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Gas-Liquid Chromatography of Fatty Derivatives. 
II. Analysis of Fatty Alcohol Mixtures by Gas-Liquid 
Chromatography 
W. E. LINK, H. M. HICKMAN, and R. A. MORRISSETTE, 
Archer-Daniels-Midland Company, Minneapolis, Minnesota 

I N A RECENT REPORT from this laboratory (3) gas- 
liquid chromatography was applied to the analysis 
of saturated fa t ty  alcohols. The separations were 

made by using either silicone grease or Carbowax 
4000 monostearate as the part i t ioning agent and C-22 
firebrick as the inert  support.  The analysis of the 
mixed saturated and unsatura ted components in 
alcohols derived from soybean and linseed oil was 
only part ia l ly  successful in that  the separation of 
the unsatura ted alcohols was incomplete. 

The analysis of mixtures of saturated and unsatu- 
ra ted fa t ty  acids in the form of methyl  esters has 
recently been made practieal by Lipsky (4) and by 
Orr  and Callen (6) through the use os certain poly- 
esters as part i t ioning liquids. Prel infinary work 
showed that  these polyesters appeared to be singu- 
lar ly selective toward unsatura ted components in 
mixtures with saturates. I t  was logical therefore to 
expeet that  they would perform similarly toward the 
unsaturated aleohols if they, in turn,  were converted 
to esters. 

In  this s tudy it was demonstrated that  these poly- 
esters are effective in the separation of both saturated 
and unsatura ted fa t ty  alcohols and that  vapor-phase 
chromatography can be the basis for  an analysis which 
would otherwise be impractical, if  not impossible. 

]~xperimental 
Preparation of Alcohol Standards. In  order to 

prove the feasibility of separating quanti tat ively mix- 
tures of unsatura ted alcohol acetates on polyester 
columns, it was necessary to prepare the individual 
alcohols in as near ly  pure a state as possible. Reduc- 
tion of the corresponding methyl esters by li thium 
aluminum hydride  was chosen as the approach for 
two reasons: a) the methyl esters are more easily 
purified than the alcohols; and b) the reduction is 
essentially quantitative. The methyl  esters were sup- 
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FIG. 1. Chromatogram of a mixture  of normal 010 through 
C~8 alcohol acetates, s t tenuat ion as noted. 

plied by the Hormel  Institute.  Methyl ]ino]eate and 
linolenate as supplied were made by debromination 
of tetrabromostearic and hexabromostearie acids, 
respectively. 

In  order to check the pur i ty  of the methyl  esters 
they were ehromatographed according to the method 
deseribed by Orr and Callen (6). The methyl  stearate, 
methyl oleate, and methyl linolenate showed only one 
component by gas chromatography;  the methyl  lino- 
leate contained 1.5% of methyl  oleate. A correction 
was applied for this oleate eontamination in subse- 
quent studies of blends. 

The procedure used for  the l i thium aluminum 
hydride  reduction was essentially that  of Nystrom 
and Brown (5). E thy l  ether was refluxed over l i thium 
aluminum hydr ide  and distilled into a second flask 
containing twiee the theoretical amount  of lithium 
aluminum hydr ide  required for the reduction. After  
solution was effeeted, the methyl  ester was added 
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Fro. 2. Separat ion of mixtures of stearyl, oleyl, linoleyl, and 
linolenyl alcohol acetates. Peaks:  1, ste~.ryl; 2, oleyl; 3, liao- 
leyl ; 4, linolenyI. 

slowly. The reduction was probably completed almost 
instantly,  but  a gentle reflux was mainta ined for  30 
rain. to insure the max imum conversion to alcohols 
and consequently to reduce the amount  of contami- 
nants. Atmospheric  moisture was excluded at  ali 
times. The complex was decomposed with 10% aqueous 
sulfuric  acid, and the result ing alcohol was isolated 
by extraction with ethyl ether. 

The alcohols were purified by chromatographing 
each over a 2.5 by 12-era. column of act ivated alu- 
mina. The crude reduction mixture  was placed on the 
column in a carbon tetrachloride solution, and the 
unreacted ester was eluted with the same solvent. 
The alcohols were s t r ipped f rom the column with 
methanol and recovered. The linoleyl alcohol con- 
tained less than  0.1% of conjugated diene as meas- 
ured by  the absorbanee at  232 mt~. The  linolenyl 
alcohol contained slightly less than 1% of conjugated 
diene, which probably  resulted f rom autoxidation. 
The initial  gas-liquid ehromatograms of the acetates 
of the alcohols showed tha t  the linoleyl alcohol con- 
tained less than  1% of oleyl alcohol, and this correc- 
tion was subsequently made in the known mixtures.  
The stearyl,  oleyl, and linolenyl alcohols were chro- 
matographical ly  pure. 

