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The addition of 10% of either highly hydrogenated 
rapeseed or cottonseed oils to nonhydrogenated rape- 
seed oil gives a product with harder consistency than 
when the corresponding hydrogenated oils are added 
to nonhydrogenated cottonseed oil. Linteris and 
Thompson (12) in experiments with somewhat similar 
mixtures came to the conclusion that the presence of 
long-chain fat ty acids and a suitable diversity of fa t ty  
acids in the constitutent triglycerides promoted the 
precipitation of fine crystals and helped subsequently 
in aeration during the mixing of cake batters. 

Highly hydrogenated rapeseed oil is probably the 
highest melting and most viscous fat which may be 
incorporated in food products. The Swedish oil when 
hydrogenated to an I.V. of 1.5 had the following 
viscosity: 

T e m p ,  °C Vi scos i t y ,  
c e n t i s t o k e s  

65 .................................................................... 30.8 
70 .................................................................... 26.5 
75 .................................................................... 23.0 
80 .................................................................... 20.2 
85 .................................................................... 17.9 
95 .................................................................... 14.2 

The fat had a melting range of 69.3-70.6C, but it 
solidified at 57-58C when cooled rapidly. 
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Gas Liquid Chromatographic Analysis of Hydroxy Fatty 
Acids, as Their Trimethylsilyl Ether Derivatives I 
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Texas A&M University, College Station, Texas 

Abstract 
A quantitative method is described for the 

rapid gas liquid chromatographic analysis of 
mono- and polyhydroxystearates as their tri- 
methylsilyl (TMS) ether derivatives. The TMS 
derivatives of the hydroxy esters are formed rap- 
idly and quantitatively at room temp. The reten- 
tion times of ricinoleic acid as the methyl ester, 
acetylated derivative and the TMS derivative are 
compared. Purified diastereoisomers of di-, tri- 
and tetrahydroxystearates and their mixtures 
were analyzed on three different columns. Gas 
liquid chromatographic analysis of methyl mono-, 
di-, tri- and tetrahydroxysteartes were shown to 
give quantitative results as TMS derivatives. 
Analyses were carried out on a diethylene glycol 
suceinate polyester (DEGS) packed column and 
on large-bore capillary columns of DEGS and 
Apiezon L. The elution order of the TMS deriva- 
tives of the hydroxy esters from the DEGS large- 
bore eapi]lary column was not the same as that 
obtained from the DEGS packed column. The 
unusual elution pattern of the large-bore capil- 
lary column is discussed. 

Introduction 

T H E  QUAlXTTITATIVE DETER~/[INATION Of long-chain 
mono- and polyhydroxy fat ty acids by gas liquid 

chromatography (GLC) is presently unsatisfactory. 
Their high polarity and low volatility gives rise to 
undesirably long retention times. 

Methyl ether derivatives of hydroxy acids have been 
used by Kishimoto and Radin (1) to increase their 
volatility. Downing and co-workers (2,3) reported 

1Pres(mted at the AOCS Meeting in New Orleans, 1964. 

that a-hydroxy acids can be reduced to their corre- 
sponding 1,2-diols from which a more volatile iso- 
propylidene derivative may be prepared and analyzed 
by gas chromatography. The former method is non- 
quantitative and laborious, while the latter can only 
be used for vicinal dihydroxy or a-hydroxy acids. 
Acetylated hydroxy acids have been used by Kishi- 
moto and Radin (4), and more recently by O'Brien 
and Rouser (5), with some success, but still have un- 
desirably long retention times, especially on polar 
liquid phases. The gas chromatographic analysis of 
long-chain dihydroxy acids is nonquantitative and 
limited (6-8), while the analysis of long-chain tri- and 
tetrahydroxy acids by this method has not been re- 
ported, to the authors' knowledge. 

The use of the TMS ether derivatives of hydroxy 
compounds has opened new areas in which GLC can 
be used for their analysis. Some of the areas where the 
use of the TMS derivative has been proven to be suc- 
cessful have been reviewed recently (9). 

This report describes the quantitative analysis of 
mono- and polyhydroxy long-chain fat ty  acids using 
this technique. 

