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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 
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Origin , ) 
Ist development In 

pyridine:woter 

TSrd development 
in isooctane 
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in methanol 

:FIG. 1. Schematic drawing of the complete two-dimensional 
procedure. Elatography is done between the first and second 
development. 
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FiG. 2. R.f values obtained with triglyeerlde standards. 

pyridine,  isopropyl  acetate and methanol  were dis- 
tilled before use. Isooetane (2, 2, 4 t r imethy l  pentane,  
Phil l ips Pe t ro leum Co., 99.4% pure)  was p repared  
for  use by  passage through an a lumina column 
(Woelm, neutral ,  act ivi ty  Grade I ) .  A sodium meth- 
oxide solution was p repared  by adding  approx imate ly  
0.25 e.cm of reagent  grade metallic sodium to 100 ml 
absolute methanol.  Surface-cleaning of the sodium 
was accomplished by placing it briefly in a separate  
container  of methanol.  Triglyeeride s tandards  were 
obtained f rom The Hormel  Inst i tute .  The na tu ra l  
t r iglyeerides were commercial  products  or f rom human  
sources. The commercial  t r iglycerides were dissolved in 
ether and di luted to a concentrat ion of 5 ~g/10 ~ liter. 
Serum samples were p repared  by making a Bloor ' s  
extract  of 1 ml serum and di lut ing this to 10 ml. 
H u m a n  depot f a t  was extracted s imilar ly  a f te r  sub- 
cutaneous f a t t y  tissue had been ground in an all-glass 
tissue grinder.  All chromatography  was ascending and 
done in rec tangular  glass tanks, 10 x 1 0 x  3 in. Dry-  
ing of ehromatograms was done in a vacuum oven at  
50-55C with ni t rogen flowing through continuously. 
The spots were located by sulfuric  acid char (2).  

F igure  1 i l lustrates the two dimensional technique 
used for  this procedure.  For  the first dimensional 
separation,  three separate  10 1~1 samples were spotted 
at the origin using only one-half of the paper.  Fo r  
t r iglyceride separation,  vary ing  ratios of pyr id ine:  
water  were used as the developing fluid, with 40:10, 
v:v,  as the best ratio for  common die tary  and human  
triglycerides.  To separate  lipid mixtures  into the 
component  groups, the developiug fluid was isooetane: 
isopropyl  acetate, 100:1, v :v  or a similar  developer as 
previously described (1).  Af te r  the l ipid separat ion,  
the ehromatogram was dried in the vacuum oven for  
one hr when pyr id ine :wa te r  was used, or for  20 rain 
af ter  volatile solvents. Next, the unused half  of the 
ehromatogram was covered with glass while the area 
with the separated lipids was sprayed  with sodium 
methoxide:methanol  unti l  moist. The chromatogram 
was immediate ly  suspended in an anhydrous  methanol  
vapor  at 60C for  2 hr. Af te r  drying,  a methanol  sweep 
was made in the second dimension jus t  fa r  enough 
to move all l ipids to a eommou origin on the unused 
half  of the ehromatogram.  The used half  is cut off 
and discarded. Wi th  mixed lipids a single sample 
was sa t is factory and the methanol  sweep was elimi- 
nated. The chromatogram, a f te r  vacuum dry ing  for  
I hr, was developed in the second dimension in isooe- 
tune to separate  the methyl  esters. 

0 
0 

0 
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Triolllln Trilinolenin 
Tristeorin Trlpuln~Jtin Trllinolein Mixture 

Fro. 3. Chromatogr~m of tr_giycoride standards in pyridine: 
water, 40:10, v:v. 

Py r id ine :wa te r  development  gave a reverse phase  
separat ion of t r iglycerides  (Fig.  2). The separa t ion 
of t r iglyeerides was complete when there was a dif- 
ference of three double bonds. Sa tura ted  t r ig lyeer ides  
did not move except with pyr id ine :wa te r  rat ios of 
80:10, v:v,  or higher and then s t reaking resulted. All 
unsa tura ted  t r iglyeerides gave a 25-ram spot at  an 
Rf of 0.3 and a 12-ram spot at an Rf of 0.8 (Fig.  3). 
The separat ion of t r iglycerides  was identical  on un- 
coated glass paper .  

