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With the strong middle-forming tendency shown
with great chain length and with unsaturation it
would seem that monoerucin and HyO should be
particularly apt to form middle phase, but such is
not the ease. Neither middle nor viscous isotropic
was observed. The salient features of the binary
diagram are the 50C mp of monocrucin, a maximum
neat temperature of 45C, and a liquid 1mmlsclb1hty
line for melted monoerucin and H.O running between
15 and 20% Hy0O. The combination of high degree of
immisecibility with H,O due to chain length and chain
mobility due to unsaturation perhaps militates against
middle phase with monoeruein.
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High Voltage Electrical Discharge Reactions of Fats and

Related Compounds

L. BORKA and O. S. PRIVETT, University of Minnesota, The Hormel Institute, Austin, Minnesota

Abstract

Studies are reported on the modification of
fats and related compounds by electrical dis-
charge reactions. Several types of fatty com-
pounds were subjected to silent electrical dis-
charge of the ozonizer type of 15,000 volts AC
and analyzed by gas-liquid and thin-layer chro-
matography, infrared speetral and elemental
analyses.

Evidence was obtained for a free radical re-
action in accordance with the general theory of
discharge reactions.

The major products of the reaction were poly-
mers of varying degrees of complexity. Short-
chain hydrocarbons were also detected. Hydro-
genations via the formation of hydrogen radicals
was demonstrated ; branching via long-chain rad-
ical interreactions was also indicated. The in-
corporation of nitrogen and oxygen into poly-
meric products was demonstrated when the
reaction was carried out in the presence of these
gases.

Reaction mechanisms are proposed to explain
the products formed under various conditions.

Introduction

DISCHARGE REACTIONS have been investigated exten-
sively and comprehensive reviews of the subjeet
have been published by Glockler and Lind (1),
Thomas et al. (2) and Steacie (3). The most com-
mon large scale applications of discharge reactions
are those of the ozone generator type (1,4) and the
Cottrell precipitator (5). The latter has been used
mainly for the precipitation and collection of harm-
ful industrial smokes. Discharge reactions have been
employed for the synthesis of various organie com-
pounds (6-8), gasolenes, acetylene and lubricants (2).
Ta the present study the application of discharge
reactions to hexadecane, methyl oleate and related
compounds were investigated to define basie mech-
anisms and produets of the reaction with fats.

Experimental
Electrical Discharge Apparatus

A schematic diagram of the apparatus for the dis-
charge reactions is shown in Figure 1. The outer
electrode of the apparatus is an aluminum sheet
wrapped around the outer eylinder. The inner elee-
trode is a copper wire, sealed in glass. This arrange-
ment prevents contact of the sample with metal and
gives a silent discharge. Alternating current (AC)
high voltage was supplied from a 60 cyele, 30 ma
transformer (Acme Electric Co., Chicago) with a
voltage range up to 15 kv. The voltage was regu-
lated by means of a ‘‘Variac’’ variable transformer
connected into the primary circuit. However, unless
specified differently 15 kv was employed.

The reaction tube may be loaded with sample in
several ways. It may be passed into the electrical
field in the form of an aerosol in helium or nitrogen,
for example, or it may be applied directly on the
electrode if it is a liquid or in solution if it is a
solid. In the latter case the solvent evaporates and
leaves the sample in the electric field as a more-less
uniform layer.

Materials

Grade A Helium and “‘Dry-High Purity Nitrogen’’
purchased from the National Welding Supply, Albert
Lea, Minnesota, were used as the medium for the dis-
charge reactions.

Hexadecane (999, olefin free) was obtained from
Matheson Coleman and Bell Company, Cincinnati,
Ohio. Methyl oleate, stearic acid, methyl linoleate,
methyl palmitate, palmityl aleohol, methyl laurate,
capryl aleohol, caprylic and methyl arachidonate were
obtained from The Hormel Institute, Austin, Min-
nesota. All of these compounds were also greater
than 999% purity except methyl arachidonate. This
preparation was 95% pure; the impurities consisted
of other polyunsaturated esters of lower unsatura-
tion and a small amount of eicosapentaenoate.

Methods

Gas-liquid chromatography of methyl esters of mo-
lecular weights of the order of the compounds listed
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Fic. 1. Schematie diagram of the discharge reactor.

above and simple polymers thereof was carried out
with an F' & M Company Model 1609 flame ioniza-
tion instrument equipped with a 7 ff x 14 in. eolumn
packed with Gas-Chrom P, 100-120 mesh containing
8% by weight of ethylene glyeol suecinate polyester,
EGSS-X (Applied Science Laboratory, State College,
Pennsylvania) at 180C. A 6 ft x 14 in. column
packed with 209% Carbowax M on Chromosorb W,
60-80 mesh, was also used for some analyses.

The analysis of gaseous products was carried out
by means of an Aerograph Hi-Fi 600 gas chromat-
ograph, connected directly to the discharge reaction
tube via a 1 ft x 14 in. collection column packed
with activated alumina ALCOA, 30-60 mesh. Two
columns were used in the gas ehromatograph; a 6
ft x 14 in. column packed with activated alumina
(ALCOA 30-60 mesh) or a 12 ft x 14 in. eolumn
packed with 30% silicone and in Chromosorb P, 100-
120 mesh. The columns were generally operated at
ambient temperatures. Identification of the com-
pounds emerging from the column was made by com-
paring their retention times to that of a standard
mixture of gases of known composition obtained from
Matheson Coleman and Bell Company. The arrange-
ment of the equipment for the analysis of gases is
illustrated in Figure 2,

The analysis of the volatile produets of the dis-
charge reactions is carried out by passing them into
the collection column which may be immersed in an
acetone-dry ice bath. After the reaction is completed
the cold bath is removed. By allowing the column
to warm up slowly, a form of temperature program-
ming can be achieved as desorption of the gases oc-
curs. The cold bath may also be replaced with a
warm water bath (60-70C) which results in a rapid

Fia. 2. Apparatus for analysis of gaseous reaction produets.
1. Helium tank. 2. Gas inlet. 3. Discharge reactor. 4. Gas
outlet. 5. Collection eolumn. 6. Injection port of the gas chro-
matograph. 7. ¢‘Variac’’ variable transformer. 8. Transformer
with a maximum output of 15 kv.
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F16. 3. Gas-liquid chromatogram of the liquid reaction prod-
ucts of hexadecane. Column: 6 ftx 14 in., packed with 209
Carbowax-M on chromasorb W, 60—-80 mesh., Temperature pro-
gramming between 170-195C.

desorption and injection of the gaseous products.

Thin-layer chromatography (TLC) analysis of the
liguid reaction products were carried out on Silica
Gel G coated plates with solvent systems as deseribed
in the respective figures.

Results

Gaseous products were produced from all of the
compounds investigated. The composition of the gas-
eous products from experiments conducted over var-
ious compounds are summarized in Table I. In these
experiments the reaction was carried out on 100 ul
of sample applied directly on the electrode at 15
kv and in helium which was passed through the re-
actor at 80 ml per minute.

A complex mixture of nonvolatile produects were
formed in addition to gases. In general, when the
reaction was carried out in a nitrogen atmosphere,
the produets could be fractionated into gaseous or
volatile compounds as illustrated above, a liquid poly-
mer fraction which was soluble in organic solvents
and a solid polymer fraction which could mnot be
dissolved in any common organic solvent. Generally
the latter was isolated by filtration of the material

A B C D E =G

1 1

F1a. 4. Chromatoplate of high voltage treated hexadecane in
nitrogen atmosphere. A: Reference hexadecane. B, C, D, B, F':
Hexadecane, treated by 15 kv for 0.5, 1, 2, 5 and 15 min. G:
Hexadeeane, treated by 6 kv for 30 min. Coating: Silica gel
G, developed in a mixture of petroleum ether (830-60C), ethyl
ether (90+10). Charred at 180C after spraying with 709
sulfurie aeid (v/v), saturated with potassium dichromate.
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TABLE III
Free Radical Hydrogenation by Electrical Discharge

TABLE I
Graseous Products of High Voltage Discharge Reactions
Time of Gases
o e —
ompound reasztc}nn, 2 % % %
" Methane Ethane Propane n-Butane
Hexadecane 60 67.7 17.2 4.7 10.4
Palmitic acid 90 79.3 13.7 2.7 4.3
Palmitic acid 45 78.7 12.6 4.1 4.6
Palmity] alcohol 60 83.2 11.2 2.4 8.2
l\Ie-pa]m_itate 15 66.7 17.3 6.5 9.5
Et-palmitate 22 75.5 13.3 4.6 6.6
Me-oleate 30 72.2 16.5 6.7 4.6

which was insoluble in pentane or chloroform. As
an example of these produets the above fractions
were isolated from the simplest compound examined,
hexadecane.

The GLC of the liquid fraction, which also con-
tained unreacted hexadecane is shown in Figure 3.
No attempt was made to identify the compounds rep-
resented by the peaks in Figure 3, however, since
their retention times were longer than the parent
molecule. They obviously had higher molecular
weights. The same result was indicated by TLC anal-
vsis (Fig. 4). Several other aspeets of the reaction
are demonstrated by the TLC analysis. As the re-
action progresses, more complex products are formed ;
however, the composition does not appear to become
more complex. Four fairly well-defined fractions are
formed (Fig. 4) and changing the duration of the
reaction appeared only to increase the relative amounts
of these fractions. The refractive index of the liquid
fraction was higher than the parent substance as
might be expected from the effect of branching and
polymer formation.

A solid or high polymer fraction which forms on
prolonged reaction may be isolated readily by virtue
of its insolubility in organie solvents. A polymerie
fraction may be obtained from hexadecane which is
insoluble in all common organic solvents and highly
resistant to the action of acids and alkali. Elemental
analyses of this fraction obtained from several prod-
nets are shown in Table IT. The polymer formed in
helium was merely a multiplication of the parent
molecule. The ash content probably arose from ele-
ments of the glass as high voltage diseharge also
attacks glass. When the discharge reaction of hexa-
decane was carried out in a nitrogen atmosphere,
nitrogen atoms were incorporated in the polymer as
evidenced by the elemental analysis shown in Table
II. The oxygen in the polymer apparently originated
from traces of this gas in the nitrogen. The high
percentage of oxygen in the polymer, inspite of the
low concentration of oxygen in the nitrogen, is due
to its lower bond energy. Thus, it was probably con-
sumed wholly during the reaction. The properties of
the polymers formed in nitrogen and helium were con-
siderably different. Whereas the product formed in
nitrogen had very strong adhesive properties and was
dark in color, that formed in helium was light in
color and flaky,

TABLE II
Elemental Analyses of Hexadecane-Polymers
Theory Found
Compound Toyt.al
% C Y% H % C % H %N % O % Ash 4
Hexa-
decane  84.87 15.13 100.00
Polymer
from
Nz 59.41 9.11 15.38 8.37 0.75 98,02
59.88 9,10 12.56 10.95 1.49 93.98
Polymer
from
He 83.44 14.84 0.99 99.27

Increase of

Compound

% 18:2 % 18:1 % 18:0
Me-linoleate, 1.6 0.1
Me-oleate, 8.1
Me-linolenate, 1.05 0.03 0

The infrared spectrum of the polymer formed in
helium was hardly distinguishable from the parent
molecule except for evidences of branching by bands
in the 8.0 px region. The spectrum of the nitrogen
containing polymer had several new adsorption bands.
These bands appeared to be due to various forms of
combined nitrogen, —CHy;—NH,, >CH—NH,, —CHs.
—NH-—-CH,— and —CH = NH. This fraction also ex-
hibited an OH band. It is not unreasonable to ex-
peet all of the above fraction groups to be present
in the molecule because the polymer is not a simple
multiplum of amines.

In addition to the formation of hydrocarbon rad-
icals, hydrogen radicals were also produced in the
reaction as evidences from the GL(C analysis of the
products formed from methyl oleate, linoleate and
linolenate (Table I11). The results in Table 111 show
that lower unsaturated fatty acid esters were pro-
duced in each case. The GLC analysis was confirmed
by TLC using plates ecoated with Silica Gel G im-
pregnated with silver nitrate. The separation of fatty
acid esters on the basis of the number and config-
uration of the double bond by this technique has
been well demonstrated.

The hydrogenation of the double bonds does mot
appear to follow a probability relationship, otherwise
the proportion of 18:1 and 18:0 should be 2:1 in
dienes, and the proportions of 18:2, 18:1 and 18:0
would be 3:1.5:1, respectively, in trienes. It is prob-
able that the deviations from the mathematical dis-
tribution for a random reaction is due to attack of
other radieals on the double bonds.

Discussion

The present study shows that many different rid-
icals may be produced in AC discharge reactions.
These may react in a variety of ways to produece many
products—gaseous, and liquid and solid polymers.
Short-chain fragments, intermediate between gaseous
and liguid polymers, are also probably produced. Free
radicals may be visualized as being formed on elec-
tron impact with covalent bonds. The nature of the
radicals and the products that are eventually formed,
of course, depend on the structure of the starting
materials.

With the simplest molecule studied in this work,
hexadecane, the following different types of radicals
appear to be produced.

a. Rupture between C—C in the chain, resulting

in two free radicals:
CH;(CHs)y- + - (CH:),CIH;, where x +y =14
eg. CH3(CHy)y- + - (CHe)1;CHy

b. By breaking the C—H bond, H atom can be hit

out of the molecule:

eg. CHa(CH,)y —CH—(CHy)1oCH; + H-

‘When the reaction is carried out in nitrogen which
contains traces of oxygen, as in the present work,
both nitrogen and oxygen radicals may be formed
as well as ionic ozone.
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There are numerous ways in which these radicals
may recombine. Some of the more likely reactions
that occur on the basis of the observations made here
are as follows:

Branching :

CH3(CHs)11- + CH3(CH2)3—CH—(CHz) (CHz ~»

(CHs),;CH;
Yielding gases:
CI{g ( CIIQ) 3" Rl & [— H—C4H10

Ineorporation of nitrogen and hydrogen:
CH;(CHy),;,—NH—(CH,),,CHj,4

Incorporation of oxygen:
CHs(CHz)1y- + -H+ : 0 — CH,(CH,) wOH

Since the system is highly dynamie, no produets
stay in the reaction field unchanged, but undergo
branching, cracking, crosslinking and end up even-
tually as solid polymers. The same reactions may
be expected to occur with fats, and we observe the
formation of solid polymers from lard. Although dis-
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charge reactions have been used for the commereial
production of acetylene, gasoline, lubricants and
some simple chemicals (2), a major problem has
been to control them. Since it is possible to trans-
port methyl radicals, for example, up to 37 em (9)
an important use of discharge reactions may be for
the generation of radicals for use in reactions outside
the electrical field.
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Effect of Moisture Level on Volatile Carbonyls in Cottonseed

O1l Heated to 210C

THEODORE P. DORNSEIFER, SUN C. KIM, ELIZABETH S. KEITH and JOHN J. POWERS,
Department of Food Science, University of Georgia, Athens, Georgia

Abstract

Cottonseed oil containing 0, 2.5, 5 and 10%
added moisture was heated to simulate food-frying
conditions. The volatile carbonyls from the heated
oil were crystallized as 24-dinitrophenylhydra-
zones and then regenerated for separation by
gas-liquid chromatography. Nineteen peaks were
observed for the dry oil; oil with added moisture
had fewer peaks. Oil eontaining added moisture
produced more total carbonyl by weight than did
dry oil. Maximum production of carbonyls oc-
curred in the oil with 2.5% added moisture,

Introduction

N RECENT YEARS the chemistry of fat deterioration

at the elevated temperature of frying conditions
has been the subject of considerable study (3-8).
Water plays an important role in many chemical
and physical reactions. Since most foods whieh are
fried possess high concentrations of water, this mois-
ture may affect many of the reactions which are
possible.

This study was undertaken to determine the effect
of water on the production of total volatile carbonyls
in heated eottonseed oil and also the relative propor-
tion of different carbonyls formed.

Experimental

0il

Cottonseed oil representative of that used for the
frying of potato chips was furnished by the Frito-

T A . .
1 Approved as Journal Paper No. 448, College Experiment Station,
University of Georgia, Athens.

Lay Company. The oil had the following character-
istics: free fatty acid, <0.05% ; color (Lovibond),
4.0 red; stability (AOM), 29 hr, 100 M.E. end point;
moisture and impurities, nil ; peroxide value, 0.5 MLE. ;
smoke point, >425F; cloud peint, 290F. The tests
above were carried out by the Procter and Gamble
Co., the source of the oil. The one-gallon cans of
oil were placed in storage at —35C on receipt and
held at this temperature until needed.

TABLE I

Retention Times of the Volatile Carbonyl Compounds from Heated
Oil and of Authentic Carbonyl Compounds on 10% LAC-446

Retention time in minutes relative to injection time

Percent moistare

Peak Authentic - :
Identification
Neo. o 25 5.0 10.0 Compound
1 0.5 0.45 0.5 0.6 Unknown
2 0.75 0.65 0.80 0.80 0.75 a-ketoglutaric acid®
3 1.13 1.12 1.15 1.20 1.15 Ethanal
4 1.50 1.61 1.58 1.60 1.60 Propanal
52 1.80 1.80 2.1 1.89 1.80 a-ketoglutaric acid®
2.0 2.0 2.0 2.0 2.0 Aerolein.
3.4 Diacetyl
6 3.9 3.8 4.0 3.9 4.0 Pentanal, Pentanons
5.2 Crotonal
7 7.0 6.6 7.1 7.1 7.1 Hexanal, Hexanonse
8 12.2 11.6 12.2 12.2 12.2 Heptanal, Heptanone
9 16.3 16.6 16.6 16.2 16.4 Octanal
10 17.6 17.6 17.2 17.3 17.4 QOctanone
11 19.2 19.2 19.0 19.0 18.8 Nonal
12 20.4 20.4 20.6 20.6 20.6 Nonanone
13 21.6 21.6 21.2 21.8 Decanal
14 22.8 Unknown
15 25.0 25.6 Unknown
16 26.7 27.0 Unknown
17 27.5 Unknown
18 28.2 Unknown
19 28.9 Unknown
20 29.6 Unknown
21 30.4 Unknown

a Acrolein and a-ketoglutaric acid appeared as one peak in the chro-
matogram.

b Yixcess a-ketoglutaric which remained after the reaction took placse,
Temperature: for 8 min at 60C, then temperature programmed at the
rate of 6.4 C/min to 160C. Carrier gas flow rate: 112 mi/min (Ni-
trogen). Range, 10; attenuation, 16.



