide (1 g/1)
and detergent (1 g/1) at liquor to goods ratio of 50:1.

The leveling properties of all dyes were good. The
fastness properties of dyed samples such as light wash
and rubbing fastnesses were assessed according to ISO
standard methods. The synthesized dyes (6) were applied
to polyester fabrics at various concentrations i.e. 0.1, 0.2,
1, 2.8, and 4 % of the mass of fiber (0.m.f.) and the build
up was determined. The selected K/S of the dyed fabrics
was measured using reflectance spectrophotometer for

evaluating the build up.
130°C 60 min
90°C 1°C/mi
3°C/min
2°C/min 70°C
30°C

Figure 6: Dyeing profile of polyester fabrics with the
synthesized dyes.

3. Results and discussion

3.1. Synthesis of dyes and their intermediates

The imidation of aromatic cyclic anhydrides is a
nucleophilic displacement reaction. In this reaction, the
amino group has a nucleophilic attack on aromatic cyclic
anhydrides. For preparing 4-nitro-N-ethanoic (propanoic)
acid-1,8-naphthalimide (2), 4-nitro-1,8-naphthalic anhyd-
ride was reacted with aminoethanoic (propanoic) acid at
pH=9, and the completed reactions were examined by
TLC on silica gel 60 using hexane/ethyl acetate (1/2).
The pale yellow products were recrystallized with
ethanol. The FTIR and 'HNMR spectra of the
synthesized nitro naphthalimides products are shown in
Table 1.

Preparation of 4-amino-N-substitued-1,8-naphtha-
limides (3) as intermediates play a significant role in the
naphthalimide dyes. The naphtalimides having a primary
amino group in the 4-position tend to be used as the
diazonium salts.
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Table 1: The FTIR and "HNMR spectra of the synthesized intermediates.

4-Nitro-N-ethanoic acid-

1,8-naphthalimide

4-Amino-N-ethanoic acid-
1,8-naphthalimide

3467 (OH str. Carboxylic acid), 1750 (CO
str. Carboxylic acid, 1703, 1658 (CO str.
Carbonyl), 1530, 1376(NO, str. Sym., and
Unsym.)

3453, 3361 (N-H str. Primary amine), 2500-
3600 (OH str. carboxylic acid) 1738 (CO
str. Carboxylic acid), 1683, 1643 (CO str.

5.06(2H,s, NCH,); 8.04-8.08(H, t, 6-H), 8.46-
8.47(1H, d, 3-H), 8.76-8.82(2H, 2-H, 5-H), 8.91-
8.93(1H, d, 7-H).

4.34 (2H, s, NCH,), 6082-6.84( 1H, d, 3-H), 7.33
(2H,s, NH,); 7.61-7.65 (1H, t, 6-H), 8.14-8.16 (1H,
2-H), 8.37-8.39 (1H, 5-H), 8.58-8.60, 1H, 7-H).

Carbonyl),

2500-3600 (OH ,carboxylic acid); 1709.34
1673.01,
1661.24 ( C=0 str); 1342.04, 1535(NOy,);

4-Nitro-N-propanoic acid-
1,8-naphthalimide

(C=0O str, carboxylic

1249.62 (C-O, carboxylic acid);

4-Amino-N-propanoic

acid-1,8-naphthalimide
acid); 1674.90,
Carbonyl);

These compounds can be utilized as an electrophilic
agent for coupling with different couplers in the
preparation of various azo dyes. 4-Amino-N-ethanoic
(propanoic) acid-1,8-naphthalimide (3) was obtained by
the reaction of 4-nitro-N-ethanoic (propanoic) acid-1,8-
naphthalimide (2) with tin (I) chloride and hydrochloric
acid as a reducing agent in alcoholic media.

Completion of the reactions was examined by TLC

method on silica gel 60 by using hexane/ethyl acetate

(1/2). The purification of yellow-orange products was
carried out by column chromatography (Acetone/
Toluene, 3/1 as eluent). The FTIR and 'HNMR of the
products are also shown in Table 1.

