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The purpose of this paper is to explain, as simply as
possible, the mode of action of surface-active agents in
improving the solubility of disperse dyes in dispersions. It
does not describe their stabilising effect on, for example,
crystal growth, morphology or aggregation of dye
particles, afthough some reference is made to this topic.

INTRODUCTION

The wide interest shown in disperse dyes for colouring
hydrophobic fibres has been maintained from their original
introduction as dyes for secondary cellulose acetate in the
1920s to the present time. No doubt the appearance at
ten-year intervals of the more hydrophaobic nylon, polyes-
ter and polyacrylonitrile fibres, to which these dyes can be
applied, helped to maintain this interest. To satisfy the
demand for basic information on the mode of action of
these dyes two informative explanatory papers have
already been published. The first, by Bird | 1], was written at
a time when disperse dyes were making a considerable
impact on the dyeing of polyester and illustrated how fun-
damental thermodynamics and kinetics could be apptied to
disperse dye systems in order to achieve a greater insight
into the specific interactions existing between water, dye
and fibre molecules. The second paper, some ten years
later, by McGregor (2], expanded the topic and particularly
emphasised the concept of entropy changes as a driving
force in the process of dyeing. Both authors pointed out
that, to understand what was happening at the microscopic
or molecular level, experiments had to be carried out with
pure dyes, solvent (water) and uncontaminated fibres. The
unforeseen presence of impurities originating in any of
these components could invalidate any of the conclusions
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drawn. And yet, to achieve in the laboratory a system
resembling practical dyeing with disperse dyes, an addi-
tional component is necessary, namely the surface-active
agent.

The surface-active agent may be introduced into the
dyebath initially or during the course of dyeing. Further,
some surface-active agent is normally incorporated during
production of the final dye powder or liquid. Its functions
are to maintain the finely divided dye particles as a concen-
trated stable dispersion, to prevent agglomeration of parti-
cles during milling or spray drying and to prevent settling
and separation during storage of liquid brands. In the dye-
ing process, where the dispersion is much more dilute, the
function of the surface-active or dispersing agent is two-
fold: to minimise the adsorption and build-up of particles
on the fibre surface and to increase the amount of dye
actually dissolved in the dyebath or aqueous phase,
thereby increasing the rate at which dye can be absorbed
by the fibre. It is, however, possible at temperatures of
80-120°C to obtain a dyeing in the absence of dispersing
agent, but the dyeing would be weak and more than likely
have poor rub fastness.

SOLUBILITY OF DISPERSE DYES IN WATER

The solubility of a disperse dye in water may be defined as
the maximum amount of pure dye which can be
homogeneously mixed with a specified amount of water to
give a single phase or solution. Any additional dye solid
would not dissolve under these conditions and the use of
the word solubility is thus better defined by, and is always
implied by, the term saturation solubility. This property of
the dye (or any other solute) is usually expressed as grams
of substance per litre of water (g/), although other units of
solubility such as moles per cubic metre (mol/m?} or per
litre (mol/l} can be used. Since saturation solubility and
solvent volume can both change with a change in tempera-
ture it is also necessary to specify the latter in expressing
the solubility of a substance.



On the other hand, solubilisation of a disperse dye
implies a sharp increase in its saturation solubility in water
when a third component, usually the water-soluble
surface-active agent, is added. As we shall see later,
whether the result of this mixing is to produce a truly
homogeneous sclution depends on one’s viewpoint,
whether it be an overall observation or one taken at a
molecular level.