The alcohols were converted to the acetates by 
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FIG. 3. Chromatogram of linseed alcohol acetates. 

gent ly  refluxing with an equal weight of acetic anhy- 
dride, a f ter  which the excess of anhydr ide  was hydro- 
lyzed. The produc t  was washed with warm water. 
The acetates were then dried in a vacuum oven at  
60~ and stored under  ni t rogen at  0~ when not 
in use. Weighed mixtures  of these alcohol acetates 
were used in the following work. 

Gas-Liquid Chromatography. A Beckman GC-2 was 
used without  modification. Fou r  filaments constituted 
the reference and sample detectors (two of each), 
and the bridge was operated at 200 ma. Hel ium was 
the carr ier  gas, and both detector and column were 
mainta ined a t  228~ Wi th  an inlet pressure of 30 
p,s.i.g, and the outlet at atmospheric pressure the car- 
r ier  flow rate  through a nine-foot column was 42 ml . /  
min., as measured by  a wet test meter  at  25~ The 
sample size was two mieroliters. Peak  areas were meas- 
ured  with a compensating planimeter  and were de- 
fined by  drawing tangents  to the points of inflection. 

E a r l y  chromatograms made by  using Reoplex 400 
revealed a tendency of the polyester to dr ip  slowly 
f rom the column, giving so-called " r a i l r o a d  t r a c k s "  
in the chromatogram. Resoflex 44:6 was found to per- 
fo rm satisfactorily,  being stable at  t empera tures  up 
to 260~ for  short  periods of t ime and at  230~ for  
weeks of operat ing time. 

A nine-foot colmm~ on l~-in. O.D. stainless steel was 
packed with 15.1 g. of absorbent, which consisted of 
15% Resoflex 446 on a suppor t  of 60-80 mesh Johns- 
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FIo. 4. Chromatogram of soy alcohol acetates. 

Manville Chromosorb W. The Chromosorb was ini- 
tiMly deact ivated by washing with concentrated hydro- 
ehlorie acid, 10% sodium hydroxide,  and water,  in 
order, followed by heat ing a t  200~ for  2 hrs. The 
screened inert  mater ia l  was added to the polyester 
dissolved in methylene chloride, and the excess sol- 
vent  was allowed to evaporate.  Af te r  packing, the 
coiled column was equilibrated in the ins t rument  at  
220~ for  8 hrs. 

Before chromatographing the alcohol acetates, the 
behavior of the column was first checked by  evalu- 
at ing the separat ion obtained with known mixtures  
of the methyl  esters of stearic, oleic, linoleic, and 
linolenie acids. The separat ion obtained on the col- 
umn was comparable to tha t  obtained by Lipsky  (4) 
and Orr  and Callen (6).  However,  over a tempera-  
ture  range of 208-230~ it was found that  the 
analyzed area percentages for  each peak were in good 
agreement  with the actual  weight percentages. This 
was cont rary  to previons findings, which indicated a 
decrease in the recovery of slow movers with an in- 
crease in column temperature .  
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Results and Discussion 

After  the behavior of the column toward the un. 
saturated fa t ty  methyl esters was observed, a known 
mixture of saturated alcohol acetates was run  to de- 
termine the optimum operating conditions. 

F igure  1 is a reproduction of the chromatogram 
that  resulted from a mixture  o~ the normal alcohol 
acetates with chain len~ths of 10 through 18. Through 
the use of weighed mixtures of alcohol acetates i t  was 
easily shown there was no significant difference in 
the actual percentages by weight and the peak area 
percentages obtained by gas chromatography. With  
all operating parameters  constant, the retention time 
of a given saturated alcohol acetate is approximately 
that  of the next  higher methyl ester;  for  example, 
the C16 alcohol acetate emerges at the time to be ex- 
pected for the C17 methyl ester. In  Figure  2a the 
separation of the four  ClS alcohol acetates is shown. 
The number of theoretical plates, for  linoleyl acetate, 
calculated by the method of Keulemaus (2) is 2,200. 

