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HE identity of the peroxides that form during

the autoxidation of fatty esters has long been the

subject of intensive investigation. Farmer and
Sutton (1), by means of continuous molecular distil-
lation, succeeded in isolating a peroxide from a sam-
ple of autoxidized methyl oleate. They found that
their peroxide fraction consisted mostly of the unsat-
urated monohydroperoxide, a small amount of the
dihydroperoxide, together with some peroxide decom-
position product. The study of autoxidation perox-
idic products would be facilitated were an analytical
method available for the identification and quantita-
tive estimation of the peroxides, applicable to autoxi-
dation mixtures without the necessity of preliminary
separations.

Lewis and Quackenbush (2) found that autoxidized
methyl linoleate and autoxidized lard dissolved in a
nonaqueous electrolytic solution produced well-de-
fined polarographic reduction waves. They suspected
that these waves were due to the peroxides present in
the autoxidized samples because the polarographic
wave heights were proportional to the respective
chemical peroxide values. They did not however
identify the peroxidic compounds responsible for
these waves.

The present authors have developed a polaro-
graphic method which is not only gqualitative but also
18 quantitative for the determination of peroxides and
hydroperoxides. This method provides a means for
the direct measurement of these substances in autoxi-
dation mixtures (7). Their polarographic method not
only distinguishes between peroxides and hydroper-
oxides, but the polarographic waves of these com-
pounds in autoxidation mixtures are directly propor-
tional to concentration. The precision of the polaro-
graphic method for measuring hydroperoxides has re-
cently been established by a statistical comparison of
the results obtained by this method with those of two
chemical methods (4).

In the present study the authors have applied this
polarographic method to autoxidized methyl oleate to
follow the peroxide formation. Other analyses in-
cluded are the Unterzaucher method for the measure-
ment of oxygen (5), the Wheeler iodide method (3)
for peroxides, and the Wijs iodine method for halo-
gen uptake.

Apparatus and Materials

Polarographic Study. A Sargent Model XXI po-
larograph was used to obtain current-voltage curves.
The capillary had m and ¢ values of 4.63 mg. per sec-
ond and 1.47 seconds, respectively, yielding a capil-
lary constant of 2.96 mg.** sec.””. The curves were
obtained by using open circuit with the eapillary dip-
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ping into the electrolytic solution and the polaro-
graphie eell maintained at 25 = 0.1°C.

A modified H-type electrolytic cell previously de-
seribed (7) was used; the electrolytic solution con-
sisted of 0.3 M lithium chloride in 50-50 (by volume)
absolute methanol-benzene. This cell, containing 40
ml. of the electrolytic solution, had a resistance of
1,175 ohms and showed an average increase of only 5
ohms when 2 grams of methyl oleate were added. All
half-wave potentials were corrected for IR drop and
measured against a saturated calomel electrode.

Direct Oxygen Apparatus. The sample was pyro-
lized in a quartz combustion tube by an electric sam-
ple burner maintained at 1,000°C. This burner con-
sisted of a coil of nickel-chrominm resistance wire
having an inside diameter slightly larger than the di-
ameter of the combustion tube and a stainless steel
shell with a heat-reflecting aluminum lining. The
long furnace similar to that deseribed by Walton ef
al. (6) was maintained at 1,120 =+ 5°C. The nitrogen
used to sweep the combustion products through the
apparatus was freed of oxygen and moisture by pass-
ing it through a gas-purifying train.

Methyl Oleate, I, for Stability Study. Methyl ole-
ate with an initial chemical peroxide value of 35.3
was heated at 80 == 1°C. under an atmosphere of ni-
trogen. The head space above the methyl oleate was
flushed periodically with nitrogen to insure an inert

. atmosphere. Samples were withdrawn at 0, 0.2, 2, 4,
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and 16 hours for polarographic and chemical perox-
ide determinations.

Methyl Oleate, II, for Prolonged Autoxidation
Study. Methyl oleate with an initial ehemieal perox-
ide value of 7.7 was heated at 80 +1°C. for 296 hours
with oxygen bubbling through it at the rate of 1 ml.
per second. Samples were removed at intervals for
determination of peroxide values by both polaro-
graphic and chemical methods, for iodine numbers
and direet oxygen analysis.

Procedure

These two studies were made a) to determine the
stability of peroxides stored at 80°C. in an inert at-
mosphere and b) to follow the formation and degra-
dation of peroxides in methyl oleate oxygenated at
80°C. from 0 to 296 hours. Samples were withdrawn
from the reaction flasks at intervals predetermined
by trial runs under identical conditions so that sam-
ples could be taken at those times of greatest changes
in peroxide content. The samples were analyzed for
peroxide content by both the polarographic and
chemical peroxide methods. In addition, Wijs iodine
numbers and total oxygen contents were determined
for methyl oleate II. Replicate samples for check
analyses were stored at —20°C.

Polarographic Analysis. The polarographie proee-
dure was essentially that described in previous stud-
ies (4,7), wherein polarograms of samples.of autoxi-
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dized methyl oleate (0.2000 to 0.5000 g.) were ob-
tained using the 0.3 M lithium chloride, methanol-
benzene electrolytic solution. Pure methyl oleate does
not reduce polarographically under these experi-
mental conditions. The presence of hydroperoxides in
autoxidized methyl oleate was shown by the polaro-
graphic waves having half-wave potentials of about
—0.80 volts vs. the saturated calomel electrode. Po-
larograms were obtained at three different concentra-
tion levels for each sample and from these the hydro-
peroxide contents, in terms of peroxide values, were
calculated from the diffusion currents by the follow-
ing equation:

Polarographic Peroxide Value = I;—dc X 2000

The derivation and deseription of this equation will
be given under ‘‘Results and Discussion.”’

Direct Oxygen Determination. Five to 10 mg. sam-
ples of the autoxidized methyl oleate, weighed in a
micro platinum boat, were placed in the combustion
tube, the system was purged of oxygen by back-
sweeping with nitrogen, and the sample was pyrolized
at 1,000°C. The carbon monoxide formed when the
oxygen from the sample passed through the heated
carbon filling (1,120°C.) was dried by passing over
solid potassium hydroxide and subsequently reacted
with iodine pentoxide at 113°C. The liberated iodine
was trapped in 20% potassium hydroxide solution
and oxidized to the iodate, and the iodine liberated
by the addition of potassium iodide was titrated with
0.02 N sodium thiosulfate.

Chemical Peroxide Value. Samples of methyl ole-
ate, 0.2 to 0.4 gm., were analyzed by the modified
Wheeler iodide (3) method. The weighed samples
were transferred to a 250-ml. Erlenmeyer flask. The
flasks flushed with a stream of nitrogen while adding
20 ml. of the solvent (60 parts of glacial acetic acid
and 40 parts of ehloroform), the sample dissolved by
swirling, and one ml. of saturated KI added. After
the stoppered flasks had stood in the dark for 7 to 8
minutes, 50 ml. of distilled water were added and the
liberated iodine was titrated with 0.1 N thiosulfate
solution. Starch was used as the indicator. The per-
oxide value, P.V. (milliequivalents of peroxide oxy-
gen per kg.), was calculated by the following equa-
tion:

ml. X N X 1000

S

where S is the weight of sample and N the normality
of the thiosulfate solution.

Iodine Number. The iodine numbers were deter-
mined by the A.0.C.8. Wijs method.

PV.=

Polarographic Behavior of Autoxidized
Methyl Oleate

Curve II, Figure 1, shows the polarographic curve
for autoxidized methyl oleate. This wave had a cor-
rected half-wave potential of —0.80 volts vs. the
saturated calomel electrode. The authors had oh-
served in a previous study (7) that of all the pure
oxygen-containing organic compounds examined only
the hydroperoxides and the diketostearic acids re-
duced at or near this half-wave potential. The di-
ketostearic acids were eliminated as the possible au-
toxidation products because these compounds could
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Pic. 1. Polarogram of autoxidized methyl oleate and p-men-
thane hydroperoxide.
I. 4.0x10* M p-menthane hydroperoxide 4 autox-
idized methyl oleate (0.5142 grams/40 ml.).
I1. Aut;oxidized methyl oleate (0.5142 grams/40
ml.).
TII. 4.0x10™* M p-menthane hydroperoxide.

not be reduced by a chemical peroxide method,
whereas the autoxidation products of methyl oleate
were reducible by both the chemical and the polaro-
graphic methods.