Wi th  t r iglycer ide separat ion,  e la tography  and 
methyl  ester separat ion,  the differences in the ma jo r  
t r iglyeerides of na tu ra l  mixed tr iglycerides could be 
estimated. The differences between Criseo, Mazola oil, 
peanut  oil and human  tr iglyeerides were quite ap- 
parent .  

I4p id  group  separat ion,  e la tography,  and  methy l  
ester separat ion of serum lipids permi t ted  identifica- 
tion of the f a t t y  acids of the groups on a single chro- 
ma tog ram (Fig.  4). 

Discussion 

The par t ia l  separa t ion of t r iglyeerides  in pyr id ine :  
water  may  be a solubili ty phenomenon s imilar  to tha t  
described by  Arnold  et al. (3).  This separa t ion is 

FIo. 4. Two-dimensional ehromatogram of serum ]ipids. 
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l imited both by degree of resolution and by the dif- 
fuseness of the spots~ especially at  low l~f values. Wi th  
na tu ra l  mixed tr iglyeerides there is much over lapping 
and the separat ions achieved do not become appa ren t  
unti l  the second dimensional  separat ion of the f a t t y  
acids is done. However,  since any  given f a t t y  acid 
can be present  in several  different t r iglycerides  the 
methyl  ester appears  as a s t reak elongated in the 
first dimension. The major  tr iglycerides can be esti- 
mated  f rom the relative densi ty  of the f a t t y  acids at 
any  given first dimension Rf zone. The analysis of 
t r iglycerides presented here is less exact than  tha t  
of P r ive t t  and Blank  (4 ) ;  however, it is a s impler  
procedure  in that  it is all done on a single chromato- 
gram. 

Incomplete  transesterif ieation of f a t t y  acids may  
he caused by a high relative humidi ty ,  d ry ing  of the 
ehr<)matogram in lhe methanol vapor,  or excess sodium 
methoxide. Cholcste, ryl esters ineompletely trans-  
esterify.  Spreading  or unwanled  migrat ion can be 
vaused 1)y l(~o heavy spray ing  or eomtensation of 

the methanol vapor.  
The total length of t ime to complete a two dimen- 

sional ehromatogram is 7 hr  for  the tr iglycerides and 
4 hr  for  the mixed lipids. 

The transesterif ieation by e la tography has been 
very  useful in our hands, par t i cu la r ly  with mixed 
lipids. I t  is also useful  with column chromatography  
for  quickly determining the f a t t y  acids in fract ions;  
in which ease different f ract ions are spotted on a 
single ehromatogram, transesterified, and the methyl 
esters separated.  

AOKNOWLEDGMENTS 
TeehnieaI assistance fl'Olil Allene WllgenTIIittl, (~ILro] Maddox and lmis 

(}areia-2kregy. 

R E I~' E R E N C E S 

1. Hami l ton ,  J .  G., J .  1{. S w a r t w o u t ,  O. N. Millor and J .  E. Muldrey,  
B ioehem.  Biophys ,  i res .  Comm.  5, 2 2 6 - 2 3 0  (1961} .  

~. Sw;Lrtwout, J .  1{., ,J. W. Diecker t ,  O. N. Mil ler  and J .  G. l Iami l ton ,  
,[. L ip id  ]~es. 1, 2 8 1 - 2 8 5  ( 1 9 6 0 ) .  

