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dition to dilinoleic and trilinoleic acids. Further-
more, the polymeric fat acid esters had acid numbers
ranging from 2 to 32, and the free fatty acids would
be expected to deactivate the catalysts used.

The esters of dilinoleic acid, except for the g-chlor-
allyl ester, were relatively pure substances, as shown
by their saponification numbers and negligible acid
values (below 2). Nevertheless, it is probable that,
since purification was not accomplished, their rate of
polymerization was decreased by the presence of uni-
dentified impurities. In their study of the polymeriza-
tion of styrene, Thompson and Burk (18) showed that
even as little as 0.2% of an added substance produced
a marked inhibiting effect.

It is probable-that substantial improvement in the
properties of both esters and polymers could be
achieved if satisfactory methods of purification were
found. Solvent extraction is being considered for this
purpose.

Another factor which was believed to be partly
responsible for the failure of the esters to polymerize
readily is that the fat acid portions of the esters also
contain unsaturation. If it participates in the poly-
merization, this unsaturation might interfere with
smooth polymerization through the allyl groups. As a
check on this, allyl ester of tetrahydrodilinoleic acid
(5) was prepared, but it failed to show any superior-
ity or inferiority in polymerization.

Utilization Studies. When the fusible polymers
isolated by extraction were converted to the infusible
form, the products appeared too weak to be of value
as plastices, films, ete. However, if the fusible form
was mixed with a catalyst and a filler, such as ‘‘Kal-
van,’’ and molded under heat and pressure, dises that
were quite hard and strong could be obtained. In-
spection of broken specimens showed a laminar strue-
ture, which caused the dises to fracture at right angles
to the direction of the molding pressure. It is believed
that a suitable choice of filler, catalyst, and molding
conditions would produce a more nearly isotropic
molded product. These factors were not investigated.

Suggested Uses for Polymers

The properties of these polymers suggest possible
uses as modifiers and softening agents in the produe-
tion of various other polymers, as tackiflers and sof-
tening agents for elastomers, and as components of
surface coatings for special purposes. None of these
possibilities were investigated.

Summary

1. Allyl, B-methallyl, and B-chlorallyl esters have
been prepared from polymeric soybean fat acids by
direct esterification and from dilinoleic acid by trans-
esterification of methyl dilinoleate.

2. The method of polymerizing the esters and the
properties of the polymers are described.
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Spectrophotometric Analysis of Alkali-Isomerized
Synthetic Glycerides’

A. R. BALDWIN ? and B. F. DAUBERT
Department of Chemistry, University of Pittsburgh

HE application of the spectrophotometric method

for the quantitative determination of linoleic and
linolenic acids in fats and oils has been suggested

by several investigators. Burr and Miller (1) found
Moore’s (2) reaction could be made reproducible with
oils and thus an empirical quantitative measure of lin-
oleic and linolenic acids could be obtained. These in-
vestigators subjected cottonseed, corn, almond, peanut,
sunflower, castor, and olive oil to alkali isomerization
and on the data obtained from spectral curves caleu-
lated the linoleic content of each oil. Similar analyses
by Bradley and Richardson (3), Mitchell, Kraybill,
and Zscheile (4), and Barnes, Rusoff, Miller, and Burr
The generous assistance of the Buhl Foundation and the Nutrition
Foundation, Inc. i acknowledged; Contribution No. 559 from the De-
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(5) have yielded data to support the fact that the
quantitative estimation of the linoleic acid and lino-
lenic acid content of fats can be placed on a satisfac-
tory basis by spectrophotometric methods. Mitchell,
Kraybill, and Zscheile (4) particularly, have shown
that the percentages of linoleic and linolenic acids in
soybean and linseed oils, calculated from spectral
curves of the isomerized oils, were in good agreement
with the percentages as obtained by the Kaufmann
method on the mixed acids. This agreement between
spectrophotometric and the Kaufmann methods is
obtained only if empirical thiocyanogen values are
used. Mitchell, et al. (4) have indicated that the
amounts of linoleie, linolenie, oleic, and saturated
acids may be determined in an oil simply and accu-
rately when the iodine value of the oil is known, par-
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ticularly when other acids of two or more double
bonds are not present.

Since several synthetic glycerides containing linoleic
and linolenic acids were available in our laboratory,
in a high degree of purity as determined by chemical
methods, they were subjected to alkali isomerization.
The percentages of the unsaturated acids in the glye-
erides calculated from the extinction coefficient at 234
mpu and 270 my support the conclusion of others that
the amounts of these acids can be determined by spec-
trophotometric analysis with a reasonable degree of
accuracy.

All of the synthetie glycerides were examined, be-
fore alkali isomerization, for preformed conjugation
of two and three double bonds by measuring the ab-
sorption of the glycerides in iso-octane solution. The
linoleic and linolenic acids which were used as the
starting materials in the syntheses were prepared by
debromination of the corresponding bromostearic
acids in ether solution. This procedure has been re-
ported (6) to cause increased conjugation of double
bonds. The actual amounts of conjugated diene and
triene material in our acids prepared by this method
were relatively small and were somewhat lower than
reported by Brode, et al. (6). It may be apropos,
however, to point out that when either fatty acid is
heated in the presence of air during the removal of
ether following debromination or at any subsequent
time, the conjugation increases materially. In general,
our experience has indicated that manipulation of
glycerides containing these unsaturated acids in the
presence of air tends to increase the conjugated double
bond material. Tt has been found that although the
preparation and purification of simple and mixed tri-
glycerides containing linoleic and linolenic acids re-
sulted in increased conjugation, the amount was small
and may be considered almost insignificant. The pre-
formed conjugation in the glycerides containing only
linolenic acid amounted to less than 1% diene and
0.15% triene as maximum values. In the simple and
mixed triglycerides containing linoleic acid the per-
centage of diene conjugation was less than 1.5% and
that for triene conjugation less than 0.2%. Complete
spectrophotometric data on the preformed conjugation
in these and other synthetic glycerides have been re-
ported in previous publications (7, 8).

Experimental

Preparation of Synthetic Glycerides. The linoleic
acid and linolenic acid were prepared from tetra-
bromostearic acid (m.p. 115°) and hexabromostearic
acid (m.p. 186°), respectively, by the method of
Frankel and Brown (9).

The fatty acid chlorides and the synthetic glycer-
ides were prepared by methods described in previous
publications (10, 7, 8). The methyl linoleate and
methyl linolenate used as standards were prepared
from the same debromination acids as the fatty acid
chlorides and synthetic glycerides. The highly puri-
fied glycerides after preparation were vacuum sealed
in pyrex tubes and stored at —30°.

Spectrophotometric Analysis for Preformed Conju-
gation. Approximately 0.1 g. of glyceride was dis-
solved in iso-octane and proper dilutions made to
obtain appropriate density readings in the Beckman
Spectrophotometer.

As indicated in the introduction, the amount of
preformed diene and triene conjugation was small and
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F1g. 1. Absorption curves of alkali isomerized glycerides,
1-monolinolein, — — ——— trilinolein.

therefore was not considered in the final calculations
of the alkali isomerized products.

Alkali Isomerization of the Synthetic Glycerides.
Isomerization of approximately 0.1 g. samples was
carried out by a modification (11) -of the method of
Mitchell, Kraybill and Zscheile (4).

Ei‘f’m values were calculated by the relationship,

d . . . .
Bi% = L where d is the optical density, ¢ is the

1 cm.

concentration (gm./100 ce.) of fat in the dilution
measured, and 1 is the length of the absorption cell in
centimeters. All optical density measurements were
made in the Beckman Spectrophotometer.

The Ei‘f’m‘ values for the isomerized purified methyl

esters were lower than those calculated from the stand-
ard acid values of Mitchell, Kraybill, and Zscheile (4).
The average E7 value for isomerized methyl lino-
leate was 802 at 234 mu and for methyl linolenate
529 at 234 mp and 453 at 270 mu. Because we have
consistently obtained these values by the method of
isomerization used, we feel justified in using them as

standard E}%  values for caleulation of the linoleic

acid and linolenic acid present in the glycerides in
preference to those of Mitchell, et al.

