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The use of multilamellar lipid vesicles as carriers of disperse dyes on wool fibres has been studied. 
Liposomes made from egg phosphatidylcholine containing the anthraquinone dye CI Disperse Violet 
1 at different phospholipidldye concentrations were used. The physical stability of these systems was 
assessed by measuring the mean vesicle size distribution of lipid vesicle suspensions after 
preparation and during dyeing. Kinetic aspects involving dye adsorption' and bonding on untreated 
and chlorinated wool samples by means of the liposomes at different dyellipid ratios were also 
investigated. This process led to the controlled dye exhaustion on wool, directly dependent on the 
relationship between the dye and lipid components, with a clear improvement in the dye-fibre 
bonding forces and in the dispersing efficiency, compared with conveniional dispersing agents. The 
optimum dye exhaustion was reached for the dyelphospholipid concentrations 0.53 and 1.0 mmolll 
respectively. The maximum amounts of dye bonded on untreated wool fibre were obtained for the 
same dyeilipid molar ratio. However, chlorinated wool samples showed a slight decrease in the total 
bonded dye as the chlorination level increased. 

INTRODUCTION 
Phospholipid vesicles or liposomes are interesting 
structures that have come into widespread use as models 
for biological membranes and as delivery systems where 
encapsulation and protection of hydrophilic and lipophilic 
substances are required [1-6]. Aithough initially slow to 
exploit liposome technology, the textile industry has now 
produced a wide variety of innovations using the basic 
principles of targeting, slow release and protection of 
sensitive chemicals, principaiiy in dyeing and finishing 
[7,81. 

One area of potentiai application of liposomes is in the 
dyeing of wool and its blends (particularly wool/polyester) 
with disperse dyes. Aithough disperse dyes have good 
affinity for protein fibres, they have not been used 
hitherto for wool[9]. Irregular staining and, in some cases, 
poor wash fastness are the main disadvantages of these 
dyes for wool dyeing. The correct choice of disperse dye 
and dyeing conditions, and the use of a suitable carrier are 
ail very important factors in preventing irregular staining, 
which is particularly pronounced when dyeing wooW 
polyester blends [IO]. 

Barni reported the use of 'double-tailed' surfactants 
suitable for the preparation of synthetic vesicles in the 
dyeing polyester with disperse dyes, resulting in good 
levelling and in a faster rate of dye migration [ll]. 
Likewise, liposomes have been investigated as vehicles of 
the oxidative reagent in wool chlorination [12]. 

We previously described the use of large uniiamellar 
phosphatidylcholine liposomes as carriers in commercial 
dyeing of untreated wool using a miliing acid dye [7j. The 
aim of the present work was to investigate the possibiüties 
of using liposomes as carriers of anthraquinone disperse 

dyes to improve the dye exhaustion and dye-fibre 
bonding on wool without resorting to dispersing agents. 
In this connection, we describe work on the physical 
stability of multilamellar vesicle (MLV) liposomes 
containing an anthraquinone disperse dye at different 
dye/phospholipid molar ratios. The application of these 
structures in dyeing of untreated and chlorinated wool 
fibres has also been examined, focusing on the kinetic 
aspects of dye adsorption and the dye-fibre bonding 
forces on wool fibres. 

EXPERIMENTAL 

Materials 
Botany wool fabrics knitted from R6412 tex (count 2/28) 
yarns were used. Samples were Soxhlet extracted for 2 h 
with methylene chloride and rinsed with water purified 
by the Milli-Ro (Millipore) system and dried at room 
temperature. 

The disperse dye Oracetblau ZR (Merck, CI Disperse 
Violet 1) was used; its structure is given in Figure 1. This 
dye was selected as being a typical anthraquinone 
disperse dye, spahgly soluble in water (0.3 mgil at 25°C) 
and needing a high concentration of surface-active agent 
to be dispersed (17 mgil in 1% sodium oleyl-p-anisidide 
suiphonate solution (Lissapol LS)) [13]. 

Phosphatidylcholine (PC) was purified from egg 
lecithin (Merck) according to the method of Singleton [14], 
and shown to be pure by thin layer chromatography 
Polycarbonate membranes of 400 and 800 nm, and 
membrane holders used for liposome extrusion were 
purchased from Nucleopore (Pleasanton CA). 
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Figure 1 Chernical structure of CI Disperse Violet 1 (Oracelblau ZR) 

The nonionic surfactant Triton X-100 (octylphenol with 
ten units of ethylene oxide) was specially prepared by 
Tenneco Esparïa SA. The sodium hypochlorite solution 
was an 80 g/l active chlorine solution obtained from Carlo 
Erba. The other chemicals used throughout were of 
laboratory-reagent quaiity 

