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N UMEROUS studies on the initial stages of au- 
toxidation of various fa t ty  acid esters, with and 
without added catalytic agents, have been made. 

In the ease of oleate, progress in elucidating the 
structures of the initial products, has been made by 
Knight  et a~/: (27) by  using in f ra red  spectroph~tom- 
etry to determine the formation of tra,ns isomers dur- 
ing the autoxidation of methyl  oleate. The method 
is based on the fact  that isolated tr~ns olefins show 
an intense absorption in the infrared region at a 
wavelength of about 10.3 to 10.4 microns whereas cis 
oleflns do not. In  the s tudy cited however, the autox- 
idations were a l l  catalyzed by  ultraviolet  light and 
the peroxides were not separated from the unoxidized 
material, that  is, the studies were made on the whole 
mixture. Because of the lat ter  fact  it was not certain 
whether the observed trans double bonds were lo- 
cated exclusively in oxidation products (as appeared 
most probable) or whether the unoxidized oleate had 
been part ia l ly  isomerized to a trans configuration 
(27). 

Linoleate esters also autoxidize to form hydro- 
peroxides by  a free radical chain mechanism involv- 
ing attack at  the methylenic group between the two 
double bonds (12, 13, 14, 15, 16). Double bond shifts 
occur, inasmuch as diene conjugation appears ini- 
tially in proportion to the peroxide formed (4, 9, 12, 
13, 20, 30). Estimates of the proportions of conju- 
gated and uneonjugated hydroperoxides formed how- 
ever have been revised; earlier estimates based on 
incomplete spectral information placed the propor- 
tion of conjugated hydroperoxides as low as 70% (9, 
30, 31). Such estimates were based on various chem- 
ical and spectral evidences (5, 6, 7, 8, 19) and as- 
sumptions, some of which have since proved to be 
equivocal Fu r the r  data concerning the ultraviolet 
and inf rared  spectra of geometrically isomeric con- 
jugated dienes (22, 32) and of infrared absorption 
characteristics of ]inoleate peroxides, have led to a 
more r e c e n t  conclusion that  at least 90% of' conju- 
gated hydroperoxides are present among the initial 
products  of linoleate oxidation at low temperature,  
pr imari ly  in a cis,trans configuration (10, 35). 

Work by other investigators has indicated that the 
photooxidation of fa t ty  acid esters with ultraviolet 
light proceeds via a mechanism that is essentially the 
same as in autoxidation (3, 39). In the photochemi- 
cal oxidation of fa t ty  acid esters with chlorophyll 
however, data have been obtained that  suggest a 
somewhat different mechanism (18, 28, 29). 

I t  is the purpose of this report  to present fu r ther  
information concerning the s tructure of the perox- 
ides formed in the oxidation of methyl oleate and 
methyl linoleate under  various conditions, with par- 
t icular  reference to peroxides formed when these es- 
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ters are oxidized photoehemieally with chlorophyll. 
Similarities and differences in the structures obtained 
under  various conditions have been studied pr imari ly  
by  means of u l t r a v i o l e t  and inf rared  speetrophoto- 
metric measurements. Informat ion concerning the 
mechanism of the photochlorophyll  o~idation f r o r ~  
kinetic studies will be given elsewhere (25). 

Experimental 
Apparatus.  The infrared analyses were made with 

a Beckman IR-2 instrument equipped with special 
slit drives (40) for  use with both rock salt and lith- 
ium fluoride prisms (cell, 0.1 ram.). A Beckman DU 
ultraviolet spectrophotometer (cell 1.0 cm.) was used. 
A special apparatus  (34) was. employed for microdis- 
tillations to determine the extent  of monomer and 
polymer formation in the oxidations. Hydrogen val- 
ues were measured by means of an apparatus de- 
scribed by  Joshel (23). 

In  the photooxidations with visible light, with or 
without chlorophyll, the light source was a 300-watt 
photoflood bulb in a housing provided with forced 
ventilation. The light beam passed through a plate 
glass window, the Pyrex  glass bottom of a thermo- 
stated water bath, and a 6-inch layer of water (con- 
taining 5% alcohol) before it reached the reaction 
vessel. The temperature  of the system was kept  in 
the range 17 to 18°C. with cold tap water circulated 
through a copper coil in the bath. The reaction flask 
was fitted with an oxygen inlet ( f r i t ted glass disper- 
sion tube) ,  a stirrer,  and an outlet provided with an 
anhydrous calcium chloride absorption tube. 

