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Introduction 

T I I E  solubility ratios of pairs of certain fat ty 
acids in various solvents have been determined 
by Foreman and Brown (1), and the magnitude 

of the solubility effect of one fat ty acid on another 
has been reported by other investigators (2), but no 
investigations of the intersolubilizing effects of mix- 
tures of oleic and palmitic acids in organic solvents 
have as yet been reported. 

The i n v e s t i g a t i o n  reported here represents an 
extension of previously reported work (3) to in- 
clude the composition of the solid and liquid phases 
existing in equilibrium in the ternary systems oleic 
acid-palmitic acid-acetone and oleic acid-palmitic 
acid-commercial hexane at various temperatures and 
with varying amounts of the three components pres- 
ent. The utility and value of such data has been 
explained in a previous publication (3) and will not 
be repeated here. 

Materials' 
Preparation of Oleic Acid. Olcie acid was pre- 

pared from pecan oil by intcresterification of the oil 
with methanol and separation of the methyl oleatc 
by fractional distillation using a Podbielniak heli- 
grid column. The methyl olcate was converted to 
oleic acid, and the acid was repeatedly crystallized 
from acetone yielding a product of 99.7% purity 
based on its iodine value (corrected to 100% oleic 
acid in the experimental calculations). Alkali isom- 
erization followed by spectrophotometric examination 
indicated the absence of any acids more highly un- 
saturated than oleic. 

One hundredth of 1% of hydroquinone was added 
to the oleic acid and the product stored under hydro- 
geu in a refrigerator to prevent oxidation prior to 
u s e .  

Preparation of Palmit:c Acid. Palmitic acid was 
prepared from commercial Nco-Fat 3 by treatment 
with concentrated sulfuric acid to remove unsatu- 
rated acids, fractional distillation, and repeated crys- 
tallization from acetone. The solubility of this acid 
was d e t e r m i n e d  after each crystallization until a 
constant solubility value was reached after a total 
of 14 crystallizations. After drying over P20~ for 
18 hours, the palmitic acid melted at 62.8~176 
The freezing point, determined by a modification of 
the method proposed by Glasgow et al. (4), was 
found to be 62.75~ 

Solvents .  The organic solvents were comnlcrcial 
hexane, boiling range 146~176 which was used 
without further purification, and acetone, which was 
purified with caustic silver nitrate by the method of 
Werner (5). 

1 P r e s e n t e d  before  the  2 2 a d  fall  m e e t i n g  of the  American Oil Chem- 
ists' Society, November 15-17, 1948, New York City. 

O n e  of  the  laboratories of the Bureau of Agricultural and Indus- 
trial Chemistry, Agricultural Research Administration, U. S. Depart- 
ment of Agriculture. 

N e e - F a t  is named  as  p a r t  of the specification of the exact experi- 
mental condi t ions  a n d  does not  imply  that  this product is particularly 
e n d o r s e d  or recommended by the Department  of Agriculture over 
other  c o m m e r c i a l  p r o d u c t s  having the same or similar composition and  
properties, 

Experimental 
The method used for equilibration of the three- 

component system, oleic acid-palmitic acid-solvent has 
been described in previous comnmnications (3, 6) of 
this series. 

In order to ascertain the mutual solubility of each 
component at various concentrations arid at tempera- 
tures of 0 ~ --10 ~ --20 ~ --30 ~ and --40 ~ C., con- 
centrations of fat ty acids which ranged from 0% 
oleic and 100% palmitic acids, to 100% oleic and 0% 
palmitic acids were investigated. Solvent ratios em- 
ployed were 5:1, 10:1, and 20:1 (solvent to total 
acids) by weight. Each original mixture yielded a 
solid and liquid phase when equilibrated. The com- 
position of these phases, together with the proportions 
of fat ty acids arid solvent in each phase at each tem- 
perature, are recorded in Tables I and II. These data 
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were plotted in the form of phase diagrams. The 
limiting boundary of the liquid phase at each iso- 
therm, as well as the composition of the solid phase, 
is shown in Figures 1 to 10. In addition, the liquid 
phase area for each isotherm was plotted on an ex- 
panded scale as rectangular coordinates to indicate 
more accurately the nature of the intersolubilizing 
effect. These areas are shown in Figures 11 and 12, 
which also include the compositions of unsaturated 
solutions resulting from complete solubility of the 
c o m p o n e n t  acids at constant, exact solvent-acids 
ratios, such compositions represented by theoretical 
dotted lines labelled 5:1, 10:1, and 20:1. 

Discussion 
Effect of Different Fatty Acid Ratios. At all tem- 

peratures the solubility of palmitic acid in acetone 
was found to exceed its solubility in commercial hex- 
ane, the difference in solubility being greater at the 
higher temperatures; but increasing amounts of oleic 
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Original mixture 
Temp.~ 

~ 
:Palmitic Oleic Pahnitic Oleie 

acid acid Solvent acid acid 

0 

- - 1 0  

- - 2 0  

- - 3 0  

3 . 2 0 0  
3.7,16 
1 . 2 3 9  
4 . 0 1 3  
2 . 2 0 7  

I 8 . 5 6 5  
3 . 0 8 7  
o .935  
0 . 7 2 4  
O.247 

0 . 9 2 8  
0 .453  

1 . 3 6 7  
0 . 8 7 9  

1.144 
2 . 2 1 0  
4 . 3 8 3  
2 . 5 0 9  
3 .812  
3 . 8 7 4  

1 . 2 2 4  
6 . 8 9 7  
2 . 1 8 3  
9 .452  
0 . 2 7 0  
0 . 0 2 8  

1 .157  
1 .647  
4 . 6 9 0  
0 . 0 1 4  
0 . 0 1 0  

0 .1 , t6  
0 . 5 2 7  

- - 4 0  

1 .249  
3 .643  
4.8:16 
7 .629  
8 .565  

14 .158  
3 .780  
4 . 0 3 8  
4 .581  
4 . 7 6 2  
8 .372  
9 .046  
9 .229  

1 5 . 3 0 0  
15 .829  
16 .667  

2 . 5 2 6  
4 .761  
7 .13, t  
8 .811  

12 .951  

2 . 2 9 9  
6 .861  
8 .671  
8 . 7 6 8  
9 .225  

5 . 3 3 7 "  
2 . 1 6 6  
5 .291  
2 . 8 6 6  

2 .757  

9 6 . 8 0 0  
9 5 . 0 0 5  
9 5 . 1 1 8  
9 1 . 1 5 1  
9r 
8 2 . 8 7 0  
8 2 . 7 5 5  
9 5 . 2 8 5  
l )5 .238  
9 5 . 1 7 2  
9 5 . 2 3 8  
9O.700 
9 0 . 5 0 1  
90.771 
83 .333  
8"1.292 
8 3 . 3 3 3  

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

9 8 . 7 7 6  
9 0 . 8 0 4  
9 0 . 9 5 6  
9 0 . 8 7 7  
9 0 . 9 6 2  
9 0 . 7 4 7  

9 8 . 8 4 3  
9 3 . o 1 6  
9 3 . 1 4 4  
9,1.695 
9 7 . 1 2 4  

9 7 . 0 9 7  
9 9 . 4 7 3  

0 . 1 2 5  
0 .503  
0 .836  
6 . 9 5 0  
1 . 1 5 4  
1 .250  
1 .528  
0 . 8 1 8  
0.72,1 
6 . 2 4 7  

