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Abstract

A series of azo disperse dyes with variable hydrophobic chain length and hydrophilic (hydroxy or glucosyl group)
head were synthesised. 1H and 13C NMR spectra indicated that the glucosyl moiety was linked to the azo structure with

a b anomeric bond. The dyeing properties on polyamide ®bres were assessed with dyeing isotherms and Linitest
experiments. The positive e�ects of additives, as ternary systems (SDS, Brij 35 and octanol) or cyclodextrins, on the
dyeing uniformity were shown by tristimulus colorimetry. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

In previous work, the e�ects of ``precursors of
microemulsions'' on the dyeing of hydrophobic
®bres with disperse dyes were studied [1±5].
Recently, cyclodextrins were used as additives in
the dyeing of polyamide ®bres with acid dyes [6],
with the aim of improving dye levelling and of
reducing the content of organic matter in waste
waters. In particular, cyclodextrins were chosen
for their natural origin and their biodegradability.
Cyclodextrins (Fig. 1) are industrially obtained by
the degradation of starch carried out by a large
number of micro-organisms, e.g., Bacillus macer-
ans [7].

In the present work the e�ects of cyclodextrins
and other additives on the dyeing of nylon-6 were
investigated. Dialkylaminoazobenzene dyes with
variable alkyl chain length and hydrophilic head,
such as an alcoholic group or a glucosyl moiety,
were used (Fig. 2). The glucosyl moiety was
chosen, because it could increase both the hydro-
philic properties and the dispersibility of the dyes.

2. Experimental

Compounds 1--3 were prepared by the reported
method [8].
Dyes 4±8 were synthesised by coupling dialkyl-

amines 1--3,N,N-diethylaniline andN,N-dimethyl-
aniline with the diazonium salt prepared from 2-
(4-aminophenyl)ethanol. All the dyes were pur-
i®ed by ¯ash chromatography on silica gel 60
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(230±400 mesh, Merck), petroleum ether/ethyl
acetate 70:30 v/v as eluent, and crystallised from
ethanol. Physical properties and yields are reported
in Table 1 and the NMR data in Table 2.
Dyes 9 and 10 were prepared by substitution of

the alcoholic group in dyes 5 and 7 with a glucosyl
residue [9].

2.1. 2-[4-(4-Diethylaminophenylazo)phenyl]ethyl-
�-glucopyranoside, 9

A solution of 2-[4-(4-diethylaminophenylazo)-
phenyl]ethanol, dye 5, (5 g, 16.8 mmol) and penta
acetylglucose (20 g, 50.4 mmol) in dry dichloro-
methane (50 ml) was treated dropwise at 0�C with
boron tri¯uoride diethyl etherate (4.8 g, 33.6
mmol). The ice bath was removed after 2 h and
the mixture was kept at room temperature for 20
h. The reaction mixture was then treated with a
saturated aqueous solution of sodium hydro-
gencarbonate (50 ml). The organic phase was
washed with water, dried (Na2SO4) and the sol-
vent removed. The solid residue was puri®ed by
¯ash chromatography on silica gel using petro-
leum ether/ethyl acetate (80:20 v/v) as eluent.
Three fractions were collected, the second was
identi®ed as the unreacted dye 5. The ®rst fraction
was identi®ed as the acetyl derivative of dye 5 via
1H NMR (d CH3CO=2.00 ppm). The third frac-
tion was eluted with petroleum ether/ethyl acetate
50:50 v/v. TLC analysis (silica gel 60 F-254,
Merck, petroleum ether/ethyl acetate 80:20 v/v)

showed the presence of two compounds, which
were separated and identi®ed as pentaacetylglu-
cose and dye 9. To isolate dye 9 the whole fraction
was vacuum concentrated and the solid mixture
dissolved in methanol/aqueous ammonia (30%)
20:2 v/v to hydrolyse the acetyl esters. The solvent
was vacuum removed and the residue (dye 9) was
carefully washed with deionised water and crys-
tallised from methanol.
2 - [4 - (N - Ethyl -N - octylaminophenylazo)phe-

nyl]ethyl-b-glucopyranoside, dye 10, was similarly
obtained starting from 2-[4-(N-ethyl-N-octylami-
nophenylazo)phenyl]ethanol, dye 7. Physical prop-
erties, yields and NMR data are reported in
Tables 1 and 3 respectively.

