
Unmodified polyester fibres can only be dyed with disperse dyestuffs either with the
aid of carriers at 100oC (no longer desirable due to environmental limitations), or
at elevated temperatures (130oC for the exhaustion processes and  210oC for the

thermosol processes). The economical production of wash-fast, light-fast and sublima-
tion-fast, red and bluish-red dyeings on polyester fibres with azo disperse dyestuffs is not
easily achievable. The aim of the present study was to synthesize new dyestuffs based
on various 4-aminonaphthalimide derivatives in order to achieve the above mentioned
goals. The use of various  4-aminonaphthalimide derivatives as  diazo components and
β-naphthol as the coupling component gave a series of bright red dyeings on polyester
fibres. The use of N,N-diethyl-m-toluidine as a  coupling component together with the
same diazo components gave bright bluish-red dyeings on polyester fibres. Using N-
propyl-4-aminonaphthalimide as an azo component and p-amino acetophenone as a
coupling component gave a yellowish-cream dyed polyester fibres. Spectrophotometric
studies on polyester fibres, showed that the attained dyeings had good tinctorial strength
and high colour build up on polyester fibres. The dyeings also gave perfect wash fast-
nesses, very good to excellent sublimation fastnesses and very good light fasstnesses.
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The most recent experimental works
on naphthalimides and their deriva-
tives have been researched to
achieve their role as intermediates
for dyestuff preparation [1-5].

Heterocyclic derivatives of
naphthalimides, phenylazophthal-

imides and 1,8-naphthalic anhy-
drides have also been studied [6-7].
These compounds have been inves-
tigated for the preparation of dis-
perse dyestuffs, dyestuffs for other
polymer fibres, acid dyestuffs,
dyestuffs for polymeric materials
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and dyestuffs capable of copolymerization.
Naphthalimide derivatives have been considered in

a number of ways in order to examine their use as inter-
mediates for dyes to be applied to both synthetic and
natural fibres as well as other polymeric materials.
Detailed investigation of the structure and properties of
naphthalimide dyestuffs derived from pyrazolone have
been carried out. The investigation examined the con-
sequences of using the N-methyl and sulpho-deriva-
tives of aminonaphthalenes, 3-and 4-aminonaphthalim-
ides as diazo components and derivatives of 1-phenyl-
3-methylpyrazol-5-one as coupling components [8, 9].
The fluorescent properties of naphthalic derivatives
and their anhydrides have been discussed [10].

Aminonaphthalimides are known to produce yel-
low dyestuffs for synthetic polymer fibres [11]. The
earliest industrial use of such compounds was Celliton
Brilliant yellow FFACF (C.I. Disperse yellow 11,
C.I.56200), Viz. N-2,4-dimethylphenyl-4-amino-1,8-
naphthalimide. Deficiencies in fastness properties, of
these dyestuffs especially on polyester fibres, lead to
the development of more satisfactory dyestuffs, e.g.
derivatives of 7H-benzimidazo[2,1a] benz[d,e] iso-
quinolin-7-one [11], naphthalene-1,4,5,8-tetracar-
boxylic acid [11], benzo[k,l] thioxanthene-3,4-dicar-
boxylic acid which were none azo dyestuffs [11].

It has been shown in the last decade [9] that the use
of diazo components such as 4-aminonaphthalimides
have advantageous effects on the dyeing properties of
the derived disperse azo dyestuffs. The presence of the
naphthalimide system also leads to a deep and intense
colour.

The object of the present research is to obtain a
series of the novel monoazo disperse dyestuffs for dye-
ing polyester fibres. These dyestuffs have been
obtained utilizing 4-amino-N-methyl (or alternatively,
N-ethyl, N-propyl, N-butyl) naphthalimide as the diazo
components and β-naphthol, N,N-diethyl-m-toluidine
and p-aminoacetophenone as the coupling components.
To this end, acenaphthene (as the starting material) was
nitrated and further reacted by various unit processes
such as oxidation, amination and reduction, to obtain
suitable intermediates [12] for preparing dyestuffs.
Finally diazotization and coupling were carried out to
obtain synthesized monoazo disperse dyestuffs. The
dyestuffs as well as their corresponding intermediates
were then purified and characterized. The spectropho-

tometric properties of the prepared disperse dyestuffs
in various solvents were examined. The absorption
maxima of these dyestuffs, their halochromic effects,
and their intensities have also been obtained.

The prepared dyestuffs were subsequently dyed on
polyester fibres and finally their optical and dyeing
properties, light fastnesses, wash fastnesses, sublima-
tion fastnesses and initial sublimation points were
determined.

General formula of the prepared monoazo disperse
dyestuffs is as given in Figure 1.

EXPERIMENTAL

Materials  
All compounds used in this study were of the analytical
grade unless otherwise stated.

