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Reactivity and effects of cyclodextrins in textile dyeing
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Abstract

Four- to 10-fold improvement of colour uniformity and minor changes of colour yield have been found upon dyeing
Nylon 66 and microfiber Nylon 6 fabrics in the presence of cyclodextrin compared to dyeing without it. 'H NMR data
supported the role of cyclodextrin as dye complexing agent. Product quality, however, was also dependent on fabric
nature, since for conventional Nylon 6, color uniformity was not improved by the presence of cyclodextrin systems.
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1. Introduction

Cyclodextrin (CD) systems yield complexes with
many organic compounds [1-14], and in some cases
this property has been exploited for the development
of commercial products. CD is also promising for
textile dyeing [15-22], inasmuch as it may help
improving color yield and uniformity. From this
perspective, we report here spectroscopic evidence
for the formation of CD complexes with dyes 1 and
2, as well as the effect of B- and y- CD on the dyeing
of polyamide fibers according to their isotherms
and/or Linitest experiments.

2. Material and methods

B- and y-CD were kindly supplied by Wacher-
Chemie GmbH. In the text, Ad=6,-9,,0 = proton

* Corresponding author.

chemical shift; for dye 1, 9; is the value recorded
at 1x1072 M dye concentration in D,O in the
presence of CD, 0, is the value for the same pro-
ton at the same dye concentration, but in the
absence of CD; for CD protons, 9; is the value
recorded at the above dye concentration, &, is the
value recorded for the same proton in the absence
of dye 1 at 0.5x1072 M B- and y-CD concentra-
tion in D,O. All measurements were performed at
70+£0.5°C on a Jeol EX 400 spectrometer, using
the signal of zer-butyl alcohol as external reference.
Quantitative dyeing measurements were per-
formed using the experimental system following
the procedure described in Ref. [23].
Technological qualitative dyeing tests were car-
ried out on a Linitest apparatus (Hanau-Ger-
many) at a liquor to goods ratio 20:1, at 1% depth
(percentage of dye on the weight of textiles), and
at pH 4.1 (acetate buffer 0.1 M). Previously wetted
polyamide patterns were introduced into the dye-
bath at 40°C and the temperature raised to 80°C
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over 20 min and maintained for 1h. The dyed fibre
was then removed, rinsed and dried in hot air. The
specimens were evaluated by means of colour mea-
surements. The results (Table 1) are reported as the
mean colour difference (AE) between dyed and
undyed fabrics to evidence colour intensity. The
colour uniformity was evaluated by means of the
standard deviation (c,g) of the mean AFE values.
Statistical treatment of data in Table 1 was per-
formed according to literature procedures [24]. All
other details are as previously reported [25].

3. Results and discussion

Evidence for the formation of CD complexes was
readily obtained by 'H NMR spectroscopy. CD has
a toroid structure 3, with the 3’ and 5 CH protons
lying in the enclosed cavity, the 1,2’ and 4’ CH pro-
tons located on the outer surface, and the 6/ CH,

Table 1
Colour yield (AE) and colour uniformity (o,g) by Linitest for
different fabrics versus dye/CD mole ratio

Fabric* Dye CD [Dye]/[CD] AEY o, N9 CL%® CL%"

Ny66 1 1026 04 7
Ny66 1 B 1.6 1027 02 7 90.0
Ny66 1 v 1.8 1020 0.1 7 99.5 99.0
Ny66 2 712 21 7

Ny66 2 B 0.84 75 1.7 7

Ny66 2 B 1.7 69.6 56 7 975
Ny66 2 v 0.95 698 62 7 99.0
Ny66 2y 1.9 747 02 7 995  99.0
Ny6 2 790 1.0 5

Ny6 2y 1.9 750 8.0 5 99.0
Ny6 2 v 0.95 770 4.0 5 99.0
Ny6M 2 700 4.0 5

Ny6M 2 v 1.9 700 4.0 5

Ny6M 2y 0.95 710 1.0 5 99.5  99.0

4 Ny, Nylon; M, microfiber.

® Mean color difference.

¢ Standard deviation for AE mean value.

4 Number of determinations to calculate AE.

¢ Confidence level for the statement of inequality of the AE
value compared with the corresponding value for the same
fabric and dye in the absence of CD.

f Confidence level for the statement of inequality of the var-
iance 6AFE) value compared with the corresponding value for
the same fabric and dye in the absence of CD.

protons being capable of facing both the inner and
the outer space. These protons are good probes for
indicating the nearby presence of the interaction with
a foreign molecule, occurring either in the inner cav-
ity of the CD ring or on the outer surface, inasmuch
as their NMR chemical shift (3) changes [3-6,10,13].
The '"H NMR spectra of the B- and y-CD-dye 1
solutions in D,0O recorded at 0.0, 0.5, 1.0 and 2.0
CD/dye mole ratio exhibited two main features.
Relative to the spectra for the authentic com-
pounds at the same concentration (see Materials
and methods), in the spectra of the mixtures the
number of signals did not change, but a change of
chemical shift (66) occurred for all protons upon
increasing the CD/dye mole ratio, and reached the
highest value at 1.0 B-CD/dye-1 or at 0.5 y-CD/
dye-1 mole ratio. Also, at higher mole ratio, Ad
values for the dye protons did not change sig-
nificantly, whereas AJ values for CD protons
decreased. This behavior is explained with the
establishment of the equilibria (1) and (2):
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The absence of separate signals for unreacted and
reacted reagents indicates that products I and II
are complexes, and that fast exchange occurs
between complexed and free reagent molecules.
Specifically, the highest Ad values for dye 1 in the
presence of B-CD were 0.5 for CHs, 0.39 for H4,
0.19 for H3, 0.11 for H2, 0.08 for H1, and in the
presence of y-CD 0.26 for CHjs, 0.17 for CH», 0.01
for H4, 0.01 for H1, —0.06 for H2, —0.21 for H3.
Peak A values for B-CD were — 0.09 for H3', —0.10
for HY, —0.12 for H6', —0.05 for H1’, —0.02 for
H2', 0.0 for H4', and for y-CD—0.10 for H5', —0.09
for H6', —0.09 for H3', —0.04 for Hl’, —0.04 for
H2', —0.01 for H4'.