Preparation of MLV liposomes 
MLVs of a defined vesicle size (400 nm), at different dye 
and phospholipid concentrations (0.25-1.0 mmoM and 
0.50-2.50 mmoU respectively), were prepared foiiowing a 
method described by Bangham [15]. A film was formed by 
removing the organic solvent from a chloroform/methanol 
2:l solution of egg phosphatidylcholine/dye by rotary 
evaporation in a nitrogen atmosphere and low vacuum 
47 kPa (350 mm Hg). An aqueous phase containing 5% 
sodium sulphate and acetic acid (pH 5.5) was added to the 
lipid film. The solutions were then swirled by hand to 
remove the iipid from the walls of the flask and to disperse 
large lipidldye aggregates; glass beads were added to 
faalitate dispersion. The resulting miiky suspensions were 
vortexed for 5 min and sonicated for 15 min at 30°C and 
75 W (Labsonic 1510 B, Braun). Liposome suspensions 
were extruded through 400 and 800 nm polycarbonate 
membranes to obtain a uniform size dishibution [16]. After 
preparation the resulting liposome suspensions were left 
to equüibrate for 15 min and immediately applied in wool 
dyeing processes. 

Dyeing procedure 
Knitted wool samples were treated with MLV liposome 
suspensions freshly prepared at different dye/ 
phospholipid molar ratios in the phospholipid con- 
centration range 0.5-2.5 mmoM. The dye was applied at 
0.5-2.0% o.w.f., which corresponded to a dye 
concentration range of 0.26-1.0 mmoM, with 5% 0.w.f. 
anhydrous sodium sulphate, acetic acid at pH 5.5 and at a 
liquor ratio of 60:l. 

Dyeing was started at 50°C and the temperature was 
raised by 0.9 depcimin to 90°C. Dyeing was continued for 
120 min. Thereafter samples were rinsed with water for 10 
min and dried at room temperature. Laboratory dyeing 
was camied out in a Multi-Mat dyeing machine (Renigal). 

Dyebath exhaustion was determined by spectro- 
photometry using a Shimadzu UV-265FW spectro- 
photometer. Liposome aliquots (0.5 mi) were periodically 
added to quartz cuvettes filied with 2 ml aqueous solution 
of Triton X-100 (20 g/l), supplemented with sodium 
sulphate (5%). The interaction between the nonionic 

surfactant Triton X-100 and iiposome structures resulted in 
solubiisation of phospholipid vesicles via mixed micelle 
formation [17,18], turning the liposome suspension into a 
clear solution. 

The effect of the cleavage of iiposome vesicles by Tnton 
X-100 on the absorption spectra of the CI Disperse Violet 1 
in the lipid concentration range studied did not change 
the La, value of the dye in the presence of these 
phospholipid/surfactant structures. 

Determination of encapsulation efficiency and mean size 
disûibntion of liposome vesicles 
The maximum amounts of dye dispersed with the MLV 
liposomes is defined as the weight ratio between the 
dispersed dye and the phospholipid in liposomes, K, and 
was determined spectrophotometrically. After prepar- 
ation, liposome suspensions were left to equiiibrate for 
12 h. Afterwards vesicle suspensions were spun at 5000 
rev./min for 15 min at 25°C in order to remove the 
unencapsulated dye. Finally the concentration of 
dispersed dye was evaluated by spectrophotomehy after 
the destruction of the supernatant lipid bilayers by 
addition of Tnton X-1W (17,181. 

Mean vesicle size and polydispersity of the liposome 
preparations were determined by a Photon correlator 
spectrometer (Malvern Autosizer 4700c P S W ) .  Particle 
size distribution was studied by particle number 
measurements. Samples were adjusted to the appropriate 
concentration range. The measurements were made at 
20°C with a detection angle of 904 

Aggregation measurements 
The aggregation state of the vesicles was estimated as a 
measure of the physical stability of the liposome 
suspensions. This was done by monitoring the variation of 
the mean vesicle size distribution of liposome suspensions 
as a function of time. 

Phosphorus estimation of liposomes 
The phospholipid concentration of liposomes was 
determined by the ascorbic acid spectrophotometric 
method for total phosphorus estimation [19]. 

Dye extraction 
The dye bonded superficially to the fibres by non-polar 
forces (hydrophobic interactions, van der Waals forces and 
hydrogen bonds) was extracted with pure ethanol for 60 
min at 25°C r7]. Subsequent extractions with ammonia 
solution (0.5% for 15 min at 60°C) stripped the dye 
diffused inside the fibre and bonded ionically [13J. 

