
456 THE JOURNAI, OF THE AMERICAN OIL {_IHEMISTS' SOCIETY, S E P T E Y l B E R ,  1949 

Acknowledgment 
We art,' i n d ( , b t e d  to the N. V. Olieraflinaderij 

Zuilen, l tol land,  for permission to publish the results 
of this investigation, which was carried out oll their 
behalf.  We also with to express our thanks to Miss 
J.  Kouwenhoven for her help and careful analyses, 
and to l)r. E. Lcwkowitseh for  editing the English 
text. 

Summary 
Extensive analyses have been nlade of American 

and Austral ian woolwaxes. Combined hydroxy ac, ids 
have been shown to be the most characteristic and 
impor tant  components of these waxes. Both contained 
considerable amounts  (about  91.5'ff in the ease of Hte 

American wax and 31.7% in the Austral ian sample) 
of diestolidic esters of the alcohols of the uusaponifi- 
able fraction. This conclusion is supported by  cal- 
culations of composition, by observations of viscosity 
and emulsifying I)roperties, and by  determinations of 
nlean molecular weight by the Prahl  method. 
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Types and Mechanisms of Solubi l izat ion 

H.  B. K L E V E N S ,  D i v i s i o n  o f  A g r i c u l t u r a l  B i o c h e m i s t r y ,  U n i v e r s i t y  o f  M i n n e s o t a ,  
St. Pau l ,  M i n n e s o t a  

T I I E  solubility of various compounds such as hy- 
drocarbons, dyes, long chain alc, ohols, f a t t y  acids, 
and insoluble soaps in water  is increased by the 

addition of soluble soaps and other detergents. This 
phenomenon is usually designated as solubilization. A 
consi(lerable number  of investigators have studied the, 
solubilization of compounds of vary ing  polarity,  size, 
charge, etc., with quite inconsistent results. An at- 
tempt  is made here to show relationships between 
these various, seemingly conflicting, data and to add 
some new data fronl this labora tory  which increases 
the val idi ty  of these correlations. 
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F'm. 1. S o l u b i l i z a t i o n  o f  e t h y l  b e n z e n e  ( A )  a n d  Orange ,  O T  
( B )  in  p o t a s s i u m  l a u r a t e  s o l u t i o n s  ( 2 5 ~  

Some typical  soh]t)ilization data are shown in Fig. 
1, where 5II{ (moles of material  sohfl)ilized per  nlole 
soap) is plotted as a func, tion of soap concentration. 
Two nlain types of solubilization occur depending on 
the compound solubilized. 

The first group is exemplified by  hydrocarbons.  
Fo r  example, (?urve A shows the solubilization of 
ethyl beuzene in potassimn laurate s o l u t i o n s  (1) 
which is typical  of systenls in whM1 5IR increases 
at all soap concentrations, up to ahnost 1.0 M, above 
the critical nlicelle concentration ( ( 'MC).  The initial 

decrease in solubility below the (!M(~ is p robably  a 
salting out effect, and a min imum is reached at the 
(!MC. Fur lhe r  exami)les of this type are tile solu- 
bilization of benzene by cctyl pyr id inium chloride as 
determined by l l a r t l ey  (2), of propylene and other 
vapors by l)otassimn oleate reported b.v McBain and 
O ' ( ' onnor  (3), and of liquid hydrocarbons such as 
n-decane and benzene solubilized by potassium lau- 
rate and by potassium nlyristate (4). 

Curve P, in Fig. 1 is taken f rom McBain and Green 
(5) and shows the solubilization of ()range OT (1-o- 
tolylazo-2-nal)hthol)  in l)otassium laurate solutions. 
A constant MR at a concentration above 0.15 5I po- 
tassiunl ]am'ate is typical of compounds such as dyes, 
f a t ty  aci(ls, and long chain alcohols. Another exam- 
ple of this second type is shown by  3leBain, Merrill, 
and Vinograd for  the solut)ilization of Yellow AB 
(pheny l -azo-p-naph thy lanf ine )  in a q u e o u s  sodium 
desoxycholate solutions and also in [auryl sulfonic 
acid solutions (6).  A relatively unrecognized case 
of this type of solubilization is the increase in solu- 
bil i ty of insoluble calcium dodecyl s u l f o n a t e  and 
ealeimn dodeeyl sulfate in solutions of their corre- 
sponding sodium salts (7). Seal) mixtures such as 
l)otassium laurate  and t)olassium pahnitate,  and so- 
(lium laurate and sodimn pahnitate  (8) should be 
also include(l in this groul) for the pahnitate should 
be. eonsi(tered to be solubilized by the laurate. 