Due to the presence of two carbonyl groups in

acid);

2500-3600 (OH str. carboxylic acid); 3361,
(NH, str); 1713.92 (C=O str. carboxylic
1639.55 ( C =0 str.

'HNMR (acetone): & 1.19-1.23(2H, multi, J= 7.8
Hz, NCH,CH,CH,COOH); 2.43-2.48 (2H, triplet,
J=7.44 Hz, NCH,CH,CH,COOH); 4.21-4.25(2H,
triplet, J=6.9 Hz, N CH, CH, CH,COOH); 8.08-
8.14(1H, triplet, J= 7.3 Hz, 6-H); 8.52-8.54(1H,
doublet, J=7.9 Hz, 3-H); 8.67-8.70(2H,2-H,5-H);
8.73-8.77 (1H,7-H); 10.52(1H,singlet, OH).
1.15-1.28 (2H, t, CH,COOH), 4.11-4.15 (2H,
triplet, J=6.9, NCH,), 6.95 (2H, s, NH,), 6.94-6.97
(1H, d, J=8.2, 2-H), 7.60-7.65 (1H, t, J=7.4, 6-H),
8.25-8.28 (1H, d, J=8.2, 5-H), 8.45-8.52 (2H, 2-H,
7-H).

naphthalimide ring, the synthesized amines are weak
bases; therefore they should be diazotized with nitrosyl
sulfuric acid in acetic acid at temperatures below 10 °C.

The resulting diazonium salts were used for coupling
reactions with selected aromatic amines. To complete the
coupling reactions, the pH of the reaction mixture was
adjusted to 4-5 by adding a suitable amount of saturated
sodium acetate solution. The FTIR and '"HNMR spectra
of the products are shown in Table 2. The yields, melting
points, elemental analysis of the synthesized dyes are
shown in Table 3.

Prog. Color Colorants Coat. 4(2011),27-37 31
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Table 2: The FTIR and 'H NMR spectra of the synthesized dyes.

Dye FTIR(cm™) "H NMR(8 ppm,DMSO-dg)

3447 (OH str. Carboxylic acid), 1739 (CO str.
1662 (CO str.

Carboxylic acid), 1698,
Carbonyl), 1581(N=N).

3447 (OH str. Carboxylic acid), 1731 (CO str.
1655 (CO str.

Carboxylic acid), 1694,
Carbonyl), 1582(N=N).

3436 (OH str. Carboxylic acid), 1741 (CO str.
1659 (CO str.

Carboxylic acid), 1691,
Carbonyl), 1582(N=N).

3413 (OH str. Carboxylic acid), 1729 (CO str.
1656 (CO str.

Carboxylic acid), 1693,
Carbonyl), 1599(N=N).

3420 (OH str. Carboxylic acid), 1731 (CO str.
1649 (CO str.

Carboxylic acid), 1693,
Carbonyl), 1590(N=N).

3435 (OH str. Carboxylic acid), 1728 (CO str.
1656 (CO str.

Carboxylic acid), 1695,
Carbonyl), 1590(N=N).

1.17-1.23( 6H, t, CH3), 3.5-3.55( 4H, q N(CH,CH;), ), 4.3(2H, s,
NCH,), 6.8-6.92 (2H, 3-H, 5-H), 6.72-6.75 (2H, 3"-H, 5"-H); 7.69-
7.76( 1H, 6-H), 7.96-8.02 (3H, 2'-H, 6'-H, 5-H), 8.54-8.56(2-H, 7-
H), 9.22-9.24(1H, 3-H).

1.19-1.28( 6H, t, CHy), 2.71(3H, s, ph-CH), 3.5-3.53 ( 4H, q
N(CH,CH;), ), 4.37 (2H, s, NCH,), 6.8-6.92 (2H, 3-H, 5-H) 6.73-
6.76 (2H, 3'-H, 5"-H); 7.66-7.73 ( 1H, 6-H), 7.94-8.0 (2H, 6"-H, 5-
H), 8.51-8.56(2H, 2-H, 7-H), 9.24-9.27 (1H, 3-H).