Procedures
- Preparation and purification of the intermediates were

reported previously [12].
- The diazotization of the prepared diazo components

(i.e., 4-amino-N-methyl, or the alternative N-ethyl, N-
propyl and N-butyl derivatives) were carried out by
the, nitrosylsulphuric acid procedure and the cou-
pling reaction with β-naphthol, N,Ní-dimethyl-m-
toluidine and aminoacetophenone were carried out as
follows:

Diazotization
The general method of diazotization was as follows:
1.5 mole sulphuric acid (98%) was cooled to below
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Figure 1. General formula of the prepared monoazo disperse
dyestuff.
where: R= CH3, C2H5, C3H7, C4H9, R1 = β-naphthol, N,Ní-
diethyl-m-toluidine, p-aminoacetophenone.



10oC and 0.13g (2 mmol) sodium nitrite added with
stirring in a 20 min period , and the stirring continued
for a further 10 min., after which the temperature was
gradually increased to 65oC, until all the sodium nitrite
was dissolved. The solution was then cooled to below
10oC and 2 mmole 4-amino-N-substituted naphthalim-
ide was added gradually over a 35 min period, the tem-
perature being kept below 10oC, this was followed by
the addition of 1 mL glacial acetic acid over a 10 min.
period to the reaction mixture. The mixture was stirred
for a further 3 h at below 10oC and the final precipita-
tion was filtered and dried.

Coupling
2 mmole of β-naphthol was dissolved in 8.5 mole of
ethanol to which the diazonium salt was added gradu-
ally over a 25 min period, the temperature being kept
below 10oC. The mixture was stirred for 3 h and was
filtered followed by washing with hot water and drying.

The second coupler was N,N-diethyl-m-toluidine 2
mmole of which was dissolved in 8 mL of water and
0.4 mL of hydrochloric acid (30%) and the temperature
reduced to under 5oC and the diazonium salt was added
to the coupler. Then saturated sodium acetate solution
added to the mixture until a pH of 4-5 was reached.
Then the precipitation was filtered and washed with hot
water and dried.

The third coupler was p-aminoacetophenone
2 mmole of which was dissolved in 10 mL of water and
0.5 mL of hydrochloric acid (30%) and the temperature
reduced to under 5oC and the diazonium salt was added

to the coupler. Then saturated sodium acetate solution
was added to the mixture until a pH of 4-5 was reached.
The mixture was stirred for 3 h then the precipitation
was filtered and washed with hot water and dried.

The corresponding diazo and coupling compo-
nents, their respective yields and the measured melting
points of each synthesized dye are given in Table 1. The
FTIR, 1H NMR spectra and elemental analysis (EA) of
the synthesized dyestuffs are shown in Table 2.

Instrumentation
The purified dyestuffs were characterized by the fol-
lowing instruments:

- FTIR Measurements were carried out on a
Bomene, Canada instrument (by the KBr method).

- 1H NMR Measurements were carried out on a
500 MHz Joel instrument.

- DSC Thermal analyses were carried out on a
Dupont 2000 DSC instrument.

- UV-Visible Spectrophotometry was carried out on
a Cecil double beam transmission spectrophotometer.
λmax, ε, halochromic and solvatochromic effects were
also determined.

Application and Properties
The prepared dyestuffs were applied to polyester fibre
samples and the following properties were determined.

Optical Properties
The reflectance of the dyed samples were measured on
a Macbeth 7000 A colour eye reflection spectropho-
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Table 1. Dyestuffs derived from various diazo and coupling components.

(a) Percentage yield being more than reported by K. Wojciechowski (i.e., 51.2%) [18]; (b) Synthesis and spectroscopic studies of this dye was presented as a paper

in the World Text. Conf., 4th, Autex 2004 in France [25].

Dye Diazo component Coupling component m.p.o(c) Y (%) Colour of crystals
1

2

3

4

5(b)

6

7

8

9

4-Amino-N-methyl naphthalimide

4-Amino-N-methylnaphthalimide

4-Amino-N-ethyl naphthalimide

4-Amino-N-ethyl naphthalimide

4-Amino-N-(n-propyl) naphthalimide

4-Amino-N-(n-propyl) naphthalimide

4-Amino-N-(n-butyl) naphthalimide

4-Amino-N-(n-butyl) naphthalimide

4-Amino-N-(n-propyl) naphthalimide

β-Naphthol

N,Në-Diethyl-m-toluidine

β-Naphthol

N,Në-Diethyl-m-toluidine

β-Naphthol

N,Në-Diethyl-m-toluidine

β-Naphthol

N,Në-Diethyl-m-toluidine

p-Aminoacetophenone

230.70 

195.70

283.04

174.52

279.43

160.40

260.00

142.47

228

74(a)

81

73

72

95

78

77

67

86

Red

Bluish red

Red

Bluish red

Red

Bluish red

Red

Bluish red

Yellowish cream
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Table 2. FTIR, 1H NMR spectra and EA of dyestuffs.

Series

No.
FTIR (cm-1) 1H NMR (δ)

EA Found (%) Required (%)

C H N C H N
1

2

3

4

5

6

7

8

9

N=N 1591.88

C-N str. 1366.21, 1140.77

C=O str. 1702.28, 1662.13

O-H str. 3416.65.