1H NMR spectra were recorded with a Jeol EX
400 spectrometer in DMSO-d6 solution (2%). The
two-dimensional COSY experiment was performed
with a spectral width of 3000 Hz over 2000 data
points. The two-dimensional 13C±1H HETCOR
spectrum was recorded with spectral windows of
18000 and 3400 Hz in the F2 and F1 dimensions
respectively. Both acquisitions involved 64 scans
for 256 experiments and the data were collected
and transformed using a sine bell squared function.
The electronic spectra were determined on a

Unicam UV2 spectrophotometer in ethanol solu-
tion.
Rf values were determined on RP-18 WF 254s

plates (Merck), using methanol as eluent, or on
Silica Gel 60 F-254 TLC plates (Merck), using as
eluent: (a) ethyl acetate±petroleum ether 30:70; (b)
methanol±ethyl acetate 80:20; (c) butanol±acetic
acid±water (BAW) 4:1:5 (organic layer).
Laboratory dyeing tests were carried out on a

Linitest apparatus (Hanau-Germany) at liquor to
goods ratio 20:1, 10:1 and 5:1, 1% o.w.f., pH 7
(Tris bu�er), in the presence of SDS (sodium
dodecyl sulphate), Brij 35 (polyoxyethylene (23)
lauryl ether) as dispersing agents and octanol as
oil phase. In some cases, the baths were sonicated
to improve the dispersion of the dye (ultrasonic
apparatus Vibra-cell 120 W). Nylon 6 fabric (®ll-
ing dtex 78/24, warp dtex 67/12, Snia®bre Italy)
were introduced into the dye-bath at 40�C and the
temperature raised to 80�C (2�C/min) and main-
tained for 1 h. The dyed ®bre was then removed,
washed at 40�C with water solution containing

Fig. 1. b-Cyclodextrin.
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soap (2.5 g/l) and sodium carbonate (2 g/l), rinsed
and dried in hot air.
Colour measurements were carried out with a

Minolta CR 200 instrument. The dyed samples
were evaluated by means of colour di�erence in
CIE Lab space (�E ) between dyed and undyed
fabrics. �E represents a measure of the dye uptake

on the ®bre and is the mean of ®ve determinations
on di�erent positions for each specimen. The
standard deviation of �E (s�E) is a measure of
colour levelling [2]. Best dyeings correspond to
highest �E and lowest s�E values. Dye con-
centration in the bath, before and after the dyeing,
was measured by means of spectrophotometric

Fig. 2. Dyes and intermediates structures.
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analysis (water/ethanol 1:1). These data allowed
bath exhaustion to be calculated. Quantitative
dyeing measurements were performed in a dyeing
bath prepared dissolving suitable amounts of dye
and additives (SDS, Brij 35 or SDS, Brij 35 and
octanol) in acetone (10 ml). The solvent was gently
removed to obtain a concentrated syrup to whom

bu�er solution and water were added to obtain a
®nal volume of 250 ml. Dyeing was carried out at
80�C in the apparatus previously described in [10].
Sorption rate curves were obtained measuring in
continuum the absorbance of the bath at 420 nm
and calculating the corresponding concentration
in the ®bre. Measurements were pursued until
concentrations attained constant values for at
least 2 h. In order to obtain reliable equilibrium
values (C1) the experimental points were treated
according to the linear form of Vickersta� equa-
tion.

t

Cf;t
� 1

k � C2
f;eq

� 1

Cf;eq
� t

t=time, Cf,t=dye concentration in the ®bre at the
time t, Cf,eq=equilibrium dye concentration in the
®bre, k=Vickersta� constant.

