


Experimental 

Materials 

Botany wool fabncs knitted from R6412 tex (count 
2128) yams were used. Samples were Soxhlet extracted 
for 2 hours with methylene chloride and rinsed with 
water purified by the Milli-Ro system (Millipore) and 
dried at room temperature. Cornmercially available 
Ciba-Geigy 1 :2 metal complex dye Yellow Lrgalan 2GL 
KWL (C.I. Acid Yellow 129) was selected; its chemical 
structure is given in Figure 1. 

Phosphatidylcholine (PC) was purified from egg 
lecithin (Merck, Darmstadt, Germany) according to 
the method of Singleton (13) and shown to be pure by 
thin-layer chromatography (TLC). Phosphatidyl- 
choline was stored in chloroform under nitrogen at 
-20°C until use. Polycarbonate membranes of400 nm 
and 800 nm, and membrane holders used for liposome 
extnision were purchased from Nucleopore (Pleasan- 
ton, CA). The nonionic surfactant Triton X-100 
(octylphenol with 10 units of ethylene oxide and an 
active matter of 100 %) was supplied by Tenneco S.A. 
(Barcelona, Spain) 

Preparation of Unilamellar Liposomes (LUV) 

Large uuilamellar vesicle liposomes of a defined size 
(400 nm) the PC concentration in bilayers ranging from 
0.25 to 3.0 mmoVl (which corresponds to 0.56 - 6.81 % 
0.w.f.) and the dye concentration ranging from 0.1 to 
1 .O % 0.w.f. were prepared by reverse phase evapora- 
tion method following a previously described method 
(9). After preparation liposome suspensions were 
extruded through 800 and 400 nm polycarbonate mem- 
branes to obtain an uniform vesicle size distribution of 
about 400 nm. (14). The resulting liposome siispensions 
were then left to equilibrate for 15 minutes and imme- 
diately were applied in wool dyeing processes. 

Dyeing Procednre 

Wool knitted samples were treated with LUV liposome 
suspensions freshly prepared at PC concentration rang- 
ing from 0.56 to 6.81 % 0.w.f. (corresponding to 0.25 - 
3.0 mmolll ), the dye concentration remaining constant 
(1.0 % o.w.f.1 or varying the dye concentration (from 
0.1 to 1.0 % 0.w.f.) the PC concentration remaining 
constant at 2.27 % 0.w.f. (which corresponds to 
1 .O mmol/l). The complete correspondence of PC con- 
centrations in percentages 0.w.f. and in mmolll has been 
given in Table 1. 

10 min and dried at room temperature. Laboratory 
dyeing was carried out in a Multi-Mat dyeing 
machine (Renigal, Spain). Likewise, untreated wool 
knitted samples were dyed in the absence of liposome 
using a dyebath containing 5 % 0.w.f. of anhydrous 
sodium siilphate at a constant pH of 5.5 (acetic acid). 
Dyeing conditions were similar than those used for 
dye-liposome systems. 

Dyebath exhaustion was determined by spectropho- 
tometry using a Shimadzu UV-265FW spectropho- 
tometer. Dyebath liposome aliquots (0.5 ml) were 
periodically added to quartz cuvettes filled with 2.0 
m1 oí'aqueous solution of Triton X-100 (2.0 % wlv). 
The interaction between Triton X-100 and liposomes 
resulted in a complete solubilization of lipid vesicles 
via mixed micelles formation (15), turning the lipo- 
some suspensions into a clear solution. Figure 2 
shows the effect of the cleavage of liposomes by Tri- 
ton X-100 on the ahsorption spectra of the dye (PC 
concentration ranging from 2.27 to 6.81 % 0.w.f.). It 
may be seen that the h,,, of the dye used in this study 
did not change in presence of increasing amounts of 
PC in the lipidisurfactant mixed micelles. 

Mean Vesicle Size Distribution and Aggregation 
Measurements of Liposome Suspensions 

Mean vesicle size and polydispersity of the liposome 
preparations were determined by a photon correlator 
spectrometer (Malvem Autosizer 4700c PSIMV). The 
studies of the particle size distribution were made by 
particle number measurements. Samples were adjusted 
to the appropnate concentration range. The ineasure- 
ments were made at 25°C with a detection angle of 90°. 
The aggregation state of the vesicles was estimated as 
a measure of the physical stability of the liposome sus- 
pensions. This was done by monitoring the variation of 
the mean vesicle size distribution of liposome suspen- 
sions as a function of time. 

