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T A B L E  I V  
T h e r m a l  Po lymer i za t ion  of F a t t y  Acids  and  T h e i r  Met yl Es te r s  

H e a t i n g  t ime at  290~ Monomer  Po lymer  Po l a r  
�9 ma te r i a l  

Methyl  i inoleate hr. ] %  l e a  J "2"~ 
3 ........................................................ 87 8 to,o I 0.6 
6 ........................................................ ] 82.6 ] 15.9 ] 0.6 

12 ........................................................ I 61.8 [ 30.7 ] 4.0 
24 ........................................................ / 35.9 / 54.~ I 6.8 

[ / 
Alka l i -conjuga ted  methyl  l ino l ea te  a [ / 

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22.2 
4.5 ..................................................... 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 ....................................................... 

L inole ic  acid 
4 ....................................................... 
8 ....................................................... 

12 ...................................................... 

Alka l i -con juga ted  linoleic acid  a 
0 ....................................................... 
1 ....................................................... 
2 ....................................................... 
4 ...................................................... 
6 ...................................................... 

67.9 
47.4 42.7 
41.8 49.9 
34.7 54.4 

64.8 29.3 
42.6 47.9 
36.2 54.3 

97.2 3.2 
58.1 84.1 
40.1 45.2 
31.3 53.6 
27,4 53.0 

4.4 
6.9 
8.2 
8.2 

4.2 
6.3 
8.3 

5.3 
9.4 
9.4 

15.4 

a k 232 m/~ = 7%0 (on methyl  ester  ba s i s ) .  

The m e t h o d  m a y  be used  to s t u d y  basic  f a t  p rocess ing  
a n d  to fo l low compos i t iona l  changes  t ha t  occur  in oils 

sub j ec t ed  to hea t  and  deep  f a t - f r y i n g  condi t ions .  
O the r  fields of a p p l y i n g  the t echn ique  lie in s tud ies  
on fihns a n d  f i lm-fornf ing  p r o p e r t i e s  of oils p r o d u c e d  
by  a u t o x i d a t i o n  and  p o l y m e r i z a t i o n  of hea ted  or  b lown 
oils. 
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Analyses of Lipids and Oxidation Products by 
Chromatography. Fatty Acid Hydroperoxides 

Partition 

E.N. FRANKEL, C.D. EVANS, D.G. McCONNELL, and E.P. ]ONES, 
Northern Regional Research Laboratory, ~ Peoria, Illinois 

A liquid partition chromatographic method was developed 
to isolate and deterndne hydroperoxides in autoxidized fatty 
acids or their methyl esters. By the use of benzene containing 
2 to 4% methanol as the mobile solvent, the hydroperoxides 
were separated from mmxidized fatty acids or methyl esters 
and from secondary and polymeric decomposition products. In 
the analyses of oxidized fatty acids, diethyl ether was neces- 
sary to elute the secondary decomposition products. 

Saponification of autoxidized fatty esters destroyed the 
peroxides as determined iodometrieally, but the re.suiting acids 
contained a fraction which was eluted in the same position as 
hydroperoxide acids. Evidence showed that this fraction is a 
monomeric hydroxy fatty acid containing conjugated cis-tram~ 
and trans-trans unsaturation. 

Fatty ester hydroperoxides were isolated chromatographi- 
cally in yields and purity comparable to those reported in the 
literature by eounterearrent distribution. The concentrations 
of methyl linoleate h?-droperoxide determined chromatographi- 
cally were smaller than indicated by the peroxide value and 
diene conjugation of the autoxidized methyl linoleate. 

I 
SOLACmN of p u r e  f a t  h y d r o p e r o x i d e s  is one of the  

most  diff icult  s teps  in  the  e lue ida t i on  of the  mech-  
a m s m  of f a t  au tox ida t i on .  E a r l y  worke r s  in  th is  

field ob ta ined  h y d r o p e r o x i d e  concen t r a t e s  b y  va r ious  
methods ,  i n c l u d i n g  m o l e c u l a r  d i s t i l l a t i on  (9)  low-tem- 
p e r a t u r e  c ry s t a l l i z a t i on  (20) ,  and  a d s o r p t i o n  chroma-  
t o g r a p h y  (2,3,8,9).  Those p r o c e d u r e s  g e n e r a l l y  give 
low y ie lds  of h y d r o p e r o x i d e s  because  of v a r y i n g  de- 
grees  of decomposi t ion .  More recen t ly ,  p u r e r  hyd ro -  
pe rox ide  concen t ra t e s  were  ob ta ined  in h ighe r  y i e ld s  
b y  e o u n t e r c u r r e n t  so lvent  d i s t r i b u t i o n  (5,13,14,17,22),  

i This  is a l abo ra to ry  of the  N o r t h e r n  Ut i l i za t ion  Resea rch  and  De- 
ve lopment  Div is ion ,  A g r i c u l t u r a l  R, esearch  Service,  U.S.  D e p a r t m e n t  of 
Agr i cu l tu re .  