0 . 9 6 4  
0 .480  

1 .367  
0 .879  

0 .083  
0 .282  
0 .422  
0 . 5 3 7  
0 .627  
0 .755  

0 . 0 2 4  
0 . 1 4 0  
0 .223  
0 .272  
0 . 2 7 0  
0 . 0 5 5  

0 . 0 0 6  
0 . 0 5 8  
0 . 0 5 8  
0 . 0 1 4  
o.!,1o 
0 . 0 1 0  
6 0 0 1  

Solid phase 
L i q u i d  phase 

By d i f fe rence  By calculation 

Solvent 

1 .303  
3 .662  
5 .001  
7.711 
9 . 2 3 4  

14 .399  
3 .802  
, t .038 
4 . 5 8 1  
4 . 7 6 2  
8 .377  
9 .077  
9 .229  

1 5 . 3 0 0  
1 5 . 8 2 9  
1 6 . 6 6 7  

2 . 6 3 8  
,1.9.t0 
7 .278  
9.68:1 

1 3 . 4 6 0  

2 . 4 9 4  
7 .042  
8 .686  
8 . 7 6 8  
8 . 9 9 9  

1 .776  
1 .919  
1 .924  
1 .910  

0 .271  

9 9 . 8 7 5  
9 8 . 1 9 4  
9 5 . 5 0 2  
94.()49 
9 1 . 1 3 5  
8 9 . 5 1 6  
8 4 . 0 7 3  
9 5 . 3 8 0  
9 5 . 2 3 8  
9 5 . 1 7 2  
9 5 . 2 3 8  
9 0 . 6 5 9  
9 0 . 4 4 3  
9 0 . 7 7 1  
8 3 . 3 3 3  
8 3 . 2 9 2  
8 3 . 3 3 3  

9 9 . 9 1 7  
9 7 . 0 8 0  
94.6;18 
9 2 . 1 8 5  
8 9 . 6 9 0  
8 5 . 7 8 5  

9 9 . 9 7 6  
9 7 . 3 6 6  
9 2 . 7 3 5  
9 1 . 0 4 2  
9 0 . 9 6 2  
9 0 . 9 4 6  

9 9 . 9 9 4  
9 8 . 1 6 6  
98 .023  
9 8 . 0 6 2  
98.08(I  

9 9 . 7 1 9  
9 9 . 9 9 9  

l'almitic Oleic 
acid acid 

1 0 0 . 0 0  0.0 
1(}0.00 0.0 
100 .00  0.6 
I0(I.I~0 0.0 
109.00 0.0 
1 C)0.o0 O.O 
100 .00  0.0 
100 .00  0.0 

100 .00  
100.00 6.0 

9 9 . 5 5  0 .45  
100.()0 0.O 
10(1.90 0.0 
100 .00  0.0 

100 .00  
1 0 0 . 0 0  0.0 
100.0o 0.0 
100.00 0.0 
100.O0 6.0 

0.0 10O.O0 

100 .00  
3 0 . 3 4  6 9 . 6 6  
93 .13  6 .87  

0.0 1 0 0 . 0 0  
0.0 1 0 6 . 0 0  

5 .19 9,1.81 
100 .00  ........ 

Pahnitic Oleio 
acid acid 

100 .00  
1 0 0 . 0 0  

1(}0.00 
(.)9.32 

7 . 8 4  

0.0 
0.0 

0.0 
0 .68  

92 .16  

a Compositions are expressed in. gram-weight-per cent of total solution. 

acid in the original inixtures resulted in a greater 
maximum solubility of pahnitic acid in commercial 
hexane than in acetone. 

At  0~ (Figures 11 and 12) the solubility of pal- 
mitic acid was 0.125 g. /100 g. commercial hexane, and 
0.650 g./100 g. acetone. With the addition of about 
90% of oleic acid to the original acid mixtures, the 
solubility of pahnitic acid increased to a maximum 
of 1.56 g. /100 g. of commercial hexane, and to 1.35 g. 
/100  g. of acetone at the lowest solvent ratio. 

At - -10~ the solubility of palmitic acid, initially 
0.083 g./100 g. commercial hexane and 0.2~9 g. /100 g. 

acetone, increased to a maximum of 0.835 g. /100 g. 
commercial hexane, and 0.61 g. /100 g. acetone, in the 
presence of approximately 95-96% of oMc acid. 

At  both 0 ~ and - -10~  oleic acid was completely 
soluble in both solvents down to tile lowest solvent 
ratio employed. The solid phases at these tempera- 
tures contained only pahnitic acid. 

