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~ ' I ~ w R Y  scientific advance is first an advance in 
L techn ique"  is a postulate tha t  finds continu- 

ous verification in the experience of research 
workers. A corollary may  be formulated,  though less 
elegantly, that  " i f  one applies the same old methods 
and the same old approaches to the same old problems, 
one will most probably  come up with the same old 
resul t s . "  While new methods of analysis do not insure 
that new knowledge will result, research workers 
general ly affirm this thesis, at  least as a modus oper- 
an(E, that  one way to new informat ion is through new 
analytical approaches. 

Analysis involves at least three elements in its con- 
duct a) separat ion of mixtures  into individual  chemi- 
cal species, b) qualitative identification of the sepa- 
rated compounds, and c) quant i ta t ive assay of the 
individual components in relation to the whole. In  
practice, one, two, or three of these elements may  be 
present  in a single analytical  operation, but  all three 
are eventually taken into account before completion 
of the final analytical  determination. 

In  the following sections certain research methods 
of analysis for  dry ing  oils will be discussed under  the 
headings of fract ionation and characterization insofar 
as it is practicable to separate  these elements. Exam-  
pies of applicat ion will be discussed. The choice of 
methods for inclusion is admit tedly  arb i t rary ,  and the 
examples selected largely came from personal experi- 
ence. I t  is hoped that  this discussion will serve to 
introduce certain research methods of analysis, give 
an impression as to how the procedures are carried 
out, and il lustrate how new fundamenta l  knowledge 
arises f rom the applicat ion of new research techniques. 

Fractionation 
Coun, tercurrent Distribution. As described at a 

Short  Course in 1955 (1), this is a technique of sepa: 
rating' solutes based on their  differential solubility 
between immiscible solvents. I t  is a refinement of tile 
famil iar  laboratory  liquid-liquid extraction operation 
that is f requent ly  carried out in separa tory  funnels 
but  is amplified in the number  of stages, e.g., 20 to 
1,000, and is provided with an ingenious systematic 
method of moving uppe r  layer  solvents f rom one stage 
to the next. In  larger  models of this appara tus ,  com- 
plete automation of the shaking, settling, decantation, 
and t ransfer  operations is achieved as well as solvent 
introduction and sample collection. 

This technique is par t icu lar ly  well adapted  to the 
fract ionat ion of lipids and unstable derivatives be- 
cause of the mildness of conditions and relatively 
large sample-size handled. Applications to tile separa- 
tion of free f a t t y  acids; methyl  esters; mono-, di-, and 
tr iglycerides;  autoxidation products  of l ipids; phos- 
pholipids, and fat-soluble pigments  have been de- 
scribed (1). 

The countereurrent  distr ibution of glyceride com- 
ponents of linseed oil is i l lustrated in F igure  1. The 

1 Th i s  is a l abora to ry  of the N o r t h e r n  Ut i l iza t ion  l~eseareh a n d  De-  
ve lopment  Div is ion ,  Agr i cu l t u r a l  Resea rch  Service,  U. S. Depa,rtanent of 
Ag r i cu l t u r e ,  
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FIG. 1. Countercurrent fractionation of linseed oil glyeerides 
with a pentane-hexane-furfural solvent system. Open circle, 
weight ; closed circles, io~]ine value. 
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first time that  the separat ion of tri l inolenin and 
linoleo-dilinolenin was achieved (2) resulted f rom the 
application of this technique. Based on this type of 
data, the f a t t y  acids of linseed oil were shown to be 
ar ranged on the glycerol molecule according to a 
" r a n d o m "  pat tern .  By  vir tue of the high-resolving 
power of countercurrent  distribution, data  on the 
glyceride composition of linseed oil were obtained, 
again for  the first tittle, which were otherwise un- 
available. 