Materials. Methyl oleate (iodine value 84.3, theory 
85.7) and methyl  linoleate (iodine value 171.7, theory 
172.4; less than 0.1% conjugated material) were ob- 
tained from the Hormel Foundation.  The lat ter  was 
prepared by  a bromination-debromination procedure 
but  was believed to contain no more than 10% of 
isomers containing trans double bonds. (35). Infra-  
red absorption at  10.36 microns indicated approxi- 
mately 10% of cis, trans isomer (Figure  2, curve 1). 

The solvent n-heptane was freed from unsaturated 
materials by treat ing twice with concentrated sul- 
furic  acid, twice with fuming sulfuric acid, and twice 
with an acid (1 normal) solution of potassium per- 
manganate (saturated).  I t  was then washed with dis- 
tilled water, dried with anhydrous calcium chloride, 
and distilled over this dessieant. 

The copper soap used as a catalyst in one experi- 
ment for  the oxidation of methyl  linoteate was pre- 
pared from corn oil. A clear aqueous solution of the 
potassium soaps was treated with an excess of an 
aqueous cupric sulfate solution, and the precipitate 
was filtered off, washed several times with water, 
washed with 80% alcohol twice, and dried to a fine 
powder. 

The crude chlorophyll was obtained from fresh 
spinach leaves and freed from the other plant  pig- 
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T A B L E  I 

Oxida t ion  of Methyl  O16ate 
P r o p e r t i e s  of P e r o x i d e  Ooncen t ra tes  a n d  R e d u c t i o n  P r o d u c t s  

Sample  

I. Peroxide concen t r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. 1 r educed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3. Pe rox ide  c o n c e n t r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4. 3 r e d u c e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5. P e r o x i d e  concen t r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6. 5 r educed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7. P e r o x i d e  c o n c e n t r a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8. 7 r educed  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9. Theory  for  methy l  oleate hydroperox ide  .......... 

10.  ' t h e o r y  for  r e d u c e d  hydrope rox ide  .. . . . . . . . . . . . . . . . .  

Tempe, r~ture  
of 

ox ida t ion  

°C. 
25 to, 30 ° 

17 to 18 ° 

- -1  t o - - 2  ° 

35 ° 

O the r  condi t ions  
of oxi,da t ion 

D a r k  and  no ca ta lys is  

Pho toox ida t ion  wi th  v is ib le  l igh t  

Photooxida. t ion wi~h chlorophyl l  and  vis ib le  l i g h t  

U l t r a v i o l e t  r a d i a t i o n  

~ . V .  

~.e. /kg.  
5 6 4 0  

104  
6 0 3 5  

52 
5 7 7 0  

77 
5470  

54 
6 0 9 0  

0 

I 
I v 1 H2 - .  absorue __ 

I mole/mo,~e 

gS:~ £5 

- - O H  

mo~e/mo,le 

1.0 

1.0 

1.0 

1 .00  

ments in order to retain only chlorophylls a and b. 
The methods are described in detail elsewhere (25). 

Oxygen-free nitrogen (commercial nitrogen puri- 
fied by passage over heated copper) was used to 
purge solutions and reagents and to blanket the prod- 
ucts obtained in the oxidations during all manipula- 
tions involved in their separation and analysis. 

Pro.cedures. In  general, between 20 and 30 g. of 
fa t ty  acid ester were oxidized under each of the sets 
of oxidation conditions employed. 

Methyl oleate was oxidized to peroxide values of 
500 to 700 milliequivalents per' kilogram under' the 
following conditions: a) autoxidation in air at 25 to 
30°C. for about four months, b) oxidation of a 30% 
solution in heptane in visible light at 17 to 18°C. for 
about four weeks, c) photochlorophyll oxidation of a 
30% solution in heptane a t - - 1  to --2°C. for about 
10 hours, d) oxidation in ultraviolet light at 35°C. 
for about five days. In the first three cases oxygen 
was bubbled slowly through the liquid medium; in 
d) a thin layer of oleate was exposed to air. 