N=N 1588.25

C-N str. 1355.35 , 1184.04

C=O str. 1693.46 , 1656.6

N=N 1582.68

C-N str. 1339.98 , 1066.06

C=O str. 1693.89 , 1654.74

O-H str. 3423.98

N=N 1593.42

C-N str. 1344.69 , 1068.45

C=O str. 1691.87 , 1654.5

N=N 1578.85

C-N str. 1066.78 , 1343.17

C=O str. 1651.43, 1696.57

O-H str. 3437.02

N =N 1588.76

C-N str. 1326.74 , 1075.04

C=O str. 1691.89 , 1655.92

N=N 1584.64

C-N str. 1353.2 , 1075.38

C=O str. 1693.34 , 1656.46

O-H str. 3417.67

N=N 1577.23

C-N str. 1354.13 , 1078.31

C=O str. 1696.41 , 1651.6

N=N , 1576.28

C-N str. 1347.12, 1163.94

C=O str. 1693.35, 1660.07

N-H overtone bend 3205.26

C=O str. Ketone acetophe-

none 1739.08

3.36-3.78 (3H,NCH3); 6.70-6.72 (1H, OH); 7.17 (1H, 3í-H); 7.39-7.46 (1H,

8í-H); 7.49-7.51 (1H,6í-H); 7.66-7.72 (1H, 7í-H); 7.87-7.91 (2H, 4 ,5í-H);

8.23-8.26 (1H, 6-H); 8.31-8.33 (1H, 5-H); 8.62-8.67 (2H, 2,7-H); 8.74-8.78

(1H, 3-H).

1.26-1.29 (6H,4í-N (CH2CH3)2); 2.75 (3H, CH3m-toluidine); 3.48-3.51 (4H,

4í-N (CH2CH3)2 ; 3.55 (3H,N-CH3); 6.61 (2H, 3í-H, 5í-H); 7.77-7.80 (1H, 6-

H); 7.86-7.88 (1H, 5-H); 7.91-7.93 (1H, 6í-H); 8.57-8.59 (1H, 7-H); 8.61-

8.62 (1H, 2-H); 9.20-9.21 (1H, 3-H).

1.33-1.34 (3H, NCH2CH3); 4.16-4.17 (2H, NCH2CH3); 6.6-6.62 (1H, 3 -H);

7.38-7.39 (1H, 8 -H); 7.43-7.44 (1H, -OH); 7.45-7.47 (1H, 7 -H); 7.57-7.59

(1H, 5í-H); 7.70-7.73 (2H, 6,6í-H); 8-10-8.12 (1H, 4í-H); 8.19-8.24 (1H, 5-

H); 8.31-8.33 (1H, 7-H); 8.49-8.52 (2H, 2,3-H).

1.26-1.29 (6H, 4í-N (CH2CH3)2); 1.34-1.37 (3H, N-CH2CH3); 2.77 (3H , 2 -

CH3); 3.47-3.51 (4H , 4 -N (CH2CH3)2); 4.24-4.28 (2H, N-CH2); 6.62 (2H,

3í-H, 5í-H); 7.79-7.82 (1H.6-H); 7.91-7.92 (1H, 5-H); 7.95-7.97 (1H, 6í-H);

8.61-8.62 (1H, 7-H); 8.63-8.64 (1H, 2-H); 9.24-9.25 (1H, 3-H).

0.87-1.02 (3H, NCH2CH2CH3); 1.77 (2H, NCH2 CH2CH3); 4.12 (2H,

NCH2CH2CH3); 6.72-6.73 (1H, 3í-H); 7.37-7.44 (1H, 8í-H); 7.54-7.56 (2H,

7í-H,1H,OH); 7.69-7.74 (1H, 5í-H); 7.78-7.82 (2H, 6, 6 -H); 8.28-8.30 (1H,

4í-H); 8.45-8.48 (2H, 5, 7-H); 8.62 (2H, 2, 3-H).

1.01-1.04 (3H, NCH2CH2CH3); 1.25-1.28 (6H, 4í-N (CH2CH3)2); 1.76-1.80

(2H, NCH2CH2CH3); 2.75 (3H, 2-CH3);  3.47-3.51 (4H, 4í-N (CH2CH3)2);

4.13-4.16 (2H, NCH2); 6.61 (2H, 3í-H, 5í-H); 7.77-7.80 (1H, 6-H); 7.85-7.88

(1H, 5-H); 7.93-7.95 (1H, 6í-H) ; 8.57-8.59 (1H, 7-H); 8.60-8.62 (1H, 2-H);

9.21-9.22 (1H, 3-H).

0.93-1.01 (3H, NCH2CH2CH2CH3); 1.26-1.37 (2H, CH2CH2CH2CH3);

1.65-1.74  (2H, NCH2CH2CH2CH3); 4.12-4.19 (2H, CH2CH2CH2CH3);

6.75-6.79 (1H, 3í-H); 7.46-7.47 (1H , 8í-H); 7.55-7.60 (2H, 7í-H,1H,OH);

7.72-7.76 (1H, 5í-H) 7.84-7.90 (2H, 6,6í-H); 8.31-8.35 (1H, 4 -H); 8.50-8.54

(2H, 5,7-H); 8.63-8.68 (2H, 2,3-H).

