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

Plant  Bleached Oils. The median absorbances for 
14 " 5 0 "  oils and 12 plant-bleached " 5 0 "  oils (using 
Special Fi l t rol  brand activated clay) were used to 
calculate one point, through which a line was drawn 
parallel to the isotherm for  laboratory bleached " 5 0 "  
oil as shown in Figure  4. Using this estimated iso- 
therm, a bleaching chart was prepared as shown in 
Figure  6. I t  follows f rom the Freundl ich 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-era. cell) of the 
green pigment in a " 5 0 "  oil entering a bleaching 
vessel (for  example, Ao = 2800) and supposing that  
a bleached oil of 100 units (=A~) is required, it fol- 
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FIG. 6. B l e a c h i n g  c h a r t  f o r  t he  r e m o v a l  of  g r e e n  p i g m e n t  
f r o m  " 5 0 "  oil. P l a n t  b l e a c h i n g  u s i n g  S p e c i a l  F i l t r o l  b r a n d  
a c t i v a t e d  c lay .  

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

Summary 
Bleaching results are evaluated spectrophotomet- 

rieally by measuring the change in the absorbanees 
at 455 and 670 (or 665) millimicrons, respectively. 
Three bleaching clays (one was activated) and two 
activated carbons were used for  deeolorizing soybean 
oils made break-free by either alkali refining or 
acetic anhydride water degumming. Bleaching times 
varied from 10 to 40 rain. with 30 min. being used 
in the evaluations. Although bleaching at a temper- 
ature of 265~ removed more color than bleaching 
at 125 ~ or 220~ the lat ter  temperature  was used in 
this study. Most of the bleaching was done under  
vacuum although using a nitrogen pressure of 50 
p.s.i.g, removed more color. Results are expressed by 
Freundl ich isotherms, and a bleaching chart for  the 
control of plan t bleaching is given. I t  is shown that  
in the bleaching of soybean oil p r imary  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, Dayton, Ohio 

~ UNUSUAL PHENOMENON associated with dilute 
surfactant  solutions is their ability, in a micel- 
lar  state, actually to solubilize water-insoluble 

substances. MeBain (48) defined solubilizatiou as 
the spontaneous passage of molecules of a substance 

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

Micelles, as regular  aggregations of molecules, ap- 
pear  in aqueous and nonaqueous media. The present 
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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- 
philic groups, par t ia l ly  soluble or insoluble in water. 
The solubilized systems are notable for their stabil- 
i ty 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  because of the presence of large 
amounts of additives, as contrasted with relatively 
small amounts of surfaetant  in the solubilization 
process. " B l e n d i n g "  (65, 66) is a broad te rm;  the 
process involves the mutual  solubility of two normally 
immiscible solvents by the addition of a colloidal elec- 
trolyte. T h e s e  systems are best described by using 
diagrams. "Emuls i f i ca t ion"  occurs beyond the point 
of saturat ion of the micelle by added solute; droplets 
of the additive become apparent.  

Lawrence (44) suggested that  American workers, 
by using tubidi ty  as an end-point indication of solu- 
bilization, had not carried the solute addition suffi- 
ciently far  because the opacity actually is a l i qu id  
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 t r u e  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 l-heptanol in which, 

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 
s t ructure of both surfaetant  and 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) ]ame]lar and 
Har t ley  (23) spherical mieelle are shown (Figure  1), 
as supplemented by Klevens (31), to suggest the 
effect of solubilized hydrocarbon. Calculation from 
X-ray  measurements (17, 48) suggests that  solubili- 
zation occurs in the lamellar mieelles, but  Har t l ey  
(23) points out that  these same X-ray data can be 
interpreted in the manner  in which two-layer mice]les 
pack (spherical or oblate spheroid).  

Micellc Adsorption. Corrin, Klevens, and J-Iarkins 
(5), in discussing adsorbed dye, indicated that  the 
insoluble dye complex first formed goes back into 
solution as the cmc is passed. The charged, bound 
dye molecule of charge opposite to the surfactant  was 
expected to be adsorbed on the surfaetant  micelle, 
a t t racted more to the hydrophobic region of the mi- 
celle palisade layer  and less toward the polar region 
of water surrounding the micelle. The penetrat ion 
could be for only a ve ry  short distance because the 
presence of the dye molecules decreased the cmc not 
more than a few per cent. The same conclusion was 
reached with short-chain alcohol additives. 

Harkins and Oppenheimer (20) objected to solu- 
bilization as fitting th~ 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 pene t ra t ion"  
to fit this occurrence and point out that  substances 
which enter the mieelle by penetrat ion lower the cmc 
while those that  enter by solubilization have little 
effect on cmc. 

Another  example of penetrat ion (49) is that  of 
polar dyes, such as Orange OT and Yellow AB, in 
potassium laurate solutions. These are said to show 
characteristic penetrat ion by the dye molecule into the 
palisade layer  of the soap mieelles ra ther  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. I t  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 crystalline 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 proport ion 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. 

Spectral Dye. McBain 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 Dil]'raction. 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 mieelle structure depend- 
ing upon the molecular shape of the solubilizate. 
Harkins and Mittleman (19) demonstrated changes 
in soap mieelle size, increasing with hydrocarbon ad- 
dition and decreasing with alcohol (Clo 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 nonionies are not uniform (46). 

Surfactant Structure 
Just as mieelles presumably begin forming before 

the critical concentration is reached, so solubilization 
must also start. Ekwall (6, 8) has demonstrated that 
solubilization occurs at surfaetant concentrations con- 
siderably below the eme. The lowest point at which 
it occurs is called the limiting association concentra- 
tion (L.A.C.). For a given surfaetant 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 surfaetants (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 w~th chain length arc found 
for hydrocarbon solubillzates. 

b) An inversion in solubilization occurs with long chain 
alcohols, but  a general increase in alcohol solubility is found 
for increase in chain length of soap (21), which is almost 
linear between C;2 and C,s. 

c) A double bond appears to reduce degree of solubilization. 
d) Cation type, e.g., l~a + or K § has only small effect on 

solubilization. 
e) Free f a t ty  acids combined with soaps seem to increase 

solubilization. 
f )  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 sohbi l ize  relatively insoluble higher 

chain lengths. While the combination may  be a slightly less 
effective solubilizer than  a " p u r e "  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 surfac tants  appear to have greater 
solubilizing power than  soaps (38, 54). Indications are that  
for the same slkyl chain length, cationic compounds are of 
larger vohme  hence accommodate larger quantities of solu- 
bilizate (18). 

b) Solvent power varies with the anion: 

Br-~CI-~SO4--~OCOCH~- (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 eationies increase solubilization of a 
number of solubilizatcs. For compounds with equal 
equivalent carbon chain lengths, the degree of solu- 
bilization is the same. An exception is the cationic 
type, which seems to provide an increased degree of 
solubilization over anionies (31, 43, 52, 58). 

Polar Group Position and Branching. Some very 
interesting relationships are found for tetradeeane 
sodium sulfates, where the -S04 position is moved 
progressively from the terminal position [the solu- 
bilizate was a mixture of eyclohexane dissolved in 
eyelohexanol (76) ]. 

a) Solubilization increases as the position of the sulfate is 
moved from the 1- to the 7-position (even though the cmc 
increases in the same order, contrary to n-alkyl soaps and 
sur fac tan ts ) .  

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

Mixtures 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 cmc are inverse functions, but  
branched chain sulfates  give exceptions. 

I f  the impurity to be removed is a surfac tant  of longer 
chain length, then cme will increase with its removal and solu- 
bilization will decrease. I f  the impuri ty  is of lower chain 
length, the reverse is true. 

b) Mixtures of two surfaetants  of ttle same cme but  of 
different structure produce no observable change in soh-  
bilization (36). 

Complexes. Ekwa]] (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 alcohol, 
surfaetant, 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) stearie acid and sodium stearate were shown to 
exist in several isolatable states. The formulas cor- 
responding to those isolated were 1 NaSt : l  HSt, 
2 NaSt:3 ItSt, and 1 NaSt:2 HSt. 

Wilson (75) found two iutermolecutar complexes 
with sodium lauryl sulfate and lauryl alcohol 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 
surfaetants might also form complexes with their 
unreaeted hydrophobe base materials. 

Nonionics. Comparatively speaking, very little 
work has been done with nonionie surfaetants, un- 
doubtedly because they are the least well known but 
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also because pur i f ica t ion  of them to a single compound  
is ext remely  difficult (47).  Nonionie  p roduc t s  are 
comprised of compounds  wi th  a r a the r  wide d i s t r ibu-  
t ion  of a lkylene  oxide cha in  lengths.  

The fact  tha t  non ion ics  exhibi t  c loud-poin t  can 
in te r fe re  wi th  the usua l  so lubi l iza t ion procedures.  
Var ious  f a t t y  acid esters of po lyoxye thy lene  sorbi tan  
(27) as solnbil izers  for benzene and  octanol  exhibited 
two l imits  of solubi l izat ion by  t u r b i d i t y  de te rmina-  
tion. The first m a x i m u m  was associated wi th  mieelle 
format ion  and  the second to a po la r -nonpo la r  solu- 
bi l i ty ,  possibly expla inable  (74) as separa t ion  of a 
s u r f a e t a n t - r i c h  phase. Other  measuremen t s  have 
been made ( 4 6 ,  50, 68), bu t  iusufficient da ta  exist 
to form a n y  general  conclusions conce rn ing  non-  
iouics as solubilizers. 

Salubilizates 

Solubil izates  in  these systems can be gaseous, liq- 
uid,  or solid, a n d  no a t t empt  wil l  be made  to recount  
all  the n u m e r o u s  references on this subject .  On ly  a 
few represen ta t ive  examples of l iqu id  and  solid types  
wil l  be discussed. 

Liquids. Klevens  (31) has excel lent ly  sumnmr ized  
resul ts  wi th  the va r i e ty  of solnbilizates,  i n c l u d i n g  
l iquids.  Cha in  length,  eyclization,  u n s a t u r a t i o n ,  a n d  
b r a n e h i n g  all  affect solubil izat ion,  and  some generalL 
zations can be deduced f rom thei r  ac t ion wi th  a ;~dngle 
solubilizer,  f rom a homologous series, or f rom var ious  
types. 

Hydrocarbon. Solubi l iza t ion  is affected as follows. 

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

b) Increased solubility occurs with eyelization. 
e) Increased solubility is found for uns~turated compounds 

over their saturated equivalents. 
d) The same solubility occurs with branched saturated hy- 

drocarbons and their normal isomers. 
e) Polycyclie hydrocarbons do not necessarily follow obser 

vations a through d. 
1. Polycyclics are less soluble than normal paraffins of the 

same molecular weight. 
2. Ring closure causes marked decrease in solubilization, and 

relationships true for simple hydrocarbons do not hold 
for complex polyacenes. 

f) Each molecule of polyeyclie (dibenzanthraeenc) requires 
a critical volume of hydrocarbon atmosJghere 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- 
ereases, linearity no longer holds. In this ease, linear plots are 
obtained with the log of solubility as a function of molar 
volume. :For polycye]ies, two linear plots ~re necessary, one 
for linear polycyclics and another for nonlinear polycyclics. 

h) The apparent density of surfaetant 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 linearly with molar volume (34). 

Polar Compounds. As migh t  be expected, the pres-  
ence of a polar  group modifies the solubi l iza t ion 
character is t ics  of a system in  change wi th  the orien- 
t a t ion  of the compound  in  the micelle. McBain  (50, 
51) demons t ra t ed  tha t  d ime thy lph tha la t e ,  poor ly  sol- 
uble  in  water  or dodecane, has a so lubi l i ty  20 t imes 
tha t  in  hydrova rbon  when solubil ized in  a dee inormal  
potass ium laura te  solution,  sugges t ing  tha t  the polar  
groups  are n m t u a l l y  a t t r ac t ed  in  the micelle s t rue tur6 .  

H a r k i n s  a nd  Oppenhe imer  (20) demons t r a t ed  the 
effect of polar  g r o u p i n g  u p o n  solubi l iza t ion for  deriv-  
at ives of dodeeane in  0.3 molar  sodium l a u r y l  su l fa te  
solut ion,  showing tha t  the more hydrophi l i c  the solu- 
bilizate, the grea te r  the degree of solubil izat ion,  so 
much  so tha t  these authors  suggested tha t  beyond  
solubi l iza t ion there exists a f u r t h e r  phenomenon  they  
cal led " f i l m  p e n e t r a t i o n "  in  e xp l a na t i on  of the man-  
ne r  in  which these compounds  enter  the micelle. 

The work of MeBain  and  R icha rds  (54) shows tha t :  

a) increase in molecular weight witMn any homologous series 
of solubilizates tested tends to reduce solubilization; 

b) polar compounds are much more extensively solubilized 
than are the hydrocarbons; there is a negative effect for nitro- 
gen-eontaining solubilizatcs ; 

c) molar volume does not determine solubilization and its 
use is not generally ~tpplicable to all types of compounds. (See 
contradiction, paragraph 9 under Hydrocarbons 134]); 

d) a general increase in alcohol solubi]ization occurs with 
increase in chain length of soap; 

e) solubility decreases with increasing length of alcohol car- 
bon chain length (20) ; 

f) insufficient data for amines exists; and 
g) the mercaptan tested was considerably less soluble than 

the equivalent carbon-chain alcohol or amine. 
Several  genera l iza t ions  for the effect of alcohols 

u p o n  the emc of dode c y l a mmon i um chloride were 
developed (15).  

a) The emc is a linear function of alcohol concentration for 
alcohols of from 2 to 11 carbons in chain length. 

b) Rate of change in cmc with alcohol concentration is 
smaller for branched chain than for straight chain emnpounds 
of the same number of carbon atoms. 

e) The log of the derivative of the cme, with respect to the 
alcohol concentration, is a linear function of the chain length 
of the Mcohol for alcohols of 3 to 10 carbon atoms. 

Mixed Liquids. A field which has received rela- 
t ive ly  l i t t le  a t t e n t i on  is tha t  of m ix tu re s  of solubil i-  
zates, a n d  Klevens  (32) appears  to have done much  
of the publ i shed  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, enhancement of solubilization occurs: 

COO<--OH<'-:NHf<-SH 

b) As the chain length of the polar group (e.g., --Oil) is 
increased, there is an inerease in solubilizing power. 

Kolthoff  a n d  G r a y d o n  (37) inves t iga ted  cosolu- 
bi l ized combina t ions  of alcohols a n d  hydroca rbons  
u p o n  the solubi l iza t ion of d imethy laminoazobenzene  
( D M A B ) ,  Orange  OT, a nd  t ransazobenzene  in  so- 
lu t ions  of po tass ium laura te .  Va r i a t i ons  in  solu- 
b i l iza t ion  were noted  wi th  the different  solubilizates.  
Cosolubil ized amyl  alcohol a n d  octyl  alcohol both  
increased  the so lubi l iza t ion  of t ransazobenzene  and  
naph tha lene ,  bu t  the la t te r  had  l i t t le  effect u p o n  polar  
solutes. Cosolubi l izat ion of hyd roca rbons  (with the 
alcohols) increased the so lubi l iz ing  power of potas- 
s ium l au ra t e  for D MA B ,  Orange  0 T ,  a n d  t ransazo-  
benzene. 

The solubi l izat ion by s u r f a e t a n t  solut ions  of nor-  
ma l l y  wa te r - i n so lub l e  dyes has been used as one 
means  for d e t e r m i n i n g  eme (52, 58). These thermo-  
d y n a m i c a l l y  stable solut ions  r ead i ly  passed th rough  
semipermeable  membranes ,  thus  d i s t i ngu i sh ing  these 
systems f rom emuls ions  or suspensions.  The dyes 
specifically used were Yellow A B  (phenylazo-f l -naph-  
t h y l a m i n e )  a n d  Orange  OT (o-tolylazo-f l-naphthol)  ; 
d imethylamin.oazobenzene a nd  t ransazobenzene  (39) 
have also been used. 
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Orange L (2,4-dinitrophenylazo-l-naphthol-2) was 
used by Mankowich (46) in a considerable series of 
experiments  as more s t rongly polar  than Orange OT 
or the other dyes a l ready 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 mieelle exterior as being only a minor factor  
and implied that  there are cases of format ion  of nni- 
and mul t imolar  layers within the lamellar  mieelle. 
Exper ience  with other surfae tants  (69) suggested 
differences in mechanism of dye incorpara t ion by 
mieelles when the dyes differ in structure.  

Herzfe ld  (14) showed tha t  va ry ing  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 cmc, 
charged pinaeyanol  chloride and soap form a precipi- 
tate which is solubilized when the critical concentra- 
tion is reached. Below emc the dye molecules may  be 
in dimer or higher form while upon solubilization 
they re tu rn  to their  monomer form when the soap 
molecules associate to form micelles. I t  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 cmc no more than a few per  cent. 

Detergency Application 
Removal  of an oil f rom a solid surface in a surf-  

aetant  solution held in a quiescent state has been 
suggested as at t r ibutable  to the preferent ia l  sorption 
of sur fae tan t  molecules at the substrate surface to 
permit  its wet t ing and subsequent rolling back of the 
oily soil. I t  is likely that  preferent ia l  sorption of the 
sur fac tan t  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 
preferent ia l  sorption of sur fac tan t  can occur. It  is 
suggested that,  heeause nonionht sur fac tants  have 
many-fold  lower adsorption characteristics, the sub- 
s t ra te-surfae tant  sorption inechanism for general ex- 
planat ion may  be weakened. Certainly this would be 
t rue  with substrates showing essentially no prefer-  
ential sorption for surfactant .  I t  is now suggested 
that  sorption of the sur fac tan t  by  the oil, and oil 
solubilization may  be more reasonable explanations 
for this phenomenon though the substrate  type is 
also important .  

As McBain pointed out (48), detergency is a com- 
plex of m a n y  diverse factors, among which solubili- 
zation is only one. However  he considered it of suf- 
ficient importance that  it was discussed at  length. 
McBain and Hutehison (56) in eontinuing his work, 
discussed the soluhilization phenomenon and its ap- 
plications at  length and very  briefly t.onsi<lered its 
relationship to detergency. Klevens (31) reviewed 
the m a n y  factors  of solubilization, briefly considering 
its implications in detergency. Preston (67), in dis- 
cussing the correlat ing prineiples of detergent  action, 
concluded tha t  a critical washing concentration is 
characterist ic of each sur fae tan t  and tha t  this closely 
coincided with critical concentrat ion for lnicelle for- 
mation but  relegated solubilization of foreign mat te r  
as a funct ion of the colloidal micelle to a secondary 

role in the usual  washing process. Goette (11) con- 
eluded that  detergency is more great ly  affected by  the 
interfaeial  potentials  (zeta potent ia l ) ,  electrostatic 
forces, and of ion charge than  by solubilization. 

I t  is quite apparen t  tha t  a var ie ty  of beliefs exist 
concerning the importance of solubilization in the 
detergent  process. I t  was pointed out (56) that  
though solid soils, such as lampblack and ferric oxide, 
are not subject to solubilization, solubilization can be 
quite impor tan t  in applications where fats  and the 
like are the contaminat ing substances. 

Detergent Builder Elect. Materials  such as electro- 
lytes, which can affect cmc, should likewise have effect 
upon solubilization. Increase in micellar size or for- 
mation at lower critical concentration will increase 
solubilization, and a review of the principles govern- 
ing electrolyte addit ion will app ly  to solubilizatiou. 

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, tile less of the cation 
required to reduce cmc. 

c) Cmc 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) Cmc's of soaps depend upon the number of equivalents 
of added cations and are independent of the nature of the 
anion (4, 29). Goette (11) says however that  cleaning activ- 
ity (as apart  from cmc) of neutral or alkaline salts is depend- 
ent upon the charge of their anions. 

f)  In contrast to electrolyte effect on cmc, solubilization of 
hydrocarbons is increased whereas polar solubilization is re- 
duced by added electrolyte (33). 

Jus t  as sur fac tants  may  be classified as cationic, 
anionic, or ampholytic,  so may  the detergent build- 
ers be subdivided, and for essentially the same rea- 
sons. Addi t ional ly  these may  be acid, neutral ,  or 
alkaline in reaction upon solution. As indicated in 
previous discussion, much of the l i tera ture  deals with 
anionic sur fae tan ts  such as soaps, or with cationic 
surfaetants,  with little or none concerned with non- 
ionic or ampholyt ic  surfaetants .  Consequently the 
volume of data  for  effect of electrolytes upon solubili- 
zation is in essentially the same proportion. To sim- 
p l i fy  the discussion, the usual sur fac tan t  classification 
will be followed. 

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

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

K O H ~ K C N S ~ K C 1  = K~SO~no salt 

when added in equimolar quantit ies (49). For  ethyl- 
t)enzene in potassium tetradecanoate (71), the series 
w a s  

NaCI~KC1 ~K,. ,SO~K4F e (CN) 6" 3 H,_,O. 

For  n-heptane (33), the order was 
KC1 ~K,_,SO4~ K4]~e (CN)~ �9 3H,20. 

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

The solubilization of dimethylaminoazobenzene, Or- 
ange OT, and transazobenzene in sur fae tan t  solutions 
showed tha t  the log of critical concentration of a de- 
tergent  decreased l inearly with increasing electrolyte 
normal i ty  (39) and  tha t  t empera ture  appeared  of 
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little importance to this relation. Sodium (or potas- 
sium) ion concentration (57) reduces cmc to the same 
extent when calculated on the cation-equivalent basis. 
Comnlon-ion effect was adduced as the cause of enlc 
reduction in accord with the law of mass action. 

Data  (56) measured at concentrations somewhat 
above cri t icali ty for  mieelle format ion showed solu- 
bilization of Orange OT for several anionic surfact-  
ants with sodium sulfate, te t rasodium 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 neutra l  elec- 
trolytes on cationic agents gives some valuable gen- 
eral information.  

a) Addi t ion  of  Na  or K chlorides increases  solubi l izat ion 
of azobenzene.  

b)  Wi th  hydrocarbons ,  solubi l izat ion increases  wi th  the  in- 
crease in  electrolyte concent ra t ion ,  fol lowed by  a decrease. 

e) Wi th  an  alcohol, a decrease in soIubil izat ion occurs with 
added  electrolyte.  

Cationic Electrolytes. The effect of these builders 
is controlled by the valence of the cation. Har r i s  
(12) demonstrated tha t  soaps and other anionic surf-  
aetants show an initial increase in act ivi ty  when very  
low eoncentrations of cationic electrolytes are used, 
followed general ly 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 nonionie surfaet-  
ant  builders. However  their  use in conjunction with 
cationic surfactants  general ly results in the loss of 
effectiveness of the sur fac tan t  by  chemical interaction. 
Exeeptions to this can be achieved by proper  selection 
of both sur fac tan t  and builder. 

Tetrasodium pyrophosphate  combined in an amount  
equal to the sur fae tan t  general ly exhibits no marked 
change while a 21~-fold addit ion either reduced the 
degree of solubilization or lef t  it essentially un- 
changed. With  nonionies, earboxymethyl  cellulose 
either caused little change or lowered solubilization. 
Other work has shown considerable reduction in cmc 
as a result of electrolyte addition, but  by using con- 
siderably different technics. I t  is probably  this whieh 
accounts for differences in the appa ren t  electrolyte 
effect. Considerable increase in solubilization of Or- 
ange L by  nonionic surfactants  was noted as the p H  
changed f rom 4 to 12 while weakly polar  Orange OT 
showed no such trend. Increases in solubilization of 
both dyes occurred with t empera tu re  increases. 

A minimal mole ratio of anionic electrolyte to cal- 
cium 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 direct ly 
at t r ibutable  to the cation and to mass action. 

In  textile practice, as in other detergent  operations, 
solubilization almost cer ta inly occurs in the ear ly  
stages (the more effective the agitat ion or mechanical 
action, the more rap id ly  solubilization occurs).  Then, 
if the solubility of the soil in the detergent  solution 
is exceeded, enmlsiflcation ensues. In  raw wool scour- 
ing the first several bowls cer ta inly contain contami- 
nant  in excess of the abil i ty of the detergent  to ;solu- 

bilize, but in subsequent bowls this effect must  occur. 
In  the scouring of tops and of woven fabric pr ior  to 
finishing, where the wool enters co.ntaining low propor-  
tions of added or na tura l  oils, solubilization cer ta inly 
occurs. Scouring of woven greige goods of other 
fibers pr ior  to dyeing and finishing likewise utilizes 
solubilization as one faetor  in the detergent  picture.  
In  the kier boiling of cotton, removal  of the na tura l  
waxes is undoubtedly  par t ia l ly  accomplished by  solu- 
bilization. Silk degumming, with the removal  of natu-  
ral  sericin, undoubtedly  involves solubilization. 

Bast  fibers can be degmnmed by soaking in a eo- 
solubilized mixture  of water, isopropyl  alcohol, and 
turpent ine  containing alkylated aryl  polyether sulfate 
as the sur fac tan t  (3). 

In  l aundry  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  f requent ly  encountered. Of 
course, oils or fats  f rom meats, shortening agents, or 
but ter  on garments  or kitchen towels are f requent ly  
encountered and are subject to this same fac tor  in 
soil removal. 

Metal Cleaning. Soils on metals almost invar iab ly  
contain, or are, mineral,  animal, or vegetable oils, 
present  as a result  of metal  t reatment .  Hence aqueous 
detergency in metal  cleaning ahnost invar iably  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 separat ion actual ly  occurs. Diphase 
metal  cleaning approaches solubilization in that  the 
am~eous phase contains sur fac tan t  and a cosolvent 
while the solvent phase contains some of the surfact-  
ant. Emulsion cleaning, as it implies, has exceeded 
the solubilization stage, and an emulsion of the clean- 
ing solvent is used to dissolve oils. In  metal  cleaning, 
solubi]ization is the main initial factor, followed by 
emulsification as the oil solubility in the sur fae tan t  
mieelles is exceeded. 

F ineman arid Kline (9), in eva]nating an oil-carbon 
Mack soil on a var ie ty  of substrates, showed that  for  
a soil to be dispersed it must  come off a substrate and 
that  substrates varied widely in their  abil i ty to per-  
mit  this soil to be dispersed. The amount  of ,~soil 
applied and the sur fac tan t  concentrat ion ranges were 
such that  solnbilization could have occurred. These 
investigators speak of emulsification of this soil, ob- 
served under  a microscope, so that  solubilization very  
probably  p layed only a small but  nevertheless im- 
por tan t  pa r t  in these par t icu lar  systems. 

H a n d  dishwashing is cited (56) as an excellent 
example of solubilization because oils, fats, and  f a t t y  
acids are almost invar iably  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 
sur fae tan t  is adsorbed in the process. I f  this process 
is continued long enough, cleaning ceases even though 
some foam may  remain. 

Lime Soap Dispersion. The abil i ty of certain surf-  
actants to solubilize either their  own insoluble calcium 
salts or the insoluble calcimn salts of other sur fae tants  
is a commercial ly valuable asset. L indner  (45) dem- 
onstrated that  Ia'epon T had the unusual  abi l i ty to 
disperse insoluble calcium soaps; at the near  boil 
ahnost clear solutions were obtained, which could be 
successfully filtered. 
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Tar t a r  and  Cadle (72) investigated the solubility 
of calcium dodeeyl sulfonate in aqueous solutions of 
the corresponding sodium salt. The increase in solu- 
bili ty of the calcium salt was accompanied by an in- 
crease in both the Ca and Na ions with a decrease in 
sulfonate ions. The calcium salt solubility increase 
was explained by the format ion of mieelles, and the 
calcium ions because of their  high valence were con- 
sidered as held more readi ly  on the mieelle 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 mieelle format ion 
was used to explain the sol ubilization. An a t tempt  
was made to measure the solubility of calcium laurate  
in solutions of sodimn 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 ]aurate- lauryl  sulfate was 
definitely characterized. 

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

Compositions. Many prepara t ions  are compounded 
initially to involve blending or hydro t ropy  to provide 
clear, nonsett l ing concentrates, which, on dilution, 
produce clear solutions. The lat ter  stage, dur ing ap- 
plication, involves solubilization. 

Gernlieidal compositions have long used solubiliza- 
tion as a function, in which ordinar i ly  water-insoluble 
active germicides are solubilized in dilute or concen- 
t ra ted  sur fac tan t  solutions. Stable 4% solutions of 
thymol or chlorothymol can be obtained in soap solu- 
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 as an 
emulsifier and water  to form a solution (2).  This (~ml 
be fur ther  diluted for use, providing a clear a,tue(ms 
solution (solubilized system).  

Selection of the most effective soap or sur'fa(~tatH: 
for solubilization of germicidal agents is impor lan t  to 
germicidal potency. Much work has been dotm in the 
solubilization of ortho-benzyl-para-ehlorophenol (61) ;  
and soaps, surfactants  and cosolubilizates are dis- 
cussed in a t ta in ing the most effective formulat ion of 
this compound. 

Dyes ordinar i ly  insoluble in water  have been solu- 
bilized by sur fac tan t  solutions. A practical  applica- 
tion of this phenonlenon is the solubilization of all 
optical br ightening agent  by snr fac tan t  solutions for 
use in cleaning and simultaneously br ightening nylon 
(13). 

Representat ive of concentrated hand dishwashing 
compositions is one containing oleyl methyl  taur ide 
as the surfaetant ,  diethyleneglycol monobutyl  ether 
as a coupling agent, and a lime sequestrant  (1). An- 
other contained the ammonium salt of alkylphenol 
polyglyeol ether sulfate, water,  and ethanol (40). 
Another  var ie ty  for the same purpose contained a 
dialkylol amide, alkanolamine salts of dodecyl sulfate 
and dodecylbenzene sulfonate, water,  and alcohol 
(73). While the initial concentrates involve hydro- 
t ropy  and blending, the use concentrations involve 
soklbilization. 

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

Cosolubilization. This t e rm signifies the effect of 
one solubilizate in a surfae tant  system upon the solu- 
bilization of yet  another. In  a pract ical  n~anner the 
initial so]ubilizate can increase the solubilization 
effect where the last  added mater ia l  has only minor 
solubility. Such systems might  comprise as tlle least 
soluble agent, a germicide, optical brightener,  or 
corrosion inhibi tor  in detergent compositions, and in 
soil removal, gums, oils, or waxes to be removed f rom 
substrates to be cleaned. 

Solvents have been used with soaps for  nlany years, 
but  realization of their relationship to solubilization 
has been neglected. That  they are very  useful for 
many  specific purposes is apparent .  Hetzer  (16) dis- 
cussed this at length. Pal i t  (64) investigated sol- 
vents in soap systems with par t icu lar  emphasis on 
their  use to dissolve alkali metal  soaps. Mentioned as 
par t icu lar ly  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. In  
wool scouring, clear compositions were superior to 
those which were emulsions (41). Contrar i ly  labora- 
tory and eonlmercial l aundry  tests (63) showed ~ao 
advantage for solvent-containing detergents in remov- 
ing fa t ty  mater ia l  fronl 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 sur fae tau t  solutions to solubil- 

ize water-insoluble substances to form stable systems 
is termed solubilization. Reviewed are the mechanism 
methods for measurement,  and temperatm-e effect. 
Discussed in detail ar~; su r fae tan t  s t ructure  and soln- 
bilizates, and the prin(tiples of solubilization involved. 
The application of solubilization to detergency opera- 
tions is discussed broadly. 

It  is concluded that  solubilization is a minor, diffi- 
cultly measurable factor in the large major i ty  of 
aqueous cleaning operations. 
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Lecithin in Oil - in-Water Emulsions I 

DAVID A. YEADON, LEO A. GOLDBLATT, and AARON M. ALTSCHUL, Southern Regional 
Research Laboratory, ~ New Orleans, Louisiana 

o 
I L - I N - W A T E R  E M U L S I O N S  h a v e  been undergoing 
extensive clinical investigation for  intravenous 
alimentation. The stabilizing agent in most of 

the emulsions that  have been tested was a purified 
preparat ion of soybean phosphatides (3). These 
preparations, even af te r  so-called purification, arc 
complex mixtures of phosphatides and other materi- 
als. The presence of such impurities and the varia- 
tion in their composition from one preparat ion to 
another may contribute at times to some of the ad- 
verse reactions observed on administration of these 
enmlsions (9). This s tudy was under taken ~herefore 
to investigate the use of highly purified phosphatides, 
p r i n c i p a l l y  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 par t icular ly  nnstable to auto- 
claving, a requisite procedure in the sterilization of 
emulsions for use in intravenous alimentation. 

Various materials were added back to the purified 
lecithin to  determine their influence on emulsification. 
Such materials included fa t ty  acids, carbohydrates, 
other phosphatides, and combinations of these mate- 
rials. Addit ion of f a t ty  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 

1This investigation was supported in par t  by funds from the Office 
of the Surgeon General. 

2 One of the laboratories ~f tbe Southern Utilization tZeseareh ~nd 
Development Division, Agwicultural Research Service, United States 
Depa, r tment  of Agriculture. 

soybean phosphatide preparat ions ordinari ly used in 
emulsification. 

E x p e r i m e n t a l  
Purified Lecithin 

Lecithin fractious were obtained from egg yolk by 
chromatographic purification procedures using an 
alumina column as.described by Hanahau et at. (4, 
5). These were found to contain trace impurities 
which were indicated to be in par t  lysoleeithin (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- 
matographic strip technique (2),  analyzed as only 
one component having the same Rf 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 con- 
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 5% dextrose solution 
containing 0.3 parts  (0.15 g.) of Pluronie F-684 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 5 (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.).  Af ter  five minutes at  this 
speed a sample of about 10 nil. was t ransfer red  to 
a 15-ml. centrifuge tube, stoppered, mechanically 