Methyl linoleate was oxidized to peroxide values of 
about 600 milliequivalents per kilogram under the 
following conditions: a) autoxidation in air at 0 to 
3°C. for about nine weeks; b) oxidation of a 30% 
solution in heptane in visible light at 17 to 18°C. for 
three days; e) photochlorophyll oxidation of a 30% 
solution in heptane at --1 to --2°C. (two samples, 12 
and 33 hours, with latter going to peroxide value of 
approximately 5,000 m.e./kg.) ; d) oxidation in ultra- 
violet light at 35°C, for about 24 hours; and e) oxi- 
dation in presence of a copper soap at 25 to 30°C. for 
about 36 hours. In the first of these oxidation took 
place by exposure to air in an open vessel ; in the last 
four, pure oxygen was bubbled through from a gas- 
dispenser tube. 

The more rapid photoehlorophyll oxidations were 
conducted at lower temperature to minimize the for- 
mation of secondary products and the destruction of 
chlorophyll. The rate of the primary reaction has 
previously been found to be relatively independent 
of temperature between 20 and 60°C. (18). The con- 
centration of chlorophyll employed was 2.0 rag. per 
ml. of substrate. 

For  oxidations in ultraviolet light, both methyl 
oleate and linoleate were stirred continuously in open 
beakers, with an ultraviolet lamp ( General Electric 
AH4) placed about four inches above the surface of 
the esters, and dried oxygen was passed through with 
a fri t ted glass dispersing tube. 

The products of the photochlorophyll oxidations 
were freed from chlorophyll and its oxidation prod- 
ucts by passing the reaction mixture into a glass 
tubing 3 in. in diameter packed to a depth of 3 in. 

with powdered sugar, and on top of this a depth of 
2 in. of charcoal, and then eluted with 800 to 1,000 
ml. of heptane containing 5% diethyl ether. This 
procedure did not change the original peroxide value 
of the substances appreciably. 

The peroxides were quantitatively separated from 
the unoxidized esters by partition between two im- 
miscible solvent phases (36) made by mixing water, 
absolute ethyl alcohol, and Skellysolve F in the pro- 
portions 7:40:47. 

The peroxide concentrates were reduced to the cor- 
responding hydroxyl compounds with four to five 
times the theoretical amount of stannous chloride 
(0.5 to. 1% in alcohol) at room temperature with 3 
hrs. reaction time (35). 

The infrared measurements were made on 10% so- 
lutions of the materials in either carbon disulfide or 
tetrachlorethylene, depending on whether the wave- 
length region under examination was above or below 
7.2 microns. For better resolution, a lithium fluoride 
prism was used for the regions of hydroxyl, carbon- 
hydrogen, and carbonyl absorptions. Three regions 
were examined in detail: a) 10.0 to 11.0 microns for 
geometric isomers of carbon-carbon double bond sys- 
tems; b) 2.0 to 4.0 microns for hydroxyl, hydroper- 
oxyl, and carbon-hydrogen bonds; e) 5.0 to 7.0 mi- 
crons for carbonyl groups. 

Ultraviolet meas~lrements were made in spectre- 
scopicatly pure absolute ethyl alcohol at 234 milli- 
microns to follow diene conjugation. 

The hydrogen absorption was estimated as moles 
of hydrogen per mole of unsaturated substance, using 
the Joshel hydrogenator (23) with a 50-ml. burette 
and 0.5 g. of methyl oleate, or 0.25 g. of methyl lino- 
]eate, or the products from them in equivalent 
amounts in 25 ml. purified dioxane (17) in the pres- 
ence of platinum catalyst (2). With pure linoleate, 
values, were obtained by this method which deviated 
from theoretical values by less than 5%.  

The Wijs iodine value method (1~ hour) was used 
for the methyl oleate products and the Woburn 
method (41) for the methyl ]inoleate products. Hy- 
droxyl values were determined essentially by the 
method of egg et al. (33). 