These two sets of data indh:ate that solubilization 
begins in the reo'ion of the ('MC. Below this concen- 
tration, thc soap acts like an ele(qrolyte causing a 
decrease in solubility of the hydroearhou or the polar  
compound, such as another soap, below that in water  
due to a salting out effect. This has been shown t(1 
occur in the case of etbylbenzene in the presence of 
pot~Jssium laurate  (1) and in the decrease in sohl- 
bil i ty of (,alcium dodecyl sulfonate in solutions of 
sodium dodeeyI sulfonate below the CM(! of the lat- 
ter soap (7). It might  be supposed that  solubilization 
begins below 1t1( ~ (!M(' as observed in the appearance 
of color in insoluble dye-soap (below the CM(?) mix- 
tures  (9). However,  these amonnts  dissolved are so 
small, often only a few per c'ent more than is soluble 
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in water,  that  the individual  dye molecule must be 
considered to bc hound, at tlrst, either by electro- 
static or van der Waals tyl)e of a t t ract ive forces, with 
an individual soap molecule. 

The curves in Fig. 1 indicate that  colloidal proper-  
ties of potassium laurale  s tar t  just  abovc the CMC, 
0.025 M, aud that  this soap in the presence of hydro- 
carbons reaches full colloidal form at about  0.15 M. 
I t  is probable  that, in the region 1)etwcen the ( 'MC 
and 0.15 M where, the change in MR per unit  soap 
concentration is greatest,  both the size and nmnhe, r 
of solubilizing soap a g g r e g a t e s ,  p robably  mieelles, 
increases. Above the concentration where the soap 
reaches its full  colloidal form, there is 1)robably no 
change in micelle size, considering only tile soap mole- 
cules and not the solubilizcd materials,  but  only a 
change in number  of micelles. Indirect  evidence for 
this is obtained f rom tile fact that  the number  of 
Ilolymer particles forme(l in cmulsion polylncrization 
is direct ly a funclion of the amount  of micellar soap 
used as emulsifier (101. The in terpre ta t ion of this 
increase in solubilization of simple h y d r o c a r b o n s ,  
where MR increases with increasing soap concentra- 
tion, is that  there is more seat) in micellar form at 
higher soap concentrations, and lhat  the area a n d /  
or volume available per nlolc of a soap for  solubili- 
zation of hydrocarbons  is larger  than  that  for polar 
emnpounds, as will be shown hch)w. This folh)ws the 
findings of l l a r t l ey  (2) that  the miccllc concentration 
increases lnorc ral)idly than the total concentration, 
in which case sonle of the single long chain electrolyte 
ions present  are i lworporated into the micclles along 
with thosc added. 

t tydroearbons  
The addition of hydrocarbons such as t)enzcne and 

n-heptanc to soap sohttions is accompanied by an in- 
crease in the long spacing as determined by  X-ray  
measurements  (11-20). Kiessig and Philippoff have 
shown that  the long spacing of a 9.125/c solution of 
sodium oleate challges f rom 91 A to 127 ,\ upon the 
addition of 0.791 gin. benzene per gin. oleate (14). 
Hughes,  Sawyer, and Vinograd have, re,1)orted that  
the increase in double layer thickness in potassium 
laurate  solutions is a linear funct ion of the molar  
volume of the liquid additive (18). The slope, of this 
line is larger  in the ease of normal  s t ra ight  chain 
hydrocarbons  than for  subst i tuted benzenes. Various 
authors assume a lamellar  type of mieelle with the 
increase in spacing due to the entrance of the hy- 
drocarbon into the hydrophobic region of the micelle 
(12-16, 19). The equivalent change in spacing couht 
be explained if the idea of the spherical mieelle as 
advanced by  Har t l ey  (21) or of the double layer  
disc or oblate spheroid micellc is considered (22). 
These changes in spacing arc shown in Fig. 2 for the 
ease of 0.63 M potassimn laurate  sa tura ted  with ethyl 
benzene for two of the proposed s t r u c t u r e s  (19). 
] 'his inerease in X - r a y  spacing has been reported 
only upon the a(tdition of simple hydrocarbons  such 
as benzene, n-heptane, etc. In  this type of solubili- 
zation, the MR is always found to increase with in- 
creasing soap concentrat ion above the C5[C up to at 
lcast 1.0 M. 