F igure  2b is the curve obtained for stearyl, lino- 
leyl, and linolenyl acetates, and F igure  2c is that  of 
the three unsatura ted acetates alone. Mixtures of 
stearyl and oleyl alcohols offer the most difficult 
problem in separation. These chromatograms were 
run  so that  the relationship of peak areas to per- 
centage composition could be studied. 

The results of the s tudy are summarized in Table I. 

T A B L E  I 

A n a l y s i s  of  K n o w n  Mixtures  of Alcohol  Ace ta te s  

F o u n d  area  ( % )  
M i x t u r e  Component 

1 S teary l  
Oleyl 
Lino ley l  
L i n o l e n y l  

2 Oleyl 
Linoleyl  
Linolenyl  

3 Stearyl  
Linoleyl  
Linolenyl 

"rese~ 

25.S 
25,0 
24.9 
24.8 

26.2 
31.2 
42 ,6  

28.5 
29 .4  
42.1 

R u n  1 2 3 Avg,  

28.0 28.4 28.7 28.4 
24.9 24.7 24.5 24.7 
23,9 23.7 23.2 23.6 
23.2 23.2 23.6 23.3 

27.9 27.6 27.8 
29.9 30.3 30.1 
42.2 42.1 42.1 

31.2 30.2 30.7 
27.4 27.9 27 .6  
41.4 41.9 41.6 

Operating Conditions 
Column:  9 ft.  of  I~esoflex 446 on Chromosorb  W.  
T e m p e r a t u r e  : 226~ 
Ca r r i e r  Gas :  42 ml . /min . ,  i n l e t - - 3 0  p.s.l .g. 
Sample :  0.002 ml.  

(15%by wt.) 

The first mixture  shows the effect of a relatively high 
level of saturated alcohol on the relationship between 
peak area and weight percentage. Mixtures 2 and 3 
were run  to determine if the differences were caused 
by poor peak sharpness of stearyl and oleyl alcohol. 
When stearyl  acetate is absent and resolution is not 
a problem, as in mixture  2, agreement is good. With  

stearyl acetate present and oleyl acetate absent, peaks 
are still sharp, but  the correlation between weight 
percentages and peak areas is similar to that  encoun- 
tered in the first mixture.  

Attempts to improve the accuracy by ~arying the 
column temperature  were equally unsuccessful (Table 
I I ) .  Since it  might have been possible tha t  the slow- 
moving components were lost on the column, because 
of preferential  interaction, an increase in the operat- 
ing temperature  should have increased this loss. How- 
ever, as shown in Table II ,  recoveries at higher tem- 
peratures are essentially the same. 

The high values obtained for stearyl alcohol are as 
yet  unexplainable, but  the phenomena are associated 

T A B L E  II 

Analysis  of K n o w n  Mixtures  of Alcohol  A c e t a t e s  
~ffec t  of V a r i a t i o n  of T e m p e r a t u r e  

F o u n d  a r e a  ( % )  
Mix tu re  Component 

1 Oleyl 
Lin~leyl 
Linolenyl 

2 Steary l  
L ino ley l  
L i n o l e n y l  

P r e s e n t  
wt. % 

17,7 
47.0 

42.8 
16.9 
40.3 

231~ 242~ 

36.8 36.5 36.3 
16.6 16.4 16.7 
46.6 47.1 47.0 

226~ 238~ 

44,7 45.4 45.3 
16.0 15.6 15.5 
39.3 39.0 39.1 

Operating Conditions 
C%lumn: 9 ft. of R, esoflex 446 on Chromosorh  W.  ( 1 5 %  by  wt . )  
T e m p e r a t u r e  : 2 2 6 ~ 1 7 6  
Ca r r i e r  Gas :  42 ml . /miu . ,  inlet---30 p.s.i.g. 
S a m p l e :  0.002 ml. 

with the amount  of the saturated component present. 
As the level of saturated component decreases, the 
difference between the weight percentage and area 
percentage also decreases. 

Despite this problem the method constitutes a work- 
able analysis, at least as relidble as the ultraviolet  
spectrophotometrie technique. The method was ap- 
plied to the analysis of alcohols derived from linseed, 
soy, and sperm oils. These alcohols were prepared by 
reduction of the oils with li thium aluminum hydride. 
The peaks in these chromatograms (Figure  3, 4, 5) 
were identified by reference to the pure  components. 
Small amounts of C14 and C2o were found in the 
ehromatograms of the alcohols derived from soy and 
linseed. These are not shown in the figures, having 
been removed to facili tate reproduction. They show 
up well in the sperm oil alcohol acetate. 