Results and Discussion 

Peroxides from methyl o leate. Table I shows the 
analytical data obtained on the peroxide concentrates 
from oxidized methyl oleate and on their reduced 
products. The hydrogen values, iodine values, and 
hydroxyl values of the reduction products confirm 
the formation of a large proportion of monohydro- 
peroxides at the level of oxidation enlployed. The 
presence of peroxides other than hydroperoxides re- 



462 THE JOUI~NAL OF THE AMEgICAN OIL CHEMISTS' SOCIETY V o s .  31 

cently reported by Swern et al. (39) is not evident 
from, but also not precluded by, these data. The 
data arc consistent with previously reported results 
based on the use of deuterium tracer techniques (24). 
Samples I, 5, and 7 showed somewhat lower than the 
theoretical peroxide values for pure monohydroper- 
oxides, indicating the presence of some products 
which, according to the peroxide method employed, 
were nonperoxidic. Sample 3, oxidized with plain 
light, showed a nearly theoretical peroxide value. 

Infrared analysis revealed two absorption bands of 
special interest in peroxides from oleate and their re- 
duced products (Figure 1). Both types of com- 
pounds absorb at 2.8 t o  2.9 microns (hydroxyl 
stretching vibrations) and at 10.36 microns (bending 
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Fm. 1. In f ra red  absorption spectra. (1) lVIethyl oleate, (2) 
Recovered unoxidized material  from the sample oxidized with 
chlorophyll plus visible l ight at --1 to - - 2 ° 0 ,  (3) Recovered 
unoxidized material  from the sample oxidized with visible 
l ight only at  17 to 18°C., (4) Methyl elaidate, (5) Peroxide 
concentrate from methyl oleate oxidized at 25 to 30°C., (6) 
Peroxide concentrate from methyl oleate oxidized with visible 
light at  17 to 18°G., (7) Peroxide concentrate from methyl 
oleate oxidized with chlorophyll plus visible l ight a t  --1 to 
--2 °C. 

vibrations of carbon-hydrogen groups attached to a 
trans double bond). The hydroxyl absorption band 
parallels the content of peroxidic and other hydrox- 
yls and was found to be in agreement with the find- 
ings of previous workers (1, 11, 21, 35), including the 
observation that hydroxyl absorption occurs a a lower 
wavelength than does hydroperoxyl. These absorp- 
tion curves are not included because they were all 
similar to those of the products of methyl linoleate 
(Figures 2, 3). 

The difficulties encountered by Knight et a,l. (27) 
due to overlap of the the 9.8 micron methyl ester 
band with the 10.36 micron band of trans double 
bonds was largely overcome in the present study dlle 
to the prior separation of the peroxides from unoxi- 
dized material. Because of this separation also it was 
demonstrated that the unoxidized oleate was not 
isomerzied measurably to a trans form (note absence 
of 10.36 micron band in curve for unoxidized o]eate 
in Figure 1), thus eliminating mechanisms which in- 
clude such a process (27). 

Our results confirm those of Knight et al. (27) in 
that the reduced peroxides showed essentially the 
same amount of trans double bonds as the original 
peroxides. Also the peroxides were predominantly of 
trans configuration, but the amount of trans isomer 
varied appreciably under different conditions of oxi- 
dation. Thus estimations by means of the base-line 
technique indicated that the peroxides from uneata- 
lyzed ant oxidation (sample 1) contained about 75% 
trans forms, those from oxidation in visible light 
(sample 3) about 90%, those from the photochloro- 
phyll oxidation (sample 5) 97 to 100%, and those 
from the ultraviolet catalyzed oxidation (sample 7), 
about 67%. These estimates arc based on compari- 
sons with the absorption of methyl elaidate, assum- 
ing a constant molecular extinction coefficient for an 
isolated trans double bond. 

The peroxide concentrate from the photochloro- 
phyll oxidation was solid at --50°C. whereas the 
others were viscous liquids at the same temperature. 
Microdistillation (34) of the reduced peroxide con- 
centrates of autoxidizcd and photochlorophyll-oxi- 
dized oleate show that these prodncts are mostly 
monomeric in character (97% to 100% monomer). 

Peroxides from methyl linolec~te. In Table I I  ana- 
lytical data are given for the peroxide concentrates 
obtained from methyl linoleate oxidized under the 
several sets of conditions, and for their reduced 
products. 