For purified disperse dyes the saturation solubility in
water, even at high temperatures, is relatively iow. Thus an
examination [3] of some 40 pure disperse dyes gave solu-
bility values at 25°C ranging from less than 0.1 mg/l to
32 mg/l. The highest value was obtained for the dye |. The
anthraquinonoid disperse dyes generally had iower sclu-
bility, the value for dye Il, for example, being 4.4 mg/I.
Raising the temperature to 80°C caused a 20- to 40-fold
increase in saturation solubility, but even so the increased
solubility was insufficient to produce a satisfactorily level
dyeing. In the early days of making disperse dyes it had
been assumed that they were virtually insoluble in water
andthat dyeing proceeded by the direct transfer of particles
to the fibre surface followed by their dissolution inside the
fibre. It is difficult now to conceive of such a mechanism
since at some stage the individual dye molecules must be
separated from the particles and redistributed within the
fibre. This separation takes place as the particles dissolve in
the dyebath or aqueous phase. The question to be asked at
this stage is why the disperse dyes exemplified by | and Il
should be soluble in water at all? We can find an answer, in
part, in the presence of such groups as the azo (-N=N-) and
the amino (—NH,) groups in dye | and the carbonyl and
hydraoxyethylamino (~NHC_H,0OH) groups in dye Il, and, in
part, in the aromatic hydrocarbon rings that are part of
most if not all disperse dyes. If the amino group in dye l is
replaced by a hydrogen atom the solubility of the resultant
dye {azobenzene) falls from 32 to 5 mg/l, showing that the
azo group remaining can also contribute to solubility. All
the substituent groups mentioned have within them elec-
tronegative atoms {nitrogen, oxygen and sometimes sul-
phur} which can interact strongly with water molecules.
Aromatic rings, even if free from such atoms, can ailso play
a part in the interactions of the dye with water molecules
and modify the sclubility.
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It might be anticipated that hydrocarbons, on the basis of
‘oil and water don’t mix’, would be compietely insoluble. In
fact, benzene, the simplest aromatic hydrocarbon, has a
measurable solubility of 570 mg/l in water at 20°C [4],
which is much higher than that of azobenzene. Higher
homologues of benzene, such as naphthalene, which has a
molecular weight closer to that of azobenzene, do have
extremely iow solubilities, however.

HYDROGEN BONDING AND HYDROPHOBIC BONDING

The fact that some lower aromatic and short-chain aliphatic
hydrocarbons have measurable solubilities in water is due
to the unique structure of water and the presence of hyd-
rogen bonds within it. The boiling point of water is remark-
ably high for a malecule with such a low molecular weight
{18.0) and a relatively low dipole moment. Compounds
such as ethyl bromide (108.9} and sulphur dioxide (64.1)
have much higher molecular weights and dipole moments
similar to water, but have very much lower boiling points.
The relatively high boiling point of water is due to the

closeness of approach between the electronegative oxygen
atoms in neighbouring water molecules. This is shown in
Figure 1{a), in which a hydrogen atom (shown asterisked) is
interposed between the electronegative oxygen atoms of
two neighbouring water molecules. The hydrogen atom
normally consists of a positively charged nucleus accom-
panied by a much smaller orbiting electron. It is thus virtu-
ally an unscreened positive charge, and when interposed
between two electronegative atoms it will minimise the
force of repulsion between them. The two electronegative
oxygen atoms in the neighbouring water molecules can
approach more closely than they would in the absence of
the intervening hydrogen atom. This reduction in repul-
sion, allowing molecules to approach each other mare
closely, is known as a hydrogen bond. The combined influ-
ence of hydrogen bonds will allow as many as four water
molecules to surround a fifth in a regular arrangement, as
can be seen in Figure 1{b). The hydrogen bonds are indi-
cated by broken lines, and if we include other surrounding
water molecules we can see that such a model can give rise
to athree-dimensional network. The factthat, under normal
conditions, water is liquid requires that this network should
not extend throughout the bulk of the water. Local energy
fluctuations praduce and dissolve short-iived clusters of
highly hydrogen-bonded water molecules separated by
one or two layers of non-bonded water. At room tempera-
ture the average size of a cluster or network is 5060 water
molecules, and at 90°C about 20 water molecules. The size
of the cluster also depends on the number of water
molecules having four {as shown in Figure 1{b)), three, two,
one or zero hydrogen bonds, and this in turn depends on
the energy of hydrogen bonding in each species.
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Figure 1 - (a) Hydrogen bonding between two water
molecules, (b) tetra-hydrogen-bonded water molecule
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If we now consider introducing hydrocarbon molecules
into this network structure to form a dilute solution, the
hydrogen bonding energy levels will change because
water—hydrocarbon interactions differ from water—water
interactions. The distribution of hydrogen-bonded water
species in the water layer next to hydrocarbon will change
as a result, and the probability of cluster formation will be
greater in the vicinity of the hydrocarbon solute molecule
than at a point in the bulk phase of pure water. A solute
molecule becomes partially surrounded by the hydrogen-
bonded network of a cluster. This is illustrated in Figure 2.

Figure 2 — Water clusters surrounding a hydrocarbon solute
molecule

For larger solute molecules, on the basis of statistical
considerations, two or more clusters form a localised en-
vironment in preference to the inclusion of a molecule in a
single-cage network, and for aromatic hydrocarbons
{including the aromatic nuclei of dye molecules) the highly
hydrogen-bonded clusters will be found preferentially at
the edges of the rings. The m-electrons that form part of the
aromatic structure above and below the plane of the ring
are more readily available and can interact more strongly
with the water molecules, tending to disrupt the cage struc-
ture. It must be emphasised that this network or cluster
structure is not to be confused with the structure of ice. The
structure need not be rigid as in ice, and several different
structures may be involved.