Table 1

Physical properties and reaction yields of dyes 4±10

Dye m.p. (�C) lmax (nm) Log � Yield (%)

4 125 408 3.19 95

5 90 416 3.26 80

6 Viscous oil 417 3.21 74

7 Viscous oil 416 3.19 27

8 48-9 417 3.22 12

9 100-1 417 4.49 14

10 92-3 417 4.40 22

Table 2
1H NMR chemical shifts of dyes 4±8

Proton Dye

4 5 6 7 8

a 3.67 3.67 3.67 3.67 3.67

b 2.81 2.81 2.81 2.81 2.80

d 7.38 7.37 7.37 7.37 7.37

e 7.72 7.70 7.70 7.70 7.70

h 7.79 7.77 7.76 7.76 7.76

i 6.83 6.79 6.78 6.77 6.78

k 3.05 4.45 3.46 3.44 3.46

l 1.15 1.14 1.13 1.15

m 3.05 4.45 3.36 3.37 3.36

n 1.15 1.57 1.57 1.57

o 1.34 1.29 1.25

p 0.94 1.29 1.25

q 1.29 1.25

r 1.29 1.25

s 1.29 1.25

t 0.87 1.25

u 1.25

v 1.25

w 1.25

y 0.86

1 4.74 4.71 4.70 4.71 4.69
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The statistical parameters of the linear relation-
ships (t/Cf,t vs. t) proved very good ensuring reli-
able Cf,eq values. Dyeing isotherms were obtained
plotting the equilibrium dye concentration in the
®bre Cf,eq versus the corresponding concentration
in solution Cs,eq.

b-Cyclodextrin (Pharma grade) and methylcy-
clodextrin (average methylation degree 1.8,
Pharma grade) were supplied by Wacker-Chemie
and used as received.

3. Results and discussion

Dyes 4±8 represent a series of molecules with a
di�erent hydrophobic behaviour as a result of the
variation in the length of the aliphatic chain.
Compounds 9 and 10, comparable to dyes 5 and 7,
present higher hydrophilic properties because of
the presence of a glucosyl moiety.
Rf values, obtained by TLC on silica gel, gen-

erally increase with the hydrophobic properties of

Table 3
1H and 13C NMR chemical shifts of dyes 9 and 10

1H NMR spectrum 13C NMR spectrum

Positiona 9 10 9 10

a 69.34 69.87

a0 4.00 3.98

a00 3.70 3.68

b 2.90 2.90 35.54 35.91

c 140.61 141.02

d 7.39 7.37 129.85 130.26

e 7.65 7.65 121.78 122.20

f 150.04 150.63

g 142.17 142.55

h 7.72 7.70 125.12 125.48

i 6.75 6.66 111.06 111.43

j 151.12 151.52

k 3.39 3.33 44.16 45.12

l 1.10 1.04 12.63 12.69

m 3.39 3.22 44.16 50.23

n 1.10 1.45 12.63 27.62

o 1.17 26.92

p 1.17 29.25

q 1.17 29.42

r 1.17 31.77

s 1.17 22.63

t 0.78 14.45

1 4.22 4.21 103.01 103.28

2 2.99 2.99 73.57 73.81

3 3.18 3.18 76.90 76.97

4 3.08 3.07 70.20 70.45

5 3.12 3.12 77.05 77.18

6 61.23 61.49

60 3.70 3.68

600 3.45 3.45

a Signals of methylene protons 6 and a were split in the 1H NMR spectrum, and are indicated as 60, 600, a0, a00.
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the substrates (Table 4) whereas on RP-18 sta-
tionary phase the behaviour is reversed. These
results are in agreement with the di�erent polarity
of the stationary phases and the hydrophobic
properties of each compound. Dyes 9 and 10 illus-
trate the high hydrophilic character of glucosyl
moiety.
The structure of dyes were determined by NMR