urea  f r a c t i o n a t i o n  (7 ) ,  and  reverse -phase  p a r t i t i o n  
c h r o m a t o g r a p h y  (4,18).  

This  second p a p e r  in  the  series  p re sen t s  a l i qu id  
p a r t i t i o n  c h r o m a t o g r a p h i c  m e t h o d  fo r  the  isola t ion 
a n d  d e t e r m i n a t i o n  of p u r e  f a t t y  es ters  or  f a t t y  ac id  
hyd rope rox ide s .  This  me thod  has  p r o v e d  use fu l  for  
r o u t i n e  ana lyse s  a n d  for  i so la t ions  in  f a t  a u t o x i d a -  
t ion s tudies .  The method  was also a p p l i e d  to the  
d e t e r m i n a t i o n  of d imer ic  and  p o l y m e r i c  p r o d u c t s  in 
oils (12) ,  h y d r o x y  f a t t y  ac ids  and  esters,  and  p a r t i a l  
g lyee r ides  (10)�9 

Experimental 

The f a t t y  ac ids  and  the i r  me thy l  esters  used  in 
th is  s t u d y  were  ob ta ined  f rom the H o r m e l  In s t i t u t e .  
Sapon i f i ca t ion  of ox id ized  m e t h y l  es ters  was ca r r i ed  
out  a c c o r d i n g  to the  A.O.C.S.  Method  Ca 6b-53, and  
the  ac ids  were  ob t a ined  b y  e ther  e x t r a c t i o n  of the  
ac id i f ied  soaps.  

The  p r o c e d u r e s  for  c h r o m a t o g r a p h y  a n d  t i t r a t i o n  
of ac ids  were  the  same as desc r ibed  for  the  de te r -  
ru ina t ion  of  d imer i c  a n d  p o l y m e r i c  ac ids  (12) .  I n  
h i g h l y  oxid ized  f a t t y  acid  samples ,  e thy l  e the r  was 
a d d e d  to the  co lumn at  the  end  of the  r u n  in  o rde r  to 
e lute  the  p o l a r  f r a c t i o n  of s e c o n d a r y  ox ida t i on  p rod -  
ucts.  The c h r o m a t o g r a p h i c  f r a e t i o n a t i o n  of m e t h y l  
es te rs  was fo l lowed  b y  co l lec t ing  f r a c t i o n s  in t a r e d  
10-ml. beakers ,  e v a p o r a t i n g  the so lvent  on a s team 
pla te ,  a n d  d r y i n g  t h e i r  conten ts  to cons t an t  we igh t  
in a des iccator .  

A u t o x i d a t i o n s  were  c a r r i e d  ou t  a t  37~ on 1- to 
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0+0I 
i Hyclroperoxicle 
i Acids 30.3~0 

Sec0.dart' hddk i 0 

~ 0.100 

r 
o 

O.O 

Fatty Acids 
35.2% 

,e Titration 
..... | 

(As~o~) 
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t 

10o 
I 

200 
Mobile Solvent, ML. 

s~ 

o 
300 400 

-~--~ther, MI.---Iw- 
F l a .  1. ( J h r o m a t o g r a p h i e  f r a e t i o n a t i o n  o f  a u t o x i d i z e d  linolei(. 

a c i d  ( p e r o x i d e  v a l u e  1 1 3 4 ) .  

2-g. samples of esters either in a Warbu rg  appara tus  
with shaking or in a manometr ic  system, using a 
50-ml. buret te  with magnetic  stirring�9 To follow the 
chromatographic  separat ion of hydroperoxides f rom 
unoxidized f a t ty  acids and esters, peroxides were 
determined colorimetrically by the ferric thioeyan- 
ate method (15). The isolated hydroperoxide frac- 
tions were analyzed for peroxides by the iodometrie 
method (13). 