Bilayer Lipid Composition 

The lipid concentration oF liposomes was determined 
using the Iatroscan MK-5 TLC-FID analyser. Cou- 
pling thin-layer chromatography to an automated 
detection system based on flame ionization detection 
(FID) is a recent innovation, which has considerably 
improved the sensivity of TLC and allows quantita- 
tion of materials. This method has been used to quan- 
tify most kind of lipids from different sources 
(16,17). This is a useful method to quantify lipid mix- 
tures even when these lipids are associated forming 
liposome suspensions in water. 

The dye was applied at a constant pH 5.5 (controlled 
addition of acetic acid) and liquor ratio 30: 1. Dyeing Dye Extraction 
was started at 50°C and the temperature was raised by 
0.9 "1 min to 90°C. Dyeing was continued for 120 The dye bonded superficially to the fibres by non 
min. Thereafter, yamples were rinsed with water for polar forces (hydrophobic interactions, van der Waals 



forces and hydrogen bonds) was extracted with pure 
ethanol at 25°C for 60 min (9). Subsequent extrac- 
tions with ammonia solution (0.5 % vlv at 6@C for 
15 min) stripped the dyc diffused inside the fibre and 
not substantively bonded by ionic links (18). The 
concentration of extracted dye was evaluated in al1 
cases by spectophotometry. 

The percentages of bonded dye in wool fibres are 
expressed by the following equation: 

C, = [(C, - C,) 1 C,] . 100 Ill 

where CB is the reiative percentage of bonded dye (%), 
C, is the amount of adsorbed dye (dyebath exhaustion 
given in mg dye per g wool) and CE is the total amount 
of extracted dye with pure ethanol and ammonia solu- 
tions (mg dye per g wool). 

Optical Microscope Observations 

Some representative yarns and fibres were isolated 
from the wool knitted samples dyed by LUV lipo- 
somes at different lipid concentration (PC concentra- 
tion ranging from 0.56 to 6.81 % 0.w.f.) or using the 
conventional dyeing procediire in the absence of lipo- 
somes. Samples were directly observed using a 
Reichert Polyvar optical microscopy (Leica, Wien, 
A~istria). A 100 W low-voltage halogen lamp was 
iised for illumination of dyed samples. The range of 
magnification used to determine the regularity in the 
distribution of dye in wool surface was from 200 to 
1000 magnifications. In order to assess the changes 
in the dye diffusion into the fibre due to the presence 
of different liposomes, dyed fibres were embedded in 
Imedio resin (Perfecta Chemie B.V. Goes, Holland) 
and cross-sections were cut using a Cuenca wool 
microtome (Ulloa Optico Oftalmología S.A. Madrid, 
Spain). The sections were mounted onto glass slides 
and examined with a Reichert Polivar 2 microscope 
using a 100 W low-voltage halogen lamp for illumi- 
nation of dyed samples. 

Results and discussion 

Stability of Liposome Snspensions 

The possible aggregation of liposome suspensions dur- 
ing dyeing was monitored by measuring the variations 
in the vesicle size distribution and polydispersity of 
these suspensions in the absence of wool samples, using 
a quasi-elastic light scattering method (19). The results 
obtained for PC concentrations ranging from 0.56 to 
6.81 % 0.w.f. (corresponding to 0.25-3.0 rnmolll) and 
constant dye concentration (1.0 % o.w.f.) are giyen in 
Figure 3-A and 3-B respectively. There was a initial fa11 
in the size of vesicles (minimum obtained approx at 30 
min of dyeing) followed by a small rise in the size of 
vesicles during the succesive dyeing steps. The polydis- 

persity index (PI) defined as a measure of the width of 
the particle size distribution obtained from the "cumula- 
tive analysis" remained after treatments always lower 
than 0.15. indicating that the liposome suspensions 
showed a homogencous size distribution during the dye- 
ing process. The presence of increasing amounts of PC 
in liposomes enhanced slightly their stability with 
respect to the aggregation, reducing both the mean par- 
ticle size values and the polydispersity indices dunng 
the overall process. 