Polar  Compounds 
In  the second type of sohlhilization where the MR 

is constant above the concentration where the soap 
reaches its full colloidal fern l, there should be no 
increase in the distance between adjacent  layers upon 
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Fro. 2. ttighly idealized schematic diagram of 0.63 N potas- 
slunl laurate solutions showing effect of added ethyl benzene. 
I,amellar ,uieelle of McBain and spherical mice]le as pictured 
by Hartley are shown. 

the addition of a dyc, a long chain fa t ty  acid, a long 
ehain alcohol, or another  soap. The X- ray  data of 
Mattoon have shown that  the hmg spacings of mix- 
tures of soap solutions arc l inear fulmtions of the 
mole ratios of the two soaps (2"11. I f  this type of 
solubilization involved the closure of the mater ia l  be- 
ing sohtbilized in the hydrocarbon-l ike central  region 
of the micclle, then one would exI)cct an increasc in 
spacing, in the case of the soap mixtures,  which would 
at all times he larger than the reported linear vari- 
ation of the long layer spacings. X- ray  studies on 
mixed soap : f a t t y  acid c r y s t a l s  show that  the cell 
dimensions of the mixtures  are equivelent to those 
of the pure  soap (24). In addition, the critical con- 
centration for  lhc formal ion of mieelles of soap mix- 
lures lies between the (IMC of the, pure  soaps (25). 
Pre l iminary  repor ts  of soap-fa t ty  acid and soap-long 
chain alcohols indicate that  there is no change in the 
long X- ray  spacings of these mixtures  (26, 27) as one 
wouhl expect f rom the case of the soap-soap mixtures.  

Thus, it appears  that  solubilization of this type in- 
voh'es the incorporation of the solubilized molecules 
with their  long axes lying approximate ly  parallel to 

those of the soap molecules. This can be exelnl)lificd 
fu r the r  by  considering the observed change in spac- 
ing in the case of soap mixturcs  (23). This change in 
long spacing is a l inear function of the mole ratio of 
tile mixtures.  Whcn two anionic detergellts having 
the, same anion but  diffcrent cations as in the ease 
where calcium and sodium dodecyl sulfate are mixed, 
no differences in spacing should be observed in solu- 
tions of each detergent  alone and in sohltions of their  
mixtures.  Similarly, there should be no change in 
spacing for  solutions of soap-fa t ty  acid mixtures,  and 
soap-long chain alcohol systems. According lo this in- 
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terpretat ion,  mixed micclles are formed in which the 
solubilized material  is interspersed in the plane of the 
long axes of the soap molecules lying approximately 
parallel  to the closest neighboring soap molecules. I t  
is not meant, of course, that  the area occupied per 
OII group in the alcohol is the same as that  of the 
hydrophyl ic  head of the soap molecule. Rather,  it 
must be pointed out that the large area, 30-50 A 2 or 
more per soap molecule is due to the long range 
repulsion of like charged heads and is to be compared 
with about 20-25 A 2 occupied per  OH group in the 
solubilized alcohol. 

The solubilization of a dye may be a sub-class of 
the type just  described. The MR in dye solubiliza- 
tion is constant beyond that  concentration where the 
soap attains its full  colloidal form. In addition to 
the actual solubilization of a dye an increase in fluo- 
rescence has been noted in many soap-dye systems. 
When a soap is added to a dye solution such as 
dichlorofluorescein or pinacyanol chloride, a marked 
increase in fluorescence is observed as the critical 
concentration is passed, depending on the par t icular  
soap-dye system (28). An increase in fluorescence in 
a dye is probably associated with a deaggregation of 
the dye polymer. This same phenomenon occurs in 
s o l u b i l i z a t i o n  of some dyes and should show no 
change in long spacing. 