Potentiali t ies of eountercurrent  distr ibution for the 
prepara t ion  of methyl  esters of f a t t y  acids have been 
i l lustrated recently (3). Natura l  methyl  linoleate has 
been p repared  in 500-g. amounts without recourse to 
the bond-isomerizing conditions of brominat ion and 
debromination reactions previously employed. Te- 
t raene and pentaene fa t ty  acid esters are also amena- 
ble to p repara t ion  by this technique. Fur the rmore  
fundamenta l  data on solvent systems and par t i t ion 
coefficients of individual f a t ty  acid esters should per- 
mit  the design of larger laboratory  liquid-liquid 
extraction equipment or even commercial-scale units. 

Liquid-Partition Chromatography. This (1) bears 
s tr iking s imilar i ty  in theory and practice to the coun- 
te rcurrent  distr ibution technique. I f  the lower layer  
of solvent fron~ the eountercurrent  distr ibution were 
held as an immobile phase on an inert  support ,  e.g., 
silicic acid and diatomaceous earth, in a glass column 
and if the upper  layer  of solvent from the counter- 
current  distr ibution were poured on the top of the 
cohmm as a mobile phase, the analogy to eountercur- 
rent  distr ibution would be near ly  exact. In  fact, the 
performance  of l iquid-part i t ion columns is described 
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as a series of theoretical plates or stages not greatly 
dissimilar to the transfer stages of countereurrent dis- 
tribution. Both result in solutes being eluted in 
Gaussian or bell-shaped curves. Reversed-phase liquid- 
partition chromatograms are formed by holding the 
nonpolar phase as a mobile solvent. Diehlorosilane- 
treated Celite has the property of retaining nonpolar 
phases as does also rubber for reversed-phase chroma- 
tography. 

Application of the liquid-partition, chromato- 
graphic technique to the separation of fatty acids 
(4) is illustrated in Figure 2. The mildness of 
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fractionating conditions and its applicability to 
high-molecular-weight, nonvolatile lipids recommend 
liquid-partition processes of chromatography and of 
countercurrent distribution to the chemist working 
with fats and oil. 

Paper Chromatography. Another form of liquid- 
partition chromatography, this has the advantages of 
simple operation and of minimal equipment require- 
meat. Primarily it gives qualitative separation and 
information. The principal problems in application 
are those involved in selecting suitable spraying 
reagents and in detecting chromatographic spots. 
Schlenk (5) has described the use of an a-cyclodextrin 
reagent which does not give the usual iodine color in 
the presence of fatty acid. Mercury salts form associ- 
ation complexes with double bonds of fat ty acid 
esters, and these complexes formed prior to chroma- 
tography (6) have been separated on paper. Mer- 
cury color reagents provide good spray reagents for 
the detection of these separated ester complexes. 

Chromatographic processes involving adsorption 
phenomena, while of historical interest, are now less 
attractive because their inherent nonlinear isotherms 
result in excessive tailing, nonGaussian-shaped curves, 
and incomplete separations. 

Certain generalizations may be made concerning 
fractionation procedures described thus far and the 
range of partition coefficients of solutes which may be 
handled by eountercurrent distribution, liquid par- 
tition chromatography, and reversed phase chroma- 
tography. Using a 200-tube countercurrent distribu- 
tion apparatus, solutes having partition coefficients 

between 0.01 and 100 may be fractionated. Solutes 
with coefficients smaller than 0.01 are amenable to 
liquid partition chromatography and those with co- 
efficients larger than 100 to reversed phase chroma- 
tography. 

Gas Chromatography. In contrast to the liquid- 
liquid phase processes, this is a gas-liquid phase 
phenomenon. Fat ty  acid esters are partitioned between 
the nonvolatile liquid agent held on the inert support 
as the immobile phase, and the gas or mobile phase. 
The advantage over liquid-partiti0n chromatography 
is primarily the ease with which solutes in the gas 
phase are detected by physical methods, e.g., thermal 
conductivity argon ionization, radio frequency, and 
flame photometry. 