1.17-1.22( 6H, t, CHy), 2.28 (3H, s, NHCOCH;), 3.3-3.51( 4H, q
N(CH,CHs), ), 4.48 (2H, s, NCH,), 6.63-6.65 (1H, 5"-H), 7.87-
7.92(3H, 6"-H, 5-H 6-H), 8.17(1H, s, NHCOCH;), 8.3-8.7 (3H, 3'-
H, 2-H, 7-H), 9.12-9.15 (1H, 3-H), 10.3(1H, s, COOH).

1.17-1.24( 3H, t, CH;), 2.69(CH,COOH), 3.37-3.46( 2H, q
N(CH,CH3), 3.59(1H, OH), 3.67(2H, N(CH,CH,OH), 4.21(2H, s,
NCH,), 4.47(2H, N(CH,CH,OH), 6.93-6.98 (2H, 3'-H, 5"-H), 7.7-
7.79( 1H, 6-H), 8.35-8.41 (4H, 2"-H, 6'-H, 5-H, 7-H), 8.61-8.66(1H,
2-H), 9.04-9.16(1H, 3-H), 10.7(1H, s, COOH).

1.17-1.25( 6H, t, CHs), 2.6(3H, s, ph-CH3), 2.71(CH,COOH), 3 4-
3.58 (4H, q N(CH,CH;), ), 4.3 (2H, s, NCH,), 6.82-6.97 (2H, 3-H,
5-H) 6.75-6.78 (2H, 3'-H, 5'-H); 7.6-7.7 ( 1H, 6-H), 7.92-8.1 (2H,
6"-H, 5-H), 8.5-8.6(2H, 2-H, 7-H), 9.21-9.25 (1H, 3-H), 10.6(1H, s,
COOH).

1.16-1.21(6H, t, CHs), 2.17 (3H, s, NHCOCH;), 2.69 (CH, COOH),
3.3-3.5( 4H, g N(CH,CH), ), 4.29 (2H, s, NCH,), 6.6-6.64 (1H, 5'-
H), 7.85-7.94(3H, 6'-H, 5-H 6-H), 8.17(1H, s, NHCOCH), 8.27-8.6
(3H, 3'-H, 2-H, 7-H), 9.11-9.13 (1H, 3-H), 10.4(1H, s, COOH).

Table 3: The yields, melting points and elemental analysis of the synthesized dyes.

Yield m.p. Found (% Requnred (%)
OA) (oC)

71.0 242-245
2 75.0 235-237
3 82.0 165-168
4 70.9 230-232
5 66.8 145-147
6 79.0 138-140

32 Prog. Color Colorants Coat. 4(2011), 27-37

674 5.6 124 67.0 5.1 13.0
674 5.8 124 67.6 54 126
64.7 5.8 143 64.1 5.1 144
64.8 5.7 12.7 652 52 122
68.3 5.1 122 68.1 57 122
64.5 54 14.6 64.7 54 140
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3.2. Spectral characteristics of the prepared dyes

The absorption spectra of the synthesized dyes were
measured in various solvents. Absorption maxima, molar
extinction coefficients and half-band widths of each dye
in various solvents are listed in Table 4. Wavelengths of
maximum absorption (An,) and molar extinction
coefficients ranged from 524.3 to 553.4 nm and 34125 to
47737 l/mol.cm for the synthesized dyes in acetone,
respectively. The Ap. shifts in diferent solvents are
brought about by the solvatochromic effect resulting
from changes in the dielectric constant of the solvent.
Generally, the color of naphthalimide azo dyes
depends on the delocalization of electrons through the
conjugated chromogen depicted by the energy difference
between structures 7 and 8 as shown in Figure 7 [15].
The bathochromic effect of these compounds increases
the
structures is low. Contribution of the high energy

when energy difference between resonances

stabilized structure 7 could be initially enhanced by the

presence of a conjugated electron acceptor (i.e.

naphthalimide residue) and secondly by an electron
donor on the coupling component (i.e. dialkylamino
group) which results in a considerable bathochromic
shift.

