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reported in the literature but are likely to be correct 
because they are not based on acetyl or hydroxyl val- 
ues or the solubility of the acid in ethyl acetate or 
ether. 

The content of saturated acids, 3-3.5%, was con- 
firmed in one sample by the isolation of the saturated 
acid from the nonhydroxy ester fraction. 

The estimation of u,~-glycolic compounds (3, 34) 
by oxidation with periodic acid is a standard pro- 
cedure and does not need any elaboration. However, 
incidental to the present study, it has been shown 
that the true periodic acid content of a solution is 
best determined by titration with ferrous ammonium 
sulfate because the usual iodometric method deter- 
mines the total oxidative capacity. The iodometric 
method is however more convenient for assessing 
the consumption of periodic acid. The recommended 
method for dihydroxystearic acid gives results agree- 
ing well with those calculated and thus confirms the 
composition arrived at in this paper. It should also 
prove useful in estimating dihydroxy compounds in 
fats and other materials. 

Summary 

Methyl esters of castor oil were prepared by saponi- 
fying the oil with potassium hydroxide in methanol, 
splitting the potassium soaps in situ with an excess 
of hydrochloric acid, and esterifying at room temper- 
ature. The esters had hydroxyl values comparable 
with those of the parent oils. The methyl esters were 
quantitatively resolved into hydroxy and nonhydroxy 
esters after reacting with succinic anhydride in tol- 
uene. The composition of castor oil was calculated 
from a) amount of nonhydroxy esters, b) methyl lin- 
oleate content of methyl esters determined spectro- 
photometrically, e) iodine value of the methyl esters 
determined by the Wijs method at 15-20°C., and 
d) iodine value of the nonhydroxy esters determined 
by the Woburn method. This composition was con- 
firmed by the estimation of saturated acids in one 
sample and dihydroxystearic acid in all. Castor oil 
was readly hydrogenated with Raney nickel in alco- 
hol at room temperature (30-33°C.) without any 
hydrogenolysis of the hydroxyl groups. Methyl dihy- 
droxystearate content of the methyl esters of this 
hydrogenated oil was determined by reaction with 
80-100% excess periodic acid at 15-20°C. 
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A Semi-Micro Procedure for the Separation and Degradation of 
Long-Chain Fatty Acids 1'2 
W. P. GIBBLE, E. B. KURTZ JR., and A. E. KELLEY, Department of Botany, College of Agriculture, 
and Department of Chemistry, University of Arizona, Tucson, Arizona 

s 
TUDIES Of the biochemistry of fatty acids have 
been greatly facilitated by the use of carbon-14 
compounds, and such studies have in turn re- 

sulted in the development and refinement of semi- 
micro procedures for the separation and degradation 
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of long-chaiIl fatty acids. In spite of this, there has 
not yet appeared in the literature a complete semi- 
micro procedure for the isolation, ~paration, and 
stepwise degradation of radioactive fat ty acids from 
plants or animals. Such a procedure is presented in 
this paper. For the most part, the procedure can be 
carried out with equipment usually available in the 
laboratory, and the few pieces of special apparatus 
whi(~h are reqtlirt, d can be assembled with little diffi- 
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culty or expense. The method of separation of f a t t y  
acids is based on the work of Brown (2, 9), and the 
degradation procedure is a combination and modifi- 
cation of those described by Dauben et al. (3, 5), and 
Mikeska, Smith, and Lieber (8). 

Experimental 
I. Extraction and Separation of Component Fatty 

Acids. The radioactive fa t ty  acids used in the fol- 
lowing procedure were obtained by cul tur ing devel- 
oping flax frui ts  in vitro in a solution containing 
sodium acetate specifically labeled with carbon-14 (6). 
The approximate composition of f a t ty  acids in flax 
seed oil is 10% palmitie and stearic, 29% oleie, 19% 
linoleic, and 42% linolenic. To adapt  the procedure 
to a f a t ty  acid mixture  obtained from a different 
plant or animal source, it would probably be only 
necessary to modify the extraction procedure and to 
take into consideration the composition and tempera- 
ture  of crystallization of the component fa t ty  acids. 

The seeds are dried for 3 hrs. at 70 to 80°C., and 
the total lipid is extracted with petroleum ether (B.P. 
30-60°C.) in a Soxhlet apparatus. The extract  is 
t ransferred to a flask, and the solvent is evaporated 
by standing over-night. The lipids are saponified by 
refluxing for  6 hrs. with 12% alcoholic KOH. The 
mixture is diluted with two volumes of water, and the 
unsaponifled residue is removed by extract ing with 
diethyl ether. The aqueous solution is acidified with 
HC1, and the free fa t ty  acids are extracted several 
times with diethyl ether. The ether solution is dried 
over anhydrous MgSQ.  

The crude f a t ty  acids obtained upon evaporation 
of the ether are dissolved in anhydrous acetone (1 g. 
f a t ty  acid/5 ml. acetone). The concentration of fa t ty  
acids in acetone depends upon the kind and relative 
amounts of f a t ty  acids present (7), but  the concen- 
t ra t ion given has proved satisfactory for our purpose. 

The acetone solution of f a t ty  acids is placed in a 
low temperature  fractionation chamber. A suitable 
chamber may be constructed so that the fa t ty  acid 
mixture in a test tube is surrounded by a low tem- 
perature  fract ionation bath consisting of a 1 :1  mix- 
ture  of chloroform and carbon tetrachloride. The 
temperature  of the bath is regulated by varying the 
voltage supplied to an aquarium warmer, which is 
immersed in the bath and by placing small pieces of 
d ry  ice directly in the bath. With  practice any tem- 
perature  between - -5  ° and --79°C. may be main- 
tained with a ___2 ° variation. The temperature  of the 
fa t ty  acid mixture  is first maintained at --50°C. for  
2 to 3 hrs. The solution is filtered as rapidly as pos- 
sible through sharkskin filter paper in a funnel  sur- 
rounded with finely chopped dry  ice. The fa t ty  acid 
fract ion which is obtained from the filtrate upon 
evaporation of the solvent is largely linolenic acid. 
The solid remaining on the filter paper  from this 
filtration is redissolved in acetone (1 g. fa t ty  ac id/  
5 ml. acetone), placed in the sample holder, and 
maintained at --30°C. for  2 to 3 hrs. The solution 
is filtered as before, and a fract ion which is largely 
linoleie acid is obtained from the filtrate upon evapo- 
ration of the solvent. The solid from this filtration 
is dissolved in diethyl ether (1 g. f a t ty  acid/10 ml. 
ether) and fract ionated as before at --30°C. for  2 
to 3 hrs. The solution is filtered, and the oleic acid 
fract ion is obtained from the filtrate upon evapora- 

tion o~ the solvent. The solid from this filtration is a 
mixture of stearie and pahnitic acid. 

I f  the amount of start ing material is sufficiently 
large, or if a high degree of f a t ty  acid p u r i t y  is 
required, the low temperature  fractionation may be 
repeated for  fu r the r  purification. In tr ial  fraction- 
ations of non-radioactive fa t ty  acid mixtures, the 
pur i ty  of the fa t ty  acid fractions may be determined 
by means of iodine values, but  in most work with 
radioactive mixtures this is usually not feasible be- 
cause of insufficient material. 

II.  Hydrogenation of the Unsaturated Fatty Acids. 
After  separation of the unsaturated fa t ty  acids they 
should be immediately hydrogenated to prevent  isom- 
erization and oxidation. The f a t ty  acid fract ion is 
placed in the side arm of a reaction flask. For  each 
gram of fa t ty  acid to be reduced, 10 mI. of absolute 
ethanol and 35 rag. of plat inum oxide catalyst (1) 
are placed in the main chamber of the reaction flask. 
A heating mantle is secured to the flask, and the solu- 
tion is warmed to 70°C. with shaking. Pure,  d ry  hy- 
drogen gas at, low pressure is bubbled through the 
ethanol solution, and af ter  the appearance of plati- 
num black in the ethanol solution, the fa t ty  acid is 
emptied into the main chamber from the side arm. 
Shaking is discontinued, and the reaction flask is 
tilted several times in order to rinse the side arm. 
Hydrogen  at low pressure is then passed through the 
solution with shaking for 15 min. I tydrogen  is then 
passed through the reaction mixture at a pressure 
of 1 atmosphere for all additional 10 rain. The solu- 
tion is cooled and filtered, and the solvent is removed 
from the filtrate by evaporation. The saturated fa t ty  
acid (stearic acid) is obtained in almost 100% yield. 

III .  Degradation of the Saturated Fatty Acid. In  
this procedure the carboxyl carbon of the fa t ty  acid 
is removed and isolated as the earboxyl carbon of 
benzoic acid. A mixture  of 910 rag. of stearic acid, 
1.5 ml. of freshly distilled thionyl chloride, and 10 ~1. 
of pure pyri4ine is placed in a 3-neck flask, equipped 
with a s t i rrer  and reflux condenser. The mixture is 
heated to 40°C. and stirred for 30 rain. Excess thio- 
nyl  chloride is removed at reduced pressure (30 ram. 
Hg for  45 rain.). The flask is cooled to 0°C., and 3.5 
m]. of anhydrous benzene are added. Approximately  
1 g. of anhydrous AIC1 a is added in one portion, and 
the mixture is s t irred for 16 hrs. at room temperature.  
The mixture is cooled to 0°C., and small portions of 
cold, dilute HC1 are added until  hydrolysis of the 
aluminum chloride-complex is complete. The precipi- 
tate is removed by filtration and washed with hexane. 
The filtrate and hexane washings are t ransfer red  to 
a separatory funnel  and extracted: several times with 
hexane. The hexane layer  is dried over anhydrous 
M g S Q  and then saturated with d ry  ammonia gas. 
The unreaeted stearic acid precipitates as the am- 
monium salt. The stearophenone is crystallized from 
hexane in a d ry  ice bath, filtered, and twice recrys- 
tallized from hexane. 

The stearophenone (990 rag.) is t ransferred to a 
3-neck flask, equipped with a stirrer,  reflux con- 
denser, and dropping funnel. Ten ml. of freshly 
distilled dioxane and 0.6 ml. of concentrated HCl are 
added, and the mixture  is heated to 50°C÷ A solu- 
tion of 0.6 ml. freshly distilled (less than 1 hr. old) 
isoamyl nitr i te in 5 ml. of freshly distilled dioxane 
is placed in the dropping funnel.  The contents of the 
dropping funnel  are added to the flask during a 
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F i r e  1. M i c r o - s u b l i m a t i o n  a p p a r a t u s .  T h e  i m p u r e  b e n z o i c  
acid (in ether) is placed in the left chamber. After evapora- 
tion of the ether, the benzoic acid is sublimed onto the cold 
finger. It is then shaken down into the round-bottom flask. 

45-min. period. This reaction with isoamyl nitri te 
should be carried out in semi-darkness. Af ter  an 
additional 15-min. reaction period, the solution is 
made basic with 12 ml. of 3N NaOH. The solution is 
cooled to 0°C., and 2.0 g. p-toluenesulfonyl chloride 
are added in small portions over a 20-rain. period. 
The solution is warmed to 50°C. and stirred for 2 
hrs. The mixture is diluted with 300 ml. of water, 
t ransferred to a separatory funnel,  and extracted 
with several portions of pentane. 

The aqueous layer is warmed and  then  cooled 
slowly. The large particles of sodium heptadecanoate 
which precipitate are removed by filtration to yield 
15-30 rag. The aqueous filtrate is acidified and ex- 
t racted with several portions of diethyl ether (per- 
oxide-free) ,  and the extracts are t rahsfer red  to a 
sublimation apparatus (Figure  1). After  evapora- 

tion of the diethyl ether, the benzoic acid is sublimed 
at 78 ° to 80°C. and 200 mm. Hg  pressure. The ben- 
zoic acid may be counted direct ly for  beta radio- 
activity, or it may be converted to barium carbonate 
(4, 5). I f  the acid is counted directly, 8 to 10 rag. 
are uni formly spread over the surface of a copper 
planchet, air-dried for 36 to 48 hrs., and the specific 
activity determined. 

The pentane solution is evaporated to dryness, and 
the remaining heptadecanonitri le is hydrolyzed by 
refluxing with 10 ml. of 15% K O H  in n-propanol for 
24 hrs. Hexane is slowly added to the solution until  
the precipitation of sodium heptadecanoate is com- 
plete. The solid is filtered out and reerystallized sev- 
eral times from hexane in a d ry  ice bath. This prod- 
uct is combined with that  obtained previously from 
the aqueous layer. The combined salt is acidified and 
extracted with pentane. The free f a t ty  acid is recrys- 
tallized twice f rom pentane in a d ry  ice bath. 

This completes the degradation of the firs~ carbon. 
The degradation procedure is repeated, using the hep- 
tadecanoic acid, and degradations may be continued 
unti l  an insufficient amount  of acid is obtained. Yields 
of at  lemst 70-75% fa t ty  acid and benzoic acid may 
be expected. Consequently a minimum start ing quan- 
t i ty  of 1 g. of f a t t y  acid is required in order to de- 
grade three carbon atoms. The procedure permits the 
removal of at least six carbon atoms from stearic acid. 
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Selective Acidolysis, a Method for the Segregation of 
Drying and Semi-Drying Oils 
H. J. LANSON, 2 Alkyd Products Engineering, General Electric Company, Schenectady, New York 

I 
N RECENT YEARS the glyceride s tructure of oils and 

fats has at t racted considerable attention. From a 
consideration of the properties and uses of many 

oils it becomes obvious that  products  with improved 
technical applications can be obtained by the elimina- 
tion or extraction of ce r ta in  constituents (1). Thus 
drying oils contain a number of different f a t ty  acid 
groups of varying degrees of unsaturation,  and their  
value largely depends upon the proport ion in which 
acids having two or more unsaturated groups are 
present. By removing the more saturated constitu- 
ents, the performance of the oil as a f i lm-former 
can be improved. This might be done either by 

I Presented at  the 28th annua l  fall meeting, American Oil Chemists '  
Society, Minneapolis, :Minn., Oct. 11-13,  1954.  

~Presen t  address :  The P. D. George Company, St. Louis, Mo. 

fract ionat ing the mixture of fa t ty  acids obtained by 
hydrolysis and reesterifying, or by segregating the 
gtycerides themselves into fractions of different de- 
grees of unsaturation.  Both of these methods have 
been investigated and have resulted in a better un- 
derstanding of the number and types of glyeerides 
present in dry ing  and semi-drying oils as well as of 
valuable technical products. 

In  effecting separati01~s of the oil glycerides, the 
efficiency of any process is limited by the mixed glye- 
eride s tructure of the oil. Thus sardine oil, which 
contains about 25-27% saturated fa t ty  acids, con- 
tains only about 0.5% of fu l ly  saturated glycerides. 
The r e m a i n i n g  s a t u r a t e d  acids are distr ibuted on 
glyceride molecules also containing unsatura ted  acids. 
However with sardine oil a par t ia l  separation of the 


