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F1¢. 4. Adsorption isotherms for the removal of green pig-
ment from two different batches of ‘‘N’’ oil and from ‘507’
oils by regular bleaching.
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F1a. 5. Adsorption isotherms for the removal of yellow pig-
ment from two different bateches of ‘‘N’’ oil and from ‘507’
oils by regular bleaching.

indicates the difficulty in maintaining optimum con-
trol in the alkali refining of soybean oils.

Plant Bleached Oils. The median absorbances for
14 ‘50’ oils and 12 plant-bleached ‘‘50°’ oils (using
Special Filtrol brand activated clay) were used to
calculate one point, through which a line was drawn
parallel to the isotherm for laboratory bleached ‘50"’
oil as shown in Figure 4. Using this estimated iso-
therm, a bleaching chart was prepared as shown in
Figure 6. It follows from the Freundlich equation
that the slopes of these lines should vary inversely as
the equilibrium color (A,), and this is seen to be the
case. Knowing the absorbance (10-cm. cell) of the
green pigment in a ‘‘507’ oil entering a bleaching
vessel (for example, A, = 2800) and supposing that
a bleached oil of 100 units (=A,) is required, it fol-
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F1e. 6. Bleaching chart for the removal of green pigment
from ‘“50°’ o0il. Plant bleaching using Special Filtrol brand
activated clay.

lows from the chart that a 0.85% bleach, using acti-
vated clay (F), would be necessary.

Summary

Bleaching results are evaluated spectrophotomet-
rically by measuring the change in the absorbanees
at 4556 and 670 (or 665) millimicrons, respectively.
Three bleaching clays (one was activated) and two
activated carbons were used for decolorizing soybean
oils made break-free by either alkali refining or
acetic anhydride water degumming. Bleaching times
varied from 10 to 40 min. with 30 min. being used
in the evaluations. Although bleaching at a temper-
ature of 265°F. removed more color than bleaching
at 125° or 220°F ., the latter temperature was used in
this study. Most of the bleaching was done under
vacuum although using a nitrogen pressure of 50
p.s.ig. removed more color. Results are expressed by
Freundlich isotherms, and a bleaching chart for the
control of plant bleaching is given. It is shown that
in the bleaching of soybean 011 primary consideration
should be given to the removal of green pigment.
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Solubilization—A Micellar Phenomenon
JAY C. HARRIS, Monsanto Chemical Company, Research Department, Doyfor), Ohio

surfactant solutions is their ability, in a micel-
lar state, actually to solubilize water-insoluble
substances. MecBain (48) defined solubilization as
the spontaneous passage of molecules of a substance

BN UNUSUAL PHENOMENON associated with dilute

insoluble in water into a dilute aqueous solution
of a surfactant to form a thermodynamically stable
solution.

Micelles, as regular aggregations of molecules, ap-
pear in aqueous and nonaqueous media. The present
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F1a. 1. McBain lamellar micelle. Hartley spherical micelle.

discussion is concerned only with solubilization in
systems in which water is the continuous medium.
These systems encompass the solubilization of gase-
ous, liquid, of solid substances, with or without hydro-
philie groups, partially soluble or insoluble in water.
The solubilized systems are notable for their stabil-
ity as they can be passed unaltered through a semi-
permeable membrane. This stability is accounted for
by a decrease in free energy for the system.

Systems of water, surfactant, and solubilizate may
take several forms. Even though exception (24) has
been taken to the term ‘‘solubilization’’ on the basis
that it implies a new process and suggests that the
resulting systems are not in equilibrium, the term is
now well established. ‘‘ Hydrotropy’’ (62) is the term
used to describe the increase in solubility of a sub-
stance in water becanse of the presence of large
amounts of additives, as contrasted with relatively
small amounts of surfactant in the solubilization
process. ‘‘Blending’’ (65, 66) is a broad term; the
process involves the mutual solubility of two normally
immiscible solvents by the addition of a colloidal elec-
trolyte. These systems are best described by using
diagrams. ‘‘Emulsification’’ occurs beyond the point
of saturation of the micelle by added solute; droplets
of the additive become apparent.

Lawrence (44) suggested that American workers,
by using tubidity as an end-point indication of solu-
bilization, had not carried the solute addition suffi-

ciently far because the opacity actually is a liquid.

crystal phase and not initial emulsion formation.
Winsor (76), in an extensive investigation, indicated
the possibility of multiphase formation, only one of
which appeared to be true solubilization. He and
Klevens (30) suggested that two quite different limit-
ing cases of solubilization occur: a) with n-heptane
where, when the limit has been reached, excess hydro-
carbon separates; and b) with 1-heptanol in which,
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when the limit of solubilization is reached, two phases
separate.

The purposes of this paper are to review the mech-
anism of solubilization, to show the mutual effect of
structure of both surfactant ard solubilizate, and to
relate this phenomenon to practical detergency. The
effect upon these systems of detergent builder mate-
rials will be discussed.

Micellar Structure in Solubilization

Solubilization in Micelle Center. The familiar sche-
matic diagrams of the MeBain (48) lamellar and
Hartley (23) spherical micelle are shown (Figure 1),
as supplemented by Klevens (31), to suggest the
effect of solubilized hydrocarbon. Caleculation from

- X-ray measurements (17, 48) suggests that solubili-

zation occurs in the lamellar micelles, but Hartley
(23) points out that these same X-ray data can be
interpreted in the manner in which two-layer micelles
pack (spherical or oblate spheroid).

Micelle Adsorption. Corrin, Klevens, and Harkins
(5), in discussing adsorbed dye, indicated that the
insoluble dye complex first formed goes back into
solution as the cme is passed. The charged, bound
dye molecule of charge opposite to the surfactant was
expected to be adsorbed on the surfactant micelle,
attracted more to the hydrophobic region of the mi-
celle palisade layer and less toward the polar region
of water surrounding the micelle. The penetration
could be for only a very short distance because the
presence of the dye molecules decreased the c¢me not
more than a few per cent. The same conclusion was
reached with short-chain aleohol additives.

Harkins and Oppenheimer (20) objected to solu-
bilization as fitting the circumstance when the X-ray
data show either no change in thickness or an actual
decrease when polar-nonpolar molecules penetrate the
micelle. They suggested the term ‘‘film penetration’’
to fit this occurrence and point out that substances
which enter the micelle by penetration lower the cme
while those that enter by solubilization have little
effect on cme.

Another example of penetration (49) is that of
polar dyes, such as Orange OT and Yellow AB, in
potassium laurate solutions. These are said to show
characteristic penetration by the dye molecule into the
palisade layer of the soap micelles rather than solu-
bilization into their hydrocarbon center. In the fol-
lowing discussion however no differentiation between
these terms will be made.

Measurement

Opacity. The most common method for estimating
the solubilization end-point used by American work-
ers has been the evidence of opacity when an excess
of solubilizate has been added. It is assumed that
these droplets signify the beginning of emulsification,
but Lawrence (44), by polarizing microscope meth-
ods, believes these ‘‘droplets’” to be spherulites of a
liquid ecrystalline phase and a continuation of the
solubilization process.

Plots of measurement of optical density against
concentration give a curve from which two lines may
be drawn to fit the slope below and above the point
of maximum solubilization, and their intersection is
taken as the point of maximum solubilization. Since
the greatest proportion of the recorded work has been
based upon this procedure, considerable credence must
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be placed in it until a consistently more satisfactory
operation can be developed.

Speciral Dye. MeBain and Merrill (52, 58) demon-
strated solubilization by the formation of thermody-
namically stable colloidal particles of surfactant and
insoluble dyes, such as Yellow AB and Orange OT.
Their work proved the stable nature of the system by
the passage of these dye-surfactant aggregates through
semipermeable membranes, thus distinguishing them
from emulsions and from suspensions.

Equilibrium is said to be attained quickly by op-
erating at elevated temperatures (43), but on occa-
sion this can give false results. '

X-Ray Diffraction. Kiessig and Philipoff (26) by
X.ray diffraction data showed that benzene was en-
trapped in the micelles; these become measurably
larger, and the sidewise distance remains unchanged.
Others (17), using other hydrocarbons, have shown
measurable changes in the micelle structure depend-
ing upon the molecular shape of the solubilizate.
Harkins and Mittleman (19) demonstrated changes
in soap micelle size, increasing with hydroearbon ad-
dition and decreasing with aleohol (Cjo or less in
molecule) addition.

Temperature Effect

Klevens (31) reviewed temperature effect and
pointed out that any effect which will increase micelle
formation should increase solubilization but that re-
ported data give conflicting evidence. The spectral
dye method is specific in showing decrease of ¢cme with
increasing temperature. Considerable variation in re-
sults occurs with a homologous soap series (39) while
data for nonionics are not uniform (46).

Surfactant Structure

Just as micelles presumably begin forming before
the eritical concentration is reached, so solubilization
must also start. Ekwall (6, 8) has demonstrated that
solubilization oceurs at surfactant concentrations con-
siderably below the eme. The lowest point at which
it oceurs is called the limiting association concentra-
tion (L.A.C.). For a given surfactant the limiting
association concentration does not vary with the chain
length of the added alcohol.

A peculiarity of the dye solubilization method should
be noted: Yellow AB is solubilized less by soaps than
by other surfactants (53). Others (37) found differ-
ences for given solubilizers with solubilizates, such
as dimethylaminoazobenzene, Orange OT, and trans-
azobenzene.

Fatty Acid Soaps. Klevens (31), using data from
several sources, drew the following generalizations
for soaps.

a) The most marked changes with chain length are found
for hydrocarbon solubilizates.

b) An inversion in solubilization oceurs with long chain
aleohols, but a general increase in aleohol solubility is found
for increase in chain length of soap (21), which is almost
linear between Ci and Cis.

¢) A double bond appears to reduee degree of solubilization.

d) Cation type, e.g., Na* or K*, has only small effect on
solubilization.

e) Free fatty acids combined with soaps seem to increase
golubilization.

£) Increase in concentration of soap generally increases de-
gree of solubilization. :

g) Mixtures of soaps of differing chain lengths are benefi-
cial. Lower chain lengths solubilize relatively insoluble higher
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chain lengths. While the combination may be a slightly less
effective solubilizer than a ‘‘pure’’ long chain soap, there is
improvement, often marked, over strictly lower chain length
soaps (31).

Cationic Type Surfactants. Cationic surfactants
are convenient to work with since they lend them-
selves to synthesis of well-defined homologous series.

a) The cationic type of surfactants appear to have greater
solubilizing power than soaps (38, 54). Indications are that
for the same alkyl chain length, cationic compounds are of
larger volume hence accommodate larger quantities of solu-
bilizate (18).

b) Solvent power varies with the anion:

Br >Cl">80,">0COCH;: (22)

Sulfates and Sulfonates. Chain length data (31,
35, 52, 58) show that increasing carbon chain length
of soaps, alkyl sulfates and sulfonates, alkylbenzene-
sulfonates, and cationics increase solubilization of a
number of solubilizates. For compounds with equal
equivalent carbon chain lengths, the degree of solu-
bilization is the same. An exception is the cationie
type, which seems to provide an increased degree of
solubilization over anionics (31, 43, 52, 58).

Polar Group Position and Branching. Some very
interesting relationships are found for tetradecane
sodium sulfates, where the —S0O, position is moved
progressively from the terminal position [the solu-
bilizate was a mixture of ecyclohexane dissolved in
cyclohexanol (76)].

a) Solubilization inereases as the position of the sulfate is
moved from the 1- to the 7-position (even though the eme

inereases in the same order, contrary to n-alkyl soaps and
surfactants).

b) Branched chain compounds are better solubilizers than
equivalent chain-length normal ecompounds.

Miztures of Sulfates. It is seldom that commercial
products are chemically pure, generally representing
mixtures of a homologous series. The extent of the
series content depends upon purification.

a) Solubilizing power and eme are inverse functions, but
branched chain sulfates give exceptions.

If the impurity to be removed is a surfactant of longer
chain length, then eme will increase with its removal and solu-
bilization will decrease. If the impurity is of lower chain
length, the reverse is true.

b) Mixtures of two surfactants of the same eme but of
different strueture produce no observable change in solu-
bilization (36).

Complexes. Ekwall (7) suggested that the solu-
bilities of 1-decanol and other long-chain alcohols
cannot be compared to those of hydrocarbons be-
cause with the former, when maximum solubilization
had been passed, a substance composed of the aleohol,
surfactant, and water separated. Hydrocarbons sep-
arated as pure materials.

. Acid soaps have long been known (55) ; the potas-
sium acid dioleate is a good example. More recently
(70) stearic acid and sodium stearate were shown to
exist in several isolatable states. The formulas cor-
responding to those isolated were 1 NaSt:1 HSt,
2 NaSt:3 IISt, and 1 NaSt:2 HSt.

Wilson (75) found two intermolecular complexes
with sodium lauryl sulfate and lauryl aleohol which
had molar ratios of the two components of 1:1 and
2:1, and crystalline precipitates of these were iso-
lated. These data suggest the possibility that other
surfactants might also form complexes with their
unreacted hydrophobe base materials.

Nonvonics. Comparatively speaking, very little
work has been done with nonionic surfactants, un-
doubtedly because they are the least well known but
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also because purification of them to a single compound
is extremely difficult (47). Nonionic products are
comprised of compounds with a rather wide distribu-
tion of alkylene oxide chain lengths.

The faet that nonionics exhibit cloud-point can
interfere with the wusual solubilization procedures.
Various fatty acid esters of polyoxyethylene sorbitan
(27) as solubilizers for benzene and oetanol exhibited
two limits of solubilization by turbidity determina-
tion. The first maximum was associated with micelle
formation and the second to a polar-nonpolar solu-
bility, possibly explainable (74) as separation of a
surfactant-rich phase. Other measurements have
been made (46, 50, 68), but insufficient data exist
to form any general conclusions concerning non-
ionies as solubilizers.

Solubilizates

Solubilizates in these systems can be gaseous, lig-
uid, or solid, and no attempt will be made to recount
all the numerous references on this subject. Only a
few representative examples of liquid and solid types
will be discussed.

Liguids. Klevens (31) has excellently summarized
results with the variety of solubilizates, including
liquids. Chain length, eyclization, unsaturation, and
branching all affect solubilization, and some generali-
zations can be deduced from their action with a single
solubilizer, from a homologous series, or from various
types.

Hydrocarbon. Solubilization is affected as follows.

a) Decrease in solubility oceurs with inereasing chain length
of normal hydrocarbons, or of an alkyl group on the benzene
nucleus.

b) Increased solubility ocecurs with eyelization.

¢) Inecreased solubility is found for unsaturated compounds
over their saturated equivalents.

d) The same solubility oceurs with branched saturated hy-
droearbons and their normal isomers.

e) Polyeyelie hydrocarbons do not necessarily follow obser-
vations a through d.

1. Polycyclics are less soluble than normal paraffing of the

same molecular weight.

2. Ring eclosure causes marked deercase in solubilization, and

relationships true for simple hydroearbons do mot hold
for complex polyacenes.

£) Each molecule of polyeyelic {dibenzanthracenc) requires
a critical volume of hydroearbon atmosphere within the micelle
for solubilization.

g) Volume of hydrocarbon solubilized (by 0.1 N potassium
dodecanoate) is a linear function of molar volume (molecular
weight/density). However, as solubility of hydrocarbon de-
creases, linearity no longer holds. In this case, linear plots are
obtained with the log of solubility as a function of molar
volume., For polyeyelies, two linear plots are necessary, one
for linear polyeyelics and another for nonlinear polyeyelies.

h) The apparent density of surfactant solutions (potassium
dodecanoate) containing several hydrocarbons shows a linear
change with increase in concentration of added hydrocarbon
(17), but further verification is indicated for generalization.

i) The volume of oil solubilized at one soap concentration is
said to decrease approximately lincarly with molar volume (34).

Polar Compounds. As might be expected, the pres-
ence of a polar group modifies the solubilization
characteristics of a system in change with the orien-
tation of the compound in the micelle. MeBain (50,
51) demonstrated that dimethylphthalate, poorly sol-
uble in water or dodecane, has a solubility 20 times
that in hydrocarbon when solubilized in a decinormal
potassium laurate solution, suggesting that the polar
groups are mutually attracted in the micelle structureé.
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Harkins and Oppenheimer (20) demonstrated the
effect of polar grouping upon solubilization for deriv-
atives of dodecane in 0.3 molar sodium lauryl sulfate
solution, showing that the more hydrophilic the solu-
bilizate, the greater the degree of solubilization, so
much so that these authors suggested that beyond
solubilization there exists a further phenomenon they
called ‘‘film penetration’’ in explanation of the man-
ner in which these compounds enter the micelle.

The work of MeBain and Richards (54) shows that:
a) inecrease in molceular weight within any homologous series
of solubilizates tested tends to reduce solubilization;

b) polar compounds are mueh more extensively solubilized
than are the hydrocarbons; there is a negative effeet for nitro-
gen-containing solubilizates;

¢) molar volume does not determine solubilization and its
use is not generally applicable to all types of eompounds. (See
contradietion, paragraph 9 under Hydrocarbons |34]);

d) a general increase in aleohol solubilization occurs with
increase in chain length of soap;

e) solubility decreases with inereasing length of aleohol car-
bon chain length (20);

£) insufficient data for amines exists; and

g) the mercaptan tested was considerably less soluble than
the equivalent carbon-chain aleohol or amine.

Several generalizations for the effect of aleohols
upon the eme of dodeecylammonium chloride were
developed (15). -

a) The eme is a linear function of aleohol concentration for
aleohols of from 2 to 11 carbons in chain length,

b) Rate of change in cme with aleohol concentration is
smaller for branched chain than for straight chain compounds
of the same number of carbon atoms.

¢) The log of the derivative of the cmec, with respect to the
aleohol eoncentration, is a linear fumction of the chain length
of the aleohol for aleohols of 3 to 10 carbon atoms.

Mized Liquids. A field which has received rela-
tively little attention is that of mixtures of solubili-
zates, and Klevens (32) appears to have done much
of the published work. His conclusions were these.

a) For a series of solubilizates of given alkyl chain length,

when the polar grouping of the solubilizate is changed as
follows, enhanecement of solubilization occurs:

COO<—0OH<-NH.<—SH

b) Ags the chain length of the polar group {(c.g., —OH) is
increased, there is an inerease in solubilizing power.

Kolthoff and Graydon (37) investigated cosolu-
bilized combinations of alcohols and hydrocarbons
upon the solubilization of dimethylaminoazobenzene
(DMAB), Orange OT, and transazobenzene in so-
lutions of potassium laurate. Variations in solu-
bilization were noted with the different solubilizates.
Cosolubilized amyl alcohol and octyl alcohol both
inereased the solubilization of transazobenzene and
naphthalene, but the latter had little effect upon polar
solutes. Cosolubilization of hydrocarbons (with the
aleohols) increased the solubilizing power of potas-
sium laurate for DMAB, Orange OT, and transazo-
benzene.

The solubilization by surfactant solutions of nor-
mally water-insoluble dyes has been used as one
means for determining cme (52, 58). These thermo-
dynamically stable solutions readily passed through
semipermeable membranes, thus distinguishing these
systems from emulsions or suspensions. The dyes
specifically used were Yellow AB (phenylazo-8-naph-
thylamine) and Orange OT (o-tolylazo-8-naphthol) ;
dimethylaminoazobenzene and transazobenzene (39)
have also been used.
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Orange L (24-dinitrophenylazo-1-naphthol-2) was
used by Mankowich (46) in a considerable series of
experiments as more strongly polar than Orange OT
or the other dyes already mentioned, and in general
less soluble than Orange OT.

The mechanism of solubilization for dyes is not
well defined. McBain (52, 58) suggested dye sorption
on the micelle exterior as being only a minor factor
and implied that there are cases of formation of uni-
and multimolar layers within the lamellar micelle.
Experience with other surfactants (69) suggested
differences in mechanism of dye incorparation by
micelles when the dyes differ in structure.

Herzfeld (14) showed that varying concentrations
of water-soluble pinacyanol dye yielded differing
cme values for short-chain soaps. Klevens (31) re-
viewed this subject and indicated that, at below cme,
charged pinacyanol chloride and soap form a precipi-
tate which is solubilized when the critical concentra-
tion is reached. Below ecme the dye molecules may be
in dimer or higher form while upon solubilization
they return to their monomer form when the soap
molecules associate to form micelles. It was sug-
gested that the dye molecule, because of its structure,
penetrates into the water layer as does the soap mole-
cule and the hydrocarbon end is oriented similarly to
the hydrocarbon of the soap. However the penetra-
tion must be only slight since the dye molecule de-
creases the eme no more than a few per cent.

Detergency Application

Removal of an oil from a solid surface in a surf-
actant solution held in a quiescent state has been
suggested as attributable to the preferential sorption
of surfactant molecules at the substrate surface to
permit its wetting and subsequent rolling back of the
oily soil. It is likely that preferential sorption of the
surfactant by oil also ensues. In either event the
substrate is cleaned and the oil removed. These sug-
gestions have been made when a fiber (cotton or
wool) was the substrate, in which considerable
preferential sorption of surfactant can occur. It is
suggested that, because nonioni¢ surfactants have
many-fold lower adsorption characteristics, the sub-
strate-surfactant sorption mechanism for general ex-
planation may be weakened. Certainly this would be
true with substrates showing essentially no prefer-
ential sorption for surfactant. Tt is now suggested
that sorption of the surfactant by the oil, and oil
solubilization may be more reasonable explanations
for this phenomenon though the substrate type is
also important.

As MeBain pointed out (48), detergency is a com-
plex of many diverse factors, among which solubili-
zation is only one. However he considered it of suf-
ficient importance that it was discussed at length.
MeBain and Hutchison (56) in continuing his work,
discussed the solubilization phenomenon and its ap-
plications at length and very briefly considered its
relationship to detergency. Klevens (31) reviewed
the many factors of solubilization, briefly considering
its implications in detergency. Preston (67), in dis-
cussing the correlating prineiples of detergent action,
concluded that a critical washing concentration is
characteristic of each surfactant and that this closely
coincided with eritical concentration for micelle for-
mation but relegated solubilization of foreign matter
as a function of the colloidal micelle to a secondary
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role in the usual washing process. Goette (11) con-
cluded that detergency is more greatly affected by the
interfacial potentials (zete potential), electrostatic
forces, and of ion charge than by solubilization.

It is quite apparent that a variety of beliefs exist
concerning the importance of solubilization in the
detergent process. It was pointed out (56) that
though solid soils, such as lampblack and ferric oxide,
are not subject to solubilization, solubilization can be
quite important in applications where fats and the
like are the contaminating substances.

Detergent Buslder Effect. Materials such as electro-
lytes, which ean affect eme, should likewise have effect
upon solubilization. Increase in micellar size or for-
mation at lower eritical concentration will increase
solubilization, and a review of the principles govern-
ing electrolyte addition will apply to solubilization.

a) Critical micelle concentration is reduced by added elec-
trolyte.

b) Influence of the valence of cation follows the Schulze-
Hardy rule: the higher the valency, the less of the cation
required to reduce eme.

¢) Cme is essentially independent of the nature of the non-
colloidal electrolyte ion and is a function primarily of the
length of the surface-active ion (36).

d) Electrolytes which hydrolyze to yield alkaline or acid
solutions are better builders than those providing essentially
neutral solutions (12).

e) Cme’s of soaps depend upon the number of equivalents
of added cations and are independent of the mnature of the
anion (4, 29). Goette (11) says however that cleaning activ-
ity (as apart from eme) of neutral or alkaline salts is depend-
ent upon the charge of their anioms.

£) In contrast to eleetrolyte effect on cme, solubilization of
hydrocarbong is increased whereas polar solubilization is re-
duced by added electrolyte (33).

Just as surfactants may be classified as cationie,
anjonic, or ampholytic, so may the detergent build-
ers be subdivided, and for essentially the same rea-
sons. Additionally these may be acid, neutral, or
alkaline in reaction upon solution. As indicated in
previous discussion, much of the literature deals with
anionie surfactants such as soaps, or with cationic
surfactants, with little or none concerned with non-
ionic or ampholytic surfactants. Consequently the
volume of data for effect of electrolytes upon solubili-
zation is in essentially the same proportion. To sim-
plify the discussion, the usual surfactant classification
will be followed.

Neutral Electrolytes. Examples of these materials
are the sodium and potassium chlorides and sulfates.

Orange OT was solubilized in potassinm dodecano-
ate, and the order of effectiveness of electrolyte ad-
dition was

KOH>KCNS>KCI = K280 >no salt

when added in equimolar quantities (49). For ethyl-
benzene in potassium tetradecanoate (71), the series

was
NaCl>KCI>K:80,>K Fe (CN), - 3H.0.

For n-heptane (33), the order was
KCI>K:80,>K,Fe(CN)s - 3H:0.

However, when n-octanol was solubilized, the order
was exactly reversed. :

The solubilization of dimethylaminoazobenzene, Or-
ange OT, and transazobenzene in surfactant solutions
showed that the log of critical concentration of a de-
tergent decreased linearly with increasing electrolyte
normality (39) and that temperature appeared of
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little importance to this relation. Sodium (or potas-
sinm) ion concentration (57) reduces cme to the same
extent when calculated on the cation-equivalent basis.
Common-ion effect was adduced as the cause of eme
reduction in accord with the law of mass action.

Data (56) measured at concentrations somewhat
above criticality for micelle formation showed solu-
bilization of Orange OT for several anionic surfact-
ants with sodium sulfate, tetrasodium pyrophosphate,
and carboxymethyl cellulose (NaCMC) as additives.
In general, increases in dye solubilization took place
with the electrolytes while carboxymethyl cellulose
generally had little effect.

Klevens’ review (31) of the effect of neutral elec-
trolytes on cationic agents gives some valuable gen-
eral information.

2) Addition of Na or K chlorides increases solubilization
of azobenzene.

b) With hydroearbons, solubilization inereases with the in-
crease in electrolyte concentration, followed by a decrease.

¢) With an alcohol, a decrease in solubilization occurs with
added electrolyte.

Cationic Electrolytes. The effect of these builders
is controlled by the valence of the cation. Harris
{12) demonstrated that soaps and other anionic suri-
actants show an initial increase in activity when very
low concentrations of cationic electrolytes are used,
followed generally by a marked reduction when the
electrolyte concentration is increased. This effect
follows the Schulze-Hardy rule: the higher the va-
lency, the more marked the result.

Anionic Electrolytes. These electrolytes are the
ones most effective as anionic and nonionic surfact-
ant builders. However their use in conjunetion with
cationic surfactants generally results in the loss of
effectiveness of the surfactant by chemical interaction.
Exceptions to this can be achieved by proper selection
of both surfactant and builder.

Tetrasodium pyrophosphate combined in an amount
equal to the surfactant generally exhibits no marked
change while a 2%%-fold addition either reduced the
degree of solubilization or left it essentially un-
changed. With nonionics, carboxymethyl cellulose
either caused little change or lowered solubilization.
Other work has shown considerable reduction in eme
as a result of electrolyte addition, but by using con-
siderably different technics. It is probably this which
accounts for differences in the apparent electrolyte
effect. Considerable increase in solubilization of Or-
ange 1, by nonionic surfactants was noted as the pH
changed from 4 to 12 while weakly polar Orange OT
showed no such trend. Increases in solubilization of
both dyes oceurred with temperature increases.

A minimal mole ratio of anionic electrolyte to cal-
cinm or magnesium soaps is necessary to prevent the
formation of alkaline earth soaps (60).

Solubilization of Orange OT is improved by build-
ers, such as polyphosphates and silicates, but the an-
ions exhibit essentially no effect. Lowering is directly
attributable to the cation and to mass action.

In textile practice, as in other detergent operations,
solubilization almost certainly occurs in the early
stages (the more effective the agitation or mechanical
action, the more rapidly solubilization oceurs). Then,
if the solubility of the soil in the detergent solution
is exceeded, emulsification ensues. In raw wool scour-
ing the first several bowls certainly contain contami-
nant in excess of the ability of the detergent to solu-
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bilize, but in subsequent bowls this effect must occur.
In the scouring of tops and of woven fabrie prior to
finishing, where the wool enters containing low propor-
tions of added or natural oils, solubilization eertainly
occurs. Scouring of woven greige goods of other
fibers prior to dyeing and finishing likewise utilizes
solnbilization as one factor in the detergent picture.
In the kier boiling of cotton, removal of the natural
waxes is undoubtedly partially accomplished by solu-
bilization. Silk degumming, with the removal of natu-
ral sericin, undoubtedly involves solubilization.

Bast fibers can be degummed by soaking in a co-
solubilized mixture of water, isopropyl aleohol, and
turpentine containing alkylated aryl polyether sulfate
as the surfactant (3).

In laundry practice, either home or commercial,
the oily soils are solubilized, and the insoluble soils
are suspended for removal. Oily matter, either of a
sebaceous nature or of cosmetic or medicinal nature,
represents the materials frequently encountered. Of
course, oils or fats from meats, shortening agents, or
butter on garments or kitchen towels are frequently
encountered and are subject to this same factor in
soil removal.

Metal Cleaning. Soils on metals almost invariably
contaln, or are, mineral, animal, or vegetable oils,
present as a result of metal treatment. Hence aqueous
detergency in metal cleaning almost invariably in-
volves solubilization as a factor. When degreasing
baths become overloaded, solubilization is followed by
emulsification, and if the load becomes sufficiently
high, oil phase separation actually occurs. Diphase
metal cleaning approaches solubilization in that the
agueous phase contains surfactant and a cosolvent
while the solvent phase contains some of the surfact-
ant. Emulsion cleaning, as it implies, has exceedad
the solubilization stage, and an emulsion of the clean-
ing solvent is used to dissolve oils. In metal cleaning,
solubilization is the main initial factor, followed by
emulsification as the oil solubility in the surfdctant
micelles iy exceeded.

Fineman and Kline (9), in evaluating an oﬂ-carbon
black soil on a variety of substrates, showed that for
a soil to be dispersed it must come off a substrate and
that substrates varied widely in their ability to per-
mit this soil to be dispersed. The amount of soil
applied and the surfactant concentration ranges were
such that solubilization could have occurred. These
investigators speak of emulsification of this soil, ob-
served under a microscope, so that solubilization very
probably played only a small but nevertheless im-
portant part in these particular systems.

Hand dishwashing is cited (56) as an excellent
example of solubilization because oils, fats, and fatty
acids are almost invariably constituents of the soil,
and cleaning proceeds by their solubilization. Once
the solubility point has been exceeded however, emulsi-
fication occurs and the foam begins to fall because the
surfactant is adsorbed in the process. If this process
is continued long enough, cleaning ceases even though
some foam may remain.

Lime Soap Dispersion. The ability of certain surf-
actants to solubilize either their own insoluble calcium
salts or the insoluble calcium salts of other surfactants
is a commercially valuable asset. Tindner (45) dem-
onstrated that Igepon T had the unusual ability to
disperse insoluble calcium soaps; at the near boil
almost clear solutions werce obtained, which could be
successfully filtered.
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Tartar and Cadle (72) investigated the solubility
of calcium dodecyl sulfonate in aqueous solutions of

the corresponding sodium salt. The inerease in solu-

bility of the calecium salt was accompanied by an in-
crease in both the Ca and Na ions with a decrease in
sulfonate ions. The caleium salt solubility increase
was explained by the formation of micelles, and the
caleium ions because of their high valence were con-
sidered as held more readily on the micelle surface
as gegenions than the Na ion. The solubility of cal-
cium dodecyl sulfate in aqueous solutions of the so-
dium salt were more than 10 times that of the cor-
responding sulfonate, and complex micelle formation
was used to explain the solubilization. An attempt
was made to measure the solubility of calcium laurate
in solutions of sodium laurate but was too insoluble
even in concentrated solutions to measure.

Miles and Ross (59) investigated mixtures of the
sodium and calcium salts of laurate soaps and lauryl
sulfate. The mixed salt Ca laurate-lauryl sulfate was
definitely characterized.

The foregoing suggest that optimum lime salt solu-
bilization can oeccur within a homologous series with
optimum hydrophobic length, that for a given hydro-
phobe the polar ending can have marked effect upon
solubilization, and that complexes of mixed salts can
be formed and isolated.

Compositions. Many preparations are compounded
initially to involve blending or hydrotropy to provide
clear, nonsettling coneentrates, which, on dilution,
produce clear solutions. The latter stage, during ap-
plication, involves solubilization.

Germicidal compositions have long used solubiliza-
tion as a funetion, in which ordinarily water-insoluble
active germicides are solubilized in dilute or concen-
trated surfactant solutions. Stable 4% solutions of
thymol or chlorothymol can be obtained in soap wolu-
tions (25). Hexachlorophene is used in germicidal
soaps in 1 to 3% quantities (42). A clear, homogenous
pine oil solution is obtained by using rosin soap 4s an
emulsifier and water to form a solution (2). This «an
be further diluted for use, providing a clear aqueous
solution (solubilized system).

Selection of the most effective soap or surfactant
for solubilization of germicidal agents is important to
germicidal potency. Much work has been done in the
solubilization of ortho-benzyl-para-chlorophenol (61);
and soaps, surfactants and cosolubilizates are dis-
cussed In attalning the most effective formulation of
this compound.

Dyes ordinarily insoluble in water have been solu-
bilized by surfactant solutions. A praetical applica-
tion of this phenomenon is the solubilization of an
optical brightening agent by surfactant solutions for
use in cleaning and simultaneously brightening nylon
(13).

Representative of concentrated hand dishwashing
compositions is one containing oleyl methyl tauride
as the surfactant, diethyleneglycol monobutyl ether
as a coupling agent, and a lime sequestrant (1). An-
other contained the ammonium salt of alkylphenol
polyglycol ether sulfate, water, and ethanol (40).
Another variety for the same purpose contained a
dialkylol amide, alkanolamine salts of dodecyl sulfate
and dodecvlbenzene sulfonate, water, and alcohol
(73). While the initial concentrates involve hydro-
tropy and blending, the use concentrations involve
solubilization.

Vor. 35

An acid cleaner for painted surfaces which entails
blending and solubilization comprised phosphoric
acid, aryloxypolyalkylene ether sulfonate, and minor
amounts of triamylamine (10).

Cosolubilization. This term signifies the effect of
one solubilizate in a surfactant system upon the solu-
bilization of yet another. In a practical manner the
initial solubilizate can increase the solubilization
effect where the last added material has only minor
solubility. Such systems might comprise as the least
soluble agent, a germicide, optical brightener, or
corrosion inhibitor in detergent compositions, and in
soil removal, gums, oils, or waxes to be removed from
substrates to be cleaned.

Solvents have been used with soaps for many vears,
but realization of their relationship to solubilization
has been neglected. That they are very useful for
many specific purposes is apparent. IHetzer (16) dis-
cussed this at length. Palit (64) investigated sol-
vents in soap systems with particular emphasis on
their use to dissolve alkali metal soaps. Mentioned as
particularly effective were mixtures of mono- and
polyhydric alcohols, and an extensive table of what
he calls latent solvents is given.

That cosolubilization is beneficial is indicated. Ir
wool scouring, clear compositions were superior to
those which were emulsions (41). Contrarily labora-
tory and commereial lanndry tests (63) showed no
advantage for solvent-containing detergents in remov-
ing fatty material from fabric.

Solubilization, because it is a complex phenomenon
and difficult to measure in the detergency process,
remains an intangible which nevertheless undoubtedly
occurs to a greater or lesser extent in most detergent
operations.

Summary

The ability of dilute surfactant solutions to solubil-
ize water-insoluble substances to form stable systems
is termed solubilization. Reviewed are the mechanism,
methods for measurement, and temperature effect.
Discussed in detail are surfaetant structure and solu-
bilizates, and the principles of solubilization involved.
The application of solubilization to detergency opera-
tions is discussed broadly.

Tt is concluded that solubilization is a minor, diffi-
cultly measurable factor in the large majority of
aqueous cleaning operations.
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extensive clinical investigation for intravenous
alimentation. The stabilizing agent in most of
the emulsions that have been tested was a purified
preparation of soybean phosphatides (3). These
preparations, even after so-called purification, are
complex mixtures of phosphatides and other materi-
als. The presence of such impurities and the varia-
tion in their composition from one preparation to
another may contribute at times to some of the ad-
verse reactions observed on administration of these
emulsions (9). This study was undertaken therefore
to investigate the use of highly purified phosphatides,
principally . lecithin, in emulsion preparations. A
small scale emulsion stability test was developed for
the small quantities of highly purified fractions
made available for this purpose. Highly purified
lecithin was found to be an inefficient emulsifier
producing emulsions particularly unstable to auto-
claving, a requisite procedure in the sterilization of
emulsions for use in infravenous alimentation.
Various materials were added back to the purified
lecithin to determine their influence on emulsification.
Such materials included fatty acids, carbohydrates,
other phosphatides, and combinations of these mate-
rials. Addition of fatty acids improved considerably
the emulsification properties of the lecithin prepara-
tions, but in no instance did any of the emulsifiers
equal in their emulsification properties that of the

QIL-IN_—WATER EMULSIONS have been undergoing
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soybean phosphatide preparations ordinarily used in
emulsification.

Experimental
Purified Lecithin

Lecithin fractions were obtained from egg yolk by
chromatographic purification procedures using an
alumina column as described by Hanahan et al. (4,
5). These were found to contain trace impurities
which were indicated to be in part lysolecithin (2, 7)
and probably also sphingomyelin (1, 6). In subse-
quent purification employing silica column proce-
dures similar to that described by Lea et al. (7),
lecithin fractions were obtained which, by the chro-
matographie strip technique (2), analyzed as only
one component having the same R; value as an au-
thentic sample of synthetic lecithin.®

Emulsion Evaluation Procedure

A small-scale test was developed to evaluate leci-
thin and mixtures as emulsifiers. The procedure eon-
sisted of dispersing in a Virtis homogenizer (Model
No. 6-105) the requisite amount of emulsifier formu-
lation in 85 parts (42.5 g.) of 59% dextrose solution
containing 0.3 parts (0.15 g.) of Pluronic F-68¢ for
about one minute at one-half full setting on the
Virtis variac. Then at slow speed 15 parts (7.5 g.)
of Wesson Oil® (15 wt.-% of the total emulsion)
were added, and the speed was increased over a
three-minute period to maximum for the homogenizer
(about 13,000 r.p.m.). After five minutes at this
speed a sample of about 10 ml. was transferred to
a 15-ml. centrifuge tube, sfoppered, mechanically