Alternatively, we may consider the solution process from
the viewpoint of thermodynamics. Solution can only take
place spontaneously at constant temperature and pressure
when the free energy of the system decreases. The total
free energy change, AGE, is made up from two sources. The
first is contributions arising from the making and breaking
of interactions between both solvent and solute molecules,
referred to as enthalpy changes or changes in heat content,
AHE. The second is energy changes arising from the fact
that the total disorder in the system may increase or
decrease when solution takes place on adding a solid (or
liquid) solute to a solvent; this is considered to be the
entropy change, ASE. These quantities are related by Eqn 1

AGE=AHE-TASF ()]
where T is the thermodynamic temperature in kelvins. The
general application of Eqn 1in dyeing thermodynamics has

been discussed previously [2]. The superscript E is intro-
duced to account for the fact that the equation is applicable
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to real systems. The excess quantity, e.g. AHE, is defined as
the difference between the measured guantity AH and the
value AH° one would expect to find in an ideal solution such
that:

AHE=AH-AH® (2)

where anideal solution is one in which the different types of
molecules do not interact in any way.

The value of AGE and the direction in which this change
takes place wili depend upon the numerical balance be-
tween AHE and AS® when the process takes place at temp-
erature T, In fact, it is possible to describe nan-electrolyte
solutes in terms of this balance where AHE<TASE and
where AHE>TASE, as we shall see below.

tn a hydrocarbon-water system we might have expected
a positive AHE term since an introducing hydrocarbon
molecules into a water environment both the strong
interactions between water molecules and the weaker
interactions between the organic solute molecules have to
be broken and the weak interactions between water and
solute have to be formed. Thus an input of energy wilf be
required which conventionally is regarded as positive. In
fact, AGF is positive, which reflects the low solubility of
hydrocarbons in water. There is also a large decrease in
entropy (ASE is negative) due to the large increase in order
or ‘ice-like’ structure induced between the water molecules
in the vicinity of the solute molecules. The relationship in
Eqgn 1 then leads to a small negative value of AHE.

At higher concentrations of apolar solutes the likelihood
of two such molecules coming together is enhanced. To
achieve this some of the water molecules forming ice-like
structures will be liberated, leading to an increase in dis-
order or a positive entropy change related to the solvent,

Figure 3 — Hydrophobic bonding on increasing the concen-
tration of non-pofar solute



even though the entropy of the solute is decreased. This
entropy change is the driving force contributing to the pro-
cess known as hydrophobic bonding, which is shown in
Figure 3. Strictly this is a misnomer, since the process is
one involving interaction between non-polar regions but
not involving bonding in its specific sense. This hyd-
rophobic interaction eventually leads to aggregation and
ultimately to phase separation as the concentration of sol-
ute is increased.

The balance between entropy and enthalpy changes will
control the direction and size of the total energy change on
solution. Therefore, where TAS®>AHF the thermodynam-
ics are controlled by order—disorder changes and where
TASE<AHE by interactions between solute and solvent
molecules. On this basis [5b] solutes can generally be
divided into two classes. Entropy change prevails for
alkanes, non-polar aliphatic or aromatic molecules, and for
compounds which also possess a polar group, but where
the non-polar region still dominates the solution process.
Simple organic molecules such as methanol, acetone and
benzoic acid can be placed in this category, as can disperse
dyes, all of which contain one or more polar groups in an
otherwise hydrophaobic structure.

In order to complete the picture, the second class
includes solutes which have a predominance of polar
groups and which owe their aqueous solubility to the
interaction of these groups with water molecules, i.e. AHE
becomes the controlling factor in solution. Examples
include glucose, glycerol and other sugars.

Although disperse dyes contain polar or easily polaris-
able groups such as —-N=N-, C=0, -NO, -NH,
—NHCH_CH,0H, etc., their low agueous solubility is attri-
buted to hydrophobic bonding causing aggregation and
precipitation when the concentration is increased. The sol-
ubility does increase on raising the temperature since the
hydrogen-bonding capacity of the molecules controlling
the ice-like structures in water markedly decreases as the
temperature increases.