0.98-1.01 (3H, CH2CH2CH2CH3); 1.26-1.29 (6H, 4í-N (CH2CH3)2); 1.45-

1.51 (2H,CH2CH2CH2CH3); 1.71-1.77 (2H, NCH2CH2CH2CH3); 2.77 (3H,

2 -CH3); 3.49-3.50 (4H, 4í-N(CH2CH3)2); 4.18-4.21 (2H, CH2CH2CH2CH3);

6.63 (2H, 3 -H,5 -H); 7.80-7.83 (1H, 6-H); 7.87-7.93 (1H, 5-H); 7.96-7.98

(1H, 6í-H); 8.59-8.62 (1H, 7-H); 8.63-8.64 (1H, 2-H); 9.24-9.26 (1H, 3-H).

1.04 (3H, NCH2CH2CH3); 1.78 (2H, NCH2CH2CH3); 2.59-2.66 (3H,

COCH3); 4.15 (2H, NCH2CH2CH3); 7.50-7.52 (1H, 3í-H); 7.70-7.73 (1H, 6-

H); 7.90-7.92 (2H, NH2); 8.01-8.02 (1H, 5-H); 8.06-8.08 (1H, 7-H); 8.58-

8.63 (2H, 2,3-H); 9.03-9.07 (2H , 4í, 6í-H).

71.85

71.5

73

71.9

73.5

72.7

73.3

72.85

69.0

4.2

5.8

4.5

6.3

4.8

6.4

5.2

6.7

5.0

10.55

13.5

10.2

13.1

10.2

12.6

9.5

12.2

14.1

72.44

72

72.91

72.46

73.35

72.9

73.76

73.3

69.0

3.94

6

4.3

6.28

4.65

6.54

4.96

6.79

5.0

11.02

14

10.63

13.53

10.26

13.08

9.93

12.67

14.0



tometer from which the colour coordinates and the
Kubelka-Munk constants were calculated.

Light Fastness and Wash Fastness Properties
The light fastness, wash fastness and sublimation fast-
ness of each dyestuff were determined according to
ISO 105/B , ISO 105/C and ISO 105 PO1 standards,
respectively.

RESULTS AND DISCUSSION

Preparation of Monoazo Disperse Dyes
Diazotization of naphthalimides were carried out with
the aid of nitrosyl sulphuric acid [6], the procedure

being the dissolution of sodium nitrite in concentrated
sulphuric acid followed by slow addition of the given
amine to the prepared nitrosyl sulphuric acid at below
10oC until the diazonium salt was formed (Note: At
higher temperatures the diazonium salt of the series
will decompose and nitrogen gas will be evolved) [13-
14]. Solutions of the coupling components namely β-
naphthol, N,Ní-diethyl-m-toluidine and p-aminoace-
tophenone were prepared to which the prepared diazo-
nium salts were added gradually to yield different
dyestuffs.

Spectral Characteristics of the Dyestuffs
A series of dyestuffs of the general formula (1), having
different R,R1 substituents, were synthesized. The
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Dye R R1
MeOH 1M-H2SO4 10M-H2SO4 PhCl

λmax(nm) logε λmax(nm) logε λmax(nm) logε λmax(nm) logε
1

2

3

4

5

6

7

8

9

CH3

CH3

C2H5

C2H5

n-C3H7

n-C3H7

n-C4H9

n-C4H9

n-C3H7 

β-Naphthol

N,Ní-Diethyl-m-toluidine

β-Naphthol

N,Ní-Diethyl-m-toluidine

β-Naphthol

N,Ní-Diethyl-m-toluidine

β-Naphthol

N,Ní-Diethyl-m-toluidine

p-Aminoacetophenone

335.3

509.6

356.0

538.1

350.4

519.9

356.3

539.6

350.0

520.8

347.0

541.4

381.3

539.7

600.0

383.3

541.1

329.4

429.3

(a)

3.36

4.04

(a)

3.85

4.60

(a)

3.79

4.45

(a)

2.92

3.73

3.32

3.71

335.0

519.5

383.6

534.2

334.5

517.2

383.3

531.2

330.3

520.8

347.3

534.5

370.2

543.3

600.0

385.7

533.9

344.1

374.4

435.0

(a)

4.23

4.02

(a)

4.12

3.96

(a)

4.079

3.79

(a)

4.13

3.91

4.01

3.79

3.59

350.3

572.0

375.8

542.6

358.8

571.2

368.9

543.5

356.1

572.4

370.7

543.5

370.5

572.4

378.5

542.9

346.5

380.0

(a)

3.94

4.57

(a)

3.91

4.54

(a)

4.036

4.58

(a)

4.41

4.92

3.98

3.18

526.5

535.2

527.0

532.8

525.3

534.3

526.1

534.9

425.4

4.175

4.52

4.417

4.55

4.49

4.50

4.44

4.53

4.59

Table 3. UV-vis. Electronic spectral data of dyestuffs 1-9.