Dyes 3 and 6 showed strong bathochromic shifts;
when an acetamido group was introduced into the
coupling components. The presence of a relatively strong
electron donor group such as -NHCOCH; on the
coupling component at ortho position to the azo linkage
caused a strong bathochromic shift, due to a general
migration of electron density from the donor group
towards the azo group. The bathochromic shift of various
substituents on the coupling component were in the order
of H < CH; < NHCOCH;. In these series, the colors of
dyes are influenced by the introduction of additional
electron donor groups into the coupling component and
the nature of imide residue is not significant in the
context of color change. These findings are in accordance
with the other works in case of azoheterocyclic and
naphthalimide compounds [6,7,14,16].

X

X _
—\_ t.CHY
2 CH,Y =N-N— =N 7 ¢
N=N N 24 — CH
“CH. <—> HOOC(CH)—N 2
HOOC(CH,)—N O 25 n
o)

Figure 7: Delocalization of electrons through the conjugated chromogen.

Table 4: Spectral properties of the synthesized dyes.

D}re
;"max (nm) €max A;"1/2(1“11)
(Imol' ecm™)

125

Toluene

)"mn.\' (nm)

1 527.5 45536 514.8 532.6
2 542.4 46000 125 526.2 547.8
3 553.4 46555 105 546.5 554

4 524.3 34125 123 5135 537.5
5 538.7 42526 124 525.5 548.5
6 547.4 47737 109 546.5 557.5

Prog. Color Colorants Coat. 4(2011), 27-37
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3.3. Dyeing properties of the synthesized dyes

All the synthesized dyes were applied to polyester fabrics
under high temperature dyeing conditions, giving good
leveling properties and blue-red hues having chromas
between 20 and 40. Spectrophotometric and colorimetric
data for all synthesized dyes at 1 % concentration (0.m.f)
under D65 illuminant and 10°C standard observer are
shown in Figure 8 and Table 5, respectively. Variation in
shades results from the nature of various substituents
present on the coupling components. In varying
substituents from -H to —-CH; and -NHCOCH;, the color
varied from red to bluish red and to violet, respectively.
This effect is due to strong electron donating of

acetamido group on the coupler. However, the N-
substituted naphthalimide ring (i.e. the imide residue) has
no effect on color.

Visual evaluation of the dyeings on polyester fabrics
showed that the nature of the substituents on the coupling
components affect both the intensity of dyeings and their
shade. The highest intensity is shown by the dyeing of
dye 1 where 4-amino-N-ethanoic acid-1, 8-naphthalimide
and N,N-diethylaniline were used as diazo and coupling
component, respectively. It has also been observed that
the donor groups (-CH3; and NHCOCH;) on the coupling
components of dyes 2, 3, 5 and 6 have more influence on
absorption maxima than dyes 1 and 4 (Table 5).

R(%)

570 600 630 660 690 720 750

Wavelength(nm)

i

3—M—4 —0—5 —0—5|

Figure 8: Spectrophotometric data for all synthesized dyes on polyester fabrics.

Table 5: Colorimetric and spectrophotometric data of the synthesized dyes on polyester fabrics at standard depth 1:1

under D65 illuminant and 10° standard observer.

1 55.7 30.2 -12.9 328 336.9 540
2 63.4 18.8 -15.9 24.7 319.8 550
3 46.4 22.5 -28.7 36.5 308.0 560
4 432 389 -6.3 39.4 350.8 530
5 382 313 -18.9 36.6 328.9 550
6 40.9 273 -27.9 39.0 3144 560

34  Prog. Color Colorants Coat. 4(2011), 27-37



Novel Naphthalimide Based Azo Disperse Dyes for Dyeing of Polyester ...