Autoxidat~ou at about 0°C. in the dark yielded a 
peroxide concentrate having almost the theoretical 
peroxide value for a monohydroperoxide, also exhib- 
iting a higher spectral absorption at 234 millimicrons 
than the products obtained under other conditions. 
These data are consistent with the view that the per- 
oxides formed in the autoxidation of methyl linoleate 
are almost completely conjugated (35). 

Photooxidation with visible light at 17 to 18°C. 
yielded products with somewhat lower ultraviolet 
spectral absorption, and catalysis by copper soaps in 
the dark at 25-30°C. yielded a peroxide concentrate 
with significantly lower peroxide value and ultra- 
violet absorption. 

The most striking difference however was found in 
the products o~ the photoehlorophyll oxidation; the 
peroxide concentrate exhibited an almost theoretical 
peroxide value and at the same time a decidedly 
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TABLE II 

Oxidat ion of Methyl Linoteate  
Proper t ies  of Peroxide  Oo neentrates  and Reduct ion  P roduc t s  

Sample 

1. Peroxide  concentrates ................................ 
2. 1 reduced .................................................... 
3. Peroxide  concentrates  ................................ 
4. 3 reduced .................................................... 
5. Peroxide  coneeutvate ................................. 
6. 5 reduced .................................................... 

7. Peroxide  eoneent ia te  ................................. 
8. 7 reduced .................................................... 
9. Peroxide  conce~t,~ate ................................. 

10. 9 reduced ........ :....: ...................................... 
11. Calculated for  l ino lea tehydroperox ide  ....... 
12. Calculated for  reduced hydroperoxide ....... 

' Tempera tu re  
of 

oxidat ion 

°G. 

0 t o  3 ° 

17 to 18 ° 
17 to 18 ° 
--i to --2 ° 
--I t o - - 2  ° 

35 ° 
35 ° 

25 to 30 ° 
25 to 30 ° 

Condi t ions  
of 

oxidat ion 

Dark  and no catalysis  

Photooxidat iou  wi th  visible l igh t  
Photooxidat ion  wi th  vis ible  l ight  
Chlorophyll  and  vis ible  l i gh t  
OhlorophyI1 and  visible l igh t  

Ultraviolet,  l igh t  
Ul t r av io le t  l igh t  
D a r k  and 1% copper soap 
Dark  and 1% copper soap 

P.V.  

m . e . / k g .  

6100 
60 

5980 
300 

5940 
47 

5560 
107 

5470 
55 

6115 

I.V. 
( W o d b u r u )  absY~ed  - - O H  

. . . . . . . .  m o ~ e / m o ~ e  ~ne te /me , i e  

174.7 ~:~; i:~ 
173.2 

(1.V. 163)  

Absorp t iv i ty  
or sp,ecific 
ext. eoeff. 

77.0 
77.3 
66.9 
70.7 
44.9 
41.5 

63.1 
62.8 
64.3 
62.9 

99.5% 861) 
102.5 a, 90 i~ 

a For  t ra  ns , t run~ conjugated.  
~ F o r  v i s , t r ~ n s  conjugated.  

lower spectral absorption at 234 millimierons. Fur- 
thor evidence described below, particularly from in- 
frared analysis, indicated that this was in large meas- 
ure due to the formation of appreciable quantities of 
unconjugated peroxides. 

Several types of methyl linoleate isomers that are 
related to the structures formed in the aut oxidation 
of methyl linoleate show important absorption bands 
in the infrared region. Jackson et ~L (22) found 
that the pure cis,trans conjugated isomer showed a 
doublet with absorptions at 10.55 and 10.18 microns 
(curve 4, Figure 1) and pure tra,ns,trans conjugated 
isomer showed a single strong band at 10.12 microns 
(curve 3),  but  no band at 10.55 microns. Mixtures 
of cis,trans and trans,trans have bands at 10.55 and 
10.15 microns (21, 22). For the purposes of this 
study the several types of isomers involved could be 
distinguished by examination of the spectra at three 
wavelengths: 10.15 microns (tra~s,trans conjugated),  
10.36 microns (nonconjugated or isolated trans), and 
10.55 microns (cis,trans conjugated).  These bands 
are designated A, B, and C respectively in Figure 2. 

