
Silicic Acid-Silver Nitrate Chromatography as an 

Enrichment Technique in Fatty Acid Analysis 1 

M. K. BHATTY 2 and B. M. CRAIG, National ResearchCouncil of Canada, 

Prairie Regional Laboratory, Saskatoon, Canada 

Abstract 
Silieie acid-silver nitrate chromatography as 

developed by De Vries (8,9) is a valuable tech- 
nique for the quantitative determination of satu- 
rated fatty acids, and enrichment of fractions 
which permit the analysis of trace quantities of 
unusual fat ty acids. Odd numbered fat ty acids 
have been found in both saturated and monoene 
fractions of vegetable oils, such as olive, rapeseed 
and sunflowerseed. This technique coupled to oxi- 
dative degradation is useful for establishing the 
presence of minor quantities of positional isomers. 
Samples of purified polyunsaturated fatty acid 
esters are readily prepared using the technique as 
displacement chromatography. 

Introduction 

D E VRIES ( 8 , 9 )  developed silieic acid-silver nitrate 
column chromatography for the separation of 

the methyl esters of fat ty acids into groups based on 
the degree of unsaturation and for the resolution of 
cis-trans octadecenoic esters, Padley et al. (1) ex- 
tended the technique to the separation of glycerides 
on the basis of relative unsaturation. It  was used 
in this laboratory to study the fatty acid composition 
of the oil from Onosmodium oecidentale (3). The 
separation of saturated methyl esters was readily ac- 
complished and the resultant enrichment showed the 
presence of odd numbered fat ty acids which were not 
obvious from GLC charts of the original esters. In 
addition, the isomeric linolenie esters, 6,9,12 and 9,12, 
15 were readily separated and purified by the ap- 
propriate choice of solvents. 

The present investigation concerns further studies 
of silieie acid-silver nitrate column chromatography 
in the following areas: 1) quantitative determination 
of saturated fat ty acids and detection of minor satu- 
rated fatty acids, 2) detection of isomeric mono- and 
dienoic fat ty acids by the enrichment technique, and 
3) preparation of pure unsaturated fatty acids by 
displacement chromatography. 

Materials and Methods 
The following vegetable oils were studied: rapeseed, 

olive, sunflower, coriander seed, Lappula echinata 
(bluebur), Borago officinalis (borage) and Onosmo- 
dium occidentale (western marble weed). Olive and 
sunflowerseed oils were commercial samples and the 
remainder were extracted from the ground seed with 
light petroleum ether (Skellysolve " F , "  bp 30-42C) 
using the Swedish steel tubes (6). 

The methyl esters were formed by interesterifica- 
tion of the oil with 10 volumes methanol containing 
0.5% (w/v) sodium methoxide. The mixture was 
refluxed for 90 min and the catalyst destroyed by the 
addition of acetic acid. Methanol was removed under 
reduced pressure in a rotary evaporator. The methyl 

1 P r e s e n t e d  in  p a r t  a t  the AOCS Mee t ing  in Minneapol i s ,  1963 .  I s sued  
as NRC No. 7 9 8 3 .  

Na t i ona l  R e s e a r c h  Counci l  of C a n a d a  Pos tdoc to ra t e  Fe l low 1 9 6 2 - .  
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T A B L E  I 

Q u a n t i t a t i v e  Ana lys i s  of S a t u r a t e d  Acids  in  Vege tab le  Oils 

% B y  w t  Composi t ion a % 

Oil 

Olive 
Sunf lower  
C o r i a n d e r  
Lappu la  

echinata 
Borago 

ol~cinalls 
Onosmodium 

occldentale 

Col- GLC 
oHln 

1 6 . 4  16.6  
11.7  11 .4  

4.2 4.0 

8.1 7.8 

16.1  16.1  

8.7 8.7 

1 4 : 0  1 5 : 0  1 6 : 0  1 7 : 0  1 8 : 0  2 0 : 0  

82.8  O.8 16 .4  
0.7 0.3 60 .4  0.7 35 .1  2.8 
0.8 0.8 72.3 0.8 22 .1  3.2 

0.4 0 .4  71.9  1.1 26 .2  

0.4 73.0  0.7 24 .3  1.6 

0.1 0.1 65 .8  0.9 32 .4  0.7 

a GLC ana lys i s  of s a t u r a t e d  f rac t ion  f rom column. 

esters were taken up in light petroleum ether, washed 
with water, dried over anhydrous sodium sulphate, 
filtered and the solvent removed under reduced pres- 
sure. 

