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FIG. 2. U l t r a v i o l e t  a b s o r p t i o n  s p e c t r u m  o f  2 , 4 - d o d e c a -  
d i e n o i c  a c i d .  

solvent was removed. The methyl ester was converted 
to the acid, and its equivalent weight was found to 
be 197.4. Theoretical value for 2,4-dodecadienoic acid 
is 196.3. The quanti tat ive ultraviolet absorption spec- 
t rum of the purified acid is shown in Figure  2. The 
shape of the absorption curve a~id the position of its 
maximum are very similar to that of sorbic acid, indi- 
cating that the unsaturat ion is carboxyl conjugated 
(4, 5). I t  is concluded therefore that  the unsatura ted 
chromophoric fa t ty  acid isolated is 2,4-dodecadienoie 
acid. To the authors '  knowledge no previous report  
of this compound has been made. 
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. Low Temperature Solubilities of Fatty Acids 
In Selected Organic Solvents 
DORIS K. KOLB 3 and J. B. BROWN, Departments of Physiological Chemistry and Chemistry, and the 
Institute of Nutrition and Food Technology, The Ohio State University, Columbus, Ohio 

~ INCE THE APPEARANCE in 1937 of the first papers 
(1, 2) of a series by Brown and coworkers deal- 
ing with the separation of f a t ty  acid mixtures by 

fractional crystallization at low temperatures,  this 
separation technique has found wide application in 
the field of fat  chemistry. I t  has proved par t icular ly  
useful for separating unsatura ted acids f rom acids 
with greater or lesser degrees of unsaturat ion and 
for preparing individual unsaturated fa t ty  acids of 
high puri ty.  However the ut i l i ty  of the method hay 
been somewhat limited by the fact that  so little infor- 
mation is available relating to the solubility behavior 
of f a t ty  acids at low temperatures.  The purpose of 
this investigation has been to determine the solubili- 
ties of a number of fa t ty  acids, most of them unsat- 
urated, in various organic solvents and within the 
range of temperatures  obtainable with dry  ice. 

Whereas there has been extensive work on fa t ty  
acid solubilities at temperatures  above 0~ (satu- 
rated acids only) ,  there have been only three quant i -  
tative investigations carried out at low temperatures.  
The first was that  of Foreman and Brown (3),  who 
reported the solubilities of six saturated and five un- 
saturated acids in methanol, acetone, and Skellysolve 
B. Singleton 's investigations (4) described solubili- 
ties involving three-component  systems. His s tudy 
was limited to solutions of oleic acid with palmitic 
or stearic acid in acetone or hexane. More recently 
Hoer r  and Harwood (5) have made an intensive s tudy 
of the solubilities of oleic and linoleic acids in a large 
number of organic solvents. The lat ter  work was not 
published unti l  the present investigation was almost 
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completed, and the two studies tend to overlap to 
some extent. 

The present report  is essentially an extension of 
the work of Foreman and Brown (3). The same type 
of procedure for measuring solubilities has been used 
except that  an effort has been made here to assure the 
establishment of equilibrium. In addition, more at- 
tention has been given to the unsaturated acids, and 
more solvents have been included. The acids include 
nine natural ly  occurring fa t ty  acids plus three trans 
unsaturated compounds and an acetylenie acid. The 
six solvents have been chosen so that  they represent 
different types of organic solvents, i.e., an ether, an 
ester, an alcohol, a ketone, an aromatic hydrocarbon, 
and an aliphatie hydrocarbon. 

Experimental 
Preparation of Fatty Acids. Oleic acid was pre- 

pared from olive oil by a combination of the methods 
of fractional  distillation and low temperature  crys- 
tallization, essentially as described by Foreman and 
Brown (3). The following acids were prepared by an 
appropriate  modification of the above method: erucic 
acid from rapeseed oil, eieosenoie acid from rapeseed 
oil, petroselinic acid from parsley seed oil, and pal- 
mitic acid from palm oil. Stearic acid was obtained 
by purification of Hyst rene  97-S stearie acid, sup- 
plied by the Atlas Powder Company. The material  
was esterified, and the methyl esters were fraction- 
ally distilled. The Cls cut was acidified, converted 
to the free acids, washed three times with hot water, 
and then recrystallized several times from petroleum 
ether. Arachidic and behenic acids were prepared by 
catalytic hydrogenat ion of eicosenoic and erucic acids 
followed by recrystallization. Elaidic, petroselaidic, 
an d  brassidic acids were obtained by isomerization of 
oleic, petroselinie, and erucic acidsi respectively, by 
heating at 175-185 ~ with 1% of powdered selenium. 
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Acid  

P a l m i t i c  ....... 
S t e a r i c . . .  
Arach id i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Bchen i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oleic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E l a id i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P e t r o s e l i n i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Pe t ro se l a id i c  .. . . . . . . . . . . . . . . . .  
E icosenoic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E r u c i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

B r a s s i d i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Linoleio  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S tearo l ie  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TABLE I 

Ana ly t i ca l  Constan%s of the  Fat1 

:Iodine Va lue  

obs. theor .  