TABLE I 

Quantitative Determination of Hydroxy Acids as Their TMS Derivatives 
by GLC Analysis a 

lqydroxy acid Actualb Founde 

12-hydroxystearie acid .................................................... 14.07 14.06 
Threo-9,10-dihydroxystearic acid .................................... I 21.87 I 22.47 
Threo-9,10-12-trlhydroxystcarie a d d  .............................. 27.91 I 27.97 
Erythro-9,10-erythro-12 13-tetrahydroxystearie acid 36 14 I 35.50 

a Analysis was carried out on 3 ft x ~ in. column packed with 20% 
BEGS on 80-100 mesh Chromosorb W at 215C. A typical chromato- 
gram of this mixture is shown in Figure 4 (middle). 

b Prepared by weighing out purified acids. 
e Values derived by measuring the area under the peaks with a 

planimeter. 
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FIG. 1. Analysis of methyl esters from ra t  adipose tissue on 
the two different columns used to analyze mono- and 9o1:57- 
hydrox-y esters of long-chain fa t ty  acids. The major  peaks are: 
1) methyl palmita te ;  2) methyl palmitoleato; 3) methyl stea- 
ra te ;  4) methyl oleate; and 5) methyl linoleate. 

Experimental 
Gas Chromatography. A Research Specialties Co. 

Model 600 gas chromatograph equipped with a hy- 
drogen flame ionization detector and an on-column 
injection system was used throughout this study. A 
high resolution 3 ft  x 1~ in. copper column, packed 
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Fie. 2. Analysis of ricinoleic acid in castor oil f a t ty  acids as : 

A) methyl ester, B)  acetylate4 derivative, and C) TMS deriva- 
tive. The major  peaks are:  1) methyl palmitate,  2) methyl 
oleate, 3) methyl linoleate, and 4) methyl rieinoleate. 

with 20% DEGS on 80-100 mesh Chromosorb W, 
was used. The column packing procedure has re- 
cently been described (9}. Two large-bore capillary 
columns (100 and 150 ft  x 0.0625 in OD, 0.030 in ID) 
coated with Apiezon L and DEGS, respectively, were 
also used. The columns were coated with a 15% carbon 
tetrachloride solution of Apiezon L and a 10% chloro- 
form solution of DEGS and conditioned according to 
the procedure described by Litchfield et al. (10). An 
inlet pressure of 10 psi was used to maintain a helium 
flow of 60-70 ml/min through the columns. The hy- 
drogen and air flow through the detector were 30 
and 300 ml/min, respectively. The temp of the de- 
tector was maintained a few degrees above the maxi- 
mum temp of the column. 

Thin-Layer Chromatography. Commercially avail- 
able silica gel G was applied in l-ram thickness to 
8 x 8 in. glass plates. The plates were used to isolate 
methyl ric~noleate from castor oil methyl esters. The 
ehromatoplates were developed with hexane-diethyl 
ether-acetic acid 60:40:1 (v /v /v) ,  in a saturated 
chamber. The desired region of the heavily loaded 
plates was located visually and scraped into a fritted 
glass funnel. The methyl esters were then eluted from 
the silica gel with diethyl ether. 

Balance and Melting Point Apparatus. A Mettler 
Model M5 micro balance was used to weigh accurately 
the purified hydroxy acids to the fifth decimal place 
to prepare the standard mixture. A Thomas Hoover 
capillary melting point apparatus was used to de- 
termine melting points. 

Materials. The fatty acids used in the synthesis of 
the hydroxy acids were either previously prepared in 
this laboratory or obtained from reliable commercial 
sources. The castor oil used in this study was packaged 
by Welton Laboratories, Inc., New York. The methyl 
12-hydroxystearate was obtained from Applied Science 
Laboratories. Thin-layer chromatography was used to 
isolate methyl rieinoleate from castor oil methyl esters. 
The polyhydroxy acids were prepared by alkaline 
permanganate oxidation of the corresponding unsatu- 
rated acids according to the procedure of ~Viberg and 
Saegebarth (11). Purification of the poiyhydroxy 
acids was achieved by crystallization at zero degrees 
from a saturated solution of diethyl ether. Threo- and 
erythro-9,10-dihydroxystearic acids were prepared 
from elaidic and oleic acids, respectively. The melting 
point of the threo acid was 93.6-94.5C [94C, according 
to (12)], and that of the erythro acid was 129.5- 
130.5C [130-131C, according to (11)]. Rieinelaidie 
and ricinoleic acids were oxidized to yield threo- and 
erythro-9,10-12-trihydroxystearic acids, respectively. 
The diastereoisomeric tr ihydroxy mixture obtained 
from ricinelaidic acid melted at 97.2-100.5C, while the 
mixture obtained from ricinoleic acid melted at 108.6- 
127.3C. Permanganate oxidation of linoleic acid 
yielded a diastereoisomeric mixture of erythro-9,10- 
erythro-12,13-tetrahydroxystearic acids. This tetra- 
hydroxy mixture melted at 154-165C [154-163C 
reported by (13)]. Eleven, 12-dihydroxystearie acid 
was prepared from a vaccinic acid sample of unknown 
puri ty and configuration which had mp 75.2-78.7 
(after two crystallizations). Methyl esters were pre- 
pared by treating the acids with an ethereal solution 
of diazomethane. Acetylated methyl rieinoleate was 
prepared according to the procedure of O'Brien and 
Rouser (5). ttexamethyldisilazane was obtained from 
Peninsular Chemreseareh, Gainesville, Fla. ; trimethyl- 
chlorosilane was obtained from K & K Laboratories, 
Plainview, N.Y. Solvents and other reagents were re- 
agent grade and used without further purification. 
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Preparation of TMS Derivatives. The procedure by  
Wood et al. (9) for  the format ion of the TMS deriva- 
tives of monoglycerides was used to p repare  the TMS 
derivatives of the hydroxy  acids. The slight exo- 
thermic reaction appeared  to proceed equally fast  at  
room temp for  the long-chain hydroxy  esters as previ-  
ously noted for  the monoglycerides. 

Purity of Materials. All of the f a t t y  acids used in 
the prepara t ion  of the hydroxy  acids were more than  
98% pure  as determined by GLC. Methyl  ricinoleate 
and methyl  12-hydroxystearate were 98% pure  as de- 
termined by GLC analysis of their  methyl  esters and 
TMS derivatives of their  methyl  esters. GLC analysis 
of the TMS derivatives of each of the d ihydroxy acids 
revealed only one component. Melting points of the 
acid were in close agreement  with those previously 
found. Each of the diastereoisomeric t r ihydroxy  mix- 
tures were more than  98% t r ihydroxy  as determined 
by GLC analysis of their  TMS derivatives. GLC analy- 
sis of the TMS derivatives of the diastereoisomeric 
t e t rahydroxy  mixture  indicated only traces of im- 
purities. 

Results and Discussion 
Gas Chromatography Columns. Low pressure drop, 

high resolution columns are required to separate,  with- 
out peak asymmetry ,  mono- and po lyhydroxy  esters 
by  GLC as their  TMS derivatives. Tiffs requisite can 5- 
be achieved with short, high-resolution packed columns 
or large-bore capi l lary  columns. The la t ter  type  is 5. 
the more desirable of the two, since its p repara t ion  is 
more reproducible. F igure  1 shows the effectiveness 4 
and rap id i ty  of the separat ion of methyl  esters of r a t  
adipose tissue f a t t y  acids on two of the columns used 3 
to separate TMS derivatives of hydroxy  esters. A 
complete chromatogram was obtained in approx  8 rain 2 - 
with good resolution of monoenes f rom their  corre- 
sponding sa tura ted  acids. The large-bore Apiezon L 1- 
cap i l la ry  column used was equally fas t  but, of course, 
the resolution pa t t e rn  was different. 0- 

Monohydroxy Acids. The GLC analyses of riein- 
oleic acid f rom castor oil as the methyl  ester, acetylated 5 - 
and TMS derivatives are shown in F igure  2. The TMS 
derivative of methyl  ricinoleate eluted approx  four  4 
times fas ter  than  the acetylated derivative, and five 
times fas ter  than  the methyl  ester. Ricinoleic acid ~ 3 
represented 89, 86 and 85% of the total  acids as de- ~_ 
retrained by  the TMS derivative, acetylated derivat ive ~ 2 
and methyl  ester, respectively, based on peak area. ,~ 
Twelve-hydroxystearic  acid, the corresponding satu- ~ 1 
rated acid of ricinoleic acid, behaved in a similar man- O 
her  to that  shown in F igure  2 for ricinoleic acid with ~ 0 
respect to all three derivatives. 

F igure  3 shows the analysis of a mixture  of TMS 5 
derivatives of methyl  ricinoleate and methyl  12-hy- 
droxystearate  on two different D E G S  columns. The 4 
expected elution pa t t e rn  was obtained in each case. 
The sa tura ted  acid was eluted f rom the columns more 3. 
quickly than  the corresponding unsa tura ted  acid. 
Enough  resolution to permi t  quant i ta t ive estimation 2 
was not achieved on a packed column, but  it  was 
achieved on the large-bore D E G S  capi l lary column. 1 

Dihydroxy Acids. The TMS derivatives of racemic 0 
methyl  threo- and erythro-9,10-dihydroxystearate were 
analyzed on all three columns. Each  was eluted f rom 
the columns without  peak asymmetry .  However,  a 
mixture  of the two diastereoisomers was not resolved 
sufficiently for  quant i ta t ive estimation on any  of the 
columns. The large-bore Apiezon L capi l lary  column 
operat ing at  a temp of 212C gave the best results, but  
only par t ia l  separation. Should a longer column of this 
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FIG. 3. Analysis of a mixture of 1) methyl 12-hydroxystearate 

and 2) methyl ricinoleate as their TMS derivative on packed 
and large-bore capillary DEGS columns. 

type  or a more effective s ta t ionary liquid phase be 
found which could make such separation, i t  would 
then be possible to determine the percentage of cis and 
trans forms in a monoene mix ture  since permangana te  
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FIG. 4. GLC analysis of mono- and polyhydroxy TMS deriva- 

tives of long-chain fatty acids on three different columns. The 
major peaks are: 1) methyl 12-hydroxystearate, 2) methyl 
threo-9,10-12-trihydroxystearate, and 4) methyl erythro-9,10- 
erythro-12,13-tetrahydroxystearate. Analysis on the DEGS capil- 
lary column was carried out in pairs to show ttm complex elu- 
tion pattern. 



84 T H E  J O U R N A L  OF T H E  A S I E R I C A N  O I L  ~ H E / v I I S T S '  S O C I E T Y  VOL. 42 

oxidation of each geometric isomer yields a distinct 
diastereoisomer. 

The TMS derivatives of methyl 11,12-dihydroxy- 
stearate were prepared and their  elution times com- 
pared with those of the methyl 9,10-dihydroxystearates 
in hope that  the method could be used to determine 
positional d ihydroxy acid isomers prepared  from posi- 
tional monoene isomers. Neither of the diastereoiso- 
meric methyl  9,10-dihydroxystearates were resolved 
from the methyl 11,12-dihydroxystearate isomer suf- 
ficiently for  quantitat ive analysis. However, the 
Apiezon L coIumn again gave part ial  separation. Pos- 
sibly, the conditions necessary for the separation of 
the TMS derivatives of methyl threo- and erythro- 9, 
10-dihydroxystearates will also allow the resolution 
of the positional d ihydroxy acid isomers. 

Trihydroxy Acids. Alkaline permanganate oxida- 
tion of ricinoleic and ricinelaidic acids yields two 
racemie diasteroisomers for  each acid. The ratio for  
each diastereoisomerie pair  is not necessarily one, due 
to their  differences in solubility and the steric effect 
of the hydroxy  group on carbon 12 during their  for- 
mation. These four distinct diastereoisomeric t r ihy-  
droxy acids have been prepared and characterized by 
Kass and Radlove (14). 

The TMS derivatives of methyl threo- and erythro- 
9,10-12-trihydroxystearate were subjected to GLC 
analysis on each of the three columns. The erythro 
diastereoisomeric mixture  was eluted from each col- 
umn as one peak with the indications of two compo- 
nents present. The threo diastereoisomerie mixture was 
only part ialIy resolved on the DEGS column, while the 
Apiezon L column operating at a temp of 222C 
achieved separation sufficient for  quantitat ive estima- 
tion. The predominant  and presumably least polar 
of the two isomers eluted last on this column and 
represented 72% of the mixture. A mixture of the 
4 isomeric t r ihydroxy  TMS derivatives was not sepa- 
ra ted on any of the columns, but  the Apiezon L column 
gave par t ia l  separation. 