Infrared data for various peroxide concentrates 
and for reduced concentrates are given in Figures 2 
and 3, and the pertinent observations are summar- 
ized in Tables III and IV. The infrared data in 
Figure 2 reveal that autoxidation at low temperature 
caused the formation predominantly of cis,trans con- 
jugated hydroperoxides. Photooxidation with visible 
light, ultraviolet catalyzed oxidation, and copper cat- 
alyzed oxidation yielded mainly tra~s, trc~ns eonju- 

gated forms. Similar ly a sample of methyl  tinoleate 
autoxidized at  approximate ly  24°C. yielded predom- 
inant ly  trans,trans conjugated isomers. 

The photochlorophyll-oxidized samples however ex- 
hibited a considerable absorption at 10.36 microns, 
indicating tha t  some isolated trades double bonds 

T A B L E  I V  

Oxidat ion of Methyl Linoleate  
I n f r a r e d  Absorpt ion (cf. F i g u r e  3) 

Curve 
no. 

1. 
2. 
3. 
4. 
5. 

Substance  

Sample  5, Table I I I ,  reduced 
Sample  7, Table I I I ,  reduced 
Sample  8, Table I I I ,  reduced 
Sample  7, Table  I I ,  reduced 
Sample  9, Table  £L reduced 

v i s , t rans  I t r a n s , t r a n s  ] Iso la ted  
conjuga ted  [ conjugated  t r i n e  

B a n d A  ] B a n d C  [ B a n d B  
I 10.55 I 12.12 I 10.36 

microns  microns  microns  

4. 4-4-4- / + ++ ~ 
4. ÷4-4-  .... 
+ 4-4-+  .... 

were present in this case. T rans double bonds were 
present in the original methyl linoleate, but increased 
intensity of absorption showed that most of those 
present were formed during the oxidation. This was 
also shown to be true on the basis of supplementary 
studies involving the photoxidation of methyl esters 
of corn oil fatty acids irt the presence of chlorophyll  
under similar conditions ; in these cases trans double 
bonds were originally completely absent. Moreover 
in the latter study, a compound containing the iso- 
lated trans double bond in a reduced linoleate perox- 
ide concentrate has subsequently been isolated by 

T A B L E  I I I  

Oxidat ion of" Methyl  LineIeate  
I n f r a r e d  Absorpt ion (cf. F i g u r e  2) 

c, i~, tran~ t r a n s , t r ~ n e  I solated 
Condi t ion  of oxidat ion conjugated  con juga ted  tra,n~ 

B a n d  A B a n d  C B a n d  B 
10.55 microns  12.12 microns  10.36 microns  

Tempera tu re  I 
Curve no. Substances  of 

oxid~_t.ion 

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 r i g i n a l  metltyI l inoleata  
2 ................................. :, Recovered unoxidized Iinoleate 
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Unoxidized conjugated  

t rans ,  t ran¢ l inoleato 
4 . . . . . . . . . . . . . . . . . . . . . . . . .  Uno.xidized conjuga ted  

c~s,trans l inoleute 
5 ................................... Methyl l inoleate peroxide 
6 ................................... Methyl  l lnoleate  peroxide a 
7 ................................... Methyl l iuoleate pea'oxide 

8 . . . . . . . . . . . . . . . . . . . . .  IMethyl l inoleate  peroxide a b 

9 ................................... ]Methyl l inoleate peroxide 

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Methyl l inoleate peroxide 

0 to 3 ° Da rk  and  no catalysis  
24 ° D a r k  and  no catalysis  

17 to, 18 ° Photooxida t iou  of 30% solution in  
heptane  by vis ible  l igh t  

3 to 5 ° Photoexida t ion  of 30% soln. in hep- 
tune by chlorophyll  and  vis ib le  l igh t  

--1 to --2 ° Photooxid~t ion  by chlorophyll  and 
visible l igh t  (12 hrs. )  