(a)  Some dyestuffs were not completely soluble in some of the solvents, therefore the molar extinction coefficients could not be calculated correctly and so were ommit-

ed from the table.
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dyestuffs had various hues, e.g. yellow, red and violet
as given in Table 1. Table 2 illustrates  the FTIR and
1H NMR spectra together with the CHN elemental
analysis of the corresponding dyestuffs.

The role of the nature of the N-substitutions and the
role of different coupling components in the prepara-
tion of monoazo disperse dyestuffs derived from naph-
thalimides are described in the literature [6, 8, 9, 11,
17-19], as having pronounced effects on the colour of
the dyestuffs, i.e. position of absorption maximum
(λmax), and brightness of shade.

The range of prepared dyestuffs containing naph-
thalimide residues had yields, ranging from 67 to 95%
(Table 1), after recrystallization. Table 3 shows the cor-
responding (λmax) of the each dyestuff dissolved in
various solvents.

The (λmax) values show the position of the most
intense absorption band, which depends on the possi-
bility of the dye existing in the azo or the hydrazone
forms.

Introduction of the phenylazo chromophore into the
4-position of 1,8-naphthalimides results in a large
bathochromic shift in the absorption maxima in
chlorobenzene (Table 3) compared with the usual yel-
low colour of 4-nitro-N-substituted 1,8-naphthalimides
and the usual orange colour of 4-amino-N-substituted
1,8-naphthalimides[12] .

The dyestuffs 2, 4, 6, 8 (Table 3) in PhCl absorb
between 532.8 nm and 535.2 nm, but the p-aminoace-
tophenone (9) in Table 3 as a coupler shows an expect-
ed large hypsochromic effect to 108.9 as compared to
the corresponding N,Ní-diethyl-m-toluidine derivative,
because of the electron withdrawing effect of the car-
bonyl end group of the compound (9) decreases the
basicity of -NH2 group and therefore this coupler is not
fully able to act as a donor group to the chromogenic
system as a whole.

The colour of the dyestuffs 2, 4, 6, 8, could be
relateable to the typical electron delocalizations in the
conjugated donor-acceptor azo chromogens, as can be
observed in structure 1. Whilst the nature of the imide
residue R is not very significant in the context of colour
change, the colour of the dyestuffs is influenced by the
introduction of additional donor groups into the cou-
pling component and/or acceptor groups ortho to the
azo link in the naphthalene residue [6].

In dyestuffs 2,4,6,8, the influence of naphthyl

residue in the diazo component and of the two carbonyl
substituents, which in addition to structure 1, can result
in a delocalization structure 2, as shown below:

Analogously substituted 4-aminoazobenzenes, e.g.
structure 3 (R= 4í -NO2 and R= 4í -CN), have λmax at
490 nm and 466 nm respectively [20-21] are still 45.2
nm and 69.2 nm, more hypsochromic compared to
dyestuffs 2,4,6,8.

The effect of the naphthyl residue and the carbonyl
groups are therefore, apparent and the dyestuffs 2,4,6,8,
are bathochromic with respect to the analogous
aminoazobenzenes structure 3. The effect of -CH3
group in the coupling component at ortho position to
the azo link in the synthesized dyestuffs, is more
bathochromic ≈8 nm compared to when the -CH3
group is not present as mentioned in Wojciechowski
works [19, 22].

The performance properties of disperse dyes based
on 4-aminoazobenzene structure 3 are considerably
influenced by the nature of the substituents at the 4 and
4í positions. The visible absorption maxima of several
donor-substituted azobenzenes were considered [20],
and it is clear that for a monosubstituted dye, the
bathochromic shift depends on the expected manner in

Structure 1

Structure 2 

Structure 3



the electron donating strength of the substituent. Since
the electronic transition in these compounds involves a
general migration of electron density from the donor
group towards the azo group, it is not surprising that
electron withdrawing groups in the second benzene
ring exert a bathochromic effect. The largest shift is
observed for the para nitro group, and the smallest
shifts for halogen atoms. It is found that the
bathochromic shift in these series of disperse dyes is
related roughly to the Hammett  σ-constant for the elec-
tron withdrawing group [20].

Similar investigations have been carried out on
naphthalimides series of disperse dyes [22], and the
effect of the N,Ní-dialkylamino residue on the colour
properties of some 4-aminonaphthalimide and N-
methyl-4-aminonaphthalimide dyestuffs has been
quantitatively determined by means of spectrophoto-
metric measurements, in conjugation with PPP-MO
calculations of electronic structure of the molecules.

In the present study as illustrated in structure 1, the
N,Ní-diethylamino residue acts as a donor group and
the two carbonyl groups of naphthalimide residue act
as acceptor groups, and following the same lines of rea-
soning, mentioned the dyestuffs 2, 4, 6, 8 give a
bathochromic shift effect whilst the p-aminoacetophe-
none derivative (9) in Table 3 has a hypsochromic shift
effect.

The λmax shifts of the prepared dyestuffs in various
solvents are brought about by the solvatochromic effect
resulting from changes in the dielectric constant of the
solvent (Table 3) [22].

