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Abstract  
A chromatographic adsorbent has been devel- 

oped for the separation of geometric isomers of 
fa t ty  acid methyl esters. The adsorbent consists 
of silieie acid impregnated with silver nitrate. 

Quantitative separations of saturated, cis-, and 
trans-monoenoic and polyenoie methyl esters in 
30 to 100 mg quantities are reported. 

Introduct ion 

S INCE THE INVENTION 0~ gas chromatography the 
quantitative analysis of a mixture of non-isomeric 

fa t ty  acids has become a routine operation. More 
recently separations of cis- and trans-isomers have 
also been successfully demonstrated on eapillary col- 
umns (11);  however, for large scale separations in 
mg ranges other techniques merit fur ther  develop- 
ment. Separation of isomers has been achieved by 
fractional crystallization or by treating the isomers 
with mercuric acetate (9,10). Various metal ions 
are known to form complexes with unsaturated com- 
pounds. As early as 1938, Winstein et al. (14) re- 
ported that the reaction between Ag + and alkene is 
reversible and that the equilibrium is reached very 
rapidly. Gardner et al. (6) found a linear relation- 
ship between the log of the equilibrium constant and 
the heat of hydrogenation of the corresponding al- 
kene, with the result that the stability of the Ag § 
alkene complex increases with the free energy content 
of the alkene. Ag+-complexes with cis-isomers there- 
fore are more stable than those with trans-isomers. 

Nichols (12) first predicted the possibility of 
quantitative separation of methyl oleate and methyl 
elaidate by countercurrent  distribution, using silver 
nitrate in the solvent mixtures. Thi:~ wa~ later 
confirmed by Dutton et al. (5) and De Vries (3). 
Separations of alkenes and menthenes have been re- 
ported using gas-liquid partit ion chromatography on 
packed columns of supported solutions of silver ni- 
trate in glycols (7.2). Recently, Duffield et al. (4) 
described the gas-solid chromatography of lower al- 
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tPI~. 1. Chromatography of u mixture of methyl elaldate 
(25.3 rag) and methyl oleate (25.6 rag). Recovery: A, 26.8 mg 
(97% trans); B, 1.6 rag; C, 27.5 mg (0% trans). 

kenes using solid silver nitrate on several supports. 
Silver nitrate in glycol has also been applied to the 
liquid-liquid parti t ion chromatographic separation of 
cis- and trans-5-cyelodeeenols (8). 

In  our laboratories we have developed a novel ad- 
sorbent consisting of silica impregnated with silver 
nitrate for the separation of saturated, monoenoic 
(cis- and trans-) and polyenoie methyl  esters of fa t ty  
acids. A preliminary report  on this subject was pub- 
lished earlier (3). The selective properties of the 
adsorbent and its applications are reported in this 
paper. 

Exper imenta l  
Preparation of the adsorbent. One hundred grams of 

silieie acid (Mallinckrodt, 100 mesh, analytical grade) 
are suspended in 200 ml aq solution of silver nitrate 
50%. The mixture is heated at 100C for 30 rain. 
Af ter  cooling it is filtered through a Buchner funnel 
and the adsorbeflt dried at 120C for 16 hr. Before 
use, the adsorbent is ground in a ball mill. 

Due to poor reproducibility of the filtration process 
the adsorbent contained varying amounts of silver 
nitrate, viz. 0.3-0.4 g per gram of adsorbent. Ac- 
cordingly, adsorbents obtained from different batches 
showed slightly different adsorptive properties. 

Preparation of the column. Two water-jacketed 
columns (internal diameters 8 and 14 mm) were 
used. Ten grams of the adsorbent was mixed with 
five grams of a filter aid (Celite 535, ex Johns-Man- 
ville Corp.) and slurried with 50 ml light petroleum 
(b.p. 40-60C). The s lurry was boiled for 5 rain, 
cooled, and transferred to the column. In  the larger 
column 10 g of adsorbent were used and in the 
smaller only 2 g. Af ter  preparation the columns 
were protected from light and kept a~ 15C. During 
chromatographic runs 3 or 5 ml fractions were col- 
lected; af ter  evaporation of the solvent at 60C in a 
stream of nitrogen their methyl ester content was 
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Fro. 2. Ohromatography of a mixture of methyl stearate, 
e]aidate and oleate (10 mg each). Recovery: A, 10.2 rag; 
]3, 9.9 mg (96% trans); C, 9.3 mg (0% trans). 
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FIO. 3. C h r o m a t o g r a p h y  of  a m i x t u r e  o f  m e t h y l  e s t e r s  o f  
oleic, l inoleic ,  a n d  l i no l en i c  ac ids .  

determined. Fractions belonging to the same chro- 
matographic peak were combined and coded A, B, 
etc. and analyzed by gas chromatography or infra- 
red spectroscopy. 

Materials 
The methyl esters of stearic, oleic, elaidic, oleic, lin- 

oleic, and linolenic acids were employed in the in- 
vestigation. These esters had 98-100% purity, and 
were prepared in this laboratory by conventional 
methods. 

A 10 ml sample of methyl oleate was isomerized at 
180C with 1 g of nickel on guhr catalyst to which 
1.8% o~ flowers of sulphur (1,13) had been added. 
The methyl ester analysis o~ the mixture gave the 
following result: stearate; 2.5%; oleate (with iso- 
mers) 93.0%; linoleate (with isomers) 2.0%; con- 
jugated linoleate 1.0%; linolenate trace; and uniden- 
tified 1.0%. Infrared analysis indicated 66.5% trans 
double bonds. By means of osmium tetroxide oxida- 
tion the double bonds were located at 4 and 15 and 
iutermediate positions in the Cls chain. 
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FIG. 5. C h r o m a t o g r a p h y  of  i s o m e r i z e d  m e t h y l  o les te .  

TRANS C I S  

' 'sb l'oo 15o 
m l  ELUATE 

FIG. 4. C h r o m a t o g r a p h y  of  a m i x t u r e  of  m e t h y l  e l a i d a t e  
(102  m g )  a n d  m e t h y l  o l ea t e  (12.9 r a g ) .  R e c o v e r y :  A,  93.5 
m g  ( 9 5 %  trans); B,  12.8 m g  ( 0 %  trans). 

The gas-chromatographic analysis was carried out 
on a Pye apparatus equipped with argon ionization 
detector. The column (120 cm) was packed with 
polyethylene glycol adipate on Celite, 20% w/w. 
The determination of tra~s double bonds was carried 
out on a Unicam SP-200 speetrophotometer using 
methyl elaidate as standard. 

Results and Discussion 
The results obtained with mixtures of methyl esters 

are shown in Figures 1 to 5. The experimental de- 
tails are summarized in Table I. The recoveries range 
from 93 to 108%. The analysis of fractions obtained 
with a mixture of oleate, linoleate, and l inolenate 
(Fig. 3) is shown in Table II. k small quantity of 
unknown material (6.4% in fraction C) was found, 
presumably originating from autoxidation of linole- 
ate and linolenate. The results obtained in other 
experiments gave no evidence of oxidation of unsatu- 
rated compounds by silver ions during the chroma- 
tographic procedure. 

Data obtained with isomerized methyl o]eate (Fig. 
5) are shown in Table III.  Despite a satisfactory 
separation of cis- and trans-isomers the author be- 
lieves that the peaks were less pronounced than those 
obtained with a mixture of cis-9 and trans-9 isomers. 
This is presumably due to the presence of other 
positional isomers in the nfixture, the silver com- 
plexes of which are likely to have slightly different 
stabilities. In a forthcoming paper separations of 
closely related triglycerides will be reported, using 
this type of adsorbent. 

TABLE I 

Experimental Conditions During Chromatography of Methyl Esters 

Experi- 
ment and 

figure 
nulnber 

Colulnn a 

aa 

b a 

a 

Ester mixture 

Elaidate 25.3 mg and 
o]eate 25.6 mg 

Stearate, elaidate, and 
oleate 10 mg each 

Oleate, linoleate, and 
linolenate 30 mg each 

Elaidate 102 mg, and 
oleate 12.9 mg 

Isomerized oleate 105 
mg 

Solvent sequence c 

Benzene in L.P.b (28%) 
(28: 72) 

Benzene in L.P. l 0  ml 
0% ; 20 ml each of 
10%, 15%, 20%, and 
30%. 

Ethyl ether in L.P. 30 
m1 2 % ;  60~m13%; 60 
ml 5% ; 30~ml 6% ; and 
60 ml 100% 

115 ml  benzene in L.P. 
1 :3  ; 50 ml benzene 

Benzene in L.P. 1O0 ml 
25% ; 30 ml 28% ; 30 
ml 35% ; 40 ml 100% 

Column a:  14 mm ID;  adsorbent 10 g and fraction volume 5 nd. 
Column b: 8 mm ID;  adsorbent 2 g and fraction volume 3 ml. 

b L.P. ---~ light petroleum 40-600,  optically pure. Benzene, analytical 
grade, ethyl ether, non-purified. 

c Elution rate, 0.5 ml /min  in all experiments. 
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Methyl  Es t e r  Composi t ion  (%) of F r a c t i o n s  Obta ined  in E x p e r i m e n t  3. 

Fraction 

Methyl  es ters  A B C 
(31 .2 )  a (27 .7 )  (32 .1 )  

Oleate. ............................................. 99.7 0.7 0.4 
L ino lea te  ......................................... 9.0 98.5 1.0 
L ino lena te  ....................................... 0.0 9.0 92.0 
U n k n o w n  ...................................... 0.3 0.8 6.4 

a F i g u r e s  in  pa ren these s  ind ica te  the w e i g h t  of the  f r ac t ion  in mg.  

Conclusions 

Column chromatography using silica impregnated 
with silver ni t ra te  can be successfully applied for 
separations of i) eis- and trans-isomers of fa t ty  acid 
methyl esters and ii) f a t ty  acid esters according to 
degree of unsaturation.  

In contrast to separations by means of H g ( I I )  
acetate no chemical operations preceding and fob 
lowing the above-mentioned chromatographic proce- 
dure have to be carried out. 

A C K N O W L E D G M E N T  

Ass i s t ance  in the  expe r imen ta l  work  by Miss  J .  H.  ]gusscher ;  and  loca- 
t ion of the double bonds  in i somer ized  methyl  oleate by  K.  de Jong .  
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Suspensions of High-Melting Trig lycerided 
J. L. WHITE and W. S. SINGLETON, Southern Regional Research Laboratory, 3 New Orleans, Louisiana 

Abstract 
A method for prepar ing stable oil /water sus- 

pensions of cottonseed stearine, tristearin, tripal- 
mitiu, tr imyrist in,  methyl stearate, and palmitie 
acid in concentrations up to 10% with minimum 
concentrations of stabilizing agents is described. 
Using 2.5% of polyethylene glycol 400 monoste- 
arate (based on weight of hard  fat) ,  0.1% of 
Pluronie F 68, and 0.2-0.25% of Carbopol 934 
(the concentrations of these two agents are based 
on the weight of the aqueous phase), suspensions 
of the hard fats were prepared by simple stir- 
ring, were stable for  at least one month at room 
temperature,  and could be sterilized: The size of 
the dispersed fat  particles was 20-40 t~. Appar-  
ent viscosities of cottonseed stearin e suspensions 
at 2, 5, and 10% concentrations were 3.59, 5.95, 
and 6.62 poises at 25C, respectively. Suspensions 
as deseribed should have ut i l i ty  in those areas 
of investigation in which solid fa t ty  materials 
in the form of stable dispersions are desirable. 

Introduction 

M 
ANY ~NVgSTmAT~ONS have been conducted in the 
general field of specificity and rates of enzy- 

matic hydrolysis of liquid fa t ty  materials. Among the 
investigations which may be cited are those on the 
specificity of pancreatic lipase (9,10',11) and on the 
enzymatic hydrolysis of vegetable and animal fats 
(8,5,3). For  such investigations the liquid fa t ty  ma- 
terials are dispersed in aqueous media and stabilized 

1 P r e s e n t e d  at  the  A O C S  mee t i ng  in  N e w  Orleans ,  La.,  1962.  
2 Th i s  w o r k  was  suppor t ed  by f u n d s  of ghe Office of the  Su r geon  

Genera l ,  U.  S. A r m y ,  W a s h i n g t o n ,  n .  C. 
a A l abora to ry  of t he  So. Util iz.  Res .  & Dev.  Div. ,  AI%S, U .S .D .A.  

by suitable emulsifying agents, or by gels (6), and 
enzymatic activities are then determined at the usu- 
ally-employed temperature  of 37C, although 45C has 
been used in order  to have a liquid system (7).  
Higher  temperatures  for  obtaining liquid systems 
would be expected to destroy enzymatic activity. 

Relatively few such enzymatic investigations have 
been applied to normally solid f a t ty  materials be- 
cause of the difficulty in maintaining stable disper- 
sions of hard fats. Some portion of an emulsifier 
molecule may be soluble in a high-melting triglyc- 
eride above its melting point and an excellent dis- 
persion may form, but upon cooling and solidification 
of the fat, solubility of the emulsifier apparent ly  de- 
creases and the emulsifier no longer is effective in 
maintaining stability of the system, and phase separa- 
tion results. The few reported systems of dispersed 
hard fat  contain relatively low concentrations of the 
fa t ty  material ;  Weber and King emulsified the higher 
fa t ty  acid monoglyeerides with sodium cholate, with 
4 • 10 6 moles of substrate in 50 ce (14) ; tr istearin 
was enmlsified by Balls and Matloek, who used a mix- 
ture of bile and glycerol and obtained a final concen- 
t rat ion of 0.1% (1). Dissolving a high-melting fat  in 
a carrier  sueh as a liquid vegetable oil is of limited 
value because the solubility is less than 1% at room 
temperature  (13), and the oil carrier would thus be 
in such large concentration as to interfere with the 
determination of hydrolysis of the dissolved fat. 

The purpose of the present investigation was to 
develop a system in which high-melting fats could be 
dispersed and stabilized in concentrations up to 10% 
with a minimum amount  of added stabilizing agents, 
and which systems could be sterilized if need be. Sueh 
systems should have ut i l i ty  in those areas of investi- 