0.0 
0.0 
0 .0  
0.0 

89 .9  8 9 . 8 7  
8 9 . 8 5  89 .87  
88 .73  8 9 . 8 7  
8 9 . 2 5  89 .87  
81 .7  81 .75  
75 .0  74 .98  
74 .97  74 .98  

1 8 1 . 0  181 .03  
89 .5  181 .03  a 

Acids  

Neut .  Equ iv .  

obs. theor .  

2 5 6 . 3  2 5 6 . 4 2  
2 8 4 . 5  2 8 4 . 4 7  
3 1 3 . 0  3 1 2 . 5 2  
3 4 0 . 3  3 4 0 . 5 7  
2 8 2 . 5  2 8 2 . 4 5  
2 8 2 . 5  2 8 2 . 4 5  
2 8 1 . 7  2 8 2 . 4 5  
2 8 2 . 0  2 8 2 . 4 5  
3 1 0 , 8  3 1 0 , 5  
3 3 8 . 5  3 3 8 . 5 6  
3 3 8 . 6  3 3 8 . 5 6  
2 8 0 , 4  2 8 0 . 4 4  
2 8 0 , 0  2 8 0 . 4 4  

obs. 

62.8 ~ 
69.5  ~ 
74.7 ~ 
80 .0  ~ 
13.3 ~ 
43 .6  ~ 

3 0 - 3 0 . 2  ~ 
53 .0  ~ 
22 .0  ~ 
33 .5  ~ 
60.0  ~ 

- - 5 . 2  ~ 
4 6 . 2 - 4 6 . 5  ~ 

Mel t ing  P o i n t  

ref .  v a l u e  

62.9 ~ ( 1 0 )  
69 .6  ~ (10)  
7 5 . 3 5 ~  
79.95~ 
1 3 . 3 6 ~  
4 3 . 6 8 ~  
30 ~ ( 1 2 )  
53 ~ ( 1 2 )  
22 ~ ( 1 3 )  
33 .4  ~ ( 1 2 )  
60 ~ ( 1 2 )  

- - 5 . 2 - 5 . 0  o ( 6 )  
48  ~ ( 1 4 )  

a T h e  observed iodine  va lue  is ac tua l ly  one-hal f  the theore t i ca l  va lue  sinc~e only one molecule of iodine  ch lo r ide  is  added  to the t r i p l e  bond.  

Linoleic acid was prepared by a modification of the 
method of Matthews, Brode, and Brown (6). Debro- 
mination linoleie acid, obtained f rom The Hormel  In- 
stitute, was recrystallized seven times from petroleum 
ether at - -62 ~ , thus raising the melting point f rom 
--10.6 ~ to --5.2 ~ ; the product  was shown to be pure  
as determined by the tetrabromide yield (7).  

Stearolic acid was prepared as described by Khan  
et al. (8). 

Analytical Criteria of Purity. Neutra l  equivalents 
were determined by dissolving 1-3 g. of the fa t ty  acid 
in neutral  ethanol containing phenolphthalein, then 
t i t ra t ing the sample against 0.1 N sodium hydroxide 
using a mieroburet. Iodine values were obtained ac- 
cording to the official ~Vijs 1-hr. method (9).  Melt- 
ing points were determined, using both the capillary 
method and the method of heating and cooling curves. 

Table I lists the analytical constants of the fa t ty  
acids used in this investigation. 

Purification of Solvents. All solvents were reagent 
grade materials and were redistilled before use. Pr io r  
to distillation sbme of the solvents were t reated with 
suitable drying agents. Toluene and diethyl ether 
were each treated with metallic sodium; acetone and 
ethyl acetate were dried over anhydrous potassium 
carbonate, and anhydrous methanol was prepared by 
t reat ing C. P. methanol with magnesium and iodine. 
The hydrocarbon solvents were 99 reel % materials 
obtained from the Phillips Petroleum Company and 
were distilled before use. 

Constant Low Temperature Apparatus. The ap- 
paratus designed to maintain constant temperatures  
down to --75% described previously by Foreman and 
Brown (3), was used in the present i nves t i ga t i on  
with only slight modification. I t  consisted essentially 
of two monel metal compartments, one the working 
chamber and the other a cooling unit,  filled with a 
mixture of methanol and ethanol and cooled by means 
of d ry  ice. 

Six 250-ml. Er lenmeyer  flasks containing solvent 
plus excess of the f a t ty  acid being studied were placed 
m the working chamber of the bath. In  the first par t  
of our work the mixtures were st irred individually 
with mercury-sealed electric stirrers. Later  the equilL 
bration procedure was simplified by the installation 
of a mechanical rocker powered by a continuous-duty 
speed reducer motor. The flasks were rocked at 30 
cycles per minute. Af ter  the rocker was installed, the 
bath could be covered completely with a sheet of plex- 
iglas, thus greatly reducing the tendency for water  
and ice crystals to form on the flasks and other ex- 
posed surfaces. 

Attainment of Equilibrium. Samples were not with~ 
drawn for analysis until  the solutions had been given 
sufficient time to reach equilibrium. Test data for sev- 
eral f a t ty  acid-solvent systems taken at time intervals 
during the approach to equilibrium are given in Ta- 
ble II.  The test tempera ture  was approached first 

T A B L E  II 

Tes t  Da t~  Showing  Change  of Solubi l i ty  wi th  T i m e  
(So lub i l i t i e s  i n  g r a m s  ac id  pe r  100  g. so lu t ion)  

Sample  No. Acid-Solven t  
M i x t u r e  

Oleic a c i d - -  
Acetone 

E r u c i c  a c i d - -  
E t h y l  ace t a t e  

Pe t ro se l i n i c  a c i d - -  
n - H e p t a n e  

E l a i d i c  a c i d - -  
Me thano l  

S t ea r i c  a c i d - -  
Die thy l  ether 

T e m p e r a t u r e ,  
- - 3 0  ~ 

a p p r o a c h e d  
f rom 

W a r m  side 
Cold s ide  

W a r m  side 
Cold s ide  

W a r m  side 
Cold s ide  

W a r m  s ide  
Cold s ide  

W a r m  s ide  
Cold s ide  

1 2 3 4 

1 .74  1 .70  1 .68 1 .68 
1 .62 1 .68  1 .68 1.68 

0 .203  0 . 1 6 0  0 .121  0 .112  
0 .095  0 . 1 1 0  0 .113  0 .111  

0 .063  0 .051  0 .041  0 .040  
0 . 0 3 7  0 . 0 3 9  0 .040  0 . 0 4 0  

0 .077  0 . 0 6 5  0 . 0 6 4  0 .063  
0 .061  0 . 0 6 4  9 .065  0 . 0 6 4  

0 .055  0 . 0 5 3  0 , 0 5 0  0 . 0 5 1  
0 .051  0 .051  0 .052  0 .051  

from room temperature  and then from the tempera- 
ture of a d ry  ice-cooled bath. The flasks were placed 
in the bath at --30 ~ and stirred rapidly  for about 
5 hrs. Samples 1 and 2 were taken at 5-hr. intervals. 
The flasks were then allowed to remain (unstirred) 
at --30 ~ overnight. On the following day stirring 
was resumed, and samples 3 and 4 were withdrawn 
at successive 5-hr. intervals. The data indicate that  
equilibrium had been at tained for these representa- 
tive systems within a 2-day period. They  also dem- 
onstrate that  equilibrium tends to be reached more 
rapidly when it is approached from the cold side, 
presumably because of the tendency of f a t ty  acids to 
form supersaturated solutions. Thus in most subse- 
quent work the flasks were cooled (by immersion in 
the cooling unit)  before being placed in the constant 
temperature  chamber. The first sample was usually 
removed af ter  11~-2 days in the bath, and then a 
second sample was withdrawn on the following day. 
Agreement of results for the two samples was taken 
as evidence that  equilibrium had been attained. The 
temperature  of the bath was then lowered 10 ~ and a 
second set of solubility data  were taken on the same 
acid-solvent mixtures. This process was repeated un- 
til the desired temperature  range was covered. 

Withdrawal and Analysis of Samples. Samples 
were removed from the flasks in the bath by means 
of a sintered glass inverted filter and a special with- 
drawal pipette. (See F i g u r e  1.) A sample of satu- 
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:Fro. 1. Constant temperature apparatus with special pipette 
for withdrawing specimens. 

rated liquid was drawn up into the bulb of the pipette 
by gentle suction and, by proper manipulat ion of the 
two-way stopcocks, al lowed to flow into a tared 125- 
ml. glass-stoppered flask. The flask was allowed to 
reach room temperature and weighed to the nearest 
0.01 g. The solvent was then evaporated, and the 
quanti ty  of  acid residue w a s  determined both gravi- 
metrical ly a n d  by t i trat ion against standardized so- 
dium hydroxide.  Because solvent removal  was often 
incomplete,  the gravimetric results were not so de- 
pendable a s  those obtained volumetrical ly  and were 
used main ly  to check the magnitude of the volumetric  
results. 

Results and Discussion 
Some of our results are presented in Table III.  