In dye 1 B-CD solutions, the chemical shift of the
dye CH, protons undergoes the largest change, and
its resonance signal is masked by the f-CD proton
signals. Analysis of the Ad values above, reveals
that the protons in dye 1 are deshielded due to the
interaction with the B-CD, and the deshielding

(@)

order (CH, > CH3>H4>H3>H2>H]1) indicates
that the diethylamino group is the site directly
involved in the complex formation reaction. At the
same time, B-CD protons are shiclded as a result of
the anisotropic effect of the aromatic rings in the
dye molecule. The most shielded protons are in
this case H5', H3 and H6’, suggesting inclusion
of the dye molecule in the inner cavity of the B-
CD ring, according to equilibrium Eq. (1). Spec-
trophotometric measurements at 490 and 520 nm
allowe calculation to be made of the dissociation
constant (Ky) of complex I [2]. The data indicated a
quite stable complex (Kg=1.0x10"% M at 30°C)
which undergoes a slightly increasing dissociation
with increasing temperature (Kg=3.2x10"% M at
70°C). Similar measurements for complex II were
not attempted, since a more complex dissociation
scheme was expected, due to its stoichiometry.

For the interaction of dye 2 and B- or y-CD,
interpretation of the dye proton NMR spectrum
could not be accomplished due to broad dye proton
signals before the addition of CD. The broadening
of the signals must be related to exchange phenom-
ena in D»O solution; in dimethylsulphoxide solu-
tion, the signals show normal behaviour. Data for
CD protons, however, supported the formation of
inclusion complexes in this case. The addition of CD
to dye 2 gave rise to variation of the chemical shifts
of the cyclodextrin protons, with the same beha-
viour as previously reported. Peak Ad values for -
CD were —0.05 for H3’, —0.12 for H5’, —0.09 for
H6', —0.05 for H1', —0.04 for H2/, —0.02 for H4/,
and for y-CD —0.10 for HY, —0.10 for H6’, —0.08
for H3’, —0.05for H1’, —0.06 for H2, —0.03 for H4'.

Explorative dyeing isotherms exhibited typical
Langmuir shape. The presence of cyclodextrins
appeared to lower the maximum dye uptake, as
shown in Fig. 1 for Nylon 6.6 and dye 1, and for
microfiber Nylon 6 and dye 2.

Laboratory tests on the Linitest apparatus were
then performed for a higher number of cases
(Table 1). The liquor bath contained a constant dye
concentration, but the dye/CD mole ratio was varied
over the range indicated by NMR spectroscopic
measurements for the formation of 1:1 and 2:1 dye/
CD complexes. The results appear contradictory.
Dyeing of Nylon 6.6 in the presence of either - or y-
CD, respectively, at 1.6 and 1.8 dye/CD mole ratio,
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Fig. 1. Dye uptake by fabric (Cg) versus dye concentration in liquor bath (Cs) at 80°C and pH 4.16 for the following systems: nylon
66—dye 1 (*); nylon 66-dye 1 1 g/l B-CD (@); microfiber nylon 6-dye 2 ([]); microfiber nylon 6-dye 2 0.5 g/l y-CD (H).

shows improved dyeing uniformity (from two to
four fold lower o, g) compared to dyeing in absence
of CD. The effect is more significantly (confidence
level 99%) marked with y-CD than with B-CD
(confidence level 90%), although in the former case
the average color yield AE) appears slightly lowered.
Also, dyeing of Nylon 6 microfiber and Nylon 66 by
dye 2 confirmed y-CD to yield better dyeing uni-
formity than B-CD compared to dyeing in absence of
CD. However, the dyeing quality does not appear to
correlate with the dye/CD mole ratio in the liquor
bath, i.c. ten fold lower o 4 £ for Nylon 66 at 1.9 dye
2/vy-CD mole ratio, four fold lower G, for micro-
fiber Nylon 6 at 0.9 dye 2/y-CD mole ratio, and no
effect for this latter system at the higher dye 2/y-CD
mole ratio. Corresponding changes in colour yield
are significant, but the amount of change is relatively
minor. Decreasing of dyeing uniformity occurred
vice versa for conventional Nylon 6 with dye 2 and -
CD at all experimental dye/y-CD mole ratio values,
and in a few other cases, as indicated in Table 1.

4. Conclusions

The data obtained show that both B- and y-CD
may yield inclusion complexes with dye molecules,
but only the latter has been proven effective for
controlling dyeing uniformity. Particularly rele-
vant is the improvement of dyeing uniformity
shown with dye 2 and microfiber Nylon 6, in view
of the fact that both dye and fiber are known for
their tendency to yield unlevel dyeings [25].
Although the positive effect of y-CD could be
related to the relative stabilities of the dye y-CD
complexes, and to the relative rates of release of
the dye molecule from the complex and of diffu-
sion through the fiber, the cases exhibiting no
effect or negative effect by y-CD imply a con-
tribution of the nature of the fiber in the dyeing
process. Nevertheless, CD appears to have poten-
tial for useful application in dyeing technology,
and further development of dye-CD systems
seems worthwhile.
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