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O 
F Tt~E various techniques that  have been devised 
for the resolution of mixtures,  chromatography  
is one of the most effective. F i rs t  described by 

Tswett  in 1906, there have been found an ever in- 
creasing range of applications both for separat ions 

and  f o r  q u a n t i t a t i v e  an-  
alysis of a wide var ie ty  of 
substances. 

The  p r i n c i p l e  of chro-  
m a t o g r a p h i c  s e p a r a t i o n s  
on columns depends on re- 
peated par t i t ion of the so- 
lute between an adsorbent 
or s ta t ionary  phase and a 
so lven t  or moving  phase .  
A s ingle  solu te  molecule 
migrates  only when it is 
in solution in the moving 
phase. When it is held by 
the adsorbent  or s ta t ionary 
phase, it remains s ta t ionary  
as the  solvent  flows past. 
Thus the longer the solute 
is he ld  in the  s t a t i o n a r y  

R. R. Allen phase, the more slowly it 
will migra te  down the col- 

umn. I f  two solute molecules are held s ta t ionary  for  
differing periods of time, they will migrate  through 
the colunm at different rates and thus are separated. 
There are a number  of choices for  both the s ta t ionary  
and the mobile phases which are the basis for a 
classification. 

Chromatography  is usually classified as either par-  
tition, adsorption, or ion exchange, depending upon 
the type of s ta t ionary  phase employed. Three meth- 
ods of operat ing a chromatographic  column are em- 
ployed, elution, f ronta l  analysis, and displacement. 
Thus there are nine main classes, all of which have 
not been investigated up to the present  time. Since 
there are many  materials  available for both the sta- 
t ionary  and the mobile phases, the possible experi- 
mental  systems are almost infinite. Although appli-  
cation of the technique at the present  t ime is largely 
empirical, there have been a very  wide range of pro- 
cedures devised both for separat ion and quant i ta t ive 
analysis. 

In  the lipid field chromatography  has been applied 
to m a n y  problems of separation and analysis. In  this 
presentat ion only a few of the many  examples will 
be given to i l lustrate this extremely useful technique 
in the field of fats  and oils. 

The earliest and most widely known method of 
( ;bromatography is the adsorption technique. The ap- 
paratus  consists of a column of finely divided adsorb- 
cut wetted by one liquid moving phase. The material  
to be separated is dissolved in a suitable solvent and 
applied to the top of the column of adsorbent. The 
amount  of material  loaded on the column is kept 
small in relation to the total capaci ty  of the adsorbent 
column. A solvent is allowed to percolate through the 
column, which distributes the components in zones 
that  migrate  down the column with the least adsorbed 
component migra t ing  at the greatest  speed. The zones 

can be washed through the column (eluted) and the 
effluent solution (eluate) collected in fract ions;  or the 
solid adsorbent  can be extruded f rom the column, the 
zones separated, and the components washed f rom t h e .  
adsorbent. 

The use of adsorption chromatography  has certain 
disadvantages,  especially for quant i ta t ive  analysis. 
The adsorpt ion m a y  be only slowly or incompletely 
reversible, which results in poor separat ion and poor 
recovery of solutes. However  the separations are usu- 
ally not specific with regard to adsorbent  or solvent 
so that  the success of a given separat ion depends upon 
trial  of different combinations of adsorbent and sol- 
vent until  a suitable pa i r  is found. 

Adsorpt ion chromatography  has been used to ef- 
fect the separat ion of quite a wide var ie ty  of lipid 
materials.  Trappe  (11) found that  the degree of 
adsorption of the various lipid materials  on silica or 
a lumina were in the decreasing order, phosphatides, 
f a t ty  acids, cholesterol, triglyeerides, cholesterol es- 
ters, and hydrocarbons.  Thus in accord with this 
series, f a t ty  acids may  be removed f rom esters by 
percolation through a silica or a lumina column. Tri- 
glycerides may  be par t ia l ly  separated on alumina. 
For  example, Walker  (12) found, when linseed oil 
in hexane was passed through a cohmm of alumina. 
that  the more unsa tura ted  glyeerides migrate down 
the column behind the less unsaturated.  Also soybean 
oil was separated by the adsorption technique into 
fract ions having a difference in iodine value of 6!) 
units (9). The separation of sa tura ted  f a t ty  acids on 
a lumina has not met with much success. However  
other methods of chromatography  permit  this separa- 
tion and will be discussed later. 