Of the readily available solvents with low dielectric
constants (ε = 5.6 ) [22], chlorobenzene was used. This
solvent slightly solvates the molecules of the com-
pounds dissolved in it. 

The substituent in the imide group (R=CH3 , C2H5,
C3H7, C4H9) in general formula (Figure 1) only slight-
ly affects the (λmax) values (Table 3), on the basis that
the imide nitrogen atom does not participate in the
redistribution of electron density in the excited state of
the dyestuffs.

The dyestuffs based on β-naphthol as a coupler (1 ,
3 , 5 , 7) in PhCl in Table 3 absorb between 525.3 nm
and 527.0 nm.

The colour of the dyestuffs 1 , 3 , 5 , 7, is related to
azo-hydrazone tautomerism, since the two tautomeric
forms will, in general, have different spectroscopic

properties. It is found experimentally that the hydra-
zones always absorb at longer wavelengths than their
azo tautomers. These two forms are shown in structures
4, 5.

In aqueous solutions of pH=7, the naphthol deriva-
tives usually occur in the azo form. The absorption of
the hydrazone form is very strongly shifted
bathochromically in acid medium compared to the azo
form, by as much as 62 nm depending on the degree of
conjugation in the dyestuff, (Table 3 azo form in
methanol for dye 1, R = CH3, λmax = 509.6 nm and in
methanolic 10M-H2SO4 λmax = 572 nm were recorded).

The observations are illustrated in structures 7, 8.
These observations are in accord to the Griffiths[20],
Zollinger [21] and Wojciechowski  [22] results.

As noted above, the dyes can occur in two different
hydrazone forms, viz, either with the imido system
(amido-iminol tautomerism structure 6) or with the azo
system (azo-hydrazone tautomerism structure 5),
according to Wojciechowski  results [22]. 

Replacing the neutral methanolic solvent by solu-
tions acidified with H2SO4 leads to significant changes
in the spectra and to the appearance of new absorption
bands in both the UV and the visible range (Table 3).
The dyestuffs studied have different proton-accepting
centres, viz, azo, dialkylamino, and the carbonyl
groups of a heterocyclic amide system.

In the UV range, there are only the naphthalene
bands, characteristic for simple naphthalene derivatives
which are ascribed to the absorption of the benzene
azonaphthalene (BAN) chromophore and in the visible
range bands characteristic for azo dyestuffs [19]. In
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view of the insolubility of some dyestuffs, it was possi-
ble only to record their spectra in saturated solutions of
unknown concentrations. This has no influence howev-
er on comparisons made on the spectra of the dyestuffs.

Very characteristic changes are observed in the
spectra recorded in methanolic solutions of 1M- and
10M-H2SO4. 

All dyes 2 , 4 , 6 , 8 which are 4-substituted, usual-

ly show two absorption maxima in methanol which are
characteristic for benzeneazonaphthalene derivatives.

In the UV range naphthalene bands are observed
which are ascribed to the absorption of the benzene
azonaphthalene (BAN). Chromophore in the 349-370
nm range, and in the visible range the K-band (π π*
shift) appears in the region 492-573 nm, characteristic
for azo dyes. The present considerations are limited to

Scheme I  



a discussion of bands within 206-572 nm, where the
known K and R bands (n π* shifts) appear and
which show characteristic changes depending on the
solvent used [19].

The equilibria existing in neutral and acidic solu-
tions are illustrated in the general scheme I. A general
pattern can be observed, resulting from the use of the
coupling components containing the diethylamino
group, Which results in a bathochromic shift in the vis-
ible range (Table 3), because of formation of structures
derived from A1 A2 (Scheme I).

The azo derivatives of 4-aminonaphthalimide with
couplers such as β-naphthol and p-aminoacetophenone
show quite different physical, chemical and dyeing
properties from the coupling component of diethy-
lamino group. The presence of an azo group in the 4-
position creates an additional possibility of electron
interaction between the cyclic 6-membered amide sys-
tem and the N,Ní-diethylamino group. The acceptor and
donor character of these substituents should bring
about a considerable bathochromic effect which can be
observed in the λmax of the dyestuffs in Table 3.
Dyestuffs having different couplers such as p-
aminoacetophenone, β-naphthol and N,Ní-diethyl-
amino group in fact give yellow, red and red-blue dye-
ings on polyester fibres, respectively.

A study of the absorption spectra in neutral and
acidic solutions indicates the reasons for these results.
The dyes 2, 4,  6, 8, show a double maxima in the vis-
ible range, one around (410-459.2 nm) and a second in
the (509.6-572.0 nm) in Table 3 due to structures
(A1 A2).

Due to conjugation, dyestuffs 2, 4, 6, 8, can exist in

the neutral (D1) as well as in the polar forms (D2) [19].
This effect illustrates that these dyestuffs in neutral
solutions are more bathochromic than the dye 1 where
the coupler is β-naphthol. This effect, i.e. D1

D2 is not present in dye 1. In the range 347-383
nm, the absorption of the benzeneazonaphthalene chro-
mophore is observed (Table 3).