spectra. Table 2 reports the protons chemical
shifts of azo dyes 4±8. The assignment of the
chemical shifts of the aromatic protons was in
agreement with previous investigations on similar
dialkylaminoazobenzenes [11,12]. In the following
discussion, the bold type letters refer to the for-
mula at the top of Table 2. Protons i (ortho posi-
tion with respect to the dialkylamino group)
undergo shielding e�ects and are thus easily dis-
tinguished from protons e and h (ortho position to
the azo group). Protons d show a chemical shift
intermediate between protons e, h and i, in agree-
ment with the electronic e�ects of the b-hydro-
xyethyl group exerted on protons d. The chemical
shifts of protons e and h are identi®ed by analysis
of the coupling constants with protons d and i
respectively (Jd,e=8.2 Hz, Jh,i=9.0 Hz). The sig-
nals of the aliphatic protons in compounds 4 and 5
are assigned by direct inspection. The length
variation of the aliphatic chain exerts a small e�ect
on the chemical shift of protons i. NMR spectra of
compounds 9 and 10 were recorded in the presence
of D2O to induce H-D exchanges on glucosyl OH
groups for an easier interpretation. 2-D NMR

COSY experiments allowed the chemical shifts
assignments of glucosyl protons. These exper-
iments o�er a means of determining the correla-
tions of pairs of J-coupled nuclei in a molecule by
allowing the observations of cross-peaks [13]. Fig.
3a and b show the spectrum of compound 10,
whose chemical shifts are reported in Table 3
(bold type letters are now referred to the formula
at the top of Table 3). The aromatic signals in the
range 6.66±7.70 are easily interpreted by both the
comparison with the spectra of compounds 4±8
and the observation of the cross-peaks (Fig. 3b).
In the aliphatic region the two triplets at 1.04 and
0.78 ppm correspond to protons l and t, respect-
ively. Actually, the signal at 0.78 ppm shows a
cross-peak with protons s at 1.17 ppm (signals of
protons o±s are overlapped), while the triplet at
1.04 ppm is coupled with the methylene group (k)
at 3.33 ppm. The signal at 1.45 ppm is assigned to
protons n for the presence of two cross-peaks with
protons o and protons m (3.22 ppm). The chemical
shifts of protons m and n are in agreement with
the electron withdrawing e�ect exerted by the
nitrogen atom on the adjacent positions. The
doublet at 4.21 ppm is assigned to the glucosyl
proton 1, bonded to an ``acetalic'' carbon. The
value of the coupling constant J12 (8.0 Hz) is
typical of a trans diaxial constant [14] and con-
®rms a b-glucosyl bond. A cross-peak connects the
signal due to H1 to the apparent triplet centred at
2.99 ppm (proton 2). Protons 3 and 4 give signals
at 3.18 and 3.07 ppm, respectively. Proton 5 gives
a multiplet through coupling with proton 4 and
with the two split and non-equivalent protons 60

(3.68 ppm) and 600 (3.45 ppm), as con®rmed by a
2-D heteronuclear carbon-proton experiment (Fig.
4) (coherence signals between 61.49 ppm and 3.68,
3.45 ppm). Protons 60 and a00 give rise to a com-
plex overlapped signal. The HETCOR experiment
shows the non-equivalence of a0 and a00 (coherence
signals between 69.87 ppm and 3.98, 3.68 ppm), as
expected by the closeness to the chiral centre in the
glucosyl position 1. The multiplet centred at 3.98
ppm is attributed to proton a0, con®rmed by the
two cross-peaks with protons a00 and b (2.90 ppm).
The assignment of 13C spectrum is helped by the
HETCOR experiment. The identi®cation of the
quaternary aromatic carbon is possible by