At its present widely-used stage of development, 
gas chromatography gives information different from 
the widely-used spectro-iodine value methods for 
polyunsaturated fatty acid analysis. Whereas gas 
chromatography appears to give separation for the 
Cls isologous series of fat ty acids with regard to the 
total number of double bonds and without regard to 
the position of the bonds, spectro-iodine value 
methods require the bonds to be methylene-inter- 
rupted and thus capable of being conjugated under 
conditions of alkali isomerization. In certain "natu-  
r a l "  fats and in hydrogenated fats, position isomers 
exist. Gas chromatography and spectro-iodine value 
methods nlay be expected to and do give differing 
results on these materials and assist in understanding 
their structure. 

Capillary columns of 100-200 ft. in length have 
denmnstrated up to 200,000 theoretical plates (7). 
Analysis of fat ty acids for differences involving cis 
and trans configuration of double bonds and their 
location in the carbon chain may be feasible in the 
near future with this technique. 

An example of the application of gas cliromatogra- 
phy combined with radioisotopic tracers is given in 
Figure 5 and will be discussed later. 

Urea Inclusion Complexes. These offer some sur- 
prising opportunities for fractionation of fatty acids. 
The separation of saturates from unsaturated acids 
is readily achieved as is also the branch chain from 
normal chain and normal-chain acids from hydroxy 
acids. However the separation of unsaturated acids 
of the isologous series is only partially complete and 
worsens as the degree of unsaturation increases. 
While practical separations can be made between 
stearic, oleic, and linoleie acids, the urea complexes of 
linoleie and linolenic acids co-crystallize and approach 
a composition of 85% linolenic acid (8). 

Perhaps the most exciting application of area com- 
plexes has yet to be made in the separation of cis and 
trans isomers. Wheeler and coworkers (9) have indi- 
cated nearly complete separation of cis, trans and 
trans, trans conjugated linoleic acids from the alkali 
isomerization of ]inoleic acid. This separation, based 
on the difference in geometric configuration of one of 
two double bonds in otherwise similar Cls acids, has 
been confirmed by results from our laboratory. 

The technique of area complex formation used in 
conjunction with other methods of fat analysis may 
provide a powerful tool for a study of reactions in 
which both shifts in position and configuration of 
double bonds occur. Although classical crystallization 
procedures and perhaps inclusion complexes may be 
in disrepute because of complications of co-crystalli- 
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zation, the specificity of crystallization forces is large 
and has frequent and valuable application. 

C h a r a c t e r i z a t i o n  

Techniques of fractionation frequently include 
elements of qualitative identification and assay and 
are  apparent in various forms of chromatography. 
The curves provided by the detector-recorder of mass 
vs. time in the case of gas chromatography and titra- 
tion vs. volmne for partition chromatography and 
weight vs. transfer nmnber for countercurrent dis- 
tribution serve to provide data for the calculation of 
those constants which are based on the position of 
elution of peaks, e.g., retention time, Rf, and the peak 
tube. These constants are used for qualitative identi- 
fication of substances. Quantitative information as 
to the contents of the individual components are also 
calculated from these same data by integration of the 
areas under specific peaks. 

Techniques for the characterization of pure com- 
ponents also may be applied with advantage inde- 
pendently of the fractionation operations. Among 
the physical procedures which have found wide use- 
fulness in research ~s independent methods of charac- 
terization or which have promise of future important 
application are four forms of spectroscopy: ultra- 
violet, infrared, mass, and nuclear magnetic resonance. 
After a discussion of these techniques a chemical 
procedure to locate the positions of double bonds will 
be illustrated; and an example will be given from 
recent research, in which many analytical methods, in- 
eluding isotopic tracers, were employed and compared. 

Ultraviolet Absorption Spectra. These (1) arise 
from displacements of electrons in the outer shell of 
atoms, the electrons involved in chemical reactions. 
Ultraviolet spectroscopy is therefore referred to as 
electronic absorption (10) spectroscopy. Functional 
groups of fat ty materials, earbonyl, carboxyls, acety- 
lenic, and ethylene-double bonds have their charac- 
teristic spectra either alone or in conjugation with 
other functional groups. Unfortunately all the 
groups cited, except carbonyls by themselves and un- 
conjugated, have their absorption maxima in the 
vacuum spectrograph region or at wavelengths shorter 
than 2200 f~ where quartz optics of the widely avail- 
able spectrometers begin to become opaque. However 
unsaturation of fats has been assayed in the region 
of ethylene bond absorption ca. 2100 3~, and it has 
been correlated with unsaturation of the oil (11). 
Absorption bands of earboxyl groups have their maxi- 
mum at 2040 A and extend up to 2300 3~. A correc- 
tion must be made for their absorption as described 
in the A.0.C.S. standard methods of analysis for 
polyunsaturated fat ty acids. 