The results obtained show that the colour shifts
observed in the 4-substituted naphthalimides are due to
the coexistence, even in unacidified solution, of the
neutral (D1) and polar (D2) forms which results in the
bathochromic shift of the long-wavelength absorption
bands.

This can be attributed to the presence of an elec-
tron-donating substituent (N,Ní-diethylamino) and an
electron-accepting (cyclic amide) system in positions
allowing mutual conjugation. This is not observed for
the dye 1 where β-naphthol is the coupler.

The synthesized dyestuffs were applied to polyester
fabric at concentrations of 0.1, 0.5 and 2.5 percent
(o.w.f.) with 0.5% (o.w.f.) acetic acid and 1% (o.w.f.)
dispersing agent together with a liquor to goods ratio of
50:1 at temperatures of 135oC.

The exhaustion was complete and there were no
dyestuffs left in the dyebath. The leveling properties of
the dyestuffs were good for all the dyestuffs. The light
fastness, wash fastness, staining, sublimation fastness
and initial sublimation point of each dyestuff is shown
in Table 4. The values of the L*, a*, b*, c*, h* and
selected K/S values of the dyed polyester are shown in
Table 5.

Light fastnesses, wash fastnesses and sublimation
fastnesses of all dyes were also measured according to
ISO 105/B and ISO 105/C and ISO 105 PO1 standards,
respectively. The wash fastness of all dyestuffs were 5
and the staining of polyester fabrics were 4-5 (Table 4). 

The synthesized dyestuffs 2,4,6 and 8 dyed poly-
ester in bright violet (bluish red) hues and 1, 3, 5 and 7
dyed polyester in bright red hues and 9 dyed polyester
yellowish cream of generally good build-up and giving
the deepest colourations.

Visual evaluation of the dyeings on polyester fab-
rics showed that the nature of the alkyl residue in the
amine group of the coupling component affects both
the intensity of dyeings and their shade. The highest
intensity is shown by the dyeings of dyes 2, 4, 6 and 8,
which contain N,Ní-diethyl groups. These substituents
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bring about an increase in the nucleophilic character of
the tertiary nitrogen atom and of the stability of polar
forms [8], especially when there are no substituents in
the phenyl rings causing steric effects.

The dyeings were violet or bluish red. The electron
acceptor group on the coupling component such as-
COCH3 like the dye (9) causes considerable hyp-
sochromic effect (yellowish cream). The colour of
naphthalimide dyes depends on the delocalization of
electrons through the conjugated azo chromophore and
depends on the energy difference between structures
D1, D2 in Scheme I. The lower this difference, the high-
er is the bathochromic effect of the basic absorption
band [23]. The contribution of the higher energy stabi-
lized dipolar structure D2 is enhanced by the presence
of a conjugated electron acceptor (naphthalimide
residue) and electron donor (dialkylamino group) and
this results in a considerable bathochromic shift.

The electron donor substituents in the ring of the
coupling components also considerably affect the colour
of the dyeings, especially those in an ortho position to
the azo bond such as dyes 1, 3, 5 and 7, this phenome-
non was described previously in structures 7 and 8.

The naphthalimide derivatives show exceptionally
good thermal stability and their dyeings posses good
fastness properties [6, 22]. Generally, the highest initial
sublimation points were shown by the dyes containing a
naphthalimide group in their structure. They tended to
undergo association in the crystalline state, which was
confirmed by their IR spectra and high melting points.
This propensity for association provides dyes with good
thermal stability, as reflected in the sublimation fastness-

es of dyeings and in the high initial sublimation points.
Practical applications of the naphthalimide dyes,

despite their undeniable advantages, are limited
because of their complicated synthesis and high cost of
intermediates. The use of these dyes is further restrict-
ed due to their strong tendency to aggregate, making
the dye sorption and diffusion in polyester fibre diffi-
cult. The synthesis of these dyes in Iran may be eco-
nomically viable because of the availability of coal tar,
the distillation of which can provide acenaphthene, i.e.
the primary starting material for the naphthalimide
series of dyestuffs.

4-Amino-Ní-alkylnaphthalimide is a useful diazo
component for the synthesis of azo disperse dyestuffs.
Its acceptor "force" is comparable with that of 2,4-dini-
troaniline and its use additionally ensures high-per-
formance properties of the derived dyestuffs [22, 24].

The dyestuffs 1, 3, 5, 7 were applied to polyester
according to the high temperature exhaust dyeing pro-
cedure at 130oC (Figure 2) and bright red shades were
obtained. All dyed patterns had good levelling proper-
ties. The exhaustion levels were moderate to very good,
indicating medium to high colour yields. 

Figure 3 shows the build up of dyestuffs 1, 3, 5, 7
on polyester fibers at 130oC. The methyl, ethyl and
propyl derivatives of dyestuffs reach near saturation at
concentrations of 2% (o.w.f). The degree of exhaustion
for dyestuff 1, 3, 5 (i.e., the methyl, ethyl and propyl
derivatives) was good and for the dyestuff 7 (i.e., the
butyl derivative) was relatively fair.