The method outlined by De Vries (8,9) was fol- 
lowed for the preparation of the silieie acid-silver 
nitrate. Two columns were used: a) 25 mm x 400 mm 
length containing 50 g packing which could be used 
for 500 mg methyl esters; and b) 15 mm by 210 mm 
containing 20 g packing which could be used for 120 
mg of methyl esters. The solvent systems were the 
same as used for the separation of the methyl esters 
of Onosmodium occidentale (3), saturated 10% ben- 
zene in light petroleum ether, monoene 40% benzene 
in light petroleum ether, diene 60% benzene in light 
petroleum ether and triene 5% ethyl ether in ben- 
zene. Ethyl ether was used to complete elution of 
the column where necessary. Samples were applied 
to the column in rain quantities of light petroleum 
ether. Two hundred ml solvent were used to elute 
each fraction from the small column in the initial 
separations. Subfraetionations on nlono- and diene 
fractions were accomplished with 30 and 50% benzene 
in light petroleum ether, respectively. 

The GLC analyses of the methyl esters were carried 
out using an o-phthalic ethylene glycol polyester on 
C-22 firebrick (2). The unsaturated esters and frac- 
tions separated by silicic acid-silver nitrate chro- 
matography were oxidized by the permanganate- 
periodate method (5,7) and the resultant mono- and 
diearboxylic acids analyzed as the decyl and methyl 
esters, respectively (4). 

Results 

A comparison between quantitative determination 
of saturated acid content and GLC analysis of the 

TABLE II 

Compar i son  of F r a c t i o n s  Ob ta ined  by Si l ic ic  Ac id -S i lve r  N i t r a t e  
C h r o m a t o g r a p h y  to Those  Ca lcu la ted  f rom GLC Analys i s  

Solvent  200  ml ......... 

Column wt  % .......... 
GLO % b .................. 

S a t u r a t e d  

10 Benzene  
90 L i g h t  

pe t ro l eum 
e the r  a 

6.2 
5.6 

F r a c t i o n  

Monoene  D i e n e  

40 Benzene  60 Benzene  
60 L i g h t  40  L i g h t  

pe t ro l eum pe t ro l eum 
e the r  e ther  

7 0 . 4  14.2  
69 .7  16 .4  

T r i e n e  

95 Benzene  
5 E t h y l  

e ther  

9 .2  
8,3 

a Skellysolve " F , "  bp 3 0 - 4 2 C .  
b Ca lcu la ted  f rom GLC ana lys i s  of mixed esters .  
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T A B L E  I I I  

Composition of Rapeseed Fractions 

Fatty acid 

1 2 : 0  . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . .  
1 4 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 5 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 6 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 7 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 : 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 9 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0  :O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 0 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2 0 : 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 2 : 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 . 7  
2 2 : 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Fraction 

Saturated 

0 .1  
0 .8  
0 . 4  

4 7 . 9  

0 .5  
2 3 . 4  

1 .0  
1 4 . 2  

2 1 . 5  

4 5 . 5  

Monoene Diene 

0 . 4  0 .1  

3 2 . 6  1 .3  
9 5 . 3  

3 .3  

Triene 

1 . 8  
6 .0  

9 2 . 2  

mixed esters on a polyester column was made by 
weighing the methyl ester fraction eluted from the 
silieie acid-silver nitrate column with 200 ml 10% 
benzene in light petroleum ether (Table I).  Good 
agreement is found between the two methods, and 
GLC analyses of the saturated fraction show the pres- 
ence of odd numbered fatty acids in significant 
amounts resulting from the enrichment effect. 

Quantitative determination of saturated mono-, di- 
and triene contents by silicic acid-silver nitrate chro- 
matography was tested using rapeseed oil methyl 
esters (Table i I ) .  GLC analyses of the eluted sam- 
ples (Table III) show some mixing in the di- and 
triene fractions. The detection of odd numbered fatty 
acids in the saturated fraction is obviously due to 
the enrichment in this fraction. 

The use of the enrichment technique for revealing 
minor constituents is shown in application to the oils 
from sunflowerseed, Onosmodium occidentale and Lap- 
pula echinata (Table IV).  Odd numbered monoene 
fatty acids are present in oils from the latter two. 