3. Arnold,  5 .  K., R.  B. R.  (]]loudhtlry, and A. (~uznlan, J A O C S  40, 
3 3 - 3 4  ( 1 9 6 3 ) .  

4. Fv ive t t ,  O. S., and  M. IJ. B lank ,  ; IAOCS 40, 7 0 - 7 5  ( 1 9 6 3 ) .  

[l~eeeived July 15, 19(;3 Acccpt(!(l J a m m r y  21, 19(;4] 

Catalysts for Selective Hydrogenation of Soybean Oil.' 
I. An Experimental Method for Evaluating Selectivity 
C. H. RIESZ and H. S. WEBER, Illinois Institute of Technology Research Institute, Chicago, Illinois 

Abstract 
The umtesirable flavor rew~rsion propert ies of 

soybean oils may  be counteraeted by selective hy- 
drogenat ion of the linolenate components. Sereen- 
ing of catalysts for this purpose was accomplished 
by a s tandardized laboratory  hydrogenation of a 
refim~d, bleached soybean oil under  atmospheric  
pressure. A mathemat ica l  derivat ion utilizes 
amtlytieal chromatographic  data to determine 
l inohmate/l inoleate reaction rates as a selectivity 
index ,St for a given catalyst.  

Introduction 

T in,: VALlU,: of soybean oil as an edible product  has 
long becn recognized. However,  the format ion  of 

flavors is an undesirable aspeet which has received 
considerable attention. I t  is ra ther  general ly ac- 
cepted tha t  the linolenic acid consti tuents are a pri-  
mary  precursor  of flavors (1).  Thus, if linolenie con- 
st i tuents  can be selectively hydrogenated,  improved 
soy/)ea/~ oil could find expanded use both as a cooking 
and a salad oil. A major  problem is to evaluate 
whether  present  catalysts are sufficiently selective to 
accomplish the specified hydrogenat ion and if not, 
to develop heterogeneous catalysts which can achieve 
the desired goals. 

[n order  to obtain such information,  the conven- 
t ional  approach  would involve periodic sampl ing of 
an exper imenta l  reaction, plot t ing COhen of compo- 
nents against  t ime or percentage converted and then 
empir ical ly  ad jus t ing  constants for  speeifie reaction 
ra te  (2). This approaeh  would not be useful  for  a 
screening p rog ram where m a n y  catalysts would re- 
quire evaluation. Dut ton  (3) has developed a proce- 
dure  based on the kinetic equations for  consecutive first 
order  reactions which determines the ratio of reaction 
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rale coils|anls of lilloletlate aml ]hloleate earlnm-earbon 
donble bomI hydrogenat ion.  The melhod requires that  
the test ntixture be comprised of equal amounts o[ 
linolenate and linoleale componenls, either triglye 
erides or n l o t l o e s t e r s .  T h e l l  a s iu~ ' le  cxpcrhneutal  
hydrogenat iou (with 0.5 mole hytlroven/moh~ mix- 
lure)  and analytical determinalion of the, triene, 
diem', mid monene components provides all t;hc infor- 
malioa tlee(ted to give the ratio of the l inolenate/  
linoleate reaction rates. 

While Du t ton ' s  method is precise and uscful, it 
does not evaluate catalyst  selectivity for the oil 
product  of immediate interest, i.e., soybean oil. There- 
fore, it was deemed more direct to use a typical  soy- 
bean oil in a s tandard  hydrogenation experiment 
and employ the analyt ical  data to provide similar 
kinetic informat ion for  evaluat ing a wide var ie ty  of 
catalysts.  

Criteria for Selectivity 
The max imum selectivity would occur if hydro- 

genation would reduce only the linolenic component 
of soybean oil without  apprec iably  changing any other 
constituent.  This result  would provide an equivalent 
increase in linoleie eonen, but no change in oleic or 
stearie COhen. Thus, a cursory examinat ion of a hy- 
drogenated product  by  gas ehromatography  would re- 
veal m a n y  catalysts which had little or no selectivity. 
Sueh an approach does not take full  advantage of the 
available data  nor does it permi t  relative rat ings 
where differences are small. 

Assume tha t  the rate  of hydrogenat ion of each com- 
ponent  is given by a relation 

- - dA/d t  = k' A (tI~) F tO) [1] 

where A is Ln, t o ,  0 (linolenie, linoleie, oleic) eoncn 
I-I2 is hydrogen Cohen 
F ( C )  is a funct ion of catalyst  eoncn. 

I f  all experiments  are per formed at constant pres- 


