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Abstract 
The relat ive responses for  flame ionization 

detectors in the analysis of the longer chain 
f a t t y  acid methyl  esters are shown to correlate 
with the theoretical  responses based on weight  
percent  content of "act ive" carbon. While  
par t i cu la r ly  affecting estimation of the shorter  
chain length sa tura ted  f a t ty  acids, these correc- 
tions have a less marked  effect on the estimation 
of unsa tura ted  f a t t y  acids. 

Introduction 

I T HAS BEmr ~EC~NTbY stated (1) that  the relative 
area response for  methyl  esters of sa tura ted  f a t t y  

acids in a flame ionization gas ch romatography  de- 
tector may  be taken as very  close to wt percent  com- 
position, and that  the difference between sa tura ted  
and unsa tu ra ted  f a t t y  acids in this respect  is also 
very  small. These views are not impractical ,  since 
in systems containing esters of the longer chain 
sa tura ted  acids of only closely adjacent  chain lengths, 
or of related acids with one or two double bonds, 
the actual  difference in response is sufficiently small 
as to be of the order of, or smaller than, the probable 
error in peak estimation. 

Where  a broad range  of f a t t y  acids may  be present,  
however, there are correction factors  for wt  percent  
composition based on the wt p ropor t ion  of active 
carbons in the molecule. This has been reeognized 
in the case of oils themselves (2) and applies  to all 
f a t t y  acid chain lengths and degrees of unsa tura-  
tion. The present  s tudy compares the predicted area 
response with known data for  s imple systems of 
esters of f a t t y  acids to stress the necessity for  the 
use of correction factors  where applicable. 

Experimental 
Materiah'. Mixtures of the methyl  esters of satu- 

rated f a t t y  acids were weighed f rom highly purified 
mater ia ls  p repared  in this laboratory.  In  no ester 
could more than 0.01% impur i ty  be detected by gas 
chromatography.  Methyl  esters of linseed oil were 
freshly p repa red  by  approved  procedures  and dis- 
tilled at 1 mm immediate ly  pr ior  to use, a center 
cut being selected. Spectroscopic examinat ion indi- 
cated no significant diene or t r iene conjugation,  and 
on gas chromatographic  examinat ion the mater ia ls  
other than  methyl  palmitate ,  stearate,  oleate, l inoleate 
and l inolenate totalled only 0.3%. Iodine values 
(I .V.)  determined by  precision semi-micro hydro-  
genation (3),  and by  the Wijs  method, were re- 
spectively 181.8 and 181.9. 

Gas Chromatography. Gas chromatography  was 
carr ied out with a Barber-Cohnan Model 10, equipped 
with a Model 5121 flame ionization detector. Hy-  
drogen flow was kept  at 40 m l / m i n  and air  flow at  
400 ml /min .  Two glass columns were employed, 
each 6 ft. x 3 m m  bore, packed respect ively with 
5% SE-30 on 70-80 mesh Anakrom ABS and 10% 
E G S S - X  organosilicone polyester  on 100-120 mesh 

Gas-Chrom P. Opera t ing  conditions for these col- 
umns were respect ively 20 and 10 psi inpu t  of a rgon  
carr ier  gas at  a column temp of 180C and a flash 
heater  temp of 280C. The electrometer ou tpu t  was 
recorded by a Minneapolis-Honeywell  5-my recorder  
fitted with a Disc Ins t ruments ,  Inc., in tegra tor  count- 
ing at 1250 counts / square  inch of chart.  In jec t ions  
of mater ia l  were by  Hami l ton  7001 N microsyringe,  
a nominal  sample of 0.00'01 ml normal ly  given peaks 
in the range  of 300-1000 counts for the mix tu res  
employed. 

Ind iv idua l  analyses presented in Table I were 
selected on the basis of unequivocal  r e t u rn  of the 
in tegra tor  pen to a zero level. The rejected analyses 
were usual ly  sa t i s fac tory  in in ter re la t ing those peaks 
where a good re tu rn  to zero was obtained, but  tailing, 
especially of s tearate  in the sa tura ted  ester mixtures ,  
was more noticeable on the SE-30 column. 