More practical for fat analysis and characterization 
is the absorption of two or more functional groups in 
conjugated positions. While non-conjugated ketonic 
and ethylenic groups absorb individually at 1850 A, 
an ethylene double bond conjugated with a carbonyl 
absorbs at 2250 A, a 400 X shift. Fat ty  acids with 
conjugated dienes absorb at approximately- 2300 A. 
A conjugated trienoic fat ty acid has a principal 
absorption maximum at ca. 2700 A, and conjugated 
tetraenes and pentaenes absorb at increasingly longer 
wavelongths, 3150 2x and 3460 A, respectively. Occur- 
rence of absorption peaks at these positions in the 
wavelength spectrum is presumptive evidence that 

these respective functional groups occur in the 
molecule. 

Knowledge of absorption positions of known struc- 
tures permits certain extrapolations and predictions 
to be made about unknown compounds. In the conju- 
gated polyene series, electrons appear to oscillate and 
travel the length of the polyene chain. Their move- 
ment may be described by Hooke's Law, and the 
wavelength squared (;t "~ of the maximum is directly 
related to the number of conjugated double bonds 
(12). This theory is helpful in the identification and 
characterization of conjugated dienes, trienes, te- 
traenes, and pentaenes encountered in paint oils from 
vegetable and fish oil sources as they may occur 
either before or after alkali conjugation. 

In f rared  Spectra. These (1) have their origin pri- 
marily in the vibrational movements of atoms within 
molecules. While spectra of simple molecules may be 
computed from fundamental constants, much of the 
interpretation of infrared spectra of complex mole- 
cules, such as fat ty acids, is empirical in nature (13). 
In fat ty acid esters, carbonyls have inlportant absorp- 
tion bands at 5.7-6.0 ~, hydroxyls at 2.9 /~, cis,trans 
dienes at 10.18 and 10.52 ~, C-It stretching at 3.4 t~, 
and C-H bending at 6.9 l~. Figure 3 gives the i n f r a -  

9O 

8~ 1 - 70 

60- 
a .  

~; 50 

40- 

30 
u 

2 0  

10 

~ a ~ 1 
6 

? 
7 8 9 10 11 12 13 14 15 16 

Microns 
:PIG. 3. Infrared absorption spectrum of methyl linoleate 

hydroperoxide. 

red-absorption spectrum of methyl linoleate hydro- 
peroxide to illustrate these absorptions. 

Recent interest has been centered in the explora- 
tion of that portion of the near infrared which may 
be studied with quartz optics. Of particular interest 
to studies of drying oils are the absorptions assigned 
to the cis unsaturation at 2.15 and 2.19 tL and of 
hydroperoxide groups at 1.46 and 2.07 /~ (14). 

Quantitative infrared assays for various functional 
groups may be worked out as in the ultraviolet region 
but with somewhat greater difficulty because solvents 
which are transparent to all wavelengths of infrared 
are  lacking and because the generally lower extinc- 
tion coefficients in the infrared require higher con- 
centrations and give rise to complications, such as 
hydrogen bonding, between functional groups. Pro- 
cedures have been developed for the analysis of 
hydroxyls, hydroperoxides, isolated cis bonds, isolated 
trans bonds, conjugated cis,trans bonds, and conju- 
gated trans,trans bonds. The possibility of performing 
a complete analysis of fatty acids for total unsatu- 
ration and for geometric configurations by spectro- 
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Fro. 4. Nuclear magnetic resonance spectrum of methyl linolenate. (A) Arises from 6 protons on doubly bonded carbon atoms, 
(B) represents 4 protons on a-methyl carbon atoms 11 and 14, and (C) represents those on 7, 8, and 17. Line D arises from insulated 
CH., groups and E from the terminal methyl groups. 

seopic procedures appears to be approaching reality 
in the near future.  