--1 to --2 ° Photooxida t ion  by chlorophyll  and 
vis ble l i gh t  (33 hrs . )  
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" Samples obta ined in supplementary  experiments  not  described in text.  
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FIG. 2. In f ra red  absorption spectra. (1) Methyl linoleate, 
(2) Recovered unoxidized linoleate, (3) Conjugated trans, 
trans methyl octadecadienoate, (4) Conjugated eis, trans 
methyl octadecadienoate, (5) Peroxide concentrate from 
methyl linoleate oxidized at 0 to 3°C., (6) Peroxide concen- 
t r a t e  from ]inoleate oxidized at  24°C., (7) Peroxide concen- 
t ra te  from linoleate oxidized in visible light at 17 to 18°0, 
(8) Peroxide concentrate from linoleate oxidized with chloro- 
phyll and light at 3 to 5°¢., (9) Peroxide concentrate from 
linoleate oxidized with chlorophyll in light at --I to --2°C. 
(12 hours), (i0) Peroxide concentrate from linoleate oxidized 
with chlorophyll in light at --i to --2°C. (33 hours). 

displacement chromatography (26). Other studies 
with esters o f  corn oil acids further demonstrated 
that oleate and linoleate in mixtures are oxidized rel- 
atively nonselectively in the photochlorophyll oxida- 
tion, confirming observations previously made in this 
laboratory (18, 29). 

Spectra of these oxidation products in the rock salt 
region from 2.0 to 7.0 microns are almost the same as 
those published previously (35), indicating strong 
and characteristic hydroperoxyl or hydroxyl absorp- 

tion, carbon-hydrogen absorption, and carbonyl ab- 
sorption. Lithium fluoride prism spectra for the car- 
bonyl region (Figure 4) showed all of the products 
to be virtually identical except the product from 
photochlorophyll oxidation, which did not show a 
band at 5.80 microns. 

The reduced peroxides showed a stronger OH band 
at 2.92 microns as a thin film (curve 2, Figure 5) 
than as a 10% solution (curve 1, Figure 5), due to 
weaker absorption of dissociated OH in solution. 

The LiF spectra (Figure 4) shows a strong band 
at 3.30 microns in unoxidized linoleate (curve 1), 
which is very weak in all of the peroxide concentrates 
(curves 2 to 6). This band increases in lntensity as 

t he  number of isolated cis double bonds increases in 
the series stearate, oleate, linoleate, linolenate, and 
arachidonate. The isolated trans double bond of 
elaidate contributes little to this band (37). We have 
confirmed this on elaidate and have observed that 
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FIG. 3. In f ra red  absorption spectra, l~educed peroxide con- 
centrates from methyl linoleate oxidized (1) at  0 to 3°0., (2) 
at  17 to 18°G. with visible light, (3) a t  3 to 5°C. with chloro- 
phyll and visible light, (4) at  35°C. with ultraviolet light, (5) 
at  25 to 30°G with 1% copper soap. 
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l~m. 4. Infrared absorption spectra (lithium fluoride prism 
and C:C~4 solvent). (1) Methyl linoleate, (2) Peroxide ~eon- 
centr~te from linoleate oxidized at 0 to 3°0. without solvent, 
(3) Reduced (2), (4) Peroxide concentrate from linoleate 
oxidized a£ 17 to  18°C. with visible light, (5) l%duced (4), 
(6) Peroxide concentrate from ]inole~te oxidized at --1 to 
--2°C. with chlorophyll and visible light. 

l inoelaidate (trans, trans noneonjugated)  is similar to 
s tearate  and elaidate in its band  intensi ty at 3.30 
microns. Conjugated linoleates (both c//s, trans and 
trans,trans) have a band  about  equal to (c~s) oleate 
at  3.30 microns. Thus it  appears  tha t  this band  is 
associated with nonconjugated isolated otis double 
bonds due either to the carbon-hydrogen group of the 
R - - C H ~ C H - - I ~  s t ructure  (37), o r  the carbon-hy- 
drogen of CH2 groups adjacent  to double bonds (1, 
35, 38). The band  in  the linoleate peroxide concen- 
trates is only one-third to one-half as s t rong as in 
unoxidized oleate or unoxidized conjugated linoleate. 
This fact  suggests that  the CH~ assignment of the 
3.30 micron band  is more reasonable (35). 