At  - -20~  the s o l u b i l i t y  of palmitic acid was 
slightly increased by the addition of oleic acid up to 
the concentration at which the latter acid separated 
from sohItion as a result of saturation of the liquid 

,oo-~o 9o~ 
7 %~ 

o \  

OO 

PERCENT OLEIG AGID I~'IG. 3.  : P h a s e  d i a g r a m  o f  o l e i c  a c i d - p a l m i t i c  a c i d - h e x a n 6  
F r o .  2.  P h a s e  d i a g r a m  o f  o l c i c  a c i d - p a h n i t i c  a c i d - a c e t o n e  a t  0 ~  a t  - - 1 0 ~  
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I~IG. 4. Phase diagram of oleic acid-palmitic acid-acetone 
at --10~ 
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F I G .  5 .  P h a s e  d i a g r a m  o f  o l e i e  a c i d - p a h n i t i c  a c i d - h e x a n c  

a t  - - 2 0  ~ C .  

phase. This sa tura t ion point  occurred when oleic acid 
was present  in excess of 9 g./100 g. commercial hex- 
ane, or 5.5 g./100 g. acetone. The liquid phase, when 
sa tura ted  with both acids, remained constant in com- 
position as the original mixtures  increased in oleic 
acid unti l  the concentration of palmitic acid became 
low enough to be completely soluble, at which point 
the liquid phase boundary  formed a closed contour. 
The fields within which original mixtures,  at equilib- 
rium, resulted in palmitic acid in the solid phase are 

.// \Y\ 

&ol 

/ ( /  . . . .  5 ,,  ,oo ~ '9o %0 'm '60 '~ '40 ~o '20 '~ 
PERCENT OLEIG AGID 

Y m .  6 .  P h a s e  d i a g r a m  o f  o l e l c  a c i d - p a l m i t i c  a c i d - a c e t o n e  

a t  --20~ 

designated as " 1 "  in F igures  5 to 8; those mixtures 
which yielded sa tura ted  liquid phases, with both acids 
also in the solid phases, are designated as " 2 . "  Origi- 
nal mixtures  which gave solid phases containing only 
oleic acid are within the field at the extreme left  of 
these figures. 

The max imum solubility of palmitic acid in com- 
mercial hexane was about  0.06 g./100 g. at - -30~ 
and 0.01 g./100 g. at  - -40~ These values were 
slightly lower in acetone. Oleic acid was solublc in 
commercial hexane to the extent of 1.9 g./100 g. at 

T A B L E  I I  

C o m p o s i t i o n s  of  t h e  O r i g i n a l  O l e i c  A c i d - P a l m i t i c  A c i d - A c e t o n e  M i x t u r e s  and 
P h a s e s  P r e s e n t  a t  E q u i l i b r i u m � 9  

S o l i d  , ha se  

Temp. 
~ 

O r i g i n a l  m i x t u r e  L i q u i d  p h a s e  
B y  d i f f e r e n c e  B y  c a l c u l a t i o n  

P a l m i t i e  O l e i e  P a l m i t i c  O l e i e  : P a l m i t i e  O l e i c  P a l m i t i e  OIeie 
a c i d  a c i d  S o l v e n t  a c i d  a c i d  S o l v e n t  a c i d  a c i d  a c i d  a c i d  

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

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

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

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

, 0 . 0 3 5  9 . 6 1 2  9 0 . 3 5 3  0 . 0 3 6  5 . 6 0 0  9 4 . 3 6 4  0 . 0  0 . 0  0 . 0  0 . 0  

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

- - - -40 0 . 2 3 2  2 . 1 6 7  9 7 . 6 0 1  0 . 0 1 3  0 . 6 7 4  9 9 . 3 1 3  1 2 . 7 4  8 7 . 2 6  1 3 . 2 5  8 6 . 7 5  
0 . 5 3 9  1 . 5 8 9  9 7 . 8 7 2  0 . 0 0 9  0 . 6 5 8  9 9 . 3 3 3  3 3 . 9 0  6 6 . 1 0  3 5 . 6 7  6 4 . 3 3  

�9 C o m p o s i t i o n s  a r e  e x p r e s s e d  i n  w e i g h t  ( g r a m ) - p e r  c e n t  o f  t o t a l  s o l u t i o n .  
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ZF[o. 9. Phase diagram of olcic acid-palmitie acid, commercial 
hexane at - -40~ 
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]PIG. 10. Phase diagram of oleie acid-pahnitlc acid- acetone 
at  --40~ 

--30~ and 0.3 g./100 g. at - -40~ In acetone, 
these values were 2 g./100 g. and 0.6 g./100 g. at 
- -30~ and 40~ respectively. 

The intersolubilizing effects noted in this work 
confirm the observations reported by Waentig and 
Pescheck (2),  who state that  at all temperatures  the 
mutual  solubility effect decreases with i n c r e a s i n g  
concentration of the second component. 

Effect of DilTerent Solvent-Fatty Acid Ratios. The 
chief effect of increasing the amounts of solvent in 
oleic-palmitic acids mixtures at 0 ~ and - - ]0~  those 
t e m p e r a t u r e s  at which oleic acid was completely 
soluble, was the increase in maximum solubility of 
palmitic acid. At  a c o n s t a n t  solvent-acids ratio, 
increasing proport ions of oleic to palmitic acid in- 
creased the solubility of the lat ter  acid to its maxi- 
nmm for both solvents; fu r the r  addition of oleic acid 
resulted in liquid phases unsatura ted with respect to 
either acid hence no solid phase appeared. Lowering 
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FIo. 11. I,iquid phase compositions of the system oleic acid- 
palmitic acid- commercial hexane at various temperatures and 
acid-solvent ratios. 
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of the solvent-acids ratio when an unsaturated con- 
dition prevailed caused the liquid phase to become 
saturated with pahnitic acid, thus decreasing the 
amount  of this acid in the liquid phase. Composi- 
tions of the liquid phases, at the nmximum solubili- 
ties of palmitic acid and on a solvent-free basis, are 
contained in Table I I I ,  from which it can be observed 
that  lowering the temperature  from 0 ~ to - -10~ 
d e c r e a s e d  the palmitic acid content of the liquid 
phases approximately  4 to 11%, depending upon sol- 
vent  ratio. 

At temperatures  of --3() ~ and --40~ the solubil- 
i ty of eac]l acid was proport ional  to the amount of 
solvent present as neither acid was completely soluble 
at these temperatures,  and at solvent-fatty acid ratios 
up to 20:1. 

The general behavior of these systems were the 
same as those reported in a previous publication (3). 

TABLE I I I  

Liquid Phase Compositions at  Maximum Solubilities of Palmitie Acid 
With Three Solvent Acid Ratios (on solvent-free basis) 

Temp. 
~ 

0 

- - 1 0  

I Commercial hexane ] 
Fatty 
acids a 5 : 1  l e : l  20 :1  .[ 

Oleic I 90.6 ] 87.2 -82.0 : 
Pa!mitic 9.4 ] 12.~ 18.0 

OIeic 1 95.0 i 93.7 91-6 I 
' Palmitic 5.0 [ 6.3 8.4 

Acelon~ 

5 :1  10 :1  

92.0 87.8 
8.0 12.2 

96.5 94.8 
3.5 5.2 

2 0 : 1  

80.4 
19.6 

91.8 
8.2 

The values are per  cent of total acids. 

From the family of curves obtained it is possible to 
predict  the degree of separation obtainable in any 
mixture of oleic and palmitic acids, with either ace- 
tone or colnnlercial hexane as the solvent, provided 
equilibrium exists in the system. 

Summary 
1. The te rnary  systems, oleic aeid-palmitic acid- 

commercial hexane and oleic acid-palmitic acid-ace- 
tone, containing varying amounts bf the three com- 
ponents have been e q u i l i b r a t e d  at 0~ --10~ 
- - 2 0 ~ 1 7 6  a n d - - 4 0 ~  

2. F rom compositional data of the liquid and solid 
phases in equilibrium at each isotherm, te rnary  phase 
diagrams have been constructed. From these dia- 
grams it is possible to predict  the degree of separa- 
tion which can be obtained with any given mixture  
of oleic and palmitic acids, using either acetone or 
commercial hexane as solvent. 

3. The liquid phase boundaries have been estab- 
lished for each isotherm investigated and have been 
constructed on an enlarged scale. 

4. The intersolubilizing effect of oleie acid on pal- 
m i t i e  acid is greater  in commercial hexane than in 
acetone although each acid is more soluble in acetone 
than in commercial hexane. 
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