Mass Spectra. These arise f rom the ionization of 
molecules and their subsequent dispersion in electro- 
magnetic and electrostatic fields. Molecular-weight 
information thus obtained is of the utmost importance 
in the characterization of fa t ty  acids. For  example, 
mass spectrometry has an unique application in con- 
junction with gas chromatography (15). Gas chroma- 
tography provides the fract ionat ing tool of high 
resolution and a method of quanti tat ive assay where- 
as mass spectrometry, operating' continuously on a 
portion of the effluent from the chromatographic 
column, gives simultaneous qualitative identification 
data. For  this purpose, rapid registration of mass 
spectrometric data, as with an oscillograph, is de- 
sirable. Instruments  with resolution of 1 mass unit  
in 400 are available and will characterize the parent  
peaks of the isologous series of Cls f a t ty  acid (16). 

Unfortunately,  or for tunate ly  perhaps, parent  
molecules of large size break up and recombine under  
conditions of mass spectrometry. These "c racked  
p roduc t s "  differ for  different parent  molecules and 
in the kind and amount. They do provide a "f inger-  
p r i n t "  for characterization of the parent  molecule. 
Isol0gous unsaturated C~s fa t ty  acids give homologous 
series of lower-molecular-weight fragments,  but these 
do not correspond to the expected rup ture  at the 9,10 
bond position because of a complex cracking and 
reeombining reaction not yet understood (17). 

Nuclear Magnetic Resonance Spectroscopy. This 
has been applied to fa t ty  acid esters by Hopkins et al. 
(18) and, in a prel iminary manner, by W. J. Storey 
of the Southwest l~esearch Inst i tute and J. N. 
Shoolery and ]~oy Johnson of Varian Associates (19). 
Data of these workers and their assignment of bonds 
in methyl linolenate are given in Figure  4. The possi- 
bilities of developing new analytical methods based 
on nuclear magnetic resonance measurements are now 
being explored. 

Location of Double Bonds. This is a problem of 
wide interest and importance in the characterization 
of fa t ty  acids. Much of the experimental data upon 
which our present knowledge of f a t ty  acid structt~re 
is built was based upon the isolation of fragments of 
f a t ty  acids af ter  oxidative cleavage. In retrospect it 
is remarkable that  with only fractional recovery of 
the cleavage mono- and dibasic acids that accurate 
structures were deduced. 

In a recent research project  quantitat ive yields and 
a strict stoiehiometric accounting for all material  are 
required to arrive at a correct conclusion (20). I t  had 
generally been assumed that  substitution of t r i t ium 
for hydrogen occurs in the labelling of organic com- 
pounds by the Wilzbach gas-exposure procedure (21). 
This premise was found to be true for saturated fa t ty  
acids, laurie, myristie, palmitie, and stearic acids all 
successfully labelled (22). However in the labelling 
of unsaturated fa t ty  acids addition, or "hydrogena-  
t ion , "  occurred, not substitution. Methyl oleate 
i rradiated for 18 days with a 5-curie t r i t ium source 
was found to give anomalous results both on gas 
chromatography and on oxidative cleavage (22). By  
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FIG. 5. Gas chromatogram of tritiated methyl oleate. Solid 
line, thermal conductivity; broken line, ion current. 
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the thermal conductivity recording (Figure 5) (24). 
Displacement of mass and radioactivity peaks consti- 
tuted an anomalous and unexpected behavior com- 
pared to the saturated acids. 