The enrichment technique was then extended to 
subfractionation of monoene fractions to test its ef- 
fectiveness in revealing the presence of positional 
isomers within the fractions. Monoene fractions from 
olive, coriander and borage oils were rechromato- 
graphed and fractions were collected. The fractions 
were oxidized with the permanganate-peri0date re- 
agent and the fission products analyzed by GLC (Table 
V).  The monoene fraction from olive oil shows 16:1, 
17:1 and 18:1 as fatty acids, with enrichment of the 
16:1 in the later fractions. Within the 18:1 fraction, 
the A l l  isomer is coned in the first fraction. The 
proportion of C7 dicarboxylic in the latter fractions 
indicates that the hexadecenoic acid contains both • 
and A9 isomers. Subfractionation of the monoene 
fraction from coriander and borage shows similar pat- 

TABLE IV 

Separation of the Unsaturated Acid Methyl Esters in Oils by Silicic 
Acid-Silver Nitrate Chromatography 

Fraction 

Monoene . . . . . . . . . . . . . . . . . .  

Diene . . . . . . . . . . . . . . . . . . . . . . .  

Fatty 
acid 

1 6 : 1  
1 7 : 1  
1 8 : 1  
1 9 : 1  
2 0 : 1  
2 2 : 1  
1 8 : 2  
1 6 : 1  
1 8 : 1  

Composition of the fractions 

Sunflower Onosmodium 
oecidentale 

0 .3  1.O 
0 . 6  

9 6 . 8  8 4 . 5  

2 .9  1 3 . 9  

9 8 . 9  9 8 . 2  
1 .1  0 . 5  

... . . .  1 .3  

Lappula 
echinata 

1 .1  
0 . 4  

8 3 . 8  
0 . 6  

1 0 . 0  
4 .1  

1 0 0 . O  

terns. The analyses of monocarboxylic acids from 
oxidized fractions (Table VI) confirm the results in 
Table V. 

The subfractionation technique was then applied 
to the diene fraction obtained from the esters of sun- 
flowerseed oil. The data (Table VII) indicate that 
no positional diene isomers are present. An increase 
in C8 dicarboxylic acids in the later fractions was 
presumed to result from autoxidation of the methyl 
linoleate. Accordingly, the effect of autoxidation on 
the amount of C8 dicarboxylic acid was studied by 
exposing a sample of methyl linoleate under atmo- 
spheric conditions at room temp. The progress of 
autoxidation was followed by peroxide values and UV 
absorption. Samples were oxidized and the products 
measured by GLC analysis. The results (Table VIII) 
show a: progressive increase in C8 dicarboxylic acid 
which i~ associated with increases in peroxide value 
and ultraviolet absorption. The elution of the original 
esters from an alumina column to remove peroxidized 
material resulted on some decrease in Cs dicarboxylic 
acid and in peroxide value. A thin film of the oil 
which was partially polymerized also showed an in- 
crease in C8 dicarboxylic acid. These results show 
conclusively that at least part of the C8 dicarboxylic 
acid formed in the permanganate-periodate oxidation 
is due to autoxidation rather than overoxidation by 
the reagent. 

The selectivity of silicic acid-silver nitrate chro- 
matography for polyunsaturated esters indicated that 
pure samples of fatty acid esters could be rapidly 
prepared if the column was overloaded to permit 
retention of the desired ester. The addition of 4 g 
methyl esters of linseed oil in light petroleum ether 
to a column containing 10 g packing followed by 
washing with light petroleum ether yielded 0.3 g 
methyl linolenate (98.3% purity) which was eluted 
with benzene (Table IX) .  Similarly methyl linoleate 
was prepared from sunflowerseed oil in 0.2 and 1.7 g 
quantities with purities of 99.9 and 97.7%, respec- 
tively. 