In  Table I I I  is a comparison of the composition of 
the alcohols of linseed and soy with the corresponding 
f a t ty  acids. There is apparent ly  little change in the 
pattern.  I t  should be noted that  the acids are cal- 
culated as methyl  esters and the alcohols as their 

TABLE III 

Comparison of Composition of Acids o~ L~nseed and Soy 
with Correspondin~ Alcohols 

L i n s e e d  

Major  component  c ] Acid a Alcohol b 
[ 

c ~ o ~ . i - . . . . : / ~ - / ~  ~.7 
Cls .................................. "i 4.3 | 4.5 4.5 
Cls Mono~ne ................... .) 21.9 / 21.8 22.2 

Soy 

/ A c i d a  [ ~ - A l c o h o l b  

~.0  ~ ~.3 
3.6 / 4.2 4.o 

25,3 24.8 25.1 

Analyzed  and  calcula ted as me thy l  esters.  
b Analyzed  and  calculated as acetates .  
r T r a c e  a m o u n t s  of C1~. C~o were  not  used  in the  ca lculat ions .  
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acetates. A slight change in the composition will be 
effected by converting these values to the original 
acids and alcohols. 

Conclusions 
Gas-liquid chromatography has been shown to be 

applicable to the analysis of fat ty alcohols. Through 
the use of polyester columns these alcohols have been 
separated according to chain length and degree of 
unsaturation. A study has been made of the relation- 
ship between peak areas of the ehromatograms and 
the actual weight percentages of the four  C18 alcohols 
found in the fatty alcohols derived from linseed oil. 
Fa t ty  alcohols, prepared from soybean, linseed, and 
sperm oi l  have been prepared and analyzed by the 
proposed procedure. 

Craig and Murty (1) have recently reported that 
polyesters based on succinic acid are preferable for 

the liquid phase of the chromatographic column to 
those made from adipic in that they afford a better 
separation of methyl stearate from methyl oleate. 
Conversely adipic columns gave a more effective sepa- 
ration of the esters of linolenie and arachidic acids. 

The application of these polyesters to the analysis 
of fa t ty  alcohol acetates is expected to improve their 
separation in a similar fashion, but further work is 
indicated in the search for a liquid phase that will 
permit both separations in the minimum time. 

R E F E R E N C E S  

1. Cra ig ,  B .  M., and  ~/iurty, N. L.,  Can.  J .  Chem.,  36,  1297  ( 1 9 5 8 ) .  
2. K e u l e mans ,  A. I .  M., Gas  C h r o m a t o g r a p h y ,  Re inho ld  P u b l i s h i n g  

Corpora t ion ,  N e w  York ,  1957.  
3. L i n k ,  W.  E., H i c k m a n ,  H .  ]~I., and  !Ylorrissette, R.  A., J .  Am.  Oil 

Chemis t s '  Soc., 86,  20 ( 1 9 5 9 ) .  
4. L ipsky ,  S. R ,  Chem.  E n g .  l~ews, 3 6 ,  (No.  5 ) ,  48 ( 1 9 5 8 ) .  
5. Nys t rom,  R.  F.,  J .  Am.  Ohem. Soe., 69,  1197,  2548  ( 1 9 4 7 ) . - ~ .  
6. Orr ,  C. H. ,  and  Callen, J .  E.,  J .  Am.  Chem. Soc., 8 0 ,  249 (195t~).  

[ R e c e i v e d  ~ o v e m b e r  12 ,  1 9 5 8 ]  

The Occurrence of Higher Fatty Acids in Corn Pollen 1'2 
C. R. BARR, C. D. BALL, and H. M. SELL, Departments of Agricultural Chemistry and Chemistry, 
Michigan State University, East Lansing, Michigan 

I 
N RECENT YEARS the lipide constituents of pollen 
have been the subject of several investigations. 
From the ether extracts of corn pollen Anderson 

(1) isolated a mixture of two phytosterol palmitates, 
a saturated hydrocarbon, a Cs0-saturated alcohol, and 
a phosphatide. Previously Miyake (2) reported the 
presence of phytosterol. A summary by Lunden (3) 
reports the occurrence of other acids, hydrocarbons, 
and sterols in the pollen of other plants. Since little 
information is available on the fat ty acid content of 
corn pollen, a study was made to identify these lipides 
in the saponifiable fraction of corn pollen. 