Discussion

N Table I are listed the E}o/c"m values obtained from

optical density measurements at 234 mu for methyl
linoleate, 1-monoliuolein, trilinolein, and 1-linoleyl-2,3-
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dipalmitin. Typical absorption curves for 1-monolino-
lein and trilinolein are shown in Figure 1. It will be
observed in the curves that the absorption peaks at
270 my, indicate the presence of conjugated triene ma-
terial. Since little or no absorption at this wavelength
was evident for .the original isomerized methyl lino-
leate, this absorption at 270 mg represents an increase
over and above that observed as preformed conjugated
triene. This increase was evident for all the glycerides
containing linoleie acid that were subjected to alkali
isomerization. Because of the absence of conjugated
triene in the original methyl ester and the small per-
centage of preformed conjugation in the unisomerized
glycerides, no correction at 234 mp was made for the
absorption at 270 mu. The E]%  values given in Table
I are those calculated from the optical density meas-
urements at 234 mp. Since we are not prepared at this
time to offer an explanation for the apparent increase
in triene absorption at 270 mu, a correction for the
absorption at 234 my is, in our opinion, unjustifiable.
In any ecase, the corrections are small and would have
little effect on the final E]% values at 234 my.

TABLE I
. 10
Experimental and Calculated Elc:n. Values at 234 mp for Alkali
Isomerized Synthetic Glycerides of Linoleic Acid.

o 1%
lem.

Found Caleulated

Methyl Lincleate 802 | ...
1-Monolinolein.. 663 666
Trilinolein..... 797 805
t-Linoleyl-2,3-dipalmitin 275 284

The calculated and found percentages for the lino-
leic content of the glycerides calculated as methyl
linoleate are listed in Table II. It may be seen that a
comparison of the found and calculated percentages
indicate very good agreement.

TABLE 1I

Porcentages of Linoleic and Linolenic Acids Calculated as the
Methyl Esters in the Synthetic Glycerides.

Found | Caleulated
1-Monolinolein., 82.7 83.0
Trilinolein...... 99.4 100.4
1-Linoleyl-2,3-dip 34.3 35.4
1-Monolinolenin...... 80.1 82.9
Trilinolenin* 94.7 100.5

*The trilinolenin which was subjected to alkali isomerization was
stored at —30° in vacuum. FEven with these precautions, the triglyc-
eride developed a slight yellow color. This may in part account for the
difference in the found and calculated values. Iodine value (Wijs) of
the freshly prepared trilinolenin was 261.4 (theory 261.6).

Typical absorption curves for 1-monolinolenin and
trilinolenin are shown in Figure 2, and in Table III
are given the Ei‘f’m values at 234 and 270 mp. In the
curves in Figure 2 it may be observed that inflection
points present at 301 mu and the absorption peak at
316 mu represent conjugated tetraene material. The
found percentages of linolenic acid, as methyl lino-
lenate, in the glycerides and those calculated from the
Ei‘fm values (Table TIT) are listed in Table IT. Al-

though the calculated and found percentages are not
in as good agreement as expected from the high de-
gree of purity of the compounds as indicated by
chemical methods, the results are adeguate, particu-
larly when the susceptibility of these glycerides to
chemical change during manipulation is taken into
consideration.
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Fig. 2. Absorption curves of alkali isomerized glycerides,
————— 1-monolinolenin, trilinolenin.

TABLE IIIL

Experimental and Calculated E;Z‘; Values at 234 and 270 mu for
Alkali Isomerized Synthetic Glycerides of Linolenic Acid.

1% 19
]i‘.‘l cm. El cm,
234 mu 270 mu
Calen Calcu-

Found lated Found [ lated

Methy! Linolenate 529 453 | ..
1-Monolinolenin 447 439 363 376
Trilinolenin......... 537 532 429 455

It seems, therefore, that the estimation of the lino-
leic and linolenic acid content of glycerides can be
placed on a quantitative spectrophotometric basis, and
the method should be adaptable to oils and fats con-
taining glycerides of these acids.

Summary

Spectrophotometric data for several synthetic
glycerides containing linoleie and linolenic acids are
reporied.
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