Dyeing Kinetics 

We carried out kinetic studies on the dyebath exhaustion 
of the dye-liposomes systems on untreated wool sam- 
ples ai different PCIdye weight ratios. To this end, a 
series of treatments were carried out v q i n g  the PC 
concentration (from 0.56 to 6.81 % o.w.f., which corre- 
sponds to 0.25 -3.0 mmolil), the dye concentration 
remaining constant (1 .O % 0.w.f.). The results obtained 
are plotted in Figure 4-A. Using iiposome suspensions 
the wool dyeing resulted in a inhibition of dyebath 
exhaustion with respect to that obtained in the dyeing in 
tbe absence of liposomes e). Moreover, dyebath 
exhaustion increased as the PC concentration in bilayers 
increased, the maximum being reached for 3.97 % 0.w.f. 
(95 %), which corresponds to 1.75 mmolil. Increasing 
concentration of PC in bilayers resulted in a progressive 
fa11 in dyebath exhaustion. 

A series of treatments were carried out varying the dye 
concentration (from 0.1 to 1 .O % o.w.f.), the PC con- 
centration remaining constant (2.27 % o.w.f., which cor- 
responds to 1 .O mmolll), to determine the influence of 
dye concentration on the dyebath exhaustion of these 
systems. The results obtained are plotted in Figure 4-B. 
It may be seen that dyebath exhaustion increased as the 
dye concentration in liposomes increased, reaching the 
highest value (approx 94 %) for a dye concentration 
ranging between 0.5-0.6 % 0.w.f. Increasing amounts of 
dye in liposomes also resulted in a decrease in the dye- 
bath exhaustion in the relative range of PC and dye con- 
centrations investigated. It is interesting to note that the 
maximum dyebath exhaustion was attained in both cas- 
es approx at the PCldye weight ratio of 4. This means 
that a PC concentration four times higher (in weight) 
than that of dye was needed in tbe dyelliposome sys- 
tems to obtain the maximum dyebath exhaustion in al1 
cases. 

Influence of PCIdye weight ratio in tiposomes on 
the bonding of dye to wool fibres 

111 order to find out whether lipid bilayers as caniers of 
a weaMy polar 1:2 metal complex dye causcd changes 
to dye-fibre bonding forces after dyeing, extractions by 
pure ethanol (9) and ammonia solutions (18) were per- 
formed on samples dyed at different PCldye weight 
ratios. The results corresponding to the adsorbed dye 
(dyebath exhaustion given in mg dyelg wool), the 



extracted dye by pure ethanol and ammonia (mg dyelg 
wool) and bonded dye (percent values derived by eqn 1) 
for the application of liposomes at PC concentrations 
ranging from 0.56 to 6.81 % 0.w.f. (which corresponds 
to 0.25-3.0 mmoiíl) at a constant dye concentration 
(1.0 % 0.w.f.) are indicated in Table 1. As aforemen- 
tioned, the PC concennations have been given in this 
Table both in percentages 0.w.f. and in mmol/l in order 
to facilitate correlation of these data. Fuahermore, the 
results corresponding to the application of liposomes at 
constant PC concentration (2.27 % o.w.f., which corre- 
sponds to 1.0 mmoVI), varying the dye concentration 
from 0.1 to 1 .O % 0.w.f. are also given in Table U. 

In general terms, the amounts of extracted dye from 
samples dyed in the absence of liposomes (given in 
the first line on Table 1 and indicated as O % PC con- 
centration) were higber that those extractcd from sam- 
pies dyed in the presence of these structures. Further- 
more, the amounts of extracted dye using ammonia 
solutions were always higher that those extracted with 
pure ethanol, which showed very small values in al1 
cases. 

The amounts oS extracted dyc in both Tables were close- 
ly connected with the PCldye weight ratios in liposomes. 
Thus, the higher the concentration of PC in bilayers the 
lower the amoiints of extracted dye in both extractions 
(Table 1) and the higher the concentration of dye in lipo- 
somes the higher the amounts of extracted dye in these 
extractions (Table Ii). It is noteworthy that tbe amounts 
of extracted dye versus PC concentration (Table 1) were 
in al1 cases lower that those reported for similar extrac- 
tions in wool samples dyed with milling acid dyes via 
unilamellar and multilamellar liposomes (9). These find- 
ings are consistent with tbe higher level of fixation in 
wool exhibited by the 1:2 metal complex dyes with 
respect to that reported for milling acid dyes (1). 

The decreasing amounts of siripped dye with ammonia 
versus PC concentration of liposomes could be attrib- 
uted to the increasing contribution of the nonpolar inter- 
action in the dye-fibre bonds. This finding underlines 
the important role played by PC in the hydrophobic 
interactions between the dye and hydrophobic regions 
within the fibre, which, as aforementioned, are essential 
in the snbstantivity of this type of dye. 

Tables 1 and 11 also show the percentages of dye bond- 
cd to the fibre (derived by eqn 1). The presence of 
increasing amounts of PC enhanced the percentages of 
total bonded dye until achieve a maximum percentage 
for the higher PC concentration (Table 1). Likewise, 
Table Ii shows that a maximum in the percentage of 
bonded dye was achieved for a dye coiicentration rang- 
ing from 0.5 to 0.6 % o.w.f., despite the fact that increas- 
ing dye concentrations in bilayers increased the amount 
of extracted dye. This percent range corresponds 
approximately to thc PCldye weight ratio of 4. 

Compaison of Figures 4-A and 4-B with Table 11 shows 
that, both the maximum dyebath exhaustion and the 

maximum percentagc of bonded dye were attained a t a  
PCidye weight ratio in liposomcs of about 4. These 
findings confirm the impoaance of this ratio both in the 
transport and adsorption of the dye on wool and in 
the subsequent bonding of dye into the fibre. 

The wash fastness of dyed samples in the absence or the 
presence of liposomes was determined using the IWS 
TM 193 test method (corresponding to ISO 105:C06 
(1978) and UNE 40-120-81). Tbe samples having tbe 
higher percentages of bonded dye (Tables I and 11) also 
showed better levels of fastness (4 or higher). Thus, in 
general, the higher tbe PC concentration in bilayers tbe 
better the colour fastness of dyed samples. In addition to 
that, the samples dyed at the PCldye weight ratio of 4 
(corresponding to the maximum dyebath exhaustion, 
diffusion and bonding into the fibres) for each PC con- 
centration investigated also showed the best level of 
fastness. The samples that showed the best wash fast- 
ness also attained a good level of xenon arc fastness (6 
or higher)(ISOíR 105 (V), Part 2a, corresponding to 
UNE 40-187-73). The wash fastness and xenon arc fast- 
ness levels of dyed smples are also indicated in Tables 
1 and U 

In order to abtain additional information about the dis- 
tribution and diffusion of dye into the fibre optical 
microscopy observations were carried out of samples 
dyed in the absence or in the presence of liposomes 
using different PC concentrations at a different PCldye 
weight ratios. These observations revealed that the use 
of these bilayer structures resulted in more regular dis- 
tribution of dye on the surface of wool fibres. The pres- 
ente of increasing amounts of PC in liposomes 
increased the regularity in the distribution of dye on the 
surface of fibres. In addition to that, the use of lipo- 
somes at the PCidye weight ratio of 4 resulted in the best 
regularity results. The analysis of cross-sections of 
fibres also showed that the presence of increasing con- 
centralions of PC in bilayers slightly rose the diffusion 
of dye into the fibre as well as the regularity in the dis- 
tribution of dye on the wool surface. In a parallel way, 
the use of liposomes at PCIdye weight ratio of 4 also 
resulted in the best diffiision of dye into the fibre. As a 
coiisequence, these findings confirm the suitability of 
this specific weight ratio in the improvenent of the dif- 
fusion of dye into the wool fibre. 

The main contribution of this paper is to extend the 
application of liposomes in wool dyeing to the 1:2 met- 
al complex dyes, widely used in the textile industrie, 
using a lipid concentration similar to that used for con- 
ventional additives (ammonium siilphate, glauber's 
salts, albegal, etc). This method modulates the dyebath 
exhaustion on untreated wool samples and improves 
both the dye-fibre bonding forces, in particular at the 
PCldye weight ratio of about 4, also improving the dye 
distribution on the wool surface and its diffusion into the 
fibres. Under a practica1 viewpoint a CRAFT project 
has been undertaken by different european textile indus- 
irics rp::iiiliic.d in wool rr.cnolo(~) i i i  or,lcr tu  apply this 
icci1~1111~i~i~I I I I I I ~ \ : S I I ~ J ~ I  bi ind~~~rri :~l  lc\cl (201. 
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