Two kg. of freshly collected corn pollen, Zea mays 
(variety Ohio M-15 hybrid field corn), were placed 
in a 5-liter flask. The pollen was covered with ethyl 

1 T h i s  inves t i ga t ion  w a s  s u p p o r t e d  by a g r a n t  f r o m  the  N a t i o n a l  
Setence Founda t ion .  

2 J o u r n a l  Ar t ic le  No. 2139 of t he  M i c h i g a n  A g r i c u l t u r a l  E x p e r i m e n t  
Stat ion.  

ether and permitted to stand for a day at room tem- 
perature. Periodically during extraction the ether 
was kneaded into the dough-like mass of pollen. The 
extract was then decanted and replaced with fresh 
ether, and this procedure of extraction and decanta- 
tion was subsequently repeated at daily intervals 
until 10 fresh portions of ether had been used for 
each flask of pollen. The combined ether extracts 
were concentrated by distilling off the ether. The 
last traces of solvent were removed by evacuating the 
flask containing the extract. From 7.89 kg. of pollen 
were obtained 304 g. of ether-soluble oil. 

The saponifiable fraction was obtained by refluxing 
a solution of the lipides (214.6 g.) in 400 ml. of 1.5 N 
ethanolic potassium hydroxide for 8 hrs. The hy- 
drolyzate was diluted with 1,600 ml. of water, and the 
unsaponifiable fraction was removed by extraction 
with Skellysolve " B . "  Acidification of the aqueous- 

T A B L E  I 
F r a c t i o n a t i o n  of  t h e  :~Iethyl E s t e r s  of the  F a t t y  A c i d s  in Corn Pollen 

Mel t ing  po in t  
of derivat ive ,  

F r a c t i o n  n u m b e r  degrees  C. 

Orig ina l  m e t h y l  ester  ...................... 
1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  

2 ...................................................... 

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I~esidue ............................................ 

Bo i l ing  p o i n t  
in  degrees  C. 
at 2 - 3  m m .  of 

p r e s s u r e  a, b 

1 5 5 - 1 6 2  ( 1 5 5 )  

1 6 2 - 1 6 8  ( 1 6 5 )  

1 6 8 - 1 7 6  (174 )  

1 7 6 - 1 8 0  (177 )  

1 8 0 - 1 8 4  ( 1 8 4 )  

W e i g h t  of 
f rac t ion  
in  g r a m s  

100.2 
1O.1 

17.1 

16.9 

23.5 

9.1 

23.6 

a F i g u r e s  in  pare~atheses show t e m p e r a t u r e  in w h i c h  m a j o r  
of the  f r ac t i on  w a s  disti l led. 

b Uncor rec t ed .  
o p -Bromophenacy l  es ter  (5)  

I o d i n e  
n u m b e r  

142  
2O 

8O 

128 

217 

210  

)ortion 

R e f r a c t i v e  
i ndex  at 

25~ 

1,468 
1 .444 

1.450 

1 .455 

1.468 

1.469 

Saponi f ica t ion  
equiva lent s  of 
m e t h y l  esters  

F o u n d  Caled. 

293 
262 270.5 

f 270.5 
280 ) 294.5 

[ 270.5 
281 -~ 296,5 

I 294.5 
f 298.5 

291 ~ 296.5 
I 292.5 
f 298.5 

293 ~ 294,5  
[ 2 9 2 . 5  

Observedb I 

86 e 
{ IR~c 

1 1 4  e 
i ~4tic 
4 1 .~2 a 
I 114  e 
: ~llc 

] 3 2  a 
I 1 8 1 r  
[ o n e  

4 l l4 .e  
I 11~1  r 

a H y d r o x y  ac id  ( 6 ) .  
e Te t r ab romo-add i t i on  compound  ( 7 ) .  
f H e x a b r o m o - a d d i t i o n  compound  ( 7 ) .  

A c i d  
ident i f ied  

R e p o r t e d  

86 P a h n i t i c  
I 86 P a l m i t i c  

1 1 4 . 7 - 1 1 5 . 2  Linole ic  
86 P a l m i t i c  

1 3 2  OIeie 
L 1 1 4 . 7 - 1 1 5 . 2  Linole ic  
/ 90 Stear ic  
JL 132 Oleie 

1 8 1 . 5 - 1 8 1 . 6  Linolen ic  
90 ~ 1 1 4 . 7 - 1 1 5 . 2  Stear ie  Linole ic  

[ 1 8 1 . 5 - 1 8 1 . 6  Lino ien ic  