Initially, some dyes in suitable media will fluo- 
resce. Thus, there is some fluorescence observed in 
solutions of a dye such as acridine, which is insoluble 
in hydrocarbons such as benzene and n-heptane, in 
alcohols. The addition of soap at concentrations be- 
low the CMC to a water solution of this dye, as well 
as others such as pinacyanol chloride, will cause a 
marked change in color. The monomer ~ polymer 
ratio is changed due to the binding of some dye 
molecules, like an unionized salt, with the soap of 
opposite charge. Fu r the r  increase of soap to br ing 
the concentration to the CMC will result in a fur- 
thor color change and /o r  fluorescence which is indica- 
tive of micelle formation. 

The question now to be considered is whether the 
soap-dye system forms a mixed micelle of the soap- 
soap and s o a p - a l c o h o l  type and whether, in this 
case, aggregation of soap-dye molecules would require 
fewer soap molecules (as is indicated in soap-soap 
and soap-alcohol mixtures by a decrease in CMC) or 
the same number  of soap molecules as in soap alone 
to form a micelle. Unfortunately,  no X-ray data have 
been reported for soap-dye systems, probably due to 
the complexity of the spectra which measure spac- 
ings of soap aggregates and dye aggregates and /o r  
soap-dye aggregates of various proportions. 

A 160-fold difference in dye concentration seems 
not to affect the value of the CMC as determined 
by dye ti tration. Thus, potassium myristate t i t ra ted 
with 5 x 10 s hi pinacyanol chloride has a CMC of 
0.006 M, with 5 x 10 -~ M dye a value of 0.0058 M, 
and with 8 x 10 -4 ~I dye a value of 0.0063 M. Simi- 
larly, changes in concentration of other dyes such as 
anisidine, acridine, etc., show the same effects. Thus, 
it is indicated that  the dye, bound to the soap by  elec- 
trostatic forces, does not extend far  enough into the 
hydrocarbon inter ior  of the soap micellc to add any 
energy in the form of van der Waals type of attrac- 
tive forces for  micelle formation. A decrease in CMC 
would be expected if the soap-dye system were com- 
parable to the soap-soap and soap-alcohol mixtures. 

Fluorescence indicates that the dye must  be in an 
environment having a dielectric constant, E, of about 
22 to 60, because acridine, for  example, is reddish- 
orange (no fluorescence) in water (c ~-- 82), is not 
soluble in benzene, n-heptane, or in ethyl ether (c 
2 to 4), and fluoresces in alcohols and in soap solu- 
tions above the CMC. Qualitatively, in the presence 
of soap micelles, the intensity of fluorescence indi- 
cates that  the dye must be in a medium having a 
dielectric constant of about 27 to 40. Quantitative 
values are now being obtained by  actual measure- 
ments of fluorescence intensities of various alcohol- 
dye and soap-dye solutions and should make it pos- 
sible to show more accurately the dielectric of the 
environment of the dye molecules in the presence of 
soap micelles. 

Dye molecules have been thought  to be solubilized 
by  being incorporated in the micelle center (~ ~ 2 
to 4) and this may be true for the case of uncharged 
dyes, or bound by  electrostatic forces to micelle sur- 
faces (c ~ 82). However, the above qualitative ap- 
proach seems to indicate that  the charged dye, at 
least, is a par t  of the micelle, held near the region 
of the charged soap head, not, however, sticking out 
into the water layer. I t  is indicated that  the hydro- 
carbon density in the soap micelle is inversely pro- 
port ional  to the distance, r, from the micelle center, 
squared (29). Similarly, it is probable that the di- 
electric constant is directly p r o p o r t i o n a l  to r 2. I t  
should be noted that  if one considers only that the 
density of the hydrocarbon decreases as r increases, 
the dielectric constant would also decrease. IIow- 
ever, there must be some penetrat ion of the water 
into the micelles which, with decrease in density as 
the water  molecules are fa r ther  removed from the 
charged micellar surface, will extend some 3 to 5 /~. 
Thus, for  r ~ 20 A, the dye molecule, about 11 A 
long, would extend about  7 A into the micelle from 
the charged surface, and would be oriented to some 
extent, through van der Waals forces between dye 
and soap m o l e c u l e s ,  with respect to adjacent dye 
molecules. 