Table 4

Rf data of compounds 1±10

RP-18 Silica gel

Compounds Methanol Petroleum ether/ethyl

acetate 70:30

BAW

1 0.54 0.85 0.90

2 0.39 0.91 0.90

3 0.21 0.93 0.85

4 0.71 0.18 0.90

5 0.66 0.19 0.80

6 0.65 0.19 0.84

7 0.49 0.28 0.85

8 0.28 0.22 0.90

9 0.84 0 0.70

10 0.61 0 0.76

182 P. Savarino et al. / Dyes and Pigments 47 (2000) 177±188



Fig. 3. Dye 10:1H±1H COSY spectrum: (a) aliphatic region; (b) aromatic region.
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comparing spectra of analogous dyes [15]. The
assignment of the aliphatic carbons is based on
chemical shifts calculated by additive rules of
shielding e�ects [16]. The whole data agree with
the expected structure and con®rm the presence of
only one glucosyl moiety.
The interactions between dyes and the poly-

amide ®bre were studied by recording the dyeing
isotherms. The e�ects of the presence of ``micro-
emulsion precursors'' (SDS, Brij 35 and octanol
mixture) in comparison to surfactants (SDS, Brij
35) were investigated. The applications of ``micro-
emulsion precursors'' in dyeing processes (surfac-
tant+cosurfactant+oil phase in low concentr-
ation range compared to the usual one typical for
microemulsions) are well known [1±5]. In all cases,
the isotherms were linear indicating a dye±®bre
interaction of the Nernst type (Fig. 5). The
straight line slopes represent the Nernst partition

constants K. The presence of the glucosyl group
(dyes 9 and 10) does not change this pattern.
Table 5 shows the values of the Nernst partition
constants in the presence of the additives in order
to highlight the e�ects of ``microemulsion pre-
cursors''. In the presence of SDS±Brij 35 as additives,
with or without octanol, the Nernst constants of
dyes 4±8 decrease with the increase of dye hydro-
phobicity associated with the variation of the ali-
phatic chain length. For all the dyes, the constant
increases in the presence of octanol. Dyes 9 and
10, containing a glucosyl moiety, give rise to a
large decrease of the constants which are in¯uenced
neither by the hydrophobic part of the molecule
nor by the presence of ``microemulsion pre-
cursors''. The glucosyl group, with its great hydro-
philic properties, seems to be a crucial factor in the
dyeing of ®bres because of the capacity to form
stronger dipole±dipole interactions and hydrogen

Fig. 4. Dye 10: 1H±13C HETCOR spectrum.
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bonds with both the polyamide ®bre and the dye-
ing bath. Isotherms show lower K values probably
due to stronger dye interactions with the bath than
with the ®bre. The greater water solubility of dyes
9 and 10 enables the isotherms to be studied with
an halved additives concentration. In this case the
constants show a signi®cant increase. Dye 10 (the
most hydrophobic one) is particularly sensitive
and a threefold increase of K is observed when the
additives concentration is halved.
The dyes were also tested in Linitest laboratory

experiments in order to evaluate their practical
applicability. The dyeing temperature was kept
low (80�C) to avoid possible self levelling phe-
nomena. In these conditions the colour levelling
e�ects exerted by additives are measurable. The
dyed specimens were tested by tristimulus color-
imetry using a well stated methodology [2,3,5,6].
The results are reported in Tables 6±8 in terms of
colour intensity (�E ) and colour uniformity

Fig. 5. Dyeing isotherms. Dye 5: * SDS 0.76 g/l, Brij 35 0.24 g/l; * SDS 0.62 g/l, Brij 35 0.19 g/l, octanol 0.19 g/l. Dye 9: ! SDS

0.76 g/l, Brij 35 0.24 g/l; ! SDS 0.62 g/l, Brij 35 0.19 g/l, octanol 0.19 g/l.

