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21°-100°C. and 0°-100°C. probably included a small
amount of energy due to a modification in the solid
state, this is not necessarily so. For example, their
temperatures were inecreased so rapidly to 100°C.
(only two or three minutes), they may not have been
converted to the alpha or beta form. Going on this
assumption and also that the stearines were originally
in the gamma form, the latent heat of fusion of cot-
tonseed stearines agrees remarkably well with the
44.2 calories per gram value reported by Rao and
Jatkar for the crystallization heat of tristearine in
the gamma form,

Attention should be called to the agreement be-
tween the latent heat of fusion values for the different
stearines in the range 21°-100°C. and 0°-100°C. This
agreement is of especial interest when it is considered
that detailed calculations were necessary to arrive at
these results. It is also of interest to observe that the
specific heats of the liquid oils and the completely
solid stearines, as well as the latent heat of fusion,
are a little more than one-half that of the correspond-
ing states of water,

Summary

The specific heats of several vegetable oils have
been determined by a more exact procedure than
those which seem to have been used heretofore. Val-
ues slightly higher than the literature figures were
obtained, that is, an average value of 0.53 was deter-
mined as compared to reported results of 0.50. The
specific heat of cottonseed oil with respeet to tem-
perature increases slightly with elevating tempera-

tures. The specific heats at different temperatures
were not determined on the other oils, but likewise,
these probably show no significant variation in spe-
cific heat with respect to temperature in the range
21° to 100°C.

The speeific heats of completely solid vegetable fats
are believed to be reported for the first time, These
values are about the same for such different stocks as
completely hardened palm and sunflower oils, and
their values are approximately one-half that of the
liquid, that is, 0.28 as ecompared to 0.53.

The latent heats of fusion of a number of fats have
also been determined by what is thought to be a
satisfactory procedure. Theoretical aspects and em-
pirical results are given to show that the latent heat
of fusion varies with the temperature when two
phases are present, and that for this reason, any
references to the latent heat of fusion should be
accompanied by temperature limitations. This is not
so important, however, when the specimen is com-
pletely solid at the temperature in question.

The data and graphs presented show the general
variation in latent heat of hardened cottonseed oil
at one temperature with respeect to iodine value.
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Introduction

During research on the chemical modification of
animal fats and oils, it was desirable to have readily
available large quantities of oleic acid, methyl oleate,
and oleyl aleohol of a relatively high degree of purity
(90% or higher). None of the commercial samples
examined eontained more than 75% of the oleiec con-
stituent. As a rule, the oleic content was between 60
and 70%. It was impossible to purchase pure materi-
als, and in the case of oleic acid high-prieed prepara-
tions labelled to indicate a high degree of purity in-
variably contained high percentages of linoleie and
saturated acids. For many commercial uses of these
materials a high degree of purity was not essential,
but it was felt that if purified products were available
commercially new uses would develop.

The impurities present usually made reaction prod-
uets more difficult to purify and necessitated handling

1This paper was presented at the meeting of the American Oil Chem-
ists Society, held in Chicago, on October 7, 1943,

considerably more material for a smaller return of the
desired produet. Also, in many reactions the impuri-
ties were so altered that it was not possible to isolate
any useful produets from this portion of the starting
material except with great difficulty. This was par-
ticularly true of the linoleic constituent, which in
many reactions behaves essentially the same as the
oleic constituent. As a result larger quantities of re-
agents were required to react with the impure starting
materials in order to insure complete utilization of
the oleic constituent, thereby increasing the cost of
any reaction.

Laboratory procedures for the preparation of highly
purified (96-100%) oleic acid (1) (6), methyl oleate
(9), and oleyl aleohol (2) (4) are fairly well known,
but these procedures are lengthy and tedious and
often result in low yields. Low-temperature erystal-
lization methods have been employed to prepare pure
oleic acid and methyl oleate, but as far as we can as-
certain, purified oleyl aleohol, other than its possible
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CHART I
SUMMARY OF PURIFICATION OF RED OIL BY PROCEDURE I

Red Oil, I. No. 90.1; SCN No. 73.0

1100 Grams = 62.2% Ol, 18.9% Lin., 18.9% Sat.
I

Fraectional Distillation

Lower Fraction, I. No. 59.0; SCN No. 49.7
226 Grams == 45.0% Ol,, 10.3% Lin., 44.7% Sat.

|
C-18 Fraction, I. No. 100.0; SCN No. 82.9
766 Grams = 73.3% Ol,, 18.9% Lin., 7.8% Bat.

Crystallization from
Acetone, —20° C,

i

| 1

P-1 Saturated Fraction, I. No. 38.6; SCN No. 34.3 F.1
17 Grams == 33.4% Ol,, 4.5% Lin., 62.1% Sat.
Crystanizationlfrom
Acetone, —50° C.

1 |

P2 Oleic Acid, I. No. 88.8; SCN No, 86.1 Linoleic Fraction, I. No, 128.1; SCN No, 79.6 P2
i 511 Grams = 92.8% OL, 3.0% Lin., 4.2% Sat. 225 Grams = 34.6% Ol 53.6% Lin,, 11.8% Sat. }

Fractional Distillation
Optional Continuation for
Specially Purified Materia

Oleie Acid, I. No. 90.0; SCN No. 87.6
420 Grams = 94.8% OL, 2.7% Lin., 2.5% Sat.

isolation from natural sources, has been prepared only
by the reduction of purified esters of oleic acid. In
most of the procedures deseribed in the literature, the
parent material is olive oil. This oil has a high oleic
content, but for the commercial production of oleie
acid, methyl oleate, and oleyl aleohol, olive oil is not
the most satisfactory starting material because it is
fairly expensive, and, at present, difficult to obtain.
There is little doubt that if purified oleic aeid, methyl
oleate, and oleyl aleohol were available commercially
at a comparatively low price, the organie chemist
would be able to produce many industrially valuable
derivatives from these substances. In addition, these
purified materials should find increased utility where
good color stability and lack of color and odor are
advantageous. Examples of such uses ineclude phar-
maceutieal preparations and cosmeties.

The present investigation was undertaken for the
purpose of preparing oleic acid, methyl oleate, and
oleyl aleohol of high purity (above 90%) in good
vields from inexpensive and readily available com-
mercial materials by a relatively simple proecedure.
This was accomplished by fraetional distillation and
a single low-temperature fractional erystallization.

Experimental

Starting Materials: The commercial oleic acid em-
ployed was a typical sample of red oil. The methyl
oleate employed was prepared from the red oil by a
standard esterification method using a large excess of
anhydrous methanol and a small quantity of concen-
trated sulfuric acid as a catalyst. The methyl oleate
was not distilled prior to its use in the fractionation
procedure described below but was used directly as

obtained. The oleyl aleohol was of commercial origin.
Thiocyanogen numbers were determined using 0.IN
thiocyanogen solution and a three-hour reaction time
(7) (8). Theoretical values for thiocyanogen and
iodine numbers were used in calculating the composi-
tion of the starting materials and the purified
products.?

Purification Processes: Two lines of approach were
tried. In procedure I the starting material was first
fractionally distilled to obtain a fraection which con-
sisted almost entirely of C-18 compounds.. This fraec-
tion was then fractionally ecrystallized once from
acetone at low temperatures. In procedure II the
starting material was first fractionally crystallized,
and the oleiec fraction thus obtained was fractionally
distilled.

Procedure I: The starting materials invariably
contained fractions both below and above C-18 in
chain length. These were substantially removed by
one fractional distillation through a Vigreaux column
3 feet long and 1 inch in diameter (approximately 5
theoretical plates), electrically heated, and insulated
with magnesia pipe covering to reduce heat loss. A
still head with automatie control of reflux ratio was
employed. A reflux ratio of about 4:1 was employed
during fractionation. Eleven hundred grams of ma-
terial were usually distilled in each run at a pressure
of about 1 to 2 mm. It was possible to fraetionate

2 Formulas employed for calculating composition do not yield abso-
lutely correct values when applied to crude starting materials, since they
are based on the assumptions that the starting materials contain no
unsaturated substances below or above C-18 in chain length and econ-
tain no unsaturated substances with more than two double bonds., The
error introduced by these assumptions is not large, and is negligible
when the formulas are applied to fractionally distilled or crystallized
oleic fractions.
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1100 grams in an average working day. The lower
fractions from red oil and commercial oleyl aleohol
were solids at room temperature. In no case was the
distillation residue more than 5% of the total starting
material.

The low-temperature erystallizations and filtrations
were conducted in a2 room at ordinary temperature.
The erystallizations were carried out in a 3%%-gallon
Pyrex glass bottle equipped with an efficient mechani-
cal stirrer and a thermometer. The bottle was placed
in a 6-gallon stoneware crock, which in turn was in
a wooden box. The free space between the crock and
the box was filled with powdered 85% magnesia pipe-
covering compound {average thickness of insulation,
about %4 ineh). The actual cooling of the erystallizing
solution was effected by surrounding the bottle with
an acetone-dry ice bath. This cooled the crystallizing
solution to —70° C., if necessary, in a short time. The
direct addition of dry ice to the erystallizing solution
was not satisfactory because of possible eontamination
from the impurities in the dry ice.

All filtrations were carried out in a 10-inch Buchner
funnel which was jacketed by a galvanized iron pail
wrapped with several thicknesses of asbestos eloth.
The funnel was supported by a tight-fitting rubber
stopper inserted through a hole in the bottom of the
pail. An additional rubber stopper was attached to
the protruding stem of the funnel for insertion into
the filter flask. In this way it was possible to surround
the funnel with acetone-dry ice mixture at any tem-
perature down to —70° C. The liquid surrounding
the funnel was maintained at the temperature at
which it was desired to carry out any particular
filtration.

Inasmuch as the erystallization technique was the
same for the preparation of oleic acid, methyl oleate,
and oleyl aleohol, only the procedure employed with
oleic acid will be deseribed in detail. Sinee different
temperatures were required for each substance, how-
ever, when temperatures of erystallization are given,
the eorresponding temperatures required for methyl
oleate and oleyl aleohol will be shown in parentheses.

Six hundred grams of the C-18 fraction obtained in
the fractional distillation of red oil (methyl esters of
red oil or commercial oleyl aleohol) were dissolved in
6 liters of acetone, and the solution was cooled to
~—20° C. (methyl oleate, —37° C.; oleyl alcohol,
—10° C.), with stirring. The stirring was just rapid
enough to keep any material from adhering to the
sides of the bottle. The mixture was maintained at
this temperature for one hour, with stirring, and then
filtered through the jacketed funnel, which had been
pre-cooled to the proper temperature. The solid ma-
terial removed consisted mainly of stearic acid
(methyl stearate or octadecyl aleohol). The filtrate
was diluted with 3 liters of acetone and cooled to
—-50° C. (methyl oleate, —60° C.; oleyl alcohol,
--45° C.), with stirring. After being maintained at
this temperature for about one hour, the mixture was
filtered through the jacketed funnel, which had been
pre-cooled to the appropriate temperature. In gen-
eral, all filtrations were very rapid. The white, erys-
talline cake of oleiec acid {methyl oleate or oleyl aleo-
hol) was sucked and pressed as dry as possible and
then washed on the funnel with 1400 ce. of acetone
cooled to —70° (. The crystal cake was well mixed
with the wash liquid and then sucked and pressed as
dry as possible. The oleic acid (methyl oleate or oleyl

CHART 11

Red Gil Methyl Esters, L. No. 87.2; SCN No. 70.7 |

Fractional Distillation

]
Lower Fraction, I, No. 48.0; SCN No, 42.5
215 Grams = 43.2% O, 6.4% Lin., 50.4% Sat.

—

C-18 Fraction, I. No. 94.9; SCN No. 80.0
790 Grams == 76.1% Ol.,-17.3% Lin., 6.6%

Crystallization from
Acet{me, —37° C.

T 1
Pl Saturated Fraction, I. No. 325 SCN No. 24.8 1
Crysta)liza!:ion from
Acetone, '——»60" C.

I 1

P2 Methyl Oleate, I. No, 84.4; SCN No, 83.1 Linoleiec Fraction, I. No. 110.7; SCN No, 78.6 -
482 Grams = 95.7% Ol., 1.5% Lin., 2.8% Sat. A 2
1

Fractional Distillation
Optional Continuation for
pecially Purified Material
}

Methyl Oleate, I. No. 84.3; SCN No, 83.5
412 Grams = 96.8% Ol., 0.9% Lin., 2.3% Sat.
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aleohol) was then eut out of the funnel, and the oc-
cluded acetone was recovered by distillation. The
filtrate and washings (linoleic fraction) contained the
bulk of the linoleic acid (methyl linoleate or linoleyl
aleohol) present in the C-18 distillation fraction,

This combination of fractional distillation and a
single low-temperature fractional erystallization con-
stituted proecedure I (two-stage proecess). It was ree-
ognized, however, that it was not possible to remove
all the fractions below and above C-18 in one distilla-
tion. In some cases, therefore, the main oleic fractions
were submitted to an additional fractional distillation
after the low-temperature erystallization. The in-
erease in purity of the final produet by this step, how-
ever, was not sufficient to compensate for the time
spent and the reduction in yield. The progress of the
purifications by procedure I is illustrated in charts
I, II, and I11.2 The re-fractionation step is added for
completeness only.

Procedure II: The starting material was first frac-
tionally erystallized, and the oleie fraction thus ob-
tained was fractionally distilled. Crystallizations and
distillations were carried out as previously desecribed.
It was not possible to erystallize satisfactorily the
crude methyl oleate without a prior fraetional distil-
lation. Red oil did not crystallize and filter as well as
the distilled material, and it was necessary to remove
saturated acids at —25° C. and oleie acid at —60° C.
The crystallization of ecommereial oleyl aleohol offered
no difficulties. The progress of the purifications by
procedure II is illustrated in charts IV and V. Al-
though only 600 grams were crystallized at any one

¥ The abbreviations Ol., Lin, and Sat. stand for oleic, linoleic, and
saturates, respectively. P and F stand for precipitate and filtrate.
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time, for purposes of comparison with the results ob-
tained by procedure I, yields were recalculated on an
1100-gram basis.

Properties of the starting materials and final prod-
uets not shown in the charts are given in Table I.
Yields are based on the guantity of oleie constituent
in the final produet, as compared with the quantity
in 1100 grams of the starting material. Yields re-
ported for purifications by procedure I are based on
the two-stage process for comparison with procedure
1I and do not include the final re-fractionation.

Discussion

The data presented in this report indicate that the
large-seale industrial preparation of purified oleic
acid, methyl oleate, and oleyl alcohol from readily
available commereial sources of these materials should
be easy to carry out. In fact, the procedures deseribed
parallel the purification of many common and readily
available organic compounds. There is little doubt
that, in general, oleic acid, methyl oleate, and oleyl
alechol having a purity of 93 to 96% are emi-
nently suitable for commercial application in organic
synthesis.

Procedure 1 is more satisfactory for large-seale uti-
lization than procedure II. Most important, this
method gave the higher yields. Also, by distilling the
commercial material at the start, a concentrate of
substanees below C-18 in chain length, originally pres-
ent in the starting material, was easily obtained. This
forerun amounted to about 20%, by weight, of the
starting material. In the oleiec acid and methyl oleate
purifications, this lower boiling fraetion may be a
source of fatty acids suitable for soap manufaeture

CHART III
SUMMARY OF PURIFICATION OF COMMERCIAL OLEYL ALCOHOL BY PROCEDURE I

Commercial Oleyl Aleohol, T. No. 95.9; SCN No. 81.5 |
1100 Grams = 70.9% OL, 15.1% Lin., 14.0% Sat.

Fractional Distillation

Tower Fraction, 1. No, 66.6; SCN No. 61.5
135 Grame = 59.6% Ol., 5.2% Lin., 35.2% Sat.

[

|
C-18 Fraction, I. No. 95.0; SCN No. 85.2
827 Grams = 79.8% OL., 10.3% Lin., 9.9% Sat.
I
Crystallization from
Acetone, —10° C.

Baturated Fraction, I. No. 10,3; SCN No. 9.2

]

F-1

F-2

Pl | 44 Grams = 8.6% 01, 1.2% Lin., 90.2% Sat.
Crystallizatign from
Acetone, —45° O,
Oleyl Aleohol, T. No. 89.6; SCN No. 90.0 Linoleie Fraction, I, No. 124.5; SCN No. 87.6
P2 588 Grams = 95.0% Ol., 0% Lin., 5.0% Sat. 191 Grams == 53.6% Ol., 38.7% Lin., 7.7% Sat.

i
( Fractional Distillation

Optional Continuation for
Specially Purified Material
|

Oleyl Alcohol, 1. No. 91.5; S8CN No, 91.9
450 Grams = 97.7% O\, 0% Lin., 2.3% Sat.
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CHART IV
SUMMARY OF PURIFICATION OF RED OIL BY PROCEDURE II

Red 0il, 1. No. 90.1; SCN No, 73.0
1100 Grams = 62.2% Ol,, 18.9% Lin., 18,9% Sat.

Crystallization from
Acetone, —25° C,

] ]

P1 Saturated Fraetion, I. No, 32.1; SCN No. 26.8 F-1
- 118 Grams = 23.9% OL, 5.9% Lin., 70.2% Sat. )
Crystallization from
Acetone, —860° C.
: |
P2 Oleic Acid, 1. No, 84.3; SCN No. 81.1 Linoleic Fraetion, I, No, 115.5; SCN No. 75.3
571 Grams = 86.8% OL, 3.5% Lin., 9.7% Sat. 390 Grams == 39.0% Ol, 44.4% Lin., 16.6% Saf. F2

Fractional Distillation

r
Lower Fraction, I. No. 45.1; SCN No. 42.7
59 Grams = 44.9% OL., 2.7% Lin., 52.4% Sat.

(see charts I and IT). When proeedure II was em-
ployed with red oil, on erystallization these lower
fractions were distributed in the saturated fraection,
the oleie fraction, and the linoleic fraction and were,
therefore, more difficult to isolate completely. In ad-
dition, by distilling first, the C-18 distillation fraetion
was enriched in oleic eonstituent, thereby permitting
the erystallization of more oleic constituent per total
weight of material than if the crude substance were
crystallized. This also reduced the quantity of solvent
to be handled and recovered per pound of purified
oleic constituent produced. Also, the crystallization
of distilled materials usually produced a erystalline
oleic fraction easier to filter, wash, and press dry than
the erude materials erystallized directly, ¥rom an in-
dustrial standpoint this is important, since there
would be no need for the washings employed in the
laboratory if the mother liquor could be satisfactorily
removed from the erystal ecake by pressing.

When the saturated and oleic constituents were re-
moved from the C-18 distillation fraction by erystal-
lization (procedure 1), the filtrate obtained was richer
in the linoleic constituent than the final filtrate ob-
tained in procedure IT (compare charts I and IV). For
example, in the crystallization of the C-18 distillation
fraction from red oil, the product obtained from the
final filtrate consisted of about 54% linoleic acid, 34%
oleic acid, and 12% saturated acids. This fraction,
which represented about 20%, by weight, of the total
starting material had approximately the same percent-
age composition of fatty acids as several important
semi-drying oils, and should be very valuable. For
example, it has been shown recently that polymerized
vegetable oil acids, such as soybean oil acids or their
derivatives, from which the monomeric acids have
been substantially removed, may be reacted with
polyhydric aleohols to produce rubberlike polymers
(3). Also, fatty acid mixtures containing 50 to 55%
linoleic acid may be used in the manufacture of alkyd
resins. The utilization of this fraction, as well as the

|
Oleic Acid, I. No. 88.6; SCN No. 86.4
476 Grams == 93.7% Ol., 2.4% Lin., 3.9% $at.

distillation forerun, should go a long way toward
placing a process of this type (procedure I) on a com-
mereial basis and should serve to reduce the cost of
the purified oleic acid. It should be possible by addi-
tional erystallizations from acetone or other suitable
solvent to increase considerably the linoleie acid con-
tent of this fraction (5). The linoleic fraction from
red oil was light brown ; most of the eolored materials
in the C-18 distillation fraction were concentrated
here. A rapid straight-run distillation removed most
of the color and yielded a pale-yellow product. When
a light-colored commerecial oleic acid was used as the
starting material, a light-colored linoleie acid-rich
fraction was obtained direectly without redistilling.
The advantages of procedure II over procedure I
were that (1) less time was required to prepare the
purified materials (on a laboratory secale) and (2) the
purity of the oleic constituent was usually slightly
higher. The most time-consuming part of the purifi-
cations was the fractional distillation step. When the
starting materials were first crystallized, considerably
less material had to be distilled. Unfortunately, pro-
cedure IT was not as generally applicable as procedure
I, sinee its success was dependent upon the nature of
the starting material, The success of proecedure II re-
quired that the starting material be rich enough in
oleic eontent to yield an oleie fraction which could be
filtered satisfactorily, The percentage content of oleice
constituent required varied for each substance and
also was dependent upon the nature and quantity of
the impurities present, especially the linoleie constitu-
ent. High concentrations of C-18 saturated materials
did not seem to interfere, sinece they could be easily
and effectively removed in the first stage of the erys-
tallization process. For example, in this work the
commerecial oleyl aleohol erystallized and filtered very
well. Another sample of commercial oleyl alechol
(61.83% oleyl aleohol, 9.7% linoleyl aleohol, and 29.0%
saturated aleohols) also erystallized very well, even
though the oleyl aleohol content was low and the per-



138

OIL & SOAP, MAY, 1944

TABLE 1

Properties of Starting Materials and Properties and Yields of Purified Products
(See Charts T to V for Properties Not Shown)

N Acid Number sa'?\?;l;gﬁz;mn Purifi- Final Product
Starting - cation
Material Color ! Pro- . . . X Saponifi-
Found Thear4 Found Theor, cedure Purified Yield ? Melting Color 1 (Acid cation
Material e Point ? Number Number

Red oil 80Y 188.5 19R8.6 190.5 1986 Oleic 69.5 10.2- 0.5Y 197.8 198.5
4R acid 11.6° C. 0.0R

Red oil 80Y 188.5 198.6 190.5 198.6 II Oleic 63.0 9.8- 04Y 198.8 200.5
4R acid 11.6° C. 0.1R

Red oil 20Y 5 2.2 0 188.4 189.2 Methyl 66.3 About 0.1Y 0 189.2

methyl 4R oleate —25° C. 0.0R

esters

Commercial 3Y 0.5 0 2.0 0 Oleyl 71.6 7-8° C. 0.2Y 0 0

oleyl 0.2R alcohol 0.0R

aleohol

Commercial 3Y 0.5 0 2.0 0 11 Oleyl 64.6 7-8° C. 0.2Y 0 0

oleyl 0.2R aleohol 0.0R

alcohol

! Lovibond Tintometer, 1-inch cell. 2 Yields are based on the quantity of oleic constituent in the final product, as compared with the quantity in
11/1”.0 %rau;]s of starting material. 3 Representative samples. 1 Theoretical values are the values for the pure oleic constitutent. 3 Lovibond Tintometer,
4-inch cell.

centage of saturated alcohols was high. The red oil
used in this work was barely satisfactory by procedure
IT, whereas the methyl esters could not be processed
satisfactorily by this procedure. The prior fractional
distillation was very important as far as these two
materials were concerned. In direct ervstallizations
of ecommereial oleic aeid containing 70 to 75% oleic
acid conducted in the past (proeedure II), the filtra-
tions and subsequent operations proceeded just as well
as with fractionally distilled materials, and the yields
were as good as those obtained by procedure I. The
yields were satisfactory because large losses did not
occur on crystallization, as was the case when a red
oil containing 62% oleic acid was employed. An ad-
ditional crystallization of the oleic acid obtained by
both procedures yielded products free from lino-
leic acid, as determined by iodine and thiceyvanogen
numbers,

For certain specific uses, the procedures may be
modified and certain steps eliminated. For example,
when a high degree of purity is less desirable than
freedom from eolor and obnoxious odors, it may not
be necessary to remove the saturated fraction in the
erystallizations, sinee this fraction represents a small
percentage of the total material handled and con-
tributes very little to the color and odor.

Although determinations of thiocyanogen number
have been employed by oil and fat chemists for sev-
eral years, it is well to emphasize that no attempted
evaluation of purity of higher unsaturated fatty
acids, esters, and related compounds can be considered
complete without a thioeyanogen number determina-
tion under controlled conditions. Too frequently arti-
cles still appear in the chemieal literature in which it
is assumed that the fatty materials employed are pure
because the iodine, acid, and saponification numbers

CHART V
SUMMARY OF PURIFICATION OF COMMERCIAL OLEYL ALCOHOL BY PROCEDURE IT

Commereial Oley! Aleohol, 1. No. 95.9; SCN No. 81.5
1100 Grams == 76.9% OL., 15.1% Lin. 14.0% Sat

Crystallization from
Acetone, —10° C.

[ 1
P Saturated Fraction, 1. No. 27.0; SCN No. 22.7 1
) 77 Grams = 29.0% OL., 4.5% Lin., 66.5% Sat,
Crystallization from
Acetone, —45° C.
p.o Oleyl Alcohol, 1. No. 85.9; SCN No. 85.6 Linoleic Fraction, 1. No. 125.9; SCN No. 87.1 Fo
= 688 Grams = 90.3% Ol., 0.3% Lin., 9.4% Sat, 318 Grams = 51,2% OL., 40.7% Lin., 8.1% Sat. =

Fractional Distillation

r
Lower Fraction, I. No. 56.2; 8CX No. 56.2
69 Grams == 59.4% Ol., 0% Lin., 40.6% Sat.

1
Oteyl Alcohol, I. No. 90.1; SCN No. 90.4
525 Grams = 96.0% O\, 0% Lin., 4.0% Sat.
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agree closely with the theoretical values. For example,
it is possible to prepare a mixture consisting entirely
of linoleie acid and stearic acid which would have the
theoretical iodine, acid, and saponification numbers
for pure oleic aeid, whereas actually it would contain
no oléic acid. A thioeyanogen number determination
would immediately reveal the true composition. Tt is
suggested that speeifications for oleie acid and related
materials be amended to include a thioeyanogen num-
ber analysis under controlled conditions.
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Summary

1. Oleie acid, methyl oleate, and oleyl aleohol of
high purity (93 to 96%) were prepared from readily
available and inexpensive eommereial materials in 65
to 70% yields by fractional distillation and a single
low-temperature fractional erystallization.

2, In the fractional distillation of red oil and its
methyl esters, lower fractions amounting to about
20% of the starting material were obtained. These
are suggested for use in soap manufacture.

3. A fraction containing more than 50% linoleie
acid was obtained from the C-18 fraction of red oil
by fractional erystallization. This fraction amounted
to about 20% of the total starting material and had
approximately the same percentage composition of
fatty acids as several important semi-drying oils.
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The Isolation and Determination of Chlorophvylls
A and B in the California Avocado’
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In conjunction with the investigation of the oil
soluble components of the California avocado, the
identification and determination of its green pig-
ments was undertaken. Methods for the isolationm,
purification, and identification of the chlorophylls
have been recently developed (1-6), based largely on
chromatography. However, due to its high oil con-
tent (up to 30%), the avocado presents a more diffi-
cult problem than does ordinary plant tissue. This
oil rapidly inactivates the adsorbents used and thus
prevents the isolation of the chlorophylls in any
appreciable quantities. This diffieulty was overcome
by various modifieations of the chromatographic
method as described below. The quantitative deter-
mination of the echlorophylls was carried out spectro-
photometrically on the erude avocado extract before
decomposition of the very sensitive chlorophylls be-
came appreeciable (7, 8).

Experimental

Two varieties of California avocados were investi-
gated in these experiments, the Fuerte and the Nabal.
In all cases, the edible portion (whole fruit minus
seed and skin) was tested. In the methods to be de-
seribed the reagents used were as follows:

Methyl Alcohol, Absolute, C. P. Baker’s

Caleium Carbonate, C. P, Baker’s

Ether, Absolute, C. P, Baker’s (diethyl)

Anhydrous Sodium Sulfate, Purified Grade

Distilled water saturated with C.P, Caleium Carbonate
used in all eases

Skellysolve F, B.P. 30-60°C.

Skellysolve H, B.P, 70-100°C.

Cellite 545, obtained from John’s Manville S8ales Corp.

* Supported by a grant from Avocado Growers of California.

The Isolation of Chlorophyll from Avocado. All
experiments were carried out in semi-darkness, the
only illumination being that from a 25-watt tungsten
filament lamp which was used in such a manner that
the apparatus could be manipulated, yet would not
receive any direet light.

Approximately 50 grams of ripe avocado (edible
portion) was weighed into the miero cup of the War-
ing Blendor; 0.5 gram of CaCO,, and 100 ml. of
CH,OH were added. The mixture was blended for
approximately 30 seconds. If the avoecado is not prop-
erly ripe this short blending time may mot bring
about a complete breakdown of the tissue. -In this
case the blending time should be increased to as long
as five minutes. Sufficient ice was added directly to
the mixture from time to time to keep the tempera-
ture at all times below 20°C,

To the completely broken down avocado mixture
was added 15 grams of Celite 545, and 50 ml. of
CH,OH. This was mixed by blending for from 10 to
20 seconds and then filtered through rapid flowing
qualitative filter paper on a buchner funnel with
vacuum. The filter cake was removed from the fun-
nel, separated from the filter paper and placed again
in the blendor eup. The filter paper was placed in the
buchner funnel for the next extraction.

One hundred ml. of CH,OH and 50 ml. of skelly-
solve F' were added to the cup, the mixture blended
for 30 seconds, filtered as before, and the filter cake

placed again in the blendor eup. These extractions

were continued until the last extract came through
the filter colorless. Usually a total of five extractions
was sufficient.