These data are important  primari ly  as physical  con- 
stants which serve to extend our knowledge of the 
physico-chemical  properties of  an important  class of 
long-chain organic compounds.  

I f  each f a t t y  acid in a mixture dissolved independ- 
ently and if there were no mutual  solubil ity effects, 
it would be possible, by use of the data presented 
here, to separate these compounds very  readily by 
crystallization. The values given here however indi- 
cate only  simple solubilities of pure fa t ty  acids. No 
information is given as to how these same acids be -  
have when they are present in mixtures.  It is, in fact, 
well  known that fat ty  acids do show mutual  solubil- 
i ty effects, but the degree to which they  influence one 
another varies greatly, depending both upon the sol- 
vent  and upon the nature of the fa t ty  acid mixture. 
Singleton (4) showed, for example, that oleic acid has 
a rather large solubil izing effect upon palmitic  or ste- 
arie acid but that the saturated acids have relatively 
little influence on the solubility of oleic acid. 

T A B L E  I I I  

Solubi l i ty  D a t a  on F a t t y  A c i d s  in V a r i o u s  So lvents  
( A l l  values  in  g r a m s  ac id  p e r  1 0 0  g. so lut ion)  

/ Solvent  

Temp.  M e t h a n o l  E t h y l  D ie thy l  Ace tone  T o l u e n e  N o r m a l  
Ace ta te  E t h e r  H e p t a n e  

S t e a r i c  A c i d  

1 0  ~ 0 . 2 6  0 . 5 8  2 . 4 0  0 . 5 4  0 . 3 9 0  0 . 0 8 0  
0 ~ 0 . 0 9 0  0 . 1 3  0 . 9 5  0 . 1 1  0 . 0 8 0  0 . 0 1 8  

- - 1 0  ~ 0 . 0 3 1  0 . 0 2 7  0 . 3 8  0 . 0 2 3  0 . 0 1 5  0 . 0 0 4  
- - 2 0  ~ 0 . { i l l  0 . 0 0 6  0 . 1 5  0 . 0 0 5  0 . 0 0 3  ...... 
- - 3 0  ~ . . . . . . . . . . . .  0 , 0 5 1  . . . . . . . . . . . . . . . . . .  

Oleic A c i d  

- - 2 0  ~ 4 . 0 2  5 . 9 5  ...... 5 . 2 0  2 . 2 5  
- - 3 0  ~ 0 . 8 6  1 . 9 0  1 . 6 8  :~:12 0 . 6 6  
- - 4 0  ~ 0 . 2 9  0 . 6 2  5115 0 . 5 3  0 . 9 6  0 . 1 9  
- - 5 0 *  0 . 1 0  0 . 2 0  1 . 8 0  0 , 1 7  0 . 2 8  0 , 0 5 0  
- - 6 0 0  0 . 0 3  0 . 0 5 7  0 . 6 1  0 . 0 5 5  0 . 0 7 5  0 . 0 1 1  
- - 7 0  ~ . . . . . . . . . . . .  0 . 2 1  . . . . . . . . . . . .  

Ela id ic  A c i d  

0 ~ . . . . . . . . . . . .  0 . 5 9  
-lO ~ 6:~ " . . . . . .  d:~ 0.19 
-20 ~ 0.18 5:~ i:~5 6:~ 0.20 0.060 
- - 3 0  ~ 0 , 0 6 4  0 . 1 0  0 , 6 0  0 , 0 9 2  0 , 0 5 6  0 . 0 1 9  
- - 4 0  ~ 0 . 0 2 0  0 , 0 2 7  0 . 2 3  0 , 0 2 9  0 . 0 1 3  0 . 0 0 7  
- - 5 0  ~ 0 , 0 1 0  0 . 0 0 8  0 . 1 0  0 , 0 0 9  . . . . . . . . . . . .  

Linole ic  A c i d  

- - 5 0  ~ 3 . 1 0  4 . 4 0  ...... 4 . 1 0  ...... 0 . 9 8  
- - 6 0  ~ 0 , 9 0  1 . 3 8  1 . 2 0  0 . 2 0  
- - 7 0  ~ 0 . 2 5  0 . 3 9  0 . 3 5  0 , 0 4 2  

A r a c h i d i c  A c i d  

10  ~ 0 . 0 8 0  0 . 1 4 1 0 . 9 0 1 0 . ] 3  0 . 1 2  0 . 0 2 8  
0 ~ 0 , 0 2 8  0 . 0 3 6  [ 1 0 . 3 8  0 . 0 3 5  0 , 0 2 6  0 . 0 0 5  

E i c o s e n o i c  A c i d  

- - 2 0  ~ 0 . 8 0  1 . 3 0  1 . 1 0  ...... 
-30" 0.35 0.60 s  0.54 i : ~  045  
- - 4 0  ~ 0 . 1 5  0 . 2 6  1 . 7 0  0 . 2 7  0 . 3 0  0 . 1 5  
- - 5 0 *  0 . 0 6  0 , 1 1  0 . 6 8  0 . 1 2  0 . 0 7  0 . 0 4 8  
- - 5 0  ~ 0 . 0 2  0 . 0 4  0 . 2 2  0 . 0 5  ...... 0 . 0 1  

Petrose l in i c  A c i d  

- -1O ~ 0 . 5 0  
-20" ~:~ 6:~ ~/:~ ~ : ~  d : ~  o.13 
- - 3 0  ~ 0 , 1 8  0 . 3 0  1 . 6 8  0.31. 0 . 2 3  0 . 0 4 0  
- - 4 0 "  0 . 0 6 0  0 , 1 1  0 , 7 6  0 . 1 1  0 . 0 4 6  0 , 0 0 9  

�9 - - 5 0  ~ 0 . 0 1 8  0 . 0 4 0  0 . 3 1  0 , 0 3 5  0 . 0 0 8  ...... 
--60* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Petrose la id ic  A c i d  

0 ~ 0 . 5 0  ...... 1 . 4 0  0 . 2 2  
- - 1 0 0  0 . 2 0  0 : 5 6  0 : 3 2  0 . 1 9  0 . 0 3 0  
- - 2 0 *  0 . 0 8 2  0 . 1 4  0 . 1 3  0 . 0 6 0  0 . 0 0 8  
-~0 o 0.028 0.050 6 : ~  0.050 0.020 0.002 
" 4 0 *  0 . 0 1 0  0 . 0 1 8  0 . 1 9  0 . 0 1 9  0 . 0 0 8  ...... 
- - 5 0  ~ . . . . . . . . . . . .  0 . 0 7 0  . . . . . . . . . . . . . . . . . .  

Stearol ic  A c i d  

0* , ..... -lO o 6:~ i3"~ ~:~ i :~  i :~  0.050 
- - 2 0 *  0 . 2 5  0 . 4 5  2 . 0 0  0 . 5 2  0 . 4 0  0 . 0 1 0  
- - 3 0  ~ 0 , 1 0 3  0 . 1 7  0 . 7 8  0 . 1 9  0 . 0 8 3  0 . 0 0 6  
- - 4 0  ~ 0 . 0 4 0  0 . 0 6 5  0 . 3 2  0 . 0 7 0  0 . 0 1 8  ...... 

Palmitic:  A c i d  

100 1 , 3 0  1 . 6 0  1 . 4 1  0 . 3 0  
o" 0.46 6:~ i :~  0.66 0.36 0.08 

- - 1 0  ~ 0 . 1 6  0 . 1 8  ] . 3 5  0 . 2 7  0 . 0 8 6  0 , 0 2  
- - 2 0 *  0 . 0 5 0  0 . 0 6 0  0 . 5 6  0 . 1 0  0 . 0 1 8  0 . 0 0 5  
- - 3 0 *  .. . . . .  0 . 0 1 8  0 . 2 1  0 . 0 3 8  . . . . . . . . . . . .  

B e h e n i c  A c i d  

1 0 "  0 . 0 1 9  0 . 0 5 5  0 . 4 8  0 . 0 5 0  0 . 0 4 0  0 . 0 1 2  
0 ~ 0 . 0 0 7  0 . 0 1 6  0 . 1 8  0 . 0 1 4  0 . 0 1 0  0 , 0 0 2  

- - 1 0  ~ 0 . 0 0 2  0 . 0 0 4  0 , 0 6 8  0 . 0 0 4  0 . 0 0 2  ...... 

E r u e i e  A c i d  

- - 1 0 "  0 , 4 9  ...... 0 . 3 5  
-20 ~ o.19 d:~ d:~ d:~ O.ll 
-30 ~ o.o58 O.ll  i : ~  O.lO o.16 0.030 
~ 4 0  ~ 0 . 0 2 4  0 . 0 4 0  0 . 4 9  0 . 0 3 7  0 . 0 4 4  0 . 0 0 8  
- - 5 0  ~ 0 . 0 0 7  ...... 0 . 1 8  . . . . . . . . . . . .  

B r a s s i d i c  A c i d  

1 0 "  0 . 2 7  0 . 7 0  : 0 . 6 8  0 . 6 2  0 . 2 0  
9 ~ 0 . 0 9 4  0 . 2 6  0 . 2 4  0 . 1 8  0 . 0 5 8  

- - 1 0  ~ 0 . 0 3 5  0 , 0 9 6  0 : 7 8  0 . 0 6 5  0 . 0 5 0  0 . 0 1 6  
- - 2 0  ~ 0 , 0 1 0  0 . 0 2 8  0 . 2 8  0 . 0 2 4  0 . 0 1 3  0 . 0 0 5  
- - 3 0  ~ 0 . 0 0 3  0 . 0 1  0 . 1 0  . . . . . . . . . . . . . . . . . .  