Table 5

Partition constants

Dye Total additives

(g/l)

SDS (g/l) Brij 35

(g/l)

Octanol

(g/l)

K

(l/kg)

4 1 0.76 0.24 ± 367�7
5 1 0.76 0.24 ± 303�7
6 1 0.76 0.24 ± 254�20
7 1 0.76 0.24 ± 187�17
8 1 0.76 0.24 ± 139�10
4 1 0.62 0.19 0.19 405�10
5 1 0.62 0.19 0.19 384�15
6 1 0.62 0.19 0.19 356�18
7 1 0.62 0.19 0.19 229�17
8 1 0.62 0.19 0.19 163�8
9 1 0.76 0.24 ± 42�2
10 1 0.76 0.24 ± 43�3
9 1 0.62 0.19 0.19 40�3
10 1 0.62 0.19 0.19 39�2
9 0.5 0.38 0.12 ± 78�2
10 0.5 0.38 0.12 ± 111�8
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(s�E). The Linitest experiments were carried out
at a liquor to goods ratio 20:1 and 10:1 (Table 6)
with all the dyes. The additives concentration was
kept constant (1 g/l) while the composition of the
additive system was varied to study the in¯uence
of octanol on the levelling. Dyeing uniformity is
generally good (at liquor to goods ratio 20:1) as
shown by the low values of s�E. The presence of
octanol marginally improves the dyeing uni-
formity. Only dye 8, with the longest aliphatic
chain, shows a high value of s�E. The use of liquor

to goods ratio 10:1 gives rise to a general, but
limited, decrease in the colour uniformity.
The more hydrophilic properties of dyes 9 and 10

and their higher dispersibility suggest applications
in low volume of dyeing bath. In these conditions

Table 7

Colour yield (�E) and colour uniformity (s�E)

Dye Total

additives

(g/l)

SDS

(g/l)

Brij 35

(g/l)

�E s�E Bath

exhaustion

(%)

5 1 0.76 0.24 101.5 0.7 98

9 1 0.76 0.24 100.1 0.2 96

7 1 0.76 0.24 93.3 0.7 96

10 1 0.76 0.24 99.9 0.5 59

Table 6

Colour yield (�E) and colour uniformity (s�E)

Liquor to goods ratio 20:1 Liquor to goods ratio 10:1

Dye Total additives

(g/l)

SDS

(g/l)

Brig 35

(g/l)

Octanol

(g/l)

�E s�E Bath exhaustion

(%)

�E s�E Bath exhaustion

(%)

4 1 0.62 0.19 0.19 100.3 0.4 98 99.9 0.5 98

5 1 0.76 0.24 ± 100.1 0.3 96 101.6 0.1 99

1 0.62 0.19 0.19 100.3 0.3 97 101.9 0.2 99

6 1 0.76 0.24 ± 100.8 0.3 93 102.0 0.3 96

1 0.62 0.19 0.19 100.9 0.1 95 102.0 0.4 96

7 1 0.76 0.24 ± 100.6 0.3 70 99.6 0.6 70

1 0.62 0.19 0.19 100.0 0.3 76 98.3 0.6 76

8 1 0.76 0.24 ± 93.7 1.0 48 89.1 1.6 51

1 0.62 0.19 0.19 87.9 1.0 53 91.1 0.3 55

9 1 0.76 0.24 ± 95.4 0.2 69 97.8 0.4 89

1 0.62 0.19 0.19 96.9 0.2 76 99.1 0.1 91

10 1 0.76 0.24 ± 88.4 0.3 43 91.2 0.2 56

1 0.62 0.19 0.19 90.5 0.3 46 91.9 0.3 59

5 0.5 0.38 0.12 ± 101.5 0.4 99 101.8 0.4 99

9 0.5 0.38 0.12 ± 98.5 0.3 82 99.6 0.4 94

7 0.5 0.38 0.12 ± 100.4 0.5 85 100.0 0.6 91

10 0.5 0.38 0.12 ± 92.2 0.3 51 93.0 0.6 64

5 0 ± ± ± 91.4 1.0 *a 96.2 1.1 *

9 0 ± ± ± 85.4 0.7 * 88.7 0.7 *

7 0 ± ± ± 78.6 1.7 * 82.2 3.3 *

10 0 ± ± ± 79.6 2.1 * 79.7 2.5 *

a * Data not reported owing to dye precipitation.