Ultraviolet  absorption spectra were deternlined in 
absolute methanol with a Beckman DU spectropho- 
tometer  and a Cary  recording spectrophotometer.  111- 
f ra red  spectra were determined with a Bai rd  Atomic 
spectrophotometer  using sodium chloride cells with 
carbon disulfide as the solvent. 

R e s u l t s  

In  the initial chromatographic  separations equili- 
brated nlixtures of benzene, methanol, and water  were 
stndied, using the lower phase as immobile solvent 
and the uppe r  phase as mobile solvent. In  the an- 
alyses of oxidized f a t ty  acids par t ia l  separations of 
hydroperoxides were obtained with benzene-methanol- 
water  mixtures  containing the min imum com.entra- 
tiou of water  (7%) required for a two-phase system. 
However  reversal of phases occurred because the mix- 
tures of benzene-methanol-water had similar densities 
at the concentrations used ( ] ) .  Bet ter  and more re- 
producible separations were obtained by eliminating 

30 

Methyl Esters, 
26 ,64.8% �9 Weight 

...... ~'""Peroxide (Asinine,) 

2~ ::L 
Hydroperoxide, 20 E 

16.2% o 

�9 ' 0. 
3~ l _g~,~ ,,~,r ~ Secondary 10 

O ' v [ 2 " ' " -  " 4"~ ~ ~  ~" 2.0 ' i ~  ' L " ( ~ ~  :: 1 Products, 6.7% .L ~ L I 0 '] 

0 I00  200 300 400 500 
Mobile Solvent, MI. 

Fro.  2. C h r o m a t o g r a p h i c  f r a c t i o n a t i o n  of  a t t t ox id i zed  m e t h y l  
e s t e r s  of  saff lower f a t t y  ac ids  ( p e r o x i d e  v a l u e  1 7 7 0 ) .  

water  f rom the mixture  and by dry ing  silicie acid in 
a 120~ oven. Figures  1 and 2 show the fraetioua- 
tion of autoxidized linoleie acid and methyl  esters of 
safflower oil, respectively, using 20% methanol in 
benzene as the itnmobile solvent and 2% methanol 
in benzene as the mobile solvent. Composition of the 
effluent was determined in control colunms, without 
sanll)le , by measuring the refract ive indices of the 
eluted fractions. The composition of the effluent sol- 
vent remained constant, as shown by the dotted lines 
in Figure  3, for the first 275 ml.. af ter  which the 

0.20{: 

o 
0.10(1 

0.C 

*2 

A. Hydroperoxide 
Acid 

Linoleic Acid 

100 

2(1 ~- ~' Methyl [, Linoleate 
I 
i 

i 
l / 10- 
, Hydroperoxide / 

Ester . , ~ . ~  0.25% 
I ] ~  Secondary MeOfl 

/ \  Products 

- 1.50 -~ 

1 .O0 ._= 

c 
0.50 

o.25~. - 
MeOH 

0 . 0 0 ~  

200 300 400 

o 

10.50 

0.00 ~-~ 

- 1.50 2 
MeOH = / 

/ - 1.00 .=_ 

O~ 100 200 300 400 
Mobile Solvent, MJ. ~2~ Metbanolk Benzene) 

Fro.  3. I~el;~tion~ltip b e t w e e n  the  c h a n g e  in  c o m p o s i t i o n  of  
e lud ing  so lvent  a n d  the  c h r o m a t o g r a l t h i e  selmr'atiol~ of  h y d r o -  
l te roxide  ac ids  a n d  e s t e r s  f r o m  ( A t  u u t o x i d i z e d  l inoleic ;laid 
a n d  ( B )  a u t o x i d i z e d  m e t h y l  l ino lea te .  

concentration of methanol increased sharply.  The hy- 
droperoxide acids were eluted at this point, and the 
t.oucentration of methanol  (1.3()~) remained con- 
stant up to 551) ml. of eluate. The retention volume 
of hydroperoxide acids corresponds to that  of dimeric 
ac ids  f r o m  t h e r m a l l y - d e c ' o m p o s e d  h y d r o p e r o x i d e s  
(12). The methyl  linoleate and hydroperoxide esters 
were eluted sooner than the corresponding free acid 
and hydroperoxide acids and produced sharper  and 
Inore symmetr ical ly-dis t r ibuted peaks. In  the autoxi- 
dized esters a polar  f ract ion probably  containing sec- 
ondary  and polymeric oxidation products  was (qnted 

TABLE I 

Chromatogral)hie Fractionation of Oxidized Linoleic Acid 
(Peroxide Value 1134) 

/ 

Methanol in Benzene Retention Volumes a / ~lethano/ ill Effluent h 
I 

- -  ~ - -  - ~ m-a op:,r- Be~'or~ afte,- 
hvdroper hydroper- .',Iobi|e I Immobile [ acids [ oxi<les : "oxides oxides 

i(  iii . . . .  
1 20 410--485 0.10 0.45 

20 260 305 0.25 1.30 
3 20 175-210 0.35 2.25 
4 20 135-165 0.55 "3.30 

4 12 140--no separation . . . . . . . . . . . .  
4 30 60- -no  seoaration ...... 

a Volumes given for the beginning" and end of each concentration peak. 
b Composition of effluents was determined in control columns without 

sample and compared with corresponding columns with samples. 
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in a position corresponding to the sharp ilmrease in 
methanol  concentration in the eluate. 

Table I shows the fraetionation of oxidized linoleic 
acid with varying concentrations of methanol  in ben- 
zene in the mobile and immobile solvents. Linoleie 
acid was barely separated from its hydroperoxide by 
20~: methanol  in benzene as the immobile solvent 
and 470 methanol  in benzene as the mobile phase. 
Although the resolution of the hydroperoxide acids 
was improved by decreasing the methanol  concen- 
tration in the mobile solvent from 4 to 2%, this 
change also broadened the fat ty  acid peak. Decreas- 
ing the methanol  eoncentration in the immobile sol- 
vent  front 20 to 12% or increasing it to 30!7~ gave 
a p o o r e r  r e s o l u t i o n  of the  h y d r o p e r o x i d e  ac ids .  
There is an opt immn concentration of methanol  in- 
corporated in the silicic acid which is necessary for 
the best resolution of hydroperoxide acid from un- 
oxidized fa t ty  acids. 

Chromatographic analyses of  linoleie acid autoxi- 
dized to different levels are given in Table II. The 
results show good replication of hydroperoxide values 

T A B L E  I I  

Chromalographie Analyses of Autoxidized Linoleic Acid a 

Peroxide value 

m e , / k g .  
Sample A 

228 .......................... 

1134 .......................... 

SaTnple B ~> 
253 .......................... 
115 .......................... 
]40  .......................... 
243 .......................... 
340 .......................... 
450 .......................... 
528 .......................... 
750 .......................... 

1000 . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ull~ I 
dized 

a e i ' l l  I 

a )9~4 .8  

b) 95.6 / 
a) 35.2 
b) 33.5 
c) 39.0 
d) ...... 

94.6 
94.3 
95.1 
94.9 
93.5 
93.1 
91.4 
89.5 
88.0 

nydroper- 
oxide acid 

% 

4.2 
3.9 

30.3 
29.6 
30.9 
31.7 

2.7 
3.9 
4.2 
4.7 
5.7 
6.2 
7.1 
9.4 

10.1 

Ether  
eluate 

r 

28.5 
27,1 

55 
1.2 
1.6 
2.2 

Total  
reoovery 

% 

99.0 
99.5 
90.7 
91.6 
97.0 

97.3 
98.2 
99.3 
99.6 
99.2 

100.0 
99.7 

100.5 
100.3 

a 6OoC., "Warburg shaker. 
b Peroxide values determined by ferric thioeyanate me;lted (15 ) .  

and essentially quantitative recoveries of the acids. 
The amount  of the polar fraction, eluted with diethyl 
ether, increased with the amount  of autoxidation and 
represents probably secondary and polymeric reac- 
tion products. Elut ion of this polar fraction was 
necessary in the analyses of hio'hly autoxidized acids 
to obtain quantitative recovery of the total sample 
added to the column. 

Upon saponification, autoxidized methyl  esters of 
fat ty  acids lost their peroxides as determined lode- 
metrical ly with potassium iodide or color/metrically 
with ferric thiocyanate. However  the acids obtained 
by ether extraction of the acidified soaps gave a frac- 
tion which was etuted in the same position as the 

T A B L E  I I I  

Effect of Saponification on Chromatographic Analyses of 
Autoxidized Fatty Esters 

Samples 

Safflower metkyl esters 
After saponification 

~ethyl  linoleate 
After sapoaifieation 

M:ethyl liuolenate 
After saponification 

Per- 
oxide 
value 

m e . / k g .  

1770 
0 

128~ 

154~ 

Unoxi- peroxide 
dized or 

fraction hydroxy 

% 

64.8 
66.0 
51.4 
51.4 
83.4 
81.8 

Hydro- 
pe le 

h~ y 
acid 

% 
16.2 
21.4 
29.4 
31.7 

7,9 
9.3 

Polar 
secol~d- 

dry 
products  

% 
6.7 
9.4 

1 2 7  
13,7 

4.1 
6.1 

Total 
recov- 

ery 

9; 
87,7 
97,8 
93.5 
96.8 
95.4 
97.2 

~0.200 

o 

.< 

~OAO0 

o 

hstty Adds, 
6.0~ 

Produc~ 9.4~ 

O "00 ] T 100 200 300 400 500 
Mobile Solvent, MI. "~Efhe [ ,  MI.--Ib t 

FIO. 4. C h r o m : l t o g r a p h i e  f r a e t i o n a f i o n  of  s a p m l i f i e d -  
; , u t o x i d i z e d  safflower es ters  ( p e r o x i d e  wtlue 177[t  b e f o r e  
s a l u m f i e a t i o n ) .  

hydroperoxide acids from autoxidized linoleic acid 
(Figure  t ) .  Table I I i  shows that the yields of this 
fraction from the saponified esters were a little higher 
than the yields of hydroperoxides from the corre- 
sponding autoxidized nlethyl esters. The retention 
vohnne of this second fraction in saponified-autoxi- 
dized methyl  esters was the same as that of ricinoleie 
acid and of monohydroxy  stearie acid ( I0 ) .  The 
molecular weight of the second fraction from saponi- 
fied-autoxidized methyl  l inoleate (P.V.  1282) after 
methylat ion with diazomethane was 360. This frac- 
tion had a high diene eonjugation (k2al m/, = 7-t.9); 
its infrared speetrmn showed the sharp band at 2.8/~ 
for hydroxyl  (k 2 . s4  = 0.040 compared to 0.05~t ].g. -1 
ran. ~ for methyl  rieinoleate) and the double peaks at 
10.17 and 10,56 for t ra ,s- trans and cis-trans conju- 
gation. These results indicate that saponification of 
fatty ester hydroperoxides converts them to the eorre- 

4.0 

2.0 

~0.0  

~ 6.0 - 

4.0 

2 . 0 -  

0.0 L 

0 

Methyl Oleate 
- ~ V  

Hydroperoxides 

1.0% 

Methyl Linoleate 

100 

14.5% 

I I I 

200 300 
Mobile Solvent, MI. 

FIG.  5. C h r o m a t o g r a p h i c  f r a c t i o n a t i o n  of  a u t o x i d i z e d  m e t h y l  
o leate  ( p e r o x i d e  va lue  7 6 0 )  a n d  l i lmleate  ( p e r o x i d e  va lue  9 7 4 ) .  
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spending monomeric hydroxy  acids without apparent  
change in their conjugated diene structure.  

The chromatographic fraetionation of autoxidized 
methyl oleate and linoleate is represented in F igure  
5, The esters all showed the presence of a hydroper-  
oxide fract ion and a secondary polar fraction which 
increased at higher levels of autoxidation. Elut ion 
of the polar fract ion with diethyl ether was Hot neces- 
sary for quantitat ive recoveries of nlethyl esters as it 
was with the fa t ty  acids. Analytical data on these 
autoxidized fa t ty  esters appear in Table IV. Yields 

TABLE IV 

Chromatographic Analyses of A utoxidized" )Iethyl Esters 
of F a t t y  Acids 

Per(.entage of Hydroperoxide 
Cal(.ulated from 

Oxygen Peroxide I 
absorbed value b Diene c 

Methyl 
oleate 

15,8 12.4 (10 ,8 )  c 
Methyl 
linoleate 

10.5 12.8 11.9 
16.2 15.9 15.3 
36.5 31.0 25.6 

C h r o m a t o g r a p h i c  Frac t ions ,  5; I Yield of 

Unoxi-  Hvdvo-  
dized peroxide 
ester 

83.5 

86,0 
85.0 
66.7 

- -  I bydroper-  
Second- oxide, d 

ary prod- i % 
u(.ts 

11.0 1.8 69.6 

10.0 2.2 95.2 
14.4 1.4 88.9 
24,4 7.3 66.8 

a Autoxidation at 37~ under oxygen in a manometric system. Tile 
oxidation of methyl oteate was catalyzed by ultraviolet lizbt. 

b Theoretical peroxide value of fatty ester hydroperoxide taken as 
6125 me./kg. 

Used k for linoleate hydroperoxide of 81.3 (5).  
a yield ealeulated from total oxygen absorbed and expressed as IPer- 

eentage of oxygen in fatty ester hydroperoxides. 
e Percentage of isolated trr~na, using" k*o.a/z--0.471 for methyl elaidate. 

of hydroperoxides at equivalent levels of oxyge1,1 ab- 
sorption were higher from methyl linoleate than from 
methyl oleate but were of the same orde1," of magni- 
tude as those obtained by Cannon et al. (5) by eoun- 
te reur rent  solvent distribution. The percentage of 
methyl oleate hydroperoxide determined chromato- 
graphically agreed well with that  based on spectral 
m e a s u r e m e n t  o f  i so la ted  t r a n s  in the autoxid ize( I  
methyl oleate. The percentages of chromatographi- 
cally-determined linoleate hydroperoxide were smaller 
than those based on the conjugated diene and peroxide 
values in the autoxidized ester because the seconflary 
polar products contribute to the diene conjugation and 
peroxide values. 

To determine their purity,  hydroperoxide fractions 
were isolated chromatographically front various au- 
toxidized fa t ty  esters. The methyl oleate hydroper-  
oxide fract ion had a peroxide value of 5380 me./kg. 
and the strong band at 10.3 p, (k: 0.:308) for isolated 
t rans .  The methyl linoleate hydroperoxide fractions 
had peroxide values ill the range of 5100-5700 nle, 
kg., and a high diene conjugation (k,_,32 m,u = 73.2- 
77.9) which was shown by infrared to have the cis- 
t rans  and t rans - t ra ' , s  configuration (peaks at 10.1 alld 
10.5 /,'). These results agree well with those reported 
iu the l i terature (5,16,18,19). The high pur i ty  and 
the good yields of linoleate hydroperoxides are taken 
as evidence that no deeonlposition results from the 
chromatographic treatment,  A relatively pure hydro- 
peroxide fraction was also isolated chromatograph- 
ically f rom autoxidized methyl linolenate, and its 
characterization has been presented (11). 

Discussion 
As pointed out by Cassidy (6), it is so1,netinles 

difficult to make a clear distinction between part i t ion 

and adsorption chromatography. Since about 90% of 
the methanol in the developer remains on the silieic 
acid colunm (Table I) ,  it is evident that  absorbed 
methanol is the actual s tat ionary phase. I f  the meth- 
anol acts as a selective soh'ent for the components of 
oxidized fa t ty  acids and esters, then the conditiolls 
for part i t ion ehl'omatog1,'aphy appear to exist in the 
chro1,natographic 1,nethod reported in this paper. How- 
ever variations in the proportions of methanol incor- 
porated on the columns had distinct effects on the 
ehltion behavio1," of oxi(tized fatt.v acids. St,nailer con- 
centrations of nlethanol in the developer resulted in 
broader coneelltration peaks and increased tailing, 
which indicated a ~reater participation of adsorption 
than partition. 

Both adsorption and part i t ion effects undoubtedly 
occur. An optinmm amount of methanol is appar- 
ently neeessary to bala1,1ce these effects and obtain 
desirable resoluti(ln of eompone1,~ts of oxidized fa t ty  
adds.  The si1,nultaneous operation of part i t ion and 
adsorption i1,1 chronlatographic colmnns has been used 
by van Duin (21") to obtain certain separations not 
possible by eitber phenomeno1,1 alone. Ea r ly  attempts 
to isolate fat bydroperoxides by adsorption ehroma- 
to~raI)hy (2) sllowed relatively low yields of hydro- 
peroxides because deconq/osition res1,dted. The pure 
linoleate hydroperoxide fractions obtained ill our 
work were comparable in yiehl to those from counter- 
current  solvent dist1,'ibution (5). This similarity is a 
strong i1,1dicatillll that the parti t ion phenonlenon is an 
important  factor in the chronlatographic separation. 
Part i t ion ehromato~1,'aphy affords additional selectiv- 
ity and permits the separation of nlethyl ]inole1,1ate 
hydroperoxide (11). 
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