Although it must  be kept in mind that such mu- 
tual  solubil ity effects do exist, the solubil ity curves 
for the pure acids are nevertheless valuable as guides 
for determining opt imum conditions for attempting 
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T A B L E  IV 

Fatty Acid Solubilities in Various Hydrocarbon Solvents 
( A l l  values expressed in grams a c i d / 1 0 0  g. solution) 

Stearic A c i d  

Methyl Temp. n-Heptane Cyclohexane n-Pentane Isopentane 

l 0 ~ 0 . 0 8 0  0 . 2 0  0 . 0 8 9  0 . 0 9 6  
0 ~ 0 . 0 1 8  0 . 0 6  0 . 0 1 5  0 . 0 4 0  

- - 1 0  ~ 0 . 0 0 4  0 . 0 2 1  0 . 0 0 3  0 . 0 1 7  
- - 2 0  ~ �9 ..... 0 . 0 0 5  . . . . . . . . . . . .  

2-Methyl Isooctane Temp. Diisopropyl Neohexane pentane 

10  ~ 0 . 0 7 0  0 . 0 4  0 . 0 8 6  0 . 0 5 1  
0 ~ 0 . 0 1 5  0 . O l 0  0 . 0 3  0 . 0 2 0  

- - 1 0  ~ 0 . 0 0 4  0 . 0 0 3  0 . 0 1  0 . 0 0 8  
- - 2 0  ~ . . . . . . . . . . . .  0 . 0 0 3  0 . 0 0 3  

Oleie Acid 

Methyl D ' i  
T e m p .  n - t t e p -  C ,clo- 1 so- 

tane he'~ane propyl 

-_4o ~ ~ - - ~  ~. .2~-  
- -50  ~ I 0 . 0 5 0  I 0 . 1 1  I 0 . 1 1 2  

I so-  Neo-  I 2-Methyl 
octane [ hexane pentane 

- ~ ~  0 . 1 9  
0 . 0 7 0  0 .050  o.o6 

Linoleic Acid 

Methyl Diisopropyl Temp. n-Heptane Cyclohexane 

- - 5 0  ~ 0 . 9 8  2 . 0 6  0 . 9 4  
- - 6 0  ~ 0 . 2 0  0 . 3 8  0 . 1 7  
- - 7 0  ~ 0 . 0 4 2  0 . 0 7 2  0 . 0 3 2  

the separation of given fatty acid mixtures, or for 
deciding whether or not low temperature crystalli- 
zation is at all feasible for separating a particular 
mixture.  

The general trends in fatty acid solubility behav- 
ior indicated by the data in Table III are generally 
what would be expected. Solubil ity is enhanced by 
decrease in chain length and by unsaturation. The 
introduction of a double bond greatly increases solu- 
bility, the increase being greater the farther the point 
of unsaturation is removed from the carboxyl group. 
Changing an acid with a cis double bond to its trans 
isomer reduces its solubility considerably, as does con- 
verting its olefinic function to a triple bond. 

The solubilities listed for oleie acid refer in each 
case to the more stable form of the acid in that sys- 
tem. The dimorphic character of oleie acid causes it 
to exhibit two solubility curves in some solvents. With 
the "synthet ic"  technique of solubility measurement 
used by the Armour group, it has been possible to 
observe portions of the unstable curves in some sol- 
vents (5) .  However the analytical method followed 
in the present study involved long waiting periods to 
permit the establishment of equilibrium, and, since 
the transformation from the unstable to the stable 
form occurs rather rapidly, the oleie acid data listed 
here can be assumed to refer to the stable modifica- 
tion of the acid in all cases. 

The postulation by Ralston and Hoerr (15) and by 
Bailey (16) that solubility is closely linked with melt- 
ing point is supported by these data, at least in a 
qualitative sense. In general, the order of the solu- 
bility curves for the various acids is the same for all 
six of the solvents studied; however one peculiar re- 
versal was noted. The solubility of stearolic acid ap- 
pears to change relative to erueie and elaidic acids in 
the following manner; in acetone, methanol, and ethyl 
acetate, stearolic > erucic > elaidie; in ether and tol- 
uene, erucic > stearolic > elaidie ; and in n-heptane, 
erueic > elaidie > stearolie. On the basis of compar- 
ative melting points alone, stearolic acid :would be 
expected to behave in all solvents as it does in n,hep- 
tane; that is, stearolic acid (m.p. 46.5 ~ should be 

less soluble than elaidic acid (m.p. 43.7~ which is  
in turn less soluble than erucie acid (m.p. 33.5~ 
The proportionately greater enhancement of solubil- 
i ty of stearolic acid by polar solvents (as compared 