I n  general, the findings of the present  investigation 
indicate that  photooxidation with visible light, ul tra-  
violet catalyzed oxidation, and copper soap catalyzed 
oxidation, like autoxidation, yield p r imar i ly  conju- 
gated hydroperoxides.  Moreover, at  higher tempera-  
tures  or in the presence of light, trans,trans conju- 
gated forms predominate.  Only in the case of the 
photoehlorophyll  oxidation does any appreciable 
amount  of uneonjugated hydroperoxide appear  to be 
formed, and pa r t  of this appears  to contain trans 
double bonds. However,  even in the lat ter  case, the 
pr incipal  products  are trans, trans conjugated forms, 
even a t  0°C. 

Summary  

1. I t  has been confirmed tha t  the pr incipal  prod- 
ucts formed in the oxidation of methyl  oleate by  oxy- 
gen under  a var ie ty  of conditions are predominant ly  
trans hydroperoxides.  However  no inversion of the 
double bond occurs in unoxidized oleate. Hence the 
conversion of cis to trans double bonds and peroxide 
format ion  occur together in the same molecules. 

2. The autoxidation of methyl  linoleate at  low tem- 
pera ture  yields predominant ly  cls,tra~s conjugated 
hydroperoxides.  Autoxidat ion at  25°C., oxidation 
catalyzed by  visible light, or ul traviolet  l ight and 
copper soap catalyzed oxidation at  t empera tures  ap- 
preciably  above 0°C., lead to the format ion pr imar-  
ily of tr¢~s, trans conjugated hydroperoxides.  The 
i n v e r s i o n  of the  second double bond in this case 
appears  to be independent  of the peroxide-forming 
reactions. 

3. The photochlorophyll  oxidation of methyl  ]ino- 
leate leads to the format ion of some uneonjugated 
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F1G. 5. Infrared absorption spectra. Reduced peroxide con- 

centrates from methyl linolea£e oxidized with ultraviolet light 
at 35°G.: hydroxyl region for (1) 10% solution, (2) thin film. 
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hydroperoxides, some of which contain trans double 
bonds. 

4. Under all of the conditions, employed in the 
present investigation, the oxidation of methyl oleate 
and linoleate led primarily to the formation of mono- 
meric peroxides which retained most of the unsatura- 
tion of the parent compound. 
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The Determination of Monoglycerides and 
Glycerin in Mixtures 
MARGARET KRUTY, J. B. SEGUR, and C. S. MINER JR., 
Miner Laboratories, Chicago, Illinois 

T I IE mos~ satisfactory methods of determining 
monoglycerides and glycerin are based upon 
their quantitative oxidation with periodic acid 

according to the following equations: 

CH~O,II - -  CI-IOIt  - -  C!H~-OI~ ~- H~IO~ - - - *  

C H i C  -t- C I t O  - -  C H=OR -~- I=IIO.a ~- 3H~O 

M o n o g l y c e r i d e  

CH~OH -- CI[OII -- CH:O'H -~ 21I.~IO~,----~ 

2 C I L O  -1- H C O ~ H  -~- 2 H I O ~  ~- 5tI~O 

G l y c e r i n  

In each reaction, quantitative oxidation can be ob- 
tained if an excess of periodic acid is used. The 
amount of monoglyceride or glycerin is determined 
by measuring the amount of periodic acid consumed. 
Glycerin can also be determined by titration of the 
formic acid that is produced (6). 

Several variations in procedure have been pro- 
posed (1, 2, 3, 4, 5). Each of the methods has one. or 
more of the following disadvantages: a) high-melting 
samples must be warmed, resulting in side reactions.; 
b) the sample must be extracted with water or' a salt 
solution to remove free glycerin, if any is present; 
c) the sample and oxidizing reagent are in separate 
liquid phases which must be kept mixed by constant 
stirring; and d) when the excess of periodic acid is 
determined (addition of potassium iodide and titra- 
tion with sodium thiosulfate), the precision of the ti- 
tration is limited because the sample titration must 
be equal to. at least 80% of the blank titration. 

In the methods in current use the sample of mono- 
glyceride, dry or dissolved in chloroform or ethyl ace- 
tate, is added to a measured amount  of  ~ solution of 
periodic acid dissolved in 80% or 95% acetