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bilizer) inecreases with ingreasing soap concentration
are characterized by an increase in long X-ray spac-
ings to the point at which the system becomes satu-
rated with the compound being solubilized. IHydro-
carbons such as benzene, ethyl benzene, and normal
paraffins fall into this elass. Another type is that in
which the MR remains constant above the concen-
tration where the soap assumes its full colloidal prop-
erties, and this is characterized by no change in long
X-ray spacing. Examples of this type are soap-soap,
soap-fatty acid,. soap-aleohol, and possibly as a sub-
tvpe, soap-dye svstems. These systems are shown to
be mixed micelles in which the solubilized compound
is oriented with the long axis of the solubilized com-
pound lying approximately parallel and in the plane
of the long axis of the soap molecules, the hydrophylie
group of both constituents being toward the water
interface. Protein-detergent complexes arve discussed
from the point of view of solubilization.
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Factors Which Affect the Stability of Highly Unsaturated

Fatty Acids.” Il.

The Autoxidation of Linoleic and Alkali

Conjugated Acid in the Presence of Metallic Naphthenates®

A. H. JACKSON * and F. A. KUMMEROW, Kansas Agricultural Experiment Station,*

Manhattan, Kansas

RTERS have been in commercial use for some

time, yet no coneise mechanism has been ad-

vanced as to their role in olefin oxidation. Rie-
menschneider (1) suggested that they may funetion
by increasing the efficiency of energy transfer from
one molecule to another. Furthermore, Nicholson (2)
has shown that it is the concentration of drier cation
that determines the catalytic activity. The aectivity
was not destroyed by adsorption (3) or by saturating
coordination valence of the drier (4).

In addition to listing the relation of driers to
polymerization and gelation, Elm (5) stated that the
metal portion oscillated between two stages allowing
it to activate the atmospheric oxygen and pass it on
to a drying oil molecule. A ““reducing inhibitor”’
destroying action (6) and an initial peroxide sta-

1 'I'he subject matter of this paper has been nndertaken in cooperation
with the Office of Naval Research. The opinions or conclusions con-
tained in this report are those of the authors. They are not to be
construed as necessarily reflecting the views or indorsement of the
Navy Department.

? Portion of a thesis presented hy A. H. Jackson as partial fulfill-
ment of the requirements for the degree of Master of Science in Chem-
istry at Kansas State College.

3 Present address: Department of Bicchemistry,
College, Nashville, Tennessee.

1 (ontribution No. 367, Department
College,

Meharry Medical

of Chemistry, Kansas State

bilizing role (5) have been suggested. Gardner and
Waddell (7) believed that driers form a series of un-
stable complexes with several of the products and
reactants produced during autoxidation, polymeriza-
tion, and gelation. It is now generally believed that
driers function as promoters, or as pseudo rather
than true catalysts.

A plausible chemical mechanism for drier action
during the autoxidation of tetralin has been postu-
lated. Yamada (8) has shown that Mn, Co. and Pb
compounds raise the decomposition reaction order of
tetralin hydroperoxide one step, that is from the first
to the second order. Tvanov ef al. (9) and Medvedev
{10) have demonstrated a similar role for the transi-
tion metals in hydrocarbon auntoxidation.

Robertson and Waters (11) have classified metallie
salts as “‘secondary catalysts’ and have pointed out
why it is of no particular advantage to inerease the
concentration of the promoters abeve a certain value.
~In- this laboratory we have been concerned with
the factors affecting the stability of highly unsatu-
rated fatty acids (12, 13). A study of the autoxi-
dation of-linoleie and alkali conjugated linoleic acid
was presented in another paper (14). The modifica-
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TABLE 1
The relation of peroxide content to enolizable products of autoxidation
| Unconjugated linoleic Unconjugated linoleic acid 10, 1" lmolmc 10,12-linoleic acid +
; acid + co-naphthenate acid co-naphthenate
Time in hours ——ee i - s

‘ O3 KOI 0 0

‘ PV ave | KO 1 p v b ey KO ey, ’ aVv ‘ I‘;\H PV, ‘ KCH
e e — [ S - i -
331 ‘ 0,183 240 1.025 765 | 0.000 0.000 10 (l 357 | 0.000
636 0.307 102 1.266 350 ! 0.000 0.000 9 0.150 0.000
756 1.022 117 1.330 .B20 0.851 0.000 12 0.705 0.000
589 1.560 81 1.722 215 0.652 0,326 17 0.577 : 0.660
538 1.575 31 1.472 720 + 0.573 1.890 33 0.584 i 1.850
450 1.131 85 1.088 2.680 b 0.391 1.640 59 [ 0.693 | 1.700
399 0.882 47 1.172 845 0.536 | 2.160 47 0.956 1| 2180

! Peroxide value.

A])\()Tp(l()l] value at 2770 X,

3 Absorption value at "770A 48 hours after adding 5% alcoholic KOH,

tions brought about by the addition of naphthondte 5
driers are pl'osentod here.

Experimental

Preparation of Materials. The linoleic acid was
prepared from corn oil® by the method of Rollett
(15). The free acid was subjected to distillation at
100 mp. and 150°C. The colorless distillate had an
iodine value of 180, a peroxide number of zero, and a
specifie absorption coefficient of 0.3 at 2320 A.

The alkali conjugated linoleie¢ acid was prepared
from linolei¢ acid by the method of Holman and
Elmer (16). It had a specific absorption coefficient
of 86.0 at 2320 A. The 10,12-linoleic acid was
prepared from the distilled methyl esters of dehy-

5 Naphthenate driers obtained through the courtesy of
Ferro Chemical Corporation, Cleveland 14, Ohio.

8 A degummed oil furnished through the courtesy of Corn Products
Refining Company, Argo, Illinois.

3. B. Elliott,

drated castor oil 7 aceording to the method of Von
Mikusch (17). This material was purified by re-
peated fractional erystallization from Skellysolve F,
ethyl alcohol, and diethyl ether. The final product
had a melting point of 55-56°C. and a specific ab-
sorption coefficient of 112.0 at 2320 A. Tt was pre-
served by suspension in ethyl aleohol at —22°C. The
white cervstals of the 10,12-linoleie acid were filtered
from the solution as needed.

Oxidation Procedure. The oxidations were con-
ducted by bubbling tank oxygen through heated
samples for various known periods of time as de-
seribed by  Allen, Jackson, and Kummerow (14).
Five to six mg. of naphthenate drier were accurately
weighed into a elean six-inch Pyrex tube and the
weight of added sample adjusted to give a catalyst
concentration of 0.19.. The oxygen was introduced

(. H. Dehydrated Castor Oil obtained through the courtesy of O.
Kisenschmil, The Scientific Oil Compounding Company, Chicago, Illinois.

8oor
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ﬂ'_- —— —
o — 7 I A } ] i L i
o 3 & o 12 15 a 21 24 21 29
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Fig. 1. The effect of cobalt naphthenate drier on the peroxide value of unconjugated and conjugated linoleie acids oxidized at 65°C.
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mto the samples through glass inlet tips. These tips
led into clamped tubes suspended in a 12" by 127
insulated Pyrex jar which contained light mineral
oil. The temperature was regulated to a constancy
of =0.5°C. by an Aminco thermostatically controlled
heating unit. At appropriate intervals approximately
0.3-g. samples were removed for peroxide (18) and
spectrophotometric absorption measurements (19,20).
The latter were determined with a 100-mg. sample
diluted to 100 ml. with purified ethyl aleohol and
read on a Beckman Spectrophotometer at 2340 A.
The peroxide values were determined on 100 mg. of
the sample which was weighed into a 125-ml. ground
glass flask, 5 ml. of chloroform, acetic acid (3:1)
added and titrated immediately with N/100 sodium
thiosulfate. A sample without drier was run along
with each group of catalized samples.

Results

The addition of naphthenate driers to either con-
jugated or unconjugated linoleic acid decreased the
observed peroxide value during autoxidation (Fig.
1). Driers seemed to reduce the amount of peroxide
oxygen most effectively when added to unconjugated
acid. After the third hour of oxidation the uncon-
jugated acid actually contained less peroxide oxygen
than the 10,12-linoleic acid to which no drier had
been added. However the amount of peroxide oxy-

gen formed was also dependent on the temperature
at which the autoxidation was carried out. The
maximum amount of peroxides formed during the
autoxidation of the unconjugated acid was larger
at 30°C. than at 65°C. (Fig. 2). On the other hand,
the conjugated acid contained approximately the
same maximum amount of peroxides at 30° or 65°C.

The addition of driers to either conjugated or un-
conjugated linoleic acid also had a pronounced effect
on diene conjugation. This fact was more noticeable
in the samples which had been oxidized at 30°C.
(Fig. 3) than in those which had been oxidized at
65°C. (Fig. 4). At 30°C. the specific absorption
coefficient of the unconjugated acid increased more
rapidly and of the conjugated acid decreased more
rapidly in the presence of drier. The extent of diene
conjugation seemed to parallel peroxide formation
but declined earlier.

The effect of naphthenate driers on the amount of
peroxide oxygen formed (Fig. 5), and the extent of
diene conjugation (Fig. 6) seemed to depend on the
cation present. Cobalt had the most pronounced and
zine the least effect. In another run cobalt and man-
ganese had the most pronounced effect and calcium
and zine the least effect.