Results and Discussion 
I t  has been repor ted  that  the carbonyl  carbon a tom 

does not give any  response in flame ionization de- 
tectors (4).  The role of the methyl  carbon atoms 
in methyl  esters has not been as definitely established, 
but  it appears  tha t  p r i m a r y  scission in the flame 
splits the a t tached carbon-oxygen bond, pe rmi t t i ng  
this carbon a tom to give the full  response of an 
active carbon. There  is no evidence tha t  ethylenie 
carbon atoms do not give a full  active carbon re- 
sponse (4,5). 

I f  it is accepted tha t  the methyl  carbon gives a 
full  carbon response, and the carboxyl carbon no 
response, the M responses for the methyl  esters of 
f a t t y  acids with n carbon atoms in the f a t t y  acid 
chain are then propor t iona l  (1) to the active carbon 
atoms (n) .  In  the longer chain hydrocarbons  the 
addit ion of methylene groups does not have an ap- 
preciable influence on wt percent  carbon and de- 
teeter response is therefore  also near ly  p ropor t iona l  
to weight percent  composition (el. 6,7), bu t  in f a t t y  
acids and their  methyl  esters the presence of the 
two oxygens results in a more noticeable difference 
in wt percent  carbon and this is reflected in the fact  

T A t t L E  I 

C o m p a r i s o n s  of  A r e a  P e r c e n t  a n d  C o r r e c t e d  A r e a  
P e r c e n t a g e  w i t h  W e i g h t  P e r c e n t a g e  Compos i t ion  

for Esters of S a t u r a t e d  F a t t y  Acids  

Methyl  e s t e r  

Myristate . . . . . . . . . . . . .  
P a l m i t a t e  . . . . . . . . . . . . .  
S t e a r a t e  . . . . . . . . . . . . . . .  

L a u r a t e  . . . . . . . . . . . . . . .  
M y r i s t a t e  . . . . . . . . . . . . .  
Palmitate  . . . . . . . . . . . .  
S t e a r a t e  . . . . . . . . . . . . . .  

L a u r a t e  . . . . . . . . . . . . . . .  
M y r i s t a t e  . . . . . . . . . . . . .  
Palmitate ............ 
S t ea r a t e  ............... 

S i l i c o n e  ( S E - 3 0 )  
e o h l l l n l  

W e i g h t  A r e a  r eC~ 

3 4 . 8  3 3 . 7  
29.6  I 3O.0 
35.6 36.3 

1 6 . 1  1 5 . 5  
1 9 . 1  1 9 . 0  
3 9 . 9  4 0 . 0  
2 4 . 9  2 5 . 5  

8 . 4  8 .1  
1 6 . 4  1 5 . 9  
31.1 30.7  
4 4 . 2  4 5 . 3  

P o l y e s t e r  ( E G S S - X )  
eolumD. 

C o t -  
reeted I A r e a  I r e c t e d  

% a _ _  % a r e a  % 

3 4 . 3  [ 3 3 . 9  [ 3 4 . 6  
30.1 ] 29.9 I 29.9 
3 5 . 6  3 6 . 2  I 3 5 . 5  

/ 
1 6 . 2  I 1 5 . 3  ] 1 6 . 1  
19 .3  I 18.8  19.1 
3 9 . 7  I 4 0 . 0  J 3 9 . 7  
24.3 Z I 25.2 

8.5 / 7.9 I 8.4 
1 6 . 2  1 5 . 9  I 1 6 . 2  
3 0 . 7  I 3 1 . 0  ] 3 1 . 1  
4 4 . 5  / 4 5 . 1  / 4 4 . 3  

3 7 7  
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tha t  detector response for  these mater ia ls  is not 
proport ional  to the number of active carbon atoms 
(n) ,  but  to the relative weight perce~nts of these ac- 
tive carbons in the molecules. 

On the basis of detector response propor t ional  to 
the relative weight percents  of n carbon atoms for  
the methyl  esters of sa tura ted  f a t t y  acids of chain 
length n, taking s tearate  as 1.00, the corrections to 
wt percent  composition for  methyl  laurate,  myris tate ,  
and palmita te  are respect ively 1.077, 1.044 and 1.019. 
The appl icat ion of these factors,  rounded off to 1.08, 
1.04 and 1.02, (Table I )  gives a significant improve-  
ment  in correlat ion of wt percent  composition and 
corrected area response over that  for area response 
alone. Al though not stat ist ically significant, the av- 
erage correction factors  calculated f rom the experi- 
mental  data  are :respectively 1.077,1.049 and 1.022 for 
laurate,  nlyristate and pabni ta te  relative to s tearate  
as 1.00. The average deviations, resl)ectively of 0.013, 
0.007 and 0.011, i l lustrate however that  the appliea- 
ti(m of these (:orreetion factors  to single analyses 
where tile exper imenta l  errors  are of the same <>r'der 
of magni tude may  be of limited value. 

The. influence of unsaturat iou is less marked, and 
correction factors  have only a small effect on calcu- 
lated iodine values. Appropr i a t e  correction factors  
i l l  t h e  (~ lS  c h a i | l  lengtlls, relative to s t e a r a t e  a s  1.()0, 
are respectively 0.9.(13, 0.987 and 0.980 for  methyl  
oleate, linoleate and lilmlenate. In aualyses of liu- 
seed oil methyl esters the applicat ion of correction 
factors  to all si~uificallt v ompommts  reduced the cal- 
culated I.V. to 182.3 f rom the value (if 183.3 eah'u- 
lated f rom the uncorrected areas (I.V. Fouml, 181.9). 
Similar ly  in an analysis of a Colnplex methyl  estex 

mixture  f rom a mar ine  lipid, with acids ranging 
f rom myris t ie  to docosahexaenoic, the reduction in 
calculated I.V. with correction factors  was only f rom 
244-238 (I.V. Found,  240). Although in the la t ter  
analyses agreement  is seldom as close, the correction 
is normal ly  an improvement .  

The theoretical  correction factors  should be inde- 
pendent  of most normal  operat ing var iables  (cf. 8) 
excepting detector overload. In  practice, in addit ion 
to recorder- integrator  errors  (9) in determining peak 
areas, numerous  other sources of error  may  occur, 
such as transesterif ieation with polyester phases (10) 
or t empora ry  adsorpt ion in the column (11), or sys- 
tematic  errors  arising f rom injection procedure,  tail- 
ing or par t ia l  overlap of certain peaks etc. The 
appl icat ion of the theoretical  response factors is 
necessary only when i t  may  be shown tha t  these 
other sources of error  are small. In  some cases they 
could be incorporated into general correction factors 
including other systematic errors, and in routine 
analyses of typical  samples could be applied arith- 
metically to the percent  area responses. 
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Glass Paper 
Elatography 

Chromatography and 
of Triglycerides 

J. R. S W A R T W O U T  and R. J. GROSS, Department of Gynecology and Obstetrics, Emory 
University School of Medicine and Grady Memorial Hospital, Atlanta, Georgia 

Abstract 
A degree of reverse phase separat ion of tr iglyc- 

erides can be obtained with ascending chromatog- 
r a p h y  on um~oated glass pape r  using a pyr idine:  
water  solvetH: systenl. The same Rf values result  
when silica gel coated pape r  is used. To extend 
the usefulness of this separation,  the glyceryl 
esters are converted to methyl  esters in situ using 
sodium methoxide. This pernlits, on silica gel 
coated paper ,  glyeeryl  ester separation in one di- 
mension, e la tography to the methyl  esters, and 
methyl  ester separat ion in the second dimension. 
In mixtures  of lipids such as serum extracts, the 
lipid groups  may  be separa ted  in one dimension 
and the f a t t y  acid methyl  esters in the second 
dimension. 

Introduction 

T 
in," cox~PLEX METHODS of separat ion of triglyc- 
crides have made analysis of these compounds 

difficult. This pape r  describes a chromatographic  
micro-method of par t ia l  separat ion of t r iglycerides 
and a method of producing  methyl  esters of f a t t y  acids 
f rom tr iglyeerides and other l ipids on a chromatogram.  

1 P r e s e n t e d  at  tile A O C S  Meet ing ,  At lan ta ,  1963.  
u Supported in p a r t  by  P u b l i c  H e a l t h  Serv ice  P~esearch G r a n t s  t t :E- 

0 6 7 7 4  a n d  H E - 0 7 1 1 6  from the National ]-~eart Institute.  

Experimental Procedures and Data 
Glass fiber filter pape r  (Schleicher & Shuell No. 

29) cut to 23 x 23 cm size, was coated with silica gel 
by a previously described method (1). Reagent  grade 

I 

Origin , ) 
Ist development In 

pyridine:woter 

TSrd development 
in isooctane 

T/ ~ chromatogrom 

in methanol 

:FIG. 1. Schematic drawing of the complete two-dimensional 
procedure. Elatography is done between the first and second 
development. 