The dyestuffs (2, 4, 6, 8) were also applied to poly-
ester with the high temperature exhaust dyeing proce-

Dyestuffs Light fastness Wash fastness Staining 180oC Sublimation fastness 210oC Initial sublimation point (oC)
1

2

3

4

5

6

7

8

9

5-6

5-6

4-5

4-5

5-6

5-6

4-5

4-5

4

5

5

5

5

5

5

5

5

5

4-5

4-5

4-5

4-5

4-5

4-5

4-5

4-5

4-5

4-5

4

4

4

5

5

5

4-5

4-5

3-4

3-4

3-4

3-4

4-5

4-5

4-5

4-5

4-5

200

150

200

150

200

150

200

150

180

Table 4. Light fastness, wash fastness, staining, sublimation fastness and initial sublimation point.
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dure, giving bright bluish red dyeings. Again all dye-
ings gave a relatively good leveling properties. The
degree of exhaustion for dyestuffs 2, 4, 6 (i.e., the
methyl, ethyl and propyl derivatives) were nearly iden-
tical and in fact were very good (Figure 4). These
dyestuffs illustrated high colour yields. The dyestuffs
based on the butyl derivative gave lower exhaustion
properties than the other derivatives (Figure 4).  

Dye Conc. L* a* b* c* h* K/S(530)

1

2

3

4

5

6

7

8

9

0.1

0.5

2.5

0.1

0.5

2.5

0.1

0.5

2.5

0.1

0.5

2.5

0.1

0.5

2.5

0.1

0.5

2.5

0.1

0.5

2.5

0.1

0.5

2.5

0.1

0.5

2.5

55.098

46.358

39.097

41.080

28.933

17.263 

54.179

42.902

35.980

49.177

29.217

19.229

56.263

46.441

42.341

42.304

26.287

17.802

60.596

51.413

42.092

44.368

29.789

26.716

74.803

63.605

49.008

42.901

50.850

50.035

30.317

35.079

16.834

45.860

56.452

53.725

27.498

35.394

23.448

43.640

54.722

55.245

33.553

34.221

17.802

37.461

48.263

51.117

32.869

35.349

34.426

9.535

16.400

31.360

14.919

9.531

17.087

-10.431

-12.397

-1.755

13.399

11.233

16.831

-5.379

-12.404

-3.040

3.417

6.681

15.424

-4.725

-10.163

-1.176

4.429

4.674

12.630

-3.728

-10.248

-6.327

30.172

23.298

33.871

45.421

51.735

52.872

32.061

37.205

16.925

47.777

57.559

56.300

28.019

37.505

23.644

43.77

55.128

57.358

33.884

35.698

17.84

37.722

48.489

52.654

33.107

36.804

35.003

31.64

28.49

46.16

19.175

10.616

18.855

18.987

19.464

5.952

16.287

11.254

17.395

11.068

19.313

7.387

4.477

6.961

15.599

8.016

16.54

3.779

6.743

5.532

13.879

6.466

16.167

10.414

72.46

54.86

47.20

3.525

7.99

14.520

5.356

14.779

27.146

3.977

12.865

20.912

3.012

14.486

26.198

3.162

8.934

13.122

5.420

18.296

26.391

2.035

4.971

11.148

4.67

14.118

18.192

1.98(a)

3.18

10.26

Table 5. The values of the L*, a*, b*, c*, h* and (K/S)530.

(a) K/S this dyestuff (9) is measured at 400 nm. 

Figure 2. Dyeing profile of the synthesized disperse
dyestuffs.
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CONCLUSION

A series of novel monoazo disperse dyestuffs based on
naphthalimide derivatives were prepared. For this pur-
pose the essential intermediate 4-nitro-1,8-naphthalic
anhydride was synthesized by nitration and oxidation
of acenaphthene. This compound was readily convert-
ed into various naphthalimide derivatives by nucle-
ophilic substitution of the anhydride with different
amines, and the subsequent reduction of 4-nitro to 4-
amino group.

From the investigations into the use of N-substitut-
ed naphthalimide as an intermediate for monoazo dis-
perse dyestuffs, it was found that novel dyestuffs
derived from 4-amino-N-methyl (alternatively N-ethyl,
N-propyl, N-butyl) were suitable for dyeing polyester.
The various novel dyestuffs obtained were identified

by the use of elemental analysis, DSC, FTIR, 1H NMR,
and UV-visible spectroscopic techniques.

The spectrophotometric properties of the prepared
novel monoazo disperse dyestuffs in various solvents
were examined. The absorption maxima of these
dyestuffs, their halochromic effects, and their intensi-
ties were also been obtained.

Finally the prepared dyestuffs were dyed on poly-
ester fabrics and subsequently their optical and dyeing
properties, light fastnesses, wash fastnesses and subli-
mation fastnesses were determined. All these properties
were proved to be good.

From these investigations, it may be concluded that
dyestuffs derived from naphthalimides and related
compounds are reasonable monoazo disperse dyestuffs
giving good all round properties on polyester fibres.
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