After  mixing labelled "me thy l  oleate" with in- 
active oleate and oxidizing with permanganate- 
periodate, 95% of the theoretical increase in acidity 
was observed. In  the liquid-partition chromato- 
graphic separations shown in Figure  6, 94% of the 
theoretical azelaic and 93% of the pelargonic acids 
were recovered. Fur ther  chromatography of the 
monobasic acids (Figure  7) demonstrated that the 
radioactivity associated with this monobas~c was ex- 
clusively radio-chemical stearic acid formed by the 
tritiatiou, or hydrogenation, of oleic acid. This result 
explained the apparent ly  anomalous behavior of 
mass- and radio-chemical curves on gas chromatogra- 
phy (Figure 5). Confidence in this conclusion is 
founded upon the quantitative reaction and recovery 
steps of oxidative cleavage and chromatographic sepa- 
ration us:ed for establishing the positions of the 
double bonds. 

Application of Several Analytical Techniques. 
Comparison of the results concludes this discussion of 
analytical methods. In  the course of s tudying the 
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Fro. 6. Partition chromatogram of mono- and dibasic acids 
from oxidation mixture. Solid llne, titrimetric data; broken 
line, radioactivity. 

placing a continuous-flow ion chamber in the exit 
stream from the gas-chromatographic equipment, a 
radioactive trace was obtained simultaneously with 
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activity. 
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FIG. 8. Countereurrent distribution of cocoa butter glycerides 
with a pentane-hexane, furfural, nitroethanol solvent system. 

glyceride structure of cocoa butter (25) it was de- 
sirable to compare the specific structure of natural  
cocoa butter with that of randomized cocoa butter. 
An analogous problem in drying oil research would 
be a comparison of the glyceride structures of a 
mixture of tung and soybean oils before and after 
interesterification. To cocoa butter glycerides, being 
interesterified to a random structure by the addition 
of sodium methoxide catalyst, were introduced micro- 
curie amounts of tritium-labelled palmitic acid and 
stearic acid 1-C 14 as methyl esters, plus an equivalent 
amount of glycerol. Under conditions of vacuum and 
100~ these labelled esters were interesterified into 
the glycerides of randomized ~cocoa bu t te r . "  On 
countercurrent  distribution of these glyeerides the 
weight curve shown in Figure  8 was obtained: 

Analytical data on fa t ty  acid composition of frac- 
tions were obtained by a) spectro-iodine value 
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determinations,  b) gas chromatography,  and e) dif- 
ferential  counting of t r i t ium and C ~ radioact ivi ty  by 
using a liquid scintillation spectrometer.  A com- 
parison of the results of f a t ty  acid determinat ion by 
these three methods is summarized in F igure  9, 
where spectre-iodine value determinations are plotted 
against gas chromatographic values, and in F igure  10 
where radiochenlieal analyses are plotted against  gas 
chromatographic  values. 

Aside f rom observing the close correlation and low 
error  of these independent  methods, i t  should be re- 
corded that  spectre-iodine values required over a 
month to pe r fo rm;  gas chromatographic  determina- 
tions, weeks; and radiochemieal analyses, only hours. 
Perhaps  more remarkable  is the fac t  that  none of 
these analytical  methods were available to the re- 
search chemist a decade ago. In  the field of l ipid 
research it is hoped these or other unmentioned 
advances in technique will br ing fu ture  advances in 
scientific knowledge of fats, including drying oils. 

R E F E R E N C E S  

1. Lectures  at A.O.C.S. 1955 Short  Course on Analytical  Techniques, 
J. Am. Oil Chemists' Soc., 3g, 575 (1955) .  

2. Dutton, n .  J., and Cannon,  J .  A., ibid., 33, 46 (1956) .  
3. Scholfield, C. R.. Nowakowska,  J an in s ,  and  Dutton, It .  J., sub- 

mitted to J. Am. Oil Ohemists' Soe. 

4. Lipsky, S. R., Haavik ,  A., Hopp.er, C. L., and  McDivitt, R. W., 
J .  Chin. Invest.,  233 (1957) .  

5. Scblenk, H., Gellerman, J .  R., Tillotson, J .  O., and  Mangeld, 
It. K., J. Am. Oil Chemists' Soc,  84, 377 (1957) .  

6. inouye,  Yoshiyuki, Nods, Manjiro,  and  I. i irayama, Osamu, ibid., 
32, 132 (1955) .  