T A B L E  V 

Enrichment oi Monoenes 

Oil and fraction 

Olive 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Coriander 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Borage 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . .  ; ...... 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

W t  

mg 1 6  

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

3 3 . 7  

79  0 .5  
39  0 .5  
19  1 .3  

4 .9  

8 .... 
1 1 .3  

5 5 . 6  

Fatty acid composition 

:1  1 7 : 1  1 8 : 1  2 0 : I  2 2 : 1  2 4 : 1  

9 7 . 9  1 .6  
9 9 . 3  

0 . 4  9 7 , 8  
0 . 7  9 6 . 3  
1.O 9 4 . 3  
0 . 6  9 0 . 1  

6 6 . 3  

9 9 . 5  
9 9 . 5  
9 8 . 7  
9 2 . 6  

4 1 . 4  2 8 . 1  
8 5 . 2  9 . 6  
8 9 . 2  5 .2  

2 1 . 3  9 . 2  
3 .9  

Dicarboxylic composition 

6 7 8 9 11  13  15  

0 .9  
0 .7  
0 .9  
0 . 6  
0 . 6  
0 . 4  

9 1 . 8  
8 2 . 3  
7 7 . 7  
7 2 . 8  

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

1 .1  
1 . 4  
1 .1  
2 . 0  

3 8 . 8  3 4 . 4  
8 4 . 9  1 2 . 4  
9 2 . 8  7 .2  

1 7 . 6  9 . 2  
2 ; 7  
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T A B L E  V I  

Monocarboxyl ic  Acids  of Some of the F r a c t i o n s  Recorded  in Tab le  V 

T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  C H E M I S T S '  S O C I E T Y  

Monocarboxyl ie  ac ids  mole % 
F a t  and  f r ac t ion  

6 7 8 9 12 

Olive oil 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9.3 .... 90 .7  ...... 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.2 0.9 95 .9  ...... 

C o r i a n d e r  seed oil 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 .4  93 .6  
2 .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i :~  :::: 1 4 6  84.4 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i :~  1.3 .... 20.4 76.5 

T A B L E  VII 

Oxida t ive  Studies  of L inole ic  E s t e r  F r a c t i o n s  

D ica rboxy l i c  
F r a c t i o n s  W t  

T 
27 
26 
2O 

9 

6 7 8 

.... 2 .4  

.... 2 .4  
2 .6  

0:4 1.9 
1.0 2.4 
0.5 2.3 
1.4 4.0 

0.2 0.7 2.5 

Monocarboxyl ic  

9 5 6 

97 .6  1.5 98 .5  
98 .6  1.1 98 .9  
98 .4  1.3 98 .7  
97 .7  1.5 98 .5  
96 .6  2.3 97 .7  
97 .2  2 .8  95 .6  
94 .6  4 .4  97 .2  
96 .6  2.2 97 .8  

1 . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . .  
L ino le ic  ... . . . . . . . . . . .  

D i s c u s s i o n  

The gravimetr ic  determinat ion of sa turated acids 
by silicic acid-silver ni trate  column chromatography  
using 100 mg samples of esters and 200 ml eluates 
of 10% benzene in l ight petroleum ether is readily 
accomplished. Fu r the r  work in this labora tory  has 
shown that  petroleum ether (Skellysolve " B , "  bp 
60-80C) is a prefer red  solvent if trans isomers of 
the monoene acids are present. These isomers would 
be eluted with more polar solvents, and GLC analyses 
would be required to demonstrate  their  presence in 
the sa turated fraction. 

The enrichment effect of fract ionation by the silicic 
acid-silver ni t ra te  chromatography  shows the definite 
occurrence of odd numbered f a t ty  acids in the satu- 
rated and monoenc fract ions of vegetable oils. The 
presence of odd numbered f a t t y  acids has been shown 
previously in animal fats. Isovalerie acid has been 
cited as the singular  instance for occurrence of other 
than  even numbered acids in p lant  fats. The data  
in Tables I , I I  and I V  show that  C15, C17 and C19 
saturated and monoene acids occur in small propor-  
tions. 

The enrichment effect used as a subfract ionat ion 
technique and coupled to oxidative degradat ion am- 
plifies the presence of positional isomeric acids in 
the monoene fractions. The data in Table V show 
that  olive oil contains 7-hexadecenoie, 9-hexadecenoic, 
9-oetadecenoic and 11-octadecenoic acids as monoenes, 
and also a 9-heptadecenoic acid. 

The oil f rom Borago o]~cinalis contains 9-hexadece- 
nolo, 9-octadecenoic, l l-octadeeenoic,  13-eicosenoie, 13- 
docosenoic and 15-tetraceosenoic aids. The detection 
and estimation of the la t ter  two minor  consti tuent 
acids is ve ry  doubtful  by  direct GLC analysis, bu t  
is accomplished on the enriched chromatographic  
fraction. 