Tetrahydroxy Acids. Alkaline permanganate oxida- 
tion of the possible cis-trans isomers of linoleic acid 
can yield 16 possible te t rahydroxystear ic  acid isomers 
or eight racemic pairs. These eight racemic diastereo- 
isomers have been prepared and characterized by 
McKay and Bader  (15). Unfortunately,  their  pro- 
posed s t ructural  formulas have been shown to be in- 
correet as they made the false assumption that  the hy- 
droxy derivatives obtained from alkaline permanga- 
nate oxidation of a cis double bond are threo. They 
also falsely assumed the peraeetie acid oxidation and 
bromination of a cis double bond yields the erythro 
forms. However, correct formulas can be obtained by 
correction of the invalid assumptions as to the prod- 
uets obtained from the permanganate  and peracetic 
aeid oxidation and bromination of a cis double bond. 
A mixture  of the two diastereoisomers is obtained by 
alkaline permanganate oxidation of linoleic acid (cis- 
9, cis-12-oetadecadienoic acid). Riemensehneider et ah 
(1"~) have shown the diastereoisomers to be a eutectic 
mixture  consisting of 30% of one isomer (rap 164C) 
and 70% of the other isomer (rap 174C) which melted 
at 154-163C. The melting point  of our preparat ion 
was found to be 154-165C. 

The diastereoisomers of methyl erythro-9,10-erythro- 
12,13-tetrahydroxystearate TMS derivatives were 
eluted as one peak on each of the three columns used. 
The peaks were asymmetric and skewed to the r ight  
in the case of the DEGS columns and to the left  in 
the case of the Apiezon L columns. This asymmetry 
was probably due to the lack of sufficient temp for 

volatilization of these high mol wt molecules, since the 
Apiezon L column operating at 240C gave more sym- 
metrical peaks. Changes in solubility of the TMS 
derivatives as the number of tr imethylsi lyl  ether 
groups increase could also cause peak asymmetry as 
well as part ial  resolution of the diastereoisomers. 

Mixtu,re of Mono- and PoIyhydroxystearic Acids. 
Figure  4 shows the analysis of a mixture of  methyl 12- 
hydroxystearate,  methyl threo-9,10-dihydroxystearate, 
methyl threo-9,10-12-trihydroxystearate and methyl 
erythro-9,10-erythro-12,13-tetrahydroxystearate as 
their  TMS derivatives on three different columns. A 
mixture was eluted from the packed D EG S  and Apie- 
zon L large-bore capillary columns in the expected 
order of increasing mol wt and polarity, mono-, di-, tri- 
and te t rahydroxy,  in that  order. Surpris ingly enough, 
the elution pa t te rn  from the D EG S  large-bore capil- 
la ry  was different from that  obtained on the DEGS 
packed column. The mixture  was eluted f rom the 
DEGS large bore-capillary column as one large dis- 
torted peak. Comparison of each of the polyhydroxy 
with the mono-TMS derivative revealed the elution 
pat tern  as di-, tri-, tetra- and monohydroxy, in that  
order, which is also shown in Figure  4. The order of 
elution is cont rary  to theoretical considerations and is 
apparent ly  the first phenomena of its nature  reported. 
Methyl ester analyses, a lready shown in Figure  1, are 
similar for  the two columns, yet  these high tool wt TMS 
derivatives behave differently. The major  differences 
between the two columns are the amt of exposed copper 
surface in the capillary column and the acid base 
washed Chromosorb W in the packed column. The 
lat ter  appears to be a contributing factor, since the 
Apiezon L capillary column had a similar exposed 
copper surface and gave the expected elution order. 
I t  may well be that  increasing the number of tri- 
methylsilyI ether groups on a long-chain f a t ty  acid 
decreases its solubility in DEGS and increases its tool 
wt and size sufficiently to allow the Chromosorb W to 
act as a molecular sieve or have adsorption properties 
which would account for  the different elution pat tern  
from the packed and large-bore capil lary columns 
containing the same liquid phase. 