Figure 9 depicts the build-up curves of dyes 1-6. Dye
1 has a good build-up capability (K/S>20 where K and S
are Kubelka-Munk absorption and scattering coefficients
of dyed samples, respectively), whereas dyes 4 and 5
have very low build up on polyester fabrics. This finding
may be due to better solubility of dye 1 in water as
compared to the other dyes. The more solubility of
disperse dyes in water causes the rate of the first stage of
dyeing mechanism of polyester increased. Therefore, the
adsorption of disperse dye on polyester fabric increases,
resulting in better build up.

30

3.4. Wash fastness of the synthesized dyes

The wash fastness of the synthesized dyes on polyester
fabrics was measured according to ISO 105 C06 C2S
with standard soap (SDC) (Table 6). The results showed
that all dyeings have very good wash fastness. These
results indicated that the presence of carboxylic acid
group in the dye molecule was not a decisive factor in
determining wash fastness performance. As it can be
seen from Table 6, there is no difference in wash fastness
between dyeings with dyes containing N-ethanoic acid or
N-propanoic acid.

»
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Figure 9: Build-up curves of the synthesized dyes on polyester fabrics in their absorption maxima.

Table 6: Fastness properties of the synthesized dyes at standard depth 1:1.

Wash fastness

5 5 5
2 5 5 5 4
3 5 5 5 4-5
4 5 45 5 4
5 5 5 5 4
6 5 5 5 4-5

Light fastness

Sublimation fastness Rubbing fastness

e e
4.5 4-5

5 5 5

5 5 5 5 5
5 5 5 5 5
5 5 5 4 4
5 45 4 4-5 4-5
5 5 5 4-5 4-5
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3.5. Light fastness of the synthesized dyes

Light fastness rating of dyed fabrics is shown in Table 6.
Photostability was found to be only poor to moderate for
both N-ethanoic and N-
propanoic acid-1, 8-naphthalimide azo dyes. Ratings of

acid-1, 8-naphthalimide
3-4 to 4 were noted for the synthesized dyes on polyester
fabrics. However, dyes 3 and 6 which contain acetamido
group on the coupling components tend to increase light
fastness. Generally, this phenomenon can be attributed to
the presence of electron accepting groups on the diazo
component and electron donating substituents in the
amino group on the coupling component. These factors
result in the decrement of electron density at the nitrogen
atoms in both azo and amino groups. Oxidative
degradation may occur at either one or both positions,
depending on the relative effect of the substituents on the
nitrogen atoms [17].

3.6. Sublimation fastness of the synthesized dyes

The sublimation fastness of the synthesized dyes on
polyester fabrics was measured according to ISO 105
PO1. Generally, the highest sublimation fastness was
shown by the dyes containing a naphthalimide group in
their structure. They tended to un _dergo association in
the crystalline state, which was confirmed by their IR
spectra and high melting points [14]. This propensity for
association provides dyes with good thermal stability, as
reflected in the sublimation fastness of dyeing as shown
in Table 6.
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3.7. Rubbing fastness of the synthesized dyes

To assess rubbing fastness, dyeings are fastened in the
crock-meter, which causes a piece of standard cloth
(cotton fabric) to rub against the colored sample under
controlled conditions of pressure, speed and moisture (for
wet rubbing fastness) according to ISO 105 X12:1993.
The color transferred to the white cloth is visually
compared with a grey scale. The results are given in
Table 6. In all cases, the dyed fabrics exhibited high wet
and dry rubbing fastnesses. The rating of fastness to
rubbing for all dyes on polyester fabrics was in the range
of4to 5.

4. Conclusions

N, N-diethylaniline derivatives were used for coupling
with diazotized 4-amino-N-ethanoic(propanoic) acid-1,8-
naphthalimide to produce red to violet monoazo disperse
dyes in good yields. The absorption maxima of the
synthesized dyes exhibited that they cover a wavelength
maxima in the range of 524-553 nm with high molar
extinction coefficients (more than 34125 I/mol.cm).

The synthesized dyes showed that they can be applied
on polyester fabrics with high temperature method and
gave a range of color varying from red to violet hues.
The dyed polyester fabrics represented moderate light
fastness, excellent washing fastness properties. Also,
most of dyes showed excellent rubbing and very good
sublimation fastnesses.
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