Discussion 
I t  is recognized that  many factors play a par t  in 

solubilization. The tendency of a soap to form mi- 
celles is of prime importance. The solubility of ethyl- 
benzene in 15% soap solutions changes from a mole 
ratio of 0.0031 for  potassium caproate (KC~), 0.080 
for potassium caprylate (KCs), 0.207 for potassium 
eaprate (KClo), 0.433 for  potassium laurate (KC~) ,  
to 0.870 for  potassium myristate (KC~4) (1). In ad- 
dition to the effect of chain length in a homologous 
series, the s t ructure of the soap molecules plays an 
important  par t  in solubilization. The molar volume, 
polarity,  charge, and s tructure of the compound to 
be solubilized, also affect the degree of solubilization. 
Hughes, Sawyer, and Vinograd have shown that for 
e q u i m o l a r  hydrocarbon concentrations, the amount 
solubilized (increase in X-ray  spacing per mole hy- 
drocarbon per mole soap) is a linear function of the 
molar volume of the hydrocarbons (18). Thus, the 
amount  of hydrocarbon solubilized is an inverse func- 
tion of the molar volume for a homologous series. 

The effect of polar i ty  can be shown from the fact 
that  0.5 M potassium myristate s o l u b i l i z e s  85 gm. 
per l i ter of n-decanol bu t  only 30 gm. per liter of 
n-decane. The non-polar compound principal ly occu- 
pies the space between and around the hydrophobic 
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ends of the soap molecules in the micelle, and this is 
equivalent to an increase in the length of the hydro- 
carbon tail of the soap by 1-2 C atoms (22). The 
polar compound lies in the plane of the long axis of 
the soap molecules, oriented as the soap molecule with 
reference to the hydrophyl ic  and hydrophobic ends, 
as is indicated from X-ray studies on soap-soap and 
soap-alcohol mixtures (26) as well as on fluorescence 
effects, and little is taken into the hydrophobic region 
of the soap micelle for  there is essentially no increase 
in tile long X-ray spacing. 

I t  is evident that with increase in soap concentra- 
tion the area available per molecule to be solubilized 
remains constant for  the more polar compounds such 
as dyes, insoluble soaps, f a t ty  acids, and long chain 
alcohols, whereas this value can increase for  simple 
hydrocarbons. The differences observed in Fig. 1 can 
be explained in this manner. 

McBain anti McHan have postulated that  dimethyl 
phthalate is solubilized in a 0.1 N potassium laurate 
solution by  adsorption on the surface of the McBain 
spherical ionic micclle (27). This e x p l a n a t i o n  is 
based on the fact that no increase in X-ray spacing 
was noted upon the addition of the phthalate. Even 
though the dimethyl ester is slightly less polar than 
the corresponding acid, it is to be expected that  the 
ester will be solubilized in the same manner  as the 
charged dyes discussed above. The previous discus- 
sion of the type of solubilization which involves no 
increase in long X-ray  spacing can be advanced as 
a possible explanation of these experimental  findings 
in the phthalate-laurate system. 

Kolthoff and Harr is  have shown that  changes in 
m o l e c u l a r  weight distr ibution are possible through 
control of mercaptan availabili ty by  increment addi- 
tion of mercaptan or by changes in mercaptan solu- 
bility by s t ructural  modification (30). These types 
of solubilization discussed above can be applied to 
explain the formation and properties of certain poly- 
mers prepared with identical formulae except that  
the modifier, usually a long chain mercaptan,  in one 
case is added initially to the soap-water-persulfate 
mixture before the addition of monomers, and in the 
second p o l y m e r i z a t i o n  is added dissolved in the 
monomers. Depending on the relative react ivi ty of 
the monomers used, quite different molecular weight 
distributions should be possible. 

These results can only be explained on the basis of 
mercaptan availability, for  in one case the mercaptan 
is a par t  of a mixed micelle, with the - S H  group 
oriented toward the water-detergent  interface, and in 
the other it is part ia l ly  solubilized with the monomer 
occupying the center portion of the micelle around 
the hydrocarbon tails of the soap molecules. I f  the 
soap micelle is the initial locus of emulsion polymeri- 
zation as has been indicated (10, 31), then the avail- 
ability of mercaptan,  in the first case, as par t  of a 
mixed soap-mercaptan micelle, and in the s eco n d ,  
readily available in the solubilized m o n o m e r ,  will 
markedly affect the molecular weight distr ibution of 
tile initially polymerized product.  