Quantitation. I t  has been shown in the previous 
paper  (9) tha t  monoglycerides may be quanti tat ively 
determined as their TMS derivatives. Table I shows 
the quanti tat ive analysis of a mixture  of mono- and 
polyhydroxystearates as their  TMS derivative. The 
percentage composition as determined by planimetric 
measurement of peak area agreed well with the actual 
values obtained from wt measurements of the acids 
in the synthetic mixture. Although the method has 
only been demonstrated to be quanti tat ive for the 
analysis of a mixture of hydroxystearates of increas- 
ing number of hydroxyl  groups, it  appears possible 
that  the method could also be used for the quantitat ive 
analysis of a homologous series of mono- or polyhy- 
droxy acids. F rom these results it can be seen that  
the method is quantitat ive for hydroxy  acids as well 
as for  monoglycerides. 

ACKNOWLEDG3£ENTS 
Elaidic and ricinelaidic acids from Carter Litohfield. 
This work is taken from a dissertation to be submitted by t~andall 

Wood to Texas A&M Graduate College in partial  fulfillment of the 
requirement for the degree of Doctor of PhiIosophy. 

Supported in pa r t  by a grant  from the NationM Institut.es of Health 
(AIff-06011-03). 

REFERENCES 
1. Kishhnoto, Y., and N. S. Radin, J.  Lipid Res. 1, 72 (1959).  
2. Downing, D. T., Z. H. Kranz  and K. E. Murray, Austral. J .  Chem. 

13, 80 (1960).  
3. Downing, D. T., Ibid. 14, 150 (1961).  
4. Kishimoto, Y., and N. S. Itadin, J. Lipid Res. 4, 130 (1963).  
5. 0 'Br ien,  J .  S., and G. I~ouser, Anal. Bioehem. 7, 288 (1964).  
6. Tutloeh, A. P., Can. J.  Bioehem. Physiol. 41, 1115 (1963).  
7. 3£orrissette, l~. A., and W. E. Link, JAOCS 41, 415 (1964).  



F E B R U A R Y ,  1 9 6 5  Wood ET AL. : GLC OF HYDROXY FATTY ACIDS 85 

8. James, A. T., J.  P. W. Webb and T. D. Kellock, Biochem. J. 78, 
333 (1961).  

9. Wood, R. D., P. K. Raju and Raymond Reiser, JAOCS, in press. 
10. Litchfield, C., Raymond Reiser and A. F. Isbell, Ibid. 40, 302 

(1963).  
11. Wiberg, K. B., and K. A. Saegebarth, J.  Am, Chem. Soc. 79, 

2822 (1957).  
12. Swern, D., G. N. Billen. T. W. Findley and J. T. Scanlan, Ibid. 

67, 1786 (1945).  
13. Riemensehneider, R. W., D. It .  Wheeler and C. E. Scando, J. 

Biol. Chem. 1~7, 391 (1939).  
14. Kass, J. P., and S. B. Radlove, J. Am. Chem. Soc. 64, 2253 

(1942).  
15. McKay, A. F., and A. R. Bader, J. Org. Chem. I8,  75 (1948).  

[Received August 7, 1964--Accepted October 2, 1964] 

Chemical Reactions Involved in the Catalytic Hydrogenation 
of Oils. II. Identification of Some Volatile By-Products 
A. SILVEIRA, JR., a Y. MASUDA and S. S~ CHANG, Department of Food Science, 
Rutgers, The State University, New Brunswick, New Jersey 

Abstract 
Gas chromatography of the volatile by-products 

produced during the catalytic hydrogenation of 
an autoxidized soybean oil with a peroxide num- 
ber of 11.2 meq/kg yielded approx 41 peaks. 
Twenty-one of the gas chromatographic fractions 
were collected and rechromatographed, and their 
chemical ident i ty  studied with micro-IR and mass 
spectrophotometry. These volatile by-products, 
according to peak area of gas chromatogram, 
showed a predominance of hydrocarbons and al- 
cohols. 

The fractions which have been identified are n- 
octane, n-nonane, n-deeane, n-heptadecane, n-hex- 
anol, n-heptano], n-deeanol, n-hexanal, n-decanal 
and 3-nonanone. Among the gas chromatographic 
fractions collected, n-decanol has an odor most 
reminiscent of tha t  of catalytic hydrogenation. 

Introduction 

T H E  I M P O R T A N C E  OF T H E  chemical characterization 
of the volatile by-products of hydrogenation and 

the scarcity of l i terature in this field were discussed 
previously (1). The present paper  reports an investi- 
gation of the isolation, fractionation and chemical 
identification of some volatile by-products which are 
produced during catalytic hydrogenation of a soybean 
oil with a peroxide value of 11.2 meq/kg. 