The separation of unsa tura ted  f a t t y  acids has been 
accomplished by the use of derivatives to increase 
the difference in adsorbabil i ty between the acids. 
Simmons and Quaekenl)ush (10) p repared  the 2,4- 
dini trobenzenesulfenyl  chloride derivatives of oleic, 
linoleic, and linolenie and found tha t  they could be 
separated f rom each other and f rom the saturated 
acids on a magnesium sulfate column by the use of a 
benzene-ethyl ether mixture  (95:5) as developing sol- 
vent. The recovery was above 95%. A method of 
analysis was developed which compared favorably 
with the spectrophotometric  method. 

Separat ion of the bromine derivatives of unsatu- 
rated f a t t y  acids was accomplished by  Howton (6) on 
a column of alumina-celite employing ether in n-pen- 
tane as a developing agent. The di- and tetrabromides 
were separated,  but  the recoveries were not quanti- 
tative. Therefore no quanti tat ive method could be 
developed. However  this could be used as an aid in 
prepara t ive  work. 

Since absorption or elution chromatography does 
not usual ly give quant i ta t ive results, the method is 
most useful in separat ions which need not be quanti- 
tative. For  example, the separation and subsequent 
identification (8) of the 2,4-dinitrophenyl hydrazones 
of carbonyl  compounds result ing f rom the oxidation, 
of unsa tura ted  f a t t y  acids have yielded much infor- 
mation on the cause of soybean oil flavor reversion. 

To overcome the disadvantage of irreversible ad- 
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sorption, the technique known as displacement an- 
alysis was developed. This technique is carried out 
in the same manner  as adsorption chromatography  
except that  a " d i s p l a c e r "  or "deve lop ing  so lu te"  is 
added to the solvent. The displacer is a mater ial  tha t  
is more s trongly adsorbed on the column than  any  of 
the components in the sample. This acts to displace 
the adsorbed solute f rom the adsorbent  and drive 
the mater ial  down the column. The adsorbed solutes 
also displace each other as they migra te  down the col- 
umn  with the most s t rongly adsorbed component of 
the sample being displaced by the developing solute. 
The effluent f rom the column is collected in a Series 
of fractions, and when the developing solute comes 
through, all of the components of the sample have 
been displaced. This method of operat ing a column 
has been used with a number  of adsorbents including 
the ion exchange resins. However  there may be some 
overlap between one band and the next so that  the 
method does not always achieve quant i ta t ive  separa- 
tions. Holman has done considerable work with this 
method of chromatography,  using an appara tus  which 
is quite elaborate. The eolunm consists of a series of 
"coupled f i l ters,"  which is actual ly  a set of chroma- 
tographic columns in series. They have the effect of 
sharpening the f ronts  of the zones because the efflu- 
ent of one filter is collected, mixed, and presented to 
fresh adsorbent in a smaller filter. By  repeti t ion of 
this procedure, very  s h a r p  fronts  can be obtained. 
The effluent f rom the column is directed through an 
in ter ferometer  to detect the fronts. Using this ap- 
paratus ,  it was shown that  f a t ty  acids f rom formic 
through eieosanoic (5) could be separated,  using 
charcoal columns and f a t t y  acid solutions in aque- 
ous alcohol as displacer. Separat ions of a wide vari- 
ety of materials  have been made, including various 
glycerides (3). This separat ion was carried out on a 
charcoal column, and t r is tear in  in benzene was used 
as a displacer. Beef fa t  was analyzed by this pro- 
cedure and was separated into 14 fractions, the melt- 
ing points of which ranged f rom 60 ~ to liquid at  room 
temperature .  The value of this type  of chromatog- 
r aphy  as a prepara t ive  tool is i l lustrated by the sep- 
arat ion of highly unsa tura ted  f a t t y  acids f rom cod 
liver oil (1). By  the use of a charcoal colmnn and 
1% methyl  behenate in isopropyl  alcohol as the dis- 
placer, methyl  eieosapentaenoate and ethyl dodeca- 
pentaenoate and hexaenoate were purified. I t  would 
appear  that  displacement chromatography  is very  use- 
ful  in the field of lipid separat ions because substan- 
tial quanti t ies of each component  of a sample may  
be obtained in a relat ively pure  state. However  the 
choice of the displacer is not a lway s an easy task, 
and although special equipment is not necessary, it 
is desirable because of the increase in ut i l i ty  of the 
appara tus .  

F o r  quant i ta t ive work the method known as :parti- 
tion chromatography  has been most successful. This 
modification utilizes the difference in concentration 
of solutes in two liquid phases or a liquid and a gas 
phase. One liquid is held s ta t ionary  by a solid car- 
r ier  while the other liquid or a gas flows past. The 
basic difference between par t i t ion and adsorption 
chromatography  is tha t  in the fo rmer  the s ta t ionary 
phase is a liquid and separat ions depend on the dif- 
ference of the par t i t ion  coefficients of solutes in the 
two liquid phases. The most common a r rangement  
is one in which an aqueous or polar  phase is held 
s ta t ionary  while the non-polar  phase flows past. 

However,  reversed phase, the technique in which the 
non-polar liquid is held s ta t ionary  and the polar sol- 
vent flows, is sometimes employed. 

Pape r  chromatography  is a type of par t i t ion chro- 
ma tog raphy  which utilizes a paper  suppor t  for  the 
immobile liquid phase. The value of paper  chroma- 
tography  lies in the extremely small sample size that  
may  be used. The method has found its greatest  use 
in the  field of amino acid analysis. However  a num- 
ber of applications have been devised in the lipid 
field. The appara tus  consists of a str ip or sheet o1' 
filter paper  surrounded by the vapor  of the s ta t ionary 
phase held in a closed container. The mobile phase 
is held in a t rough at the top of the paper  to obtain 
a descending solvent f ron t  or at the bottom which 
results in an ascending front.  The sample is intro- 
duced as a spot on the paper  near  the solvent trough. 
I f  the solutes are colorless, it is necessary to spray  
the paper  with a suitable reagent  to cause the sep- 
ara ted components to become visible. Materials are 
usually characterized by the Rr value, which is de- 
fined as the distance the mater ia l  moved f rom the 
original position expressed as a f ract ion of the dis- 
tance moved by the solvent front.  The process may 
be one-dimensional by the use of a paper  s t r ip  or 
two-dimensional, in which the components are sep: 
ara ted along one line and then introduced into a 
second solvent which travels at r ight  angles to the 
direction of the first solVent. The method may  be 
i l lustrated by the separat ion of the unsa tura ted  fa t ty  
acids in the form of their  mercuric  acetate derivatives 
(13). Tetra l in  was used as the s ta t ionary  phase on 
the paper,  and the developing solvent was a mixture  
of methanol-acetic acid-petroleum hydrocarbon.  Af te r  
elution the paper  was sprayed  with diphenylcarba-  
zone in alcohol to reveal the separated components. 
Samples of 10-300 t~g. of the mixed mercuric  acetate 
derivatives were used. Although quant i ta t ive meas- 
ure of the spots was not made, the absorption spectra 
of solutions of the mercur ic  acetate derivatives could 
be used for quant i ta t ive work. 

Par t i t ion  chromatography  on a column requires a 
solid for  the suppor t  of the non-mobile phase. For  
example, the use of silieic acid as a support  for aque- 
ous buffered solutions has resulted in excellent quan- 
t i ta t ive methods for the separat ion and determinat ion 
of f a t t y  acids f rom formic through pelargonic and 
dicarboxylic acids of 3- to 16-carbon chain lengths. 
For  analysis of a mixture  of monobasic acids as  de- 
scribed by Coreoran (2), silieic acid is mixed with an 
aqueous solution of glycine which has been adjusted 
to the desired p H  with sodium hydroxide.  The p H  of 
the aqueous phase determines which acids will be re- 
solved. To separate the 9-, 8-, 7-, and 6-carbon acids 
a 2M solution of glycine at p H  10 is used while a 
solution tha t  has a p H  of 8.4 resolves the acids of 3 
to 6 carbons, and the longer chain acids come through 
the column together. The aqueous buffer-silicic acid 
is packed into a column, a sample of 10-50 mg. of 
acids introduced and the column eluted with mixtures  
of butanol  in chloroform which are increased with 
respect to butanol  content as elution proceeds. Small 
fract ions of the effluent are collected and t i t rated.  I f  
the t i t ra t ion is plotted against  the f ract ion number,  
a series of peaks result, and the area under  the peak 
is a measure of the quant i ty  of acid. Recoveries of 
100% are obtained by this method. Dibasic acids may  
also be determined in a similar system which em- 
ploys citric acid solutions as the aqueous phase (4). 
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The control of the p H  of this aqueous solution also 
determines which dibasic acids will be resolved. We 
have made use of these methods in our labora tory  for 
the s tudy  of positional isomerization of unsa tura ted  
f a t ty  acids and have found them to be very  excellent 
methods. 

Another  good example of par t i t ion chromatography  
was described in a recent publication (14). This 
chromatographic  system employed a methyl  cellosolve- 
water  ammonia  system on a silicic acid suppor t  as 
the s ta t ionary  phase and petroleum ether-butyl  ether 
mixtures  as the mobile phase. Monocarboxylic acids 
f rom 14- to 2-carbon chain lengths are resolved by  
the column, using petroleum ether as the solvent. Di- 
basic acids f rom 22 carbons down are eluted iwith 
buty l  e ther-petroleum ether. Samples of only a few 
mill igrams of the mixed acids are used, and the mono- 
and dicarboxylic acids can be resolved in one column. 
This chromatographic  method Should find increasing 
use in the analysis of f a t t y  acids. 

F a t t y  acids may  also be separated by the technique 
known as gas-liquid chromatography.  This method 
makes use of the par t i t ioning of the f a t t y  acids be- 
tween a mobile gas phase and a liquid s ta t ionary  
phase. As described by James  and  Mart in  (7),  the 
appara tus  consists of a long column packed with a 
Celite-silicone oil mixture.  The column is surrounded 
by a heat ing jacket  so that  the vapor  of a boiling 
liquid surrounds the column and controls the temper-  
ature of the appara tus .  The gas phase, a s t ream of 
nitrogen, carries the vaporized acids through the col- 
umn into a t i t ra t ion cell, where they are absorbed in 
water and t i trated.  The method gives a very  good 

resolution of f a t ty  acids f rom formic to laurie and 
will also separate some isomeric acids such as iso- 
valeric, methyl  ethyl acetic, and n-valeric acids. The 
t empera tu re  of the column, which is mainta ined by a 
boiling liquid, depends on the vapor  pressure of the 
acids to be separated.  This should be between 10 and 
1,000 ram. of mercury.  For  example, cellosolve, whic|l 
boils at  137 ~ , is suitable for the separat ion of acids 
f rom valeric to laurie. T h i s  method permits  auto- 
matic t i t ra t ion of the acids as there is no large volume 
of liquid-eluting solvent to collect. 

This presentat ion has only touched on a very few 
of the procedures tha t  have been described for  chro- 
matographic  separat ions in the field of lipids. In  view 
of the infinite experimental  procedures that  are pos- 
sible using this technique, it is indeed a very fertile 
field of research both for p repara t ive  work and 
analysis. 
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Distillation 
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D 
ISTILLATION i s  a separat ion process--one of four  

included in the 1955 Short  Course. The others 
are chromatography,  crystallization, and solvent 

extraction. All  four  have the common characterist ic 
that  distr ibution occurs between two phases tha t  are 

mechanically separable: 

distillation 
vapor-l iquid 

chromatography  
fluid-stat ionary 

crystall ization 
liquid-solid 

extract ion 
liquid-liquid 

Separat ion is possible only 
when one component is en- 
riched in one phase and 
depleted in the other rela- 
tive to another  component. 
In  pract ice these separat ion 
processes are not sharply  
differentiated. D i s t i l l a t ion  

A. W. VC'eitkamp may be combined with ex- 
t ract ion to yield the famil- 

iar extract ive distillation process. Gas chromatog:  
r aphy  combines some of the characterist ics of distil- 

lation and extract ion as well as the chromatographic  
technique. 

For  present  purposes the subject of "Distillation" 
is l imited in scope to "analytical techniques ."  Tech- 
niques of vacuum analyt ical  distillation applicable to 
f a t t y  oils and their  derivatives include equilibrium 
distillation and molecular distillation. We will con- 
sider the mixture,  the appara tus ,  and the procedure 
and will briefly outline distillation theory. 

Mixtures of greatest  interest to members of the 
American Oil Chemists '  Society are animal  and vege- 
table fa ts  and waxes. The fats are glycerol esters of 
f a t ty  acids, and the waxes consist mainly  of higher 
alcohol esters of f a t t y  acids. Derived f rom these by 
saponification are mixtures  of alcohols or acids that,  
in turn,  are the raw materials  of a growing chemical 
industry.  Some of the mixtures,  such as lard, tallow, 
cottonseed, soybean, or marine oils, have great eco- 
nomic value. Others, like human hair  oil or the bac- 
terial  waxes, have little commercial value but may be 
interesting scientifically. 

A p p a r a t u s  suitable for distilling such a range of 
mixtures  includes equil ibrium stills and molecular 
stills. The choice for  a par t icular  analysis will de- 
pend p r imar i ly  on the vapor  pressure and thermal  
stabil i ty of the sample. Multistage equilibrium stills 
are widely used for fract ionat ion of free fa t ty  acids, 
esters of f a t ty  acids with low boiling alcohols, ni- 