T A B L E  V 

Comparison of Solubilities with Data Previously Reported by 
Other Investigators 

( A l l  solubilities expressed in grams acid per 1 0 0  g. solution) 

1 0  o 0 o __ I0  o - - 2 0  ~ 

Stearic Acid 
~r 0 . 2 6  0 , 0 9 0  0 , 0 3 1  0 , 0 1 1  

0 . 2 5 9  F 0 , 0 9 2  ~ 0 . 0 3 2  F 0 . 0 1 0  ~ 

Acetone 0 . 5 4  0 . 1 1  0 . 0 2 3  0 . 0 0 5  
0 , 4 6 9  F 0 . 2 1 9  ~' 0 . 0 3 8  F 0 . 0 0 4  s 
0 . 7 9 ~  0 . 2 1 2  0 . 0 2 1  s ...... 

...... 0 . 1 0 3  s . . . . . . . . . . . .  

- - 4 0  ~ 

Oleic Acid 
Methanol 

Ethyl Acetate 

Acetone 

Diethyl Ether 

- - 2 0  ~ 3 0  ~ 

4 . 0 2  I 0 . 8 6  
3 .9  H 0 . 7 0 8  F 
...... ' 0 .9  H 

] 5 . 9 5  1 . 9 0  
1 0 . 9  K 4 . 3  ~ 

5 . 2 0  1 . 6 8  
5 . 6 0  s 1 . 4 2  F 
4 . 9  H 2 . 0 5  s 
...... 1.4 n 

0 . 2 9  
0 . 3 2 9  F 
0 .3  H 

0 . 6 2  
1 .6  H 

0 . 5 3  
0 . 5 1 6  F 
0 . 6 6  s 
0 .5  H 

5 .5  
4 . 3 7  F 
1 .2  H 

[ ~ 5 0  ~ 

0 . 1 0  
0 . 0 8 9  F 

0 . 1 7  
0 . 1 8 9  ~ 

- - 6 0  ~ 

0 . 0 3  
0 , 0 5 1  F 

,[ .... 

0 . 0 5 5  
0 . 0 6 1 F  

Eicosenic Acid 
Methanol 

Acetone 

Palmitic Acid  
Methanol 

Ethyl Acetate 

Acetone 

- - 2 0  ~ 

0 . 8 0  
1 . 0 6  *" 

1 . 1 0  
1 . 6 1  F 

1 0  ~ 

1 . 3 0  
1 . 3 1  F 
1 .3  R 

1 . 6 0  
1 . 7 7  F 
1 . 9 0  ~ 

0 ~ 

0 . 4 6  
0 . 3 9 6  F 
0 . 8 2  

0 . 5 2  
0 . 8 2  

0 . 6 6  
0 . 7 1 5  F 
0 . 6 0 2  
0 . 6 5  s 

- - 3 0  ~ 

0 . 3 5  
0 . 3 4 8  F 

0 . 5 4  
0 . 4 5 8  F 

- - 1 0  ~ 

0 . 1 6  
0 . 1 4 6  F 

0 , 2 7  
0 . 2 8 0  v 
0 . 2 8 9  s 

- - 4 0  ~ 

0 . 1 5  
0 . 1 2 9  F 

0 . 2 7  
0 . 1 4 7  F 

- - 2 0 0  1 - - 3 0  ~ 

0 . 0 5 0  ...... 
0 . 0 6 3  ~' . ..... 

0 . 1 0  0 . 0 3 8  
0 . 1 3 4  P 0 . 0 4 8  F 
0 . 0 9 4  s 0 . 0 3 5  s 

Linoleic Acid 
Methanol 

Ethyl Acetate 

Acetone 

- - 5 0 ~  - - 6 0 ~  I - - 7 0 ~  

3 . 1 0  
2 . 5 2  F 
3 . 2  n 

4 . 4 0  
5 . 3  H 

4 . 1 0  
4 . 8 2  F 
3 . 2  H 

0 . 9 0  
0 . 9 2 5  F 

1 . 2 0  
1 . 4 2  F 

0 . 2 5  
0 . 3 9 4  F 

0 . 3 5  
0 . 5 1 9  F 

- - 2 0  ~ __30 ~ 

Erucie Acid 
Methanol 0 . 1 9  0 . 0 6 8  

0 . 1 7 6  F 0 , 0 8 7  F 

Acetone 0 . 2 8  ...... 
0 . 3 5 2  F ...... 

i0 ~ 0 o 

Arachidic Acid 
Methanol 0 . 0 8 0  0 , 0 2 8  

0 , 0 9 6  F 0 , 0 6 5  F 

Acetone 0 . 1 3  0 , 0 3 5  
0 . 1 8 3  F 0 . 0 7 5  F 

i 0  ~ 0 o 

Behenic Acid 
Methanol 0 , 0 1 9  0 . 0 0 7  

0 . 0 4 2  • 0 . 0 1 0  F 

Acetone 0 . 0 5 0  0 . 0 1 4  
0 . 0 5 1  F 0 . 0 1 0  F 

F Data of Foreman and Brown ( 3 ) .  
s Data of Singleton ( 4 ) .  
n Data of Hoerr and Harwood ( 5 ) .  
2 Data of Ralston and Hoerr (17, 16) .  
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with erueic and elaidic acids) suggests that  stearolic 
acid is somewhat more polar than the other two 
compounds. 

Table IV gives solubility data for  stearic, oleic, and 
linoleic acids in certain hydrocarbon solvents. The 
differences in solvent properties of the various hydro- 
carbons were not great, but solubilities were signifi- 
cantly higher in methyl cyclohexane than in the other 
solvents and were lowest in neohexane. 

The solubility of stearic acid was also studied in di- 
methyl formamide. The data obtained were as follows : 

Solubility 
Temp. (g. /100 g. solution) 

10 ~ 1.15 
0 ~ 0.38 

- - 1 0  ~ 0.102 
- - 2 0  ~ 0 .024 

The solubilities are higher than for most of the other 
solvents. Dimethyl formamide was not fu r the r  studied 
because of its high toxicity and its low volatility, which 
made solvent removal difficult. I t  was not considered 
a convenient medium for use in the low temperature  
crystallization procedure. 

For  purpose of comparison Table V has  been pre- 
pared. This table compares certain solubility deter- 
minations made during this s tudy with values which 
have been reported by other investigators. In  general, 
the agreement is good. However several discrepancies 
are apparent.  The solubilities in ethyl acetate, for  ex- 
ample, tend to be considerably lower than those of 
Hoerr  and Harwood (5). The value listed for diethyl 
ether, on the other hand, is significantly higher than 
that of these investigators. 

Attempts were made to prepare pure linolenic acid, 
but a product  of sufficient pur i ty  for  solubility meas- 
urements was not obtained in time to be included in 
this study. This is unfor tunate  since linolenic is one 
of the most important  of the unsaturated fa t ty  acids. 
Solubility studies with mixtures of linoleic and lino- 
lenie acids would also be of great practical value as 
our work has indicated that  these compounds exhibit 
marked mutual  solubilitY effects. 

Summary 
A number of highly purified fa t ty  acids have been 

prepared and their  solubilities determined in six com- 
mon organic solvents within the temperature  range 
from ]0 ~ to --70 ~ The acids studied were palmitic, 
stearic, oleic, elaidic, petroselinic, petroselaidic, lino- 
leic, stearolic, arachidic, eicosenoic, behenic, erucic, 
and brassidic. The solvents used were methanol, ethyl 
acetate, diethyl ether, acetone, toluene, and n-heptane, 
representing six different solvent types. A limited 
study, was also made with a series of hydrocarbon 
solvents in order to note any effects of solvent struc- 
ture on f a t ty  acid solubility. Data  are discussed with 
respect to their  application in separating various fa t ty  
aeid mixtures by low temperature  crystallization. 
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Filtration-Extraction of Peanuts on a Bench Scale' 

JOSEPH POMINSKI, N. B. KNOEPFLER, A. V. GRACI JR., 2 L. J. MOLAISON, B. S. KULKARNI, '~ 
and H. L. E. VIX, Southern Regional Research Laboratory/ New Orleans, Louisiana 

I 
N THE UNITED STATES in 1952, from the 685,000 

tons of peanuts produced, approximately 100,000 
tons were processed to yield oil and meal prod- 

uets (13, 14). Most of this processing was hydraulic 
and screw pressing with only an insignificant portion 
processed by solvent extraction. Should the cost of 
peanut production in the United States be reduced 
to a level where peanut  oil and meal can compete with 
corresponding products of cottonseed and soybeans, 
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the amounts of peanuts grown and processed would 
probably increase substantially. 

Peanut  oil is considered one of the better  quali ty 
vegetable oils and sells at a premium price. The sol- 
vent-extracted meal, besides being a cattle feed, is an 
excellent source of industrial  and edible protein (1). 
The removal of oil by solvent extraction from an oil- 
seed of high fat  content, such as peanuts, poses many 
t echn ica l  p rob lems  (5). As a solution to some of 
these problems prepressing is current ly  used prior 
to so lven t  e x t r a c t i o n  in some instances. A new 
direct solvent-extraction process developed at this 
Labora tory  and called F i l t r a t ion-Ext rac t ion  makes 
p r e p r e s s i n g  unnecessary. The f i l t rat ion-extract ion 
process has been applied on a pilot plant scale to cot- 