Experimental 
Volatile By-Products of Hydrogenation. The vola- 

tile by-products isolated from 9.5 gal of hydrogenated 
soybean oil as previously described (1), were used for 
the present investigation. 

Gas Chromatography. The ether solution of the vola- 
tile by-products was fract ionated with a Beckman 
GC-2A gas chromatograph. The temp was l inearly 
programmed with a Thermotrac Temperature  Pro- 
grammer from 45-200C in 30 rain and then maintained 
at 200C for the remainder of the chromatography. An 
8-ft aluminum column, 1/~ in. I.D. packed with 15% 
Ucon Polar  50HB 280X on 80/100 mesh Chromosorb 
W (Acid washed), was used at a helium flow rate of 
80 ml/min.  

Collection of Gas Chromatographic Fractions. The 
gas chromatographic fractions were collected with a 
fraction collector designed and built  in our laboratories 
(2). This fract ion collector can be used to collect 18 
fractions from one run. The gas chromatography was 

1 Supported by a P H S  research gran t  HE-06411 from the National 
Hear t  Institute, Public Health Service. 

2 Paper  of the Journal  Series, N.J. Agricultural Exper. eta., Rutgers, 
The State University of New Jersey, Dept. of Food Science, I~ew Bruns- 
wick. 

s Present  address, Chemistry Dept., State University College, Oswego, 
N.Y. 

repeated 10 times. Each fract ion was accumulatively 
collected in one cold trap. In  this investigation, two 
runs of collection were made. In  the first, 10 fractions 
were collected; in the second, 18 fractions. Since 
some of the fractions collected were duplicate peaks, 
a total of only 21 different gas chromatographic frac- 
tions were collected and studied. 

Identification of Gas Chromatographic Fractions. 
The gas chromatographic fractions were identified by 
their IR spectra with the use of Sadtler s tandard 
spectra. The identifications were then confirmed by 
comparison of retention times with known compounds. 
The IR spectra of the gas chromatographic fractions 
in carbon tetrachloride solution were determined with 
a Beckman IR-8 spectrophotometer using ultra-micro 
cavity cells of 0.l-ram path  length and beam condenser 
(Connecticut Ins t rument  Corp.). An at tenuated grid 
and variable wedge cell (W-I,  Connecticut Ins t rument  
Corp.) were used in the reference beam to compensate 
for  the adsorption due to solvent. By  this technique, 
an IR spectrum could be obtained from 0.2 mg of 
sample. 

When IR spectrum alone was insufficient for the 
chemical characterization of a gas chromatographic 
fraction, its mass spectrum was determined with a 
Bendix time-of-flight mass spectrometer. 

Results and Discussion 
Gas chromatography of the volatile compounds 

which were produced from soybean oil (PV, 11.2 meq/  
kg) during catalytic hydrogenation at 180C with 
0.125% nickel catalyst (1) yielded approx 41 peaks 
(Fig. 1). The gas chromatogram is considerably dif- 
ferent  f rom the one published in our previous paper  
because of temp programming and the use of a more 
coned solution. Carbowax 20M and Carbmvax 1000 
were also t r ied as the s tat ionary phase but  did not 
give as good resolution as Ucon Polar  50 HB 280X. 
As shown by the Arabic number on the chromatogram, 
21 of these gas chromatographic fractions were col- 
lected. Each of the collected fractions was then re- 
chromatographed under  the original conditions to in- 
sure that  it was not contaminated by its neighboring 
peaks. Each fract ion yielded only one symmetrical 
peak. 

The volatile by-products of hydrogenation according 
to peak area of gas chromatogram, showed a predomi- 
nance of hydrocarbons and alcohols. As determined 
by the IR spectra of the 21 co]]ected gas chromato- 
graphic fractions (Fig. 1), 10 were hydrocarbons 
(fractions 2,3,4,6,7,8,14,16,17 and 20) ,  three were al- 
cohols (fractions 10,13 and 18), two were aldehydes 
(fractions 5 and 15), one was a ketone (fraction 12), 
three were other carbonyl compounds (fractions 1,9 