Wool fibre chlorination 
Wool samples (1 g) were treated with different 
concentrations of sodium hypochlorite solutions (0.35-2.8 
gil chlorine), after adjusting the pH of solutions to 1.5 with 
hydrochloric acid (KCVIICI buffer). The treatments were 
carried out for 15 min at 25°C with constant stirring in a 
closed bath. After the treatments the sarnples were rinsed 
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with water and treated with sodium metabisulphite (1%) 
at a liquor ratio of 30:1 for 5 min to remove the excess 
oxidising agent. The chlorinated wool samples were then 
rinsed in water purified by the Milli-Ro system and dried 
at room temperature. The concentration of active chlorine 
in the sodium hypochlorite solutions was determined 
using the iodometric method [20]. 

RESULTS AND DISCUSSION 

Encapsulation efficiency of MLV Liposomes 
The maximum amount of CI Disperse Violet 1 dispersed 
with the MLV liposomes was diiectly proportional to the 
phospholipid concentration in bilayers over the con- 
centration ranne studied. From this correlation. the 
corresponding~dye/phospholipid weight ratio K' was 
found to be 0.24. The use of liposomes resulted in a large 
increase in dye dispersion efficiency compared with that 
of the conventionai dispersing agent normally used for 
this dye [13]. 

Stability of liposome suspensions 
The possible aggregation of liposomes during dyeing was 
monitored by measuring the variations in mean vesicle 
size using a quasi-elastic light scattering method [21]. The 
results obtained for liposome suspensions at the K ratio of 
0.24 and phospholipid concentrations ranging from 0.5 to 
2.5 mmoIA are given in Table 1. This shows a small increase 
in particle size during dyeing, the polydispersity indices 
remaining below 0.15 after treatment. This increase was 
slightly more noticeable at low phospholipid 
concentrations, where the mean vesicle size was 
maintained at around 400 nm and the polydispersity 
indices below 0.22 for more than 24 h. 

Dyeing kinetics 
Kinetic studies of dye exhaustion on untreated and 
chlorinated wool sam;l& in the presence of MLV 
liposomes were carried out at diierent dyelphospholipid 
molar ratios. Figure 2 plots the exhaustion kinetics on 
untreated wool samples in the presence of liposomes at 
different phospholipid concentrations, with the dye 
concentration (0.53 mmoM) remaining constant. In- 
creasing the lipid concentration in the bilayers retarded 
the rate of dyeing, the maximum exhaustion (93%) being 
reached at the lowest bilayer lipid concentration (0.5 
mmoIA). 

Figure 3 shows the dyeing kinetics of untreated wool 
samples in the presence of liposomes at dye concen- 
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Figure 2 Plot of exhaustion rate oi Cl Disperse Violet 1 on untreated 
wool in dyeing using liposomes at different lipid concentrations and 
constant dye concentration (0.53 mmol/l) 

Table 1 Mean patticle size distribution of liposomes during dyeinga 

Liposome propetties at lipid concn in range 0.C2.5 rnmolil 

Mean vesicle size (nm) Poiydispersity index 

Time 
(min) 0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5 
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Figure 3 Piot of exhaustion rate of CI Disperse Vioiet 1 on untreated 
wool at different dye concentrations and constant phospholipid 
concentration (1 .O mmolll) 

trations ranging from 0.26 to 1.0 mmolil, the phospholipid 
concentration remaining constant (1.0 mmolB). A clea 
inhibition in dye exhaustion was also observed as the dye 
concentration in liposomes was increased. Thus the 
maximum exhaustion (90.5%) was obtained at 0.53 mmolil 
dye concentration (10 mg dyelg wool). Increasing the 
amount of dye in the liposomes resulted in a decreased 
dye exhaustion, the minimum being obtained for 1.0 
mmolil dye (20 mg dyelg wool). 

Similar kinetic studies were carried out with MLV 
liposomes using chlorinated wool samples at different 
chlorination levels, the dye and phospholipid con- 
centrations remaining constant (0.53 and 1.0 mmol/l 
respectively). For this purpose wool samples were treated 
with sodium hypochiorite solutions at different chlorine 
concentrations and pH 1.5, as indicated above. The results 
obtained show that the rate of dyeing depended on the 
level of chlorination of the wool, and in tum the amount 
of cysteic acid present. Initially dye exhaustion increased 
more sfowly than on untreated samples, although in the 
last stage of the dyeing this behaviour was reversed. From 
optical microscope observations of dyed samples, a 
regular dye distribution on untreated and chlorinated 
wool samples was observed in all cases, especially when 
using liposome suspensions at the dye/phospholipid 
molar ratio corresponding to the maximum dye 
exhaustion. 