SOLUBILISATION OF DISPERSE DYES

In addition to raising the temperature it is possible to
improve solubility by altering the structural characteristics
of the aqueous solvent. When comparatively iarge
amounts of a water-miscible solute such as acetone or
ethanol are added to a suspension of a disperse dye in
water a gradual increase in the amount of dye dissolved is
observed. The effect, which is sometimes referred to as
‘hydrotropy’, does not strictly correspond to solubilisation
as defined earlier since the increase in solubility is gradual
and proportional to the amount of additive used. This
gradual increase can be seen in the case of two dyes illus-
trated by Figure 4, where increasing amounts of benzoic
acid have been introduced into the suspensions of two
model compounds similar in structure to commercial dis-
perse dyes [6]. Although this gradual increase in solubility
is strictly a solubilising process, the term ‘solubilisation’ is
usually reserved for a relatively large and abruptincreasein
solubility of a solute (disperse dye} occurring when a
specific amount of a third component is added.

One example of this type of solubilisation [7] is the rapid
increase in the solubility of the dye Orange OT (o-
tolylazo-2-naphthol) that takes place when a third compo-
nent, sodium decylsulphonate {SDS), is added in increas-
ing amounts. The increase in solubility of the dye is expre-
ssed in Figure 5 as the increase in solubility, Ac, of the dye
per incremental addition, AC, of SDS. Within a small con-
centration range, between 10 and 12 g/l of SDS, there is a
relatively large increase in the amount of dye dissolved.
The cause of this increase is the hydrophobic bonding or
interaction between the hydrophobic parts of the ionised
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Figure 4 —Gradual increase in dye solubility in the presence
of benzoic acid

sodium decylsulphonate molecules in the solution. Above
a specific concentration, their coming together creates a
more amenable environment for the Qrange OT dye
molecules, hence increasing the solubility of the latter.
Third components which exhibit this effect may be
regarded as ‘localised-polarity’ or mixed solutes in that
their molecular structure includes both a polar (hyd-
rophilic} and a non-polar {hydrophobic) region. Many com-
pounds can be synthesised having these characteristics.
They are known as surface-active agents or surfactants and
can be represented by the formula RX, where R is the
hydrophobic or oil-soluble component and X is the hyd-
rophilic or water-soluble component of the structure. Such
compounds are surface active since they reduce the surface
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Figure 5 - Rate of change of solubility of Orange OT in
solutions of sodium decylsulphonate
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TABLE 1

Structures of Some Typical Surface-active Agents (RX)

Type R {hydrophobic) X {hydrophilic) Name

Anionic

Contain residual CH,(CH,),,CH,—- —0SO- Na* Sodium dodecylsulphate

negative charge
CH,(CH_),CH — —SO,Na* Sodium decylsuiphonate
C,,HZ,,H_@, -S0O;Na* Sodium alkylbenzenesulphonate
C,H,— ~CO0ONa* Sodium stearate
CGH,,OCO(l:H— -SO;Na* Sedium dioctylsulphosuccinate
C,H.,OCOCH,

Cationic

Contain residual C,H,,O0CH - —N*{CH,},CI~ Octadecyloxymethyitrimethylammaonium chloride

positive charge €, H,,CONHCH

CH,(CH,),,CH,~

K Nerm

Non-ionic
Contain no
residual charge

CH,(CH,),.CH~

e

C,H,.CONH-

~N*(CH,),Br-

(-OCH,CH,),OH
{~OCH,CH,},,OH
~CH,CH,0H

Stearamidomethylpyridinium chloride

Cetyltrimethylammonium bromide

Dodecanolethoxylate {r>2)
Nonylphenolethoxylate (» variable up to 30)

Stearamidomonoethanolamide

tension of the water in which they are dissolved by concen-
trating at the surface or interface with the hydrophilic reg-
ion oriented towards the bulk aqueous phase. The group R,
being hydrophobic, is directed away from the interior and
can consist of aliphatic or aliphatic/aromatic chains com-
posed of some 15-30 carbon atoms. Table 1 shows some
typical examples of the many surface-active agents avail-
able.

The hydrophilic group X can be & negatively charged
(anionic) or positively charged (cationic) group, whichinan
aqueous solvent strongly interacts with those water
molecules forming a sheath around the localised charge. In
the case of non-ionic surfactants this interaction is one of
hydrogen bonding between water and the electronegative
oxygen atoms situated at intervals along the ethoxy
{(—CH,CH,0-), chain. Cationic surfactants are not generally
used in solubilising disperse dyes since the positively
charged moiety can interact with negatively charged fibres
and alter the dyeing and surface characteristics of the latter.
They find greater use, therefore, as finishing agents and
retarders in the dyeing of acrylic fibres. It is apparent from
Table 1 that many other compounds possessing structures
which will confer surface activity can be synthesised and
there are several hundred compounds commercially
available {8].