Application to Biological Systems 
The addition of paraffin-chain salts to protein can- 

not be considered as solubilization as discussed above, 
but, in a larger definition of this term, may fall into 
this classification. Many water  soluble proteins react 
with soap molecules usually by  at traction of oppo- 

sitely charged ions. Th i s  is supported, in part ,  by 
the finding that any reaction of non-ionic detergents 
with proteins does not involve this type of electro- 
static binding (32), for  the interaction in this case, 
probably of a van der Waals type, is far  less effec- 
tive than in colloidal electrolyte-protein systems. I t  
is not expected that  individual micelles wouht react 
as a unit  with a single protein molecule for  this 
would mean that  about  65-75 soap molecules (num- 
ber composing a micelle of a C:2 soap) would com- 
bine with any protein molecule. 

Thus, sodium alkyl benzene s u l f o n a t e  will react 
with three times its weight of native egg albumin at 
a pI [  alkaline to its isoelectric point (33). Pu tnam 
and N c u r a t h  have indicated that  pro te in-detergent  
reaction will occur at pI I  on both sides of the iso- 
electric point (34). The reaction of serum albumin 
with sodium lauryl  sulfate will occur at a p H  below 
the isoelectric point (where protein and detergent arc 
oppositely charged) with the appearance of a precipi- 
tate over the mole ratio range of protein to soap of 
about  0.01-0.02. This would indicate an increase in 
the hydrophobic nature  of this complex due to the 
h y d r o c a r b o n  tails of the detergent  at the protein 
interface and would account for  tu rb id i ty  througli 
flocculation. A first complex would be formed, for  
example at a p H  4.5, with the binding of 52 mole- 
cules of sodium lauryl  sulfate per horse serum albu- 
min (reel. wt. ~ 67,000) molecnle and the second 
complex would be composed of about ]00 detergent  
molecules per protein molecule (34). Similarly, egg 
albumin will react with 15 and 28 molecules of deter- 
gent per protein molecule at the i s o e l e c t r i c  point 
(35). Addition of fu r the r  detergent  results in a loss 
of opacity through the formation of another complex 
(34). This, an example of sohbil izat ion in these sys- 
tems, is due to the binding of the hydrocarbon tail 
of the added detergent  with the hydrophobic portion 
of the soap molecule of the original complex, replac- 
ing each detergent  hydro•hobic tail of the original 
complex with a hydrophyl ic  group. 

Detergents will br ing  about  a number  of changes 
when added to protein systems, such as denaturat ion 
(36), stabilization as by  inhibition of c o a g u l a t i o n  
(36), complex format ion and precipitation, inactiva- 
tion of enzymatic properties, etc., all of which have 
been discussed in a recent review (37). Foster  was 
able to make a physical chemical s tudy of the water- 
insolnble protein, zein, in aqueous d e t e r g e n t  solu- 
tions (38). These complexes of zein and detergent,  
in which the detergent  must be considered to be 
bound by  van der Waals forces through its hydro- 
phobic tails with corresponding hydrophobic groups 
on the protein surface, are similar in properties to 
the soluble complex mentioned above. The original 
protein, zein, the material being solubilized, must cor- 
respond to the insoluble protein-detergent  comvlex as 
well as to such other compounds as the insoluble dyes. 

The author  is indebted to Dr. Leo Shedlovsky for 
discussion of this paper  and to Dr. F rank  W. Putnam 
for the oppor tuni ty  to see his manuscript  on protein- 
detergent interaction pr ior  to publication. 

Summary 
Two, or possibly three, types of solubilization are 

shown to occur which depend on the compound being 
solubilized. Those systems in which the mole ratio, 
MR (moles material  being solubilized per mole solu- 
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bilizer) increases with increasing soap concentrat ion 
are eharaet( 'rized by  all increase in long X-ray  spat-  
ings to the point at which the systenl becomes satu- 
rated with the compound heing solubilizcd, l [ydro-  
carbons such as benzene, ethyl benzene, and normal 
paraffins fal l  into this class. Anolher  type  is that  in 
whM1 the MR remains constant above the concen- 
t rat ion where the soap assumes its full colloidal prop- 
erfies, and this is characterized by  no change in long 
X-ray  spacing. Examples  of this type are soap-soap, 
soap-fa t ty  acid,, soap-aleollol, and possibly as a sub- 
type, soap-dye systems. These systems are shown to 
be mixed  mieelles in which the sohlbilized compomld 
is oriented with the long axis of the solubilized com- 
pound lying approx imate ly  parallel and in the plane 
of tlle long axis of the soap molecules, the hydrophyl ic  
group of both constitu(nlts being toward the water  
intlu'faee. Prote in-detergent  comi)lexes are discussed 
from tile t)oint of view of solubilization. 
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Factors Which Affect the Stability of Highly Unsaturated 
Fatty Acids. 1 II. The Autoxidation of Linoleic and Alkali 
Conjugated Acid in the Presence of Metallic Naphthenates 
A. H. JACKSON " and F. A. KUMMEROW, Kansas Agricultural Experiment Station: 
Manhattan, Kansas 