To confirm that the autoxidation product of methyl
oleate, which had a reducible wave at —0.80 volts,
was a hydroperoxide, known amounts of p-menthane
hydroperoxide were added to the electrolytic solution
containing a known amount of the autoxidized methyl
oleate. Curve III, Figure 1, shows the polarographic
reduction wave for a sample of p-menthane hydroper-
oxide (4.0 X 10-*M) having a diffusion current of
5.5 microamperes (OA). Curve II shows the polaro-
graphic wave for autoxidized methyl oleate (0.5142 g.
per 40 ml., chemical peroxide value == 106) having a
diffusion current of 13.6 microamperes (OB), and -
Curve 1 shows the wave for a solution containing the
same concentrations of autoxidized methyl oleate and
of p-menthane hydroperoxide used to obtain Curves
B and A, respectively. All these polarographic waves
not only have the same half-wave potential, but the
solution of the mixture has a diffusion current of 19.1
microamperes (OC), which is the sum of the diffusion
currents obtained for the two components. This shows
that the diffusion currents are additive and that the
half-wave potentials of autoxidized methyl oleate and
p-menthane hydroperoxide are identical, giving strong
evidence that the polarographically reducible perox-
idic substance in the autoxidized methyl oleate is a
hydroperoxide.

Calculation of Polarographic Peroxide Values

It had been observed (7) that the diffusion current
consists of organic hydroperoxides of diverse molecu-
lar structure including 96.5% pure methy!l oleate hy-
droperoxide had essentially the same diffusion current
constants, 5.85 & 0.05; therefore accurate determina-
tions of the hydroperoxide content of autoxidized
methyl oleates are possible. From the diffusion cur-
rent for a known concentration of autoxidized methyl
oleate and from the diffusion current of a known con-
centration of pure hydroperoxide obtained with the
same capillary, it was possible to caleculate the polaro-
graphic peroxide value expressed in milliequivalents
of peroxide oxygen per kg. of sample by substitution
in the following equation :
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i
K% X 2000 = Peroxide Value — milliequivalents
of peroxide oxygen per kg. of

sample

where i;= diffusion current in microamperes for sam-
ple of autoxidized methyl oleate.

K = diffusion current in microamperes/milli-
mole/liter for a standard hydroperoxide
using the same capillary.

C = concentration of autoxidized methyl oleate
in H-cell expressed as grams per liter.

Results and Discussion

Analysis of the samples withdrawn at intervals
from methyl oleate I, heated under nitrogen at 80°C.,
gave the values shown in Table I. It is to be noted
from the data that the polarographic peroxide values
are lower than the chemical values up to 4 hours of
heating. The polarograms of these samples showed

TABLE I

Chemical and Polarographic Peroxide Values. Sample 1. Methyl Oleate
(Original Chemical Peroxide Value — 35.3) Heated at
80°C. under Nitrogen

‘ Peroxide Values

Hours of

Heating . Chemical Polarographic
35.3 27.5
39.5 33.3
38.2 38.4
37.5 35.6

that the only polarographically reducible substance
present was a hydroperoxide. The data also indicate
that even though the autoxidized methyl oleate had
been heated under nitrogen at 80°C. for 16 hours,
both methods showed the presence of reducible perox-
‘ides. However, because of the low peroxide level, the
differences shown in the peroxide values by the two
methods may not be significant.

Methyl oleate 11, initial peroxide value of 7.7, was
autoxidized for 296 hours to follow the formation and

It is to be noted that the greatest relative percent-
age of difference between the chemical and polaro-
graphic values occurred when the peroxide values
decreased to less than 600. Data which have been ob-
tained on other samples of autoxidized methyl oleate,
not a part of this study, and which had peroxide val-
ues up to 1,000 have shown that the relative percent-
age of difference between the chemical and polaro-
graphic peroxide values may be as much as 28%.
The polarographic values are the lower. The lower
polarographic values may be due either to the fact
that the hydroperoxide originally formed had been
transformed to some peroxidic material not reducible
polarographically but which was reducible by the
non-specific chemical method, or that other peroxides
or hydroperoxides were formed which influenced the
chemiecal values.

The authors recognize that considerable difference
of opinions exist among oil chemists as to whether or
not the iodine values of autoxidized materials neces-
sarily give a true measure of the double bonds. How-
ever since it is quite customary to report iodine val-
ues, they have been included in this study and these
data are given in Figure 2 (Curve D). This curve
shows that the iodine values decreased rapidly during
the first 120 hours of autoxidation and that after this
point they remained constant with iodine values of
only 2.9 and 2.7 at the end of 226 and 296 hours,
respectively.

Table T1I and Figure 2 show the distribution of the
oxygen consumed at various stages of autoxidation.
Curve A in Figure 2 is the oxygen present as hydro-
peroxide calculated from the polarographic data, and
it also represents the changes in hydroperoxide con-
tent with time; curve B is the total non-ester oxygen
obtained by subtracting the ester oxygen from the di-
rect oxygen data; and curvé C is the oxygen present
in forms other than ester and hydroperoxide.

Table IIT shows that the oxygen not accounted for
as ester or hydroperoxide was only 0.52% at the start

fate of the peroxidic products throughout the course TABLE IIX
of autoxidation. Table II shows that the peroxide Direct Oxygen Determination of Methyl Oleate Autoxidized
values reached a peak of over 2,000 at the end of 59 —
hours of autoxidation and that thereafter the perox- o % By | o Eydro 7% Oxygen
. . o 4 - o
ide values decreased until at the end of 296 hours they aotours g{) | Oxvgen | (polaro- | Deroxide | Non-ester | ester and
. - i a a -
were 142 and 102 for the chemical and polarographic found | graphic) | oxygen® | oxygen piﬁi‘{?‘e,
methOdS’ respeetnely. 12.03 8.46 0.82 1.34 0.52
1374 2293 223 319 0.96
16.74 32.88 3.20 6.30 3.10
19.18 29.86 2.91 8.71 5.80
20.17 25.97 2.53 9.66 7.13
TABLE II 20.91 18.30 178 10.31 8.53
. . P ° 22.16 11.19 1.09 11.49 10.40
Peroxide Values of Methyl Oleate Autoxidized at 80°C. 2412 307 8'30 1336 13.06
Chemical Polarographic Relative gigg ggg Ogg iigg igg;
H°‘!§5t°.f peroxide peroxide o 25.42 2.14 0.21 14.65 14.44
autoxidation value value difference 26.14 1.68 0.16 15.37 15.21
7 7 0.00 a Calculated values.
252 245 —3.17
519 515 —0.77
971 931 —4.12 . . .
1311 1396 ig.ﬁ but that this unaccounted-for-oxygen increased stead-
2133 2002 2614 ily during the course of the autoxidation. Of the
1800 1818 58 26.14% oxygen found in the methyl oleate at the end
1431 1581 ﬁg.ég of the autoxidation, more than half (15.21%) existed
920 895 _272 in forms other than ester or hydroperoxide oxygen.
732 784 47.10
623 681 -+9.31
229 187 —18734 Summary
209 163 —22.01 .
1t 166 —is74 The polarographic method presented here for the
142 102 —28.17 quantitative determination of hydroperoxides is sim-
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Fre. 2. Changes in oxygen content and iodine number of
methyl oleate during autoxidation. (A = hydroperoxide oxy-
gen, B = total non-ester oxygen, C = oxygen other than ester
and hydroperoxide, and D = jodine number.)

ple, rapid, and applicable to the analysis of materials
containing a mixture of different peroxidic groups.
The application of this nonaqueous polarographic
technique to the study of the changes oceurring dur-
ing the prolonged autoxidation of methyl oleate at
80°C. has permitted the identification and quantita-
tive estimation of the hydroperoxide formed during
this process. The selectivity of the polarographic
method makes it possible to identify and measure the
hydroperoxide even when present with other perox-
idic forms. A comparison of the data obtained by this

new technique and by the chemical peroxide method
has been made and shows that the polarographie
method for hydroperoxides is specific and quanti-
tative.

By means of a direct oxygen method it has been
possible to follow accurately the change in the oxygen
content during the autoxidation. These data have eon-
firmed the work of other investigators using other
methods, in that the oxygen absorbed in the initial
stages is used primarily in hydroperoxide formation,
whereas in the latter stages the oxygen is consumed to
form non-hydroperoxidic materials. The methods used
in this study should be of great value in studying the
changes which oceur in drying oils for these changes
are induced by autoxidation.
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Hydroxylation: new unit process. Anon. Chem. Eng. 60(8),
118, 120, 122(1953). The manufacture from vegetable oils
and animal fats of hydroxylated and acetylated produects pri-
marily for use as plasticizers for vinyl plasties is desecribed
with a flowsheet and photographs. Fatty acids are esterified
with butanel and H.SO. to yield butyl esters which are hy-
droxylated with peracetic aeid. Simultaneous partial acety-
lation gives butyl hydroxy-acetoxy esters which are either
recovered for sale or are further acetylated with aeetic anhy-
dride to polyacetoxy esters.

Comparative hydrogenation of unsaturated fatty acids, Ci, Cus
and C=. P. A. Artamonov (Lab. Gidrogenizatsii, Vsesoyuz.
Naueh.-Issledovatel. Inst. Zhirov.). Zhur. Obshchei Khim. 23,
216-18(1953). The rate of hydrogenation of unsaturated acids
generally declines with inerease in molecular weight. Hydro-
genation of the acids in Et.O at room temperature over Pd
black gave the following rates (%) of hydrogen uptake per

min. in ml. For hexa-2-decenoie aeid at 5 min. k¥ = 5.0; 25
min. 0.8. For octa-2-decenoic aeid: at 5 min. ¥ = 4.26; 25
min. 1.2, 2-Docosenoic acid in 5 min. ¥ = 2.8; 23 min. 1.85.

9-Octadecenoic acid in 5 min. & = 7.0; 20 min. 0.17. 13-Doco-
senoic acid gave & values as follows: in 5 min. 5.0; 25 min. 1.6.
The slow hydrogenation of the latter acid can explain the dif-
fieulties in hydrogenation of such natural oils as rapeseed, ete.,
since erucie acid adds H:. mueh less rapidly than do the acids
found in sunflower or linseed oils. (Chem. Abs. 47, 7235)

Cream for protecting hands from fats, oils, dyes, and hydro-
carbons. Felice Bevilacqua and Mario Porro. Ital. 469,137,

Feb. 18, 1952. The following example is given: stearic acid
10, lanolin or bees wax 1.5, glycerol 5, casein 0.3, NH; 0.5,
and H.O 35 parts. Casein may be replaced by a larger amount
of neutral soap. Coloring matter, deodorants, or antiseptie
substances may also be added. (Chem. Abs. 47, 7170)
Influence of processing on the Baudouin color test of sesame
oil. P. T. Bhide and J. G. Kane (Univ. Bombay). J. Sci. Ind.
Research (India) 12B, 68-70 (1953). Addition of a minimum
of 5% sesame oil to edible hydrogenated oil is compulsory
in India so as to obtain a definite depth of red color in the
Baudouin test. Processing of sesame oil by mneutralization,
hydrogenation, or bleaching reduces the sesamol content and,
therefore, the red color in the Baudouin test. It is recom-
mended that 0.5% raw oil be used instead of 5% processed
oil to give depth of color without impairing quality of the
finished product. (Chem. Abs. 47, 7238)

Determination of fat in whey cheese. Yngve Buchholz and In-
golf Smith (Staatl. Norweg. Landwirtschaftlichen Kontroll-
station, Oslo). 7. Lebensm.-Untersuch w-Forsch. 96, 245-8
(1953). The Norwegian whey cheese, Mysost, contains no
casein and the usual method for fat determination in cheeses
is not generally suitable in this product. Investigation of the
methods based on deeomposition with HClI and extraction
showed that Et:O-petroleum mixed extraction solvent in the
ratio of 1:4 is preferred. (Chem. Abs. 47, 6569)

The chemical and physical characteristics of Danish butter.
Giuseppe Cerntti (Staz. sper. Freddo, Milan). Ann. sper.
agrar. (Rome) 7, 189-192(1953) (English summary). In the at-
tempt to control the considerable amounts of butter arriving
upon the TItalian market from Denmark, normal values were
found for Riechert-Meissl no. and the titer of volatile fatty
acids soluble in water. However, the Polenske no. was 3.45
(average of 73 samples) as compared with values of between
2.0 and 3.2 for genuine butters from Italy. Also Ttalian but-