In all cases it is the balance between the hydrophilic and
lipophilic {hydrophobic) tendencies within the molecule
that in reality determines its overall behaviour in agueous
solution. This hydrophilic—lipophilic balance, or HLB, can
be designated by a number system, in the range 1-30,
lower numbers indicating predominantly lipophilic proper-
ties and higher numbers those surfactants with a greater
hydrophilic tendency [9]. In this connection it is interesting
that the ethoxy chain in non-ionic surfactants has a greater
propensity to interact with water than either the methoxy
{(-CH,O-), or the propoxy {(-CH,CH,CH,0O-}, chains, even
though the methoxy chain has the highest oxygen to car-
bon ratio [10].

MICELLE FORMATION

Since the greater proportion of a surface-active additive
cannot be accommodated at the air—liquid or other inter-
faces of the solution it remains in the bulk phase. At very
low concentrations it is widely believed to be present in the
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bulk as single molecules or ions. Should non-ionic dye
molecules also be present there is some possibility that one
or two individual dye molecules can associate with a sur-
factant molecule to form a so-called ‘complex’ [11]. On
increasing the surfactant concentration a narrow range is
reached where the surfactant molecules no longer behave
independently but begin to interact through hydrophobic
bonding of the hydrocarbon chains to form a micelle. A
micelle may consist of as few as three or four surfactant
units or as many as several thousands. No precise descrip-
tion has been agreed but it is generally accepted that the
shape of a micelle is roughly spherical, the hydrocarbon
chains being oriented towards the centre with the hyd-
rophilic groups, either ionised or uncharged, situated &t or
near the surface and in association with an aqueous layer
containing hydrated counter-ions to maintain electrical
neutrality. A visualisation of such a micelle is given in Fig-
ure 6.

Figure 6 —Idealised concept of an anionic micellar structure

The concentration at which micelles form (the critical
micelle concentration or CMC) is strongly dependent on the
length and nature of the hydrocarbon chain and on a
number of other factors such as the hydrophilic group and
the presence and type of counter-ions. In general terms the
nongionic surfactants are more surface active and their
CMC occurs at lower concentrations (approx. 107*-107°




mol/l) than either anionic (approx. 1072 mol/l} or cationic
{approx. 10-=10"" mol/l) surfactants. This effect is prob-
ably due to the much weaker interactions between alkoxy
chains and water, allowing hydrophobic bonding to be
more readily achieved when compared with the stronger
interactions between water and ionised groups.

The lipophilic core of a miceile will present a completely
different environment to any disperse dye which may be
present. Thus the solubility of the dye can be enhanced in
this localised situation, as can be seen in Figure 5 for
Orange OT at a surfactant concentration corresponding to
the onset of micelle formation. Since the micelles are much
smaller than the wavelength of visible light the resultant
liquid wili still appear transparent. With hydrophobic dis-
perse dyes the greater proportion of the dye which has
been dissolved will be concentrated in the micellar
‘pseudo-phase’ even when the total amount of dye present
is very smail. Attempts have been made to relate this
increase in solubility to the way in which dye can be distri-
buted between generally non-miscible hydrocarbon sol-
vents and aqueous solvents when the two are placed in
contact [12].

The size of the micelle depends not only on the chemical
structure of the surface-active agent but also on a number
of other factors. Temperature, the presence of added elec-
trolytes and the presence of dye in the micelle can contri-
bute to changes in size. Increasing the concentration of the
surfactant does not generally increase the size but does
increase the number of micelles. Above the CMC the
increase in the solubility of the dye should, therefore, be
directly proportional to the concentration of surfactant.
This can also be seen from Figure 5 and has also been
demonstrated for C.I. Disperse Yellow 1 in solutions of
Lissapol LS {ICl}, another anionic surfactant {13]. Dye solu-
bility increases proportionally with the increase in the
number of micelles but, at the same time, the energy of
interaction between dye and solvent molecules decreases
from a value of about 70 kJ/mol for dye and pure waterto a
value of 32 kJ/mol above the CMC of the surfactant. The
tatter value approaches that obtained for the interaction
energy between the dye and a non-polar hydrocarbon sol-
vent. The distribution of dye molecules throughout the
solution is shifted towards a higher concentration in the
micellar hydrophobic core.