T A B L E  V I I I  

Effect  of Au tox ida t i ve  on Linole ic  Acid 

T ime  (days )  

Oil . . . . . . . . . . . . . . . . . . . . . . .  
E s t e r s  a . . . . . . . . . . . . . . .  

0 b . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . .  

13 . . . . . . . . . . . . . . . . . . . . . . .  
43 . . . . . . . . . . . . . . . . . . . . . . .  
Esters  a .. . . . . . . . . . . . . .  
13 .. . . . . . . . . . . . . . . . . . . . . .  
Oil r . . . . . . . . . . . . . . . . . . . . .  

3.9 
1.8 

f 1 4 6  
271  

L 2 1 7  

Pe rox ide  
va lue  

9.0 
2 3 . 4  

5.5 
1320  
2 7 6 8  
2 8 1 3  

2 9 5 5  

VOL. 41 

Dicarboxy l i c  acids  

7 8 9 10 

.... 2.0 98 .0  

.... 4.2 95 .8  

.... 3.0 97 .0  
3.9 96 .1  

d:~ 5.4 93.7 
1.7 8.1 90 .2  
1.7 11.7  86 .6  

2.1 12.0  85,9  
4.2 15 .8  63 .6  2.8 

a As p r e p a r e d  f rom glycer idc  oil. 
b Af te r  e lu t ion  f rom a l u m i n a  column to r educe  perox ide  content.  
c T h i n  film exposed to atmospheric  conditions,  p a r t i a l l y  polymerized,  

Application of the same technique to the diene 
fract ion of sunflowerseed oil leads to the conclusion 
that  this oil contains only one diene which is the 
9,]2-octadecadienoic acid. The s tudy of monocarbox- 
ylic oxidation products  shows a progressive increase 
in n-valeric acid which parallels the increase in C8 
dicarboxylic acid. The occurrence of the Cs dicarbox- 
ylic appears  to be due to autoxidation prior  to analy- 
sis which is substant iated by the s tudy on the effect 
of autoxidation as measured by peroxide values and 
spectral  analysis on the content of C8 dicarboxylic 
acid (Table V I I I ) .  These results show the necessity 
for using fresh samples of oils for studies on f a t ty  
acid composition. 

Applicat ion of silicic acid-silver ni t ra te  chromatog- 
r aphy  as a displacement technique facilitates the 
ready prepara t ion  of relatively pure  samples of mi- 
sa tura ted  acids in amounts  f rom mg to g lots. The use 
of relat ively large amounts of esters to flood the col- 
umn and selection of solvents allows the column to 
retain the desired ester at max capaci ty of the col- 
umn. I t  seems reasonable to expect that  a scale up 
should be possible in order to produce larger  quanti- 
ties of purified esters and the technique offers the 
advantage of rapid  prepara t ion  which avoids degrada- 
tion. 

Silicie acid-silver ni t ra te  chromatography  great ly  
facilitates the determinat ion of f a t ty  acid composi- 
tions of oils and fats. Since it separates on the basis 
of degree of unsa tura t ion  in the esters, it should find 
applications in determining f a t t y  acid composition of 
complex mixtures  and in demonstra t ing the presence 
of trace amounts of isomeric f a t t y  acids. 
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T A B L E  I X  

P r e p a r a t i o n  of P u r i f i e d  F a t t y  Acid Es t e r s  

Acid  

T e t r a e n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L ino len ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L ino le ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
L ino le ic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Source  

B l u e b u r  
L inseed  
Sunf lower  
Sunf lower  

W a s h i n g  
solvent  

a 
light p~Doi~'um ether 
l ight  pe t ro l eum e ther  
1 0 %  Benzene  

9O % l ight  
pe t ro l eum e the r  

Elution 
solvent 

E t h e r  
Benzene  
40 % Benzene  
4 0 %  Benzene  

P a c k i n g  E s t e r s  Y ie ld  

50 0.5 .090  
10 4 .300 

P u r i t y  

100 
98,3  
97 .7  
99.9  

a 5 %  E t h e r / 9 5 %  benzene.  
b Skel lysolve " F , "  bp 3 0 - 4 2 C .  