Discussion

These results indicate that driers promote more
rapid ‘‘drying’’ through their effect on the rate of

Key
AL LINOLEBIC ACID

2 LINOLEIC ACID + DRIER

2000
2_ConNJ. LiINOLEIC ACID
4 CONJ. LINOLEIC AciD
+DRIER
wool
1]
o)
A
; \2o00}
0]
0
x
0 8oo}
o
w
a
4oof
,
~
#
'S i | 1 ] 4 [
° 20 40 @0 o \0o 120

TWME OF OXIDATION IN WROURS

TeEMP - Room Teme

Jo°c

Fig. 2. The effect of cobalt naphthenate drier on the peroxide value of unconjugated and conjugated linoleic acid oxidized at 30°C.
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1L UNCONJ. LINOLEIC AC\D
—Z UNCONJ LINOLEIC ACID + Co-Pb DrRIER
o 3 ConNJ. LINOLEIC ACID + Co-Pb Drier.
\ T 4 CONJ. LINOLEIC ACID

\OOF REY

o
A

2 VALUE AT 2340

[») 20 40 [Ye) 80 too 120
TIME OF OX\I\DATION IN HOURS TEME - Room Tramp

30°c
F1a. 3. The effect of cobalt naphthenate drier on the specific absorption coefficient of unconjugated and eonjugated linoleie
acid oxidized at 30°C.
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F1a. 4. The effeet of cobalt naphthenate drier on the specific absorption coefficient of unconjugated and conjugated linoleic
acid oxidized at 65°C.
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peroxide formation and the rate of polymerization.
Furthermore, the detectable amount of peroxide oxy-
gen inereased more rapidly when driers were present.
However, the total amount of peroxide oxygen formed
was less than in the absence of driers, and therefore
the chances of hydroxy and keto acids appearing in
the polymerized product are decreased.

In a previous study (14) all of the oxygen was
found to be present as peroxide oxygen up to the
point at which approximately 0.2 of a mole of oxygen
had been absorbed. According to Bolland and Koch
(21), all of this peroxide oxygen is present in the
form of hydroperoxide. Unfortunately, in the pres-
ent studies the total amount of oxygen absorbed dur-
ing autoxidation was not determined. Previous work-
ers (22), however, have noted that the total amount
of oxygen taken up was less in the presence of driers.

It seems possible that the activity of driers may
be due to an initiation of oxidation chains, or to
their decomposition of peroxide, thereby promoting
secondary oxidation reactions. Robertson and Waters
(11) stated that in the autoxidation of tetralin the
metallic salts promoted hydroperoxide decomposition
and increased the concentration of the free *OH radi-
cal. An electronic¢ balance set up between peroxide
and metallic cation was represented as:

M* 4+ R-OOH ---5 M** 4+ RO:” + .0II
M4+ R-0-0:"—— R-0-0. + Mn’

Whether the above mechanism adequately represents
the way in which driers function during the autoxi-
dation of open chain olefins is still questionable. In
the present studies the alkali enolization of drier-
catalized samples did not indicate as large an amount
of ketone formation as would be expected if the hy-
droperoxide of linoleic acid decomposes exactly as

8°°f \

600

VALUE

400

PEROXIDE

KEY
L UNCON,
Z UNCONJ,

that of tetralin. viz.. to form a ketone and free *OlLL.
This failure to detect a large amount of ketone may

support Farmer’s (23) view that olefin —( '0-0H de-

i
composes to give — l"" *OH and aective O.

It also seems possible that driers may be capable
of effecting dissociation of a hydrogen atom or a
proton as suggested by Hilditeh (24) for the action
of alkali hydroxide on an unconjugated acid. If the
fatty acid molecule minus hydrogen is considered a
free radical, the rate of free radical formation would
be increased in the presence of driers and the possi-
bility of carbon to carbon polymerization enhanced.
The faet that the specifie absorption coefficient de-
creased more rapidly when the 10,12-linoleic acid was
subjected to autoxidation in the presence of driers
seems to agree with this hypothesis.

The ability of metallic driers to stimulate the for-
mation of conjugated bonds in 9-12-linoleie acid might
be useful as a means of classifying paint driers. Ac-
cording to the present results; cobalt and manganese
were most effective and calecium and zine least effec-
tive in stimulating conjugation. This effect on the
rate of conjugation parallels the effectiveness of these
metals as paint driers (22).

Summary

The addition of commereial paint driers 1o uncon-
Jugated linoleic¢ acid inereased the rate of diene eon-
Jugation during autoxidation and greatly lowered the
amount of detectable peroxides. On the other hand,
the addition of driers to the conjugated isomer low-
ered the amount of detectable peroxide but mildly
promoted destruction of diene conjugation. The hy-
droperoxide decomposition role of driers is further

LINOLEIC ACID
LINOLE\C ACI\D + Zy DRIER

3 UNCONJ. LINOLEIC ACID + ™Mn DRIER
4 UNCONJ., LINOLEIC ACID ¥ Co DrR\ER

TIME OF OXIDATION

Fra, 5.

-
1) \2 \4 16 8 z0

1
N Hours TEMP. - 90°C

The effect of various driers on the peroxide value of unconjugated linoleic acid oxidized at 90°C.
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20r
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KEY

UNcoNJ., LINOLEIC ACID

UNCONJ. LINOLEI\C ACID + Zh DRIER
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. UNCONJ. LINOLEIC ACID 4+ Co Drier

4 I

) a 8

TVWE OF oxibAaTionN

\2 113 2.0
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F1a. 6. The effect of various driers on the specific absorption eoefficient of unconjugated linoleic acid oxidized at 90°C.

supported. Metallic naphthenates inereased the quan-
tity of diene ketones in both unconjugated and conju-
gated acid though after a longer period of time in
the latter case.
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