7. Lipsky, S. i~., Landowne,  R. A., and  Lovelock, J. E., Anal. Chem., 
31, 852 (1959) .  

8. Parker ,  W. E., and  Swern,  Daniel, ibid., 84, 43 (1957) .  
9. Jackson,  J. E., Paschke,  R. F., Tolberg, W. E., Boyd, H. M., and  

~Vheeler, D. H., ibid., 29, 229 (1952) .  
1O. Gillam, A. E., and  Stern,  E. S., "Electronic  Absorption Spec- 

t roscopy,"  2nd ed., E d w a r d  Arnold (Publ ishers)  Ltd., London,  1957. 
11. t~usoff, I.  I ,  Plat t ,  J. R., Klevens, H .  B., and  ]Jurr ,  G. 0.,  J .  

Am. Chem. Soc., 67, 673 (1945) .  
12. Lewis, G. N., and  Calvin, M., Chem. Rev., 25, 273 (1939) .  
13. Wheeler, D. ~I., "P rogres s  in the Chemistry of Fa t s  a n d  Other 

Lipids ,"  vol. 2, p. 268-291 ,  " I n f r a r e d  Absorption Spectroscopy in 
Fats  and  0i ls ,"  P e r g a m o n  Press  Ltd.,  London,  1954. 

148. I~Iolman, I~. T., and  Edmondson,  P.  1~., Anal. Chem., ~8, 1533 
(1956) .  

14b. Holman,  R. T., Nickell, E. C., and  Privet t ,  0 .  S., J .  Am. Oil 
Chemists' Soc., 35, 422 (1958) .  

15. Gohlke, R. S., paper  read  a t  P i t t sburgh  Conference on Analyti-  
cal Chemistry and  Appli6d Spectroscopy, March 1958. 

16. Ryhage,  R., Arkiv  Kemi, 13, 475 (1959) .  
17. Stenhagen, E., pr ivate  discussion. 
18. Hopkins,  C. u and  Bel-nstein, H. J., Can. J. Chem., 37, 775 

(1954) .  
19. Storey, W. J., Shoolery, J. N., and  Johnson, R., pr ivate  com- 

munieat i6n.  
20. Jones, E. P.,  and  Stolp, J. A., J .  Am. Oil Chemists'  Soe., 85, 71 

(1958) .  
21. Wilzbach, I(. E., J. Am. Chem. Soc., 79, 1013 (1957) .  
22. ~yst rom,  1~. F., Mason, L. ill., Jones, E. P., a n d  Dutton,  H.  J., 

J. Am. 0i l  Chemists' Soc., 86, 212 (1959) .  
23. Dutton,  I . i . J . ,  Jones, E. P., Mason, L. H., and  Nystrom, 1~. F., 

Chem. and  Ind.  (London) ,  1176 (1958) .  
24. Mason, L. H., Bair ,  L., and  Dutton, ~I. J., J. Chromatog ,  232 

(1959) .  
25. Seholfi~ld, C. R., and  Dutton,  ]5. J., J. Am. Oil Chemists'  Soc. 

(to be submit ted) .  

Dehydrated Castor Oil 
DON S. BOLLEY, The Baker Castor Oil Company, Bayonne, New Jersey 

D 
E[IYDRATED castor oil is a synthetic dry ing  oil 

p repared  f rom castor oil, a nondrying,  na tura l  
vegetable oil. Since the availabil i ty and cost of 

dehydrated castor oil depends on castor oil, a short 
summary  of its source, use, and composition seems 
appropr ia te .  

Castor 0i l  

The castor p lant  grows widely in the t ropical  and 
near-tropical  regions of the world as a perennial  and 

is cult ivated in the tenlperate zones as an annual.  
About one billion pounds of beans per  year  are 
processed, which yield about 500 million pounds of 
oil. The pr incipal  producing-areas are in Brazil  and 
India.  About 125 million pounds of castor oil were 
used in the United States dur ing 1958. 

One hundred years ago castor oil was obtained f rom 
castor beans grown in the United States. At  the 
beginning of the 20th century increasing quantit ies 