An interesting additional feature of non-ionic surface-
active agents is that at higher concentrations the micellar
structure can collapse on heating to form two separate
phases. The phases consist of water-saturated droplets of
surfactant dispersed in a much weaker aqueous solution.
The temperature at which this occurs is known as the c/loud
point. Hydrogen bonding between alkoxy chains and water
molecules becomes progressively weaker as the tempera-
ture is raised until a stage is reached when the hydrogen-
bonded sheath of water molecules surrounding the micelle
breaks down, leading to coalescence of micelles. Micelles
carrying a charge are stabilised and prevented from coal-
escing in solution by mutual charge repulsion. However, if
the concentration is further increased a stage can be
reached when this repulsion effect is overcome by the
mutual proximity of micelles, which begin to merge and
form rod-like and extended sheet-like structures or lameliar
phases; these, in turn, may cause a further increase in
solubility of the dye or other second component. The solu-
tion becomes gel-like and has a much higher viscosity.
Such conditions are to be avoided in practical dyeing, even
though the dye solubility may be enhanced.

The exact location, distribution and orientation of the
dissolved species in individual micelles remain at present
open questions. It is, however, important to provide an-

swers, not only with reference to dyeing processes but
more generally for pharmaceutical and biological systems.
Current data on this aspect with reference to disperse dyes
are limited and based on the solubilisation of simpler
organic compounds in micelles. One suggestion recently
proposed | 14| is a two-state model in which slightly polar
compounds including disperse dyes can be accommo-
dated either in the hydrocarbon core in the dissolved state
or adsorbed at the interface between the micelle and water.

Since the core of the micelle is composed of hydrophobic
chains and is liquid-like, it can accommaodate simple non-
polar molecules as shown in Figure 7{a). Comparing the
size of an individual dye molecule with the surfactant chain
length, it is difficult to envisage more than one or two dye
molecules per micelle. However, since disperse dyes con-
tain hydrogen-bonding amino or carbony! groups as well
as a hydrophobic structure, they can be considered as
‘localised-polarity’ solutes in which the more polar groups
can be oriented towards the aqueous phase {Figure 7(b)).
Thus an increase in the number of dye molecules per
micelle can be expected. in the case of a non-ionic micelle,
the location of the dye is primarily at the surfactant alkoxy
chain—water interface. Micelles are individually small
entities in which the ratio of surface area to volume
increases as the micellar size decreases. Consequently any
interaction entailing surface entrapment, as shown in Fig-
ure 7{c), will show its greatest effect with small miceiles.

(c)

Figure 7 — Localisation of non-polar and polar solutes in
micelles: (a) non-polfar solute in anionic micelle, (b) slightly
polar dye molecule in anionic micelle, (¢} dyve molecule
distribution in non-ionic micelle

In summary, it is now apparent that the solubility of a
non-ionic disperse dye depends not only on its meolecular
structure but also on the properties of the aqueous solvent,
particularly with respect to its hydrogen-bonding capacity
and its propensity to induce hydrophobic interaction, and
the way in which this interaction varies with temperature.
By introducing a non-ionic or anionic surfactant at a con-
centration equivalent to its CMC, an additional environ-
ment for the dye is formed, leading to an increase in solubil-
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ity. Consequently, in a dyeing process the dye may be
distributed {not necessarily in equal amounts) between the
aqueous phase and the pseudo-phase consisting of micel-
lar core and surface. The mechanism by which dye is
released from this pseudo-phase to effect sorption by the
fibre is much less understood. The removal of dye by the
fibre phase will disturb the balance of the dye distribution
between the aqueous and micellar phases. This balance
will tend to be restored by the supply of fresh dye
molecules from the particles of solid dye which are usually
present, but whether the sorption of dye molecules by the
fibre is from micelles via direct contact between micelles
and fibre surface or whether the dye is absorbed as single
molecules from the continuous aqueous phase remains an
open question.

At the beginning of this article it was stated that another
major function of the surface-active agent is to stabilise the
dispersion of dye particles. Anionic high molecular weight
surfactants (e.g. lignin sulphonates) can be adsorbed at
particle surfaces causing electrostatic repulsion, and hence
stabilisation of the dispersion. Alternatively, with non-ionic
surfactants, adsorption at the particle surface can lead to
stabilisation by steric repulsion. In both cases the surface-

active hydrophabic moiety comes into contact with the
particle surface leaving the hydrophilic groups directed
towards the aqueous phase. This topic, whiist only in-
directly related to solubility and solubilisation, has recently
been reviewed [15], and its interest and importance could
merit a further explanatory paper in this current series.
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