Table 8

Cyclodextrins e�ect on colour yield (�E ) and colour uni-

formity (s�E)

Dye Additive �E s�E Bath

exhaustion

(%)

Liquor to

goods ratio

5 Methyl-b-CD 86.0 0.5 72 20:1

9 Methyl-b-CD 79.8 0.1 58 20:1

7 Methyl-b-CD 92.1 0.2 59 20:1

10 Methyl-b-CD 92.9 0.3 56 20:1

5 b-CD 99.4 0.3 93 20:1

9 b-CD 92.5 0.2 80 20:1

7 b-CD 98.6 0.9 97 20:1

10 b-CD 91.0 3.4 91 20:1

9 Methyl-b-CD 82.1 0.5 61 10:1

9 Methyl-b-CD 82.6 0.3 63 5:1
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(liquor to goods ratio 5:1, Table 7) the increase of
alkyl chain length reduces the colour uniformity,
the same being observed for dyes 5 and 7. The better
performances of dyes 9 and 10 in comparison with
dyes 5 and 7 are due to the presence of the glucosyl
group. Dye 9, with a short alkyl chain and a gluco-
syl moiety, shows the more interesting results.
Tests performed with reduced additives con-

centration (0.5 g/l) provide worse results even at
liquor to goods ratio 20:1 (Tables 6). In the
absence of additive systems the quality of goods is
generally not acceptable with the exception of dye
9. Bath exhaustion is generally high, except for
dyes 8 and 10, but decreases with increasing the
length of the aliphatic chain and increases in the
presence of octanol. The values of bath exhaustion
are correlated with Nernst partition constants
(Fig. 6), since both factors depend on the dye
structure. The presence of a glucosyl moiety gives
rise to lower bath exhaustion as well as lower
partition constants. E�ects analogous to those
already reported for dyes 4±8 are observed in the

case of dyes 9 and 10 concerning both the chain
length and the presence of octanol. The relative
data are not reported in Fig. 6 because dyes 9 and
10 have a di�erent structure.
The dyes 5, 7, 9 and 10 were also tested using

cyclodextrins as additives (Table 8) especially since
this topic has recently been studied in textile
chemistry [6,17±23]. In the presence of methyl- b-
cyclodextrin, dye 9 shows good dyeing uniformity
even at low liquor to goods ratio. This additive
drastically decreases the values of bath exhaus-
tion. Good quality dyeings were obtained using
b-cyclodextrin with dyes 5 and 9 and the values
of bath exhaustion were comparable to those
measured using conventional additives. The dif-
ferent behaviour of cyclodextrins can be correlated
with the possible formation of inclusion complexes
with dyes [6]. Methyl-b-cyclodextrin is more solu-
ble than b-cyclodextrin [24] and generally their
complexes show the same trend. The greater solu-
bility of complexes with methyl-b-cyclodextrin
may explain the lower bath exhaustion.

Fig. 6. Correlation between partition constants and bath exhaustion for dyes 4±8. * SDS 0.76 g/l, Brij 35 0.24 g/l; * SDS 0.62 g/l,

Brij 35 0.19 g/l, octanol 0.19 g/l. Bath exhaustion measured at liquor to goods ratio 20:1.
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4. Conclusions

A family of model azo dyes has been synthe-
sised, characterised and used to study the in¯uence
of additives in the dyeing of polyamide ®bre. The
e�ects depend on the hydrophobic properties of
each molecule and on the presence of a glucosyl
group. This group does not change the linear shape
of the dyeing isotherms. Dipole±dipole interactions
and hydrogen bonds are enhanced both with ®bre
and with bath components, being the latter more
important. As a result, the a�nity of the dye for the
polyamide ®bre is lowered but its dispersibility in
the aqueous phase is enhanced. The presence of the
oil phase (octanol) exerts a small but positive
e�ect on both dyeing uniformity and bath
exhaustion. Cyclodextrins also give positive e�ects
on the quality of dyeings with disperse dyes.
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