Influence of liposomes on bonding of dyes on wool 
In order to find out whether liposomes as dye carriers 
caused changes to dye-fibre bonding forces after dyeing, 
dye was extracted from the samples using ethanol [7] and 
ammonia [13]; the results are given in Tables 2 and 3. in 
general ethanol extracted, in al1 cases, larger amounts of 
dye than did the ammonia solutions. This could be 
attributed to the high solubility of the dye in ethanol as 

Table 2 Amounts of adsorbed, extracted and bonded dye alter 
dyeing using liposome suspensions at different iipid 
concentrationsa ,. . ,  

Extracted dyeb 
Lipid Adçorbed dye Bonded dye 
concn (mg dyel (mg dyel 
(mmolll) g wool) A B g wooi) 

a U/e conco O 5'3 r r n o  coriezpolc og tu 10 nig ajt g nvo 
o A s mg o,e g na0 iorcekirac'eo o, pifee'n3no 7 B s rrg a ,eg  

a 0 0  f o i e  exirac'eo O ,  ann.i a 1131 

Table 3 Amounts of adsorbed, extracted and bonded dye aiter 
dyeing using liposomes at 1.0 mmoill phospholipid concentration 
and diiierent dye concentrations 

Extracted dyea 
DY@ Adsorbed dye Sonded dye 
concn (mg dyel (mg dyel 
(mmolll) g wooi) A B g wool) 

a Sse Table 2 

weli as to the presence of dye superficially bonded to the 
fibres by non-polar forces. However, the fact that very 
small amounts of dye were extractable with ammonia 
could be attributed to the important contribution of the 
non-polar forces in the dye-fibre bonds. These 
interactions, especially those that are hydrophobic in 
nature, may play an important role in dye-fibre bonding 
inside the fibre. 

Bearing in mind the data, it should be pointed out that, 
at constant dye concentration (0.53 mmolil), increasing 
the amount of lipids in liposomes resulted in decreased 
dye extraction with pure ethanol, whereas ammonia 
extractions showed very low values in ali cases. However, 
inaeasing the amounts of dye in liposomes at a constant 
lipid concentration (1.0 mmolB) yielded an increased 
extraction of dye with pure ethanol, the ammonia 
extraction values being also practically negligible in al1 
cases (Table 3). With chlorinated wool fibres, ethanol 
extractions rose as the chlorine levels of treated samples 
increased. The ammonia dye extractions also showed 
negligible values (results not shown). 
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Tables 2 and 3 also show the amount of bonded dye on 
wool fibres, given as a difference between the amounts of 
adsorbed dye and total dye extracted from unheated 
wool samples after heatments with these dyehposome 
systems. The maximum amounts of bonded dye in the 
presence of liposomes were obtained at a phospholipid 
concentration 1.0 mmoH and a dye concentration 10 mg 
dyelg wool (0.53 mmoll). The weight ratio Kwas, in this 
case, 0.25, similar to the value at which these systems 
achieved the highest encapsulation efficiency (0.24). 

The maximum amount of dye bonded to chlorinated 
wool samples was obtained at the lowest level of wool 
chionnation. However, samples treated at higher chlorine 
concentrations (0.1-0.28%) showed similar amounts of 
bonded dye in all cases (results not shown). 

CONCLUSIONS 
A new method of wool dyeing using the anthraquinone 
disperse dye CI Disperse Violet 1 in the presence of 
multilamellar vesicle (MLV) liposomes has been 
investigated. It offers the potential to improve both the 
dye exhaustion and the dye-fibre bonding forces on wool. 

The maximum encapsulation efficiency of MLV 
liposomes correspond to a dyelphospholipid weight ratio 
0.24, showing that the use of liposome suspensions can 
result in considerably improved dye dispersion efficiency 
compared with that of conventional dispersing agents 
[13]. MLV liposome suspensions at pH 5.5 were stable 
during the dyeing process over the range of phospholipid 
concentrations studied. 

The dye exhaustion on untreated wool fibres was 
directly dependent on the phospholipid concentration of 
bilayers and the total amount of dye dispersed by these 
systems. The maximum amounts of total bonded dye 
with liposomes were obtained at the same dyel 
phospholipid concentrations at which liposomes reached 
the maximum dyeing exhaustion. This ratio also 
corresponded approximately to the weight ratio at which 
this system reached the maximum encapsulation 
efficiency. 

The dyeing of chlorinated wool samples with 
liposomes resulted also in improved dye exhaustion, 
which depended also on the relative dyeilipid concen- 
trations in the liposomes. Increasing the level of 

chlorination resulted in improved final dye exhaustion. 
However, the maximum .amounts of bonded dye were 
obtained at the lowest lev<l&f chlorination. 

The use of liposomes enables the lipid concentration 
needed to form a dye dispersion to be dramatically 
reduced compared with more conventional methods. 
This method could also be investigated for potentid use 
in the dyeing of wooVpolyester to avoid wool damage at 
the high temperatures required by the conventional 
process. This will be the subject of future investigations. 
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