D R I E R S  have been in commercial use for some 
time, yet no concise m(~ehanism has been all- 
r a n t e d  as to their  role ill Olefin oxidation. Rie- 

mcns(,'hneider (1) suggested that  they may fUlmtiOll 
by  increasing the effieielley of energy t ransfer  f rom 
one molecule to another. Fur thermore ,  Nieholson (2) 
has shown that  it is the eoneentrati(nl of (trier cation 
that  deternlines the catalytic activity. The act ivi ty 
was not destroyed by  adsorption (3) or by  sa tura t ing 
eoor(linatiorl vale, nee of the drier  (4). 

hi addit ion to listing the r e l a t i o n  of driers to 
polymerization and gelation, Ehn (5) stated that  the 
nletal portion oscillated between  two stages allowing 
it to act ivate the atmospheric  oxy~zen and pass it on 
to a dry ing  oil mol('eule. A " r e d u e i n g  inh ib i to r"  
d e s t r o y i n g  aeti(m (6) an(t an initial peroxide sta- 

1 The  sub jec t  m a t t e r  of I.his p a p e r  hag h'.~ttn u n d e r t a k e n  in cooperat ion 
wi th  lhe ()ffice of Nava l  Resea rch .  The opirdons  or  conclus ions  con- 
t a ined  in this  repor t  a re  those  of the au thors .  T h e y  a re  no t  to 1)e 
eonsI rued  as  necessa r i ly  re f lec t ing  the v i ews  or  i n d o r s e m e n t  of the  
N a v y  D e p a r t m e n t .  

2 P o r t i o n  of a thesis  p r e sen ted  by A. I t .  J a c k s o n  as  pa r t i a l  fulfill- 
meri t  of the r equ i rement~  for  the  degree  of Mas t e r  of Science  in  Chem- 
i s t ry  at K a n s a s  Sta te  College. 

aP re sen t ,  a d d r e s s :  D e p a r t m e n t  of B i6chemis t ry ,  M e h a r r y  .Medical 
Celled'e, Nashvil le ,  Tennessee .  

4 Con t r i bu t i on  No. 367, D e p a r t m e n t  of Chemis t ry ,  K a n s a s  S ta te  
College. 

bilizing role (5) tlav(, been suggested. Gardner  and 
Walt(M1 (7) believed fllat driers form a series of un- 
stable c<nrlplexes with several of the products and 
real'rants produced dur ing autoxidation, polymeriza- 
tion, an(t gelation. It  is now generally believed that  
driers function as pronloters, o1" as psendo ra ther  
than true catalysts. 

A plausible chemicM mechanism for  drier  action 
(luring the autt)xidation ot7 tetral in has been postu- 
lated. Yamada (8) has stlown that  Mn, Co, and Pb 
compounds raise the decomposition reaction order of 
tetralin hy(lrop(,roxide on(; step, that  is from the first 
to the seeontl order. Ivanov  et al. (9) and Medvedev 
(10) have demonstrated a similar role for the transi- 
tion metals ill 1wdrocarbon autoxidation. 

Rot)ertson and Wat('rs (11) have classified metallic 
salts as "s(,t:(mdary ca ta lys t s "  and have pointed out 
why it is of no par t icular  advantage to increase the 
e(nleentration of the promot(,rs above a certain value. 
.. : I n  this l abora tory  we have been concerned with 
the factors affecting the s tabi l i ty  of highly unsatu- 
rat(,d fa t ty  acids (12, 13). A stndy of the antoxi- 
darien 6flhaoleie  and alkali conjugated linoleie acid 
was presented in another paper (1.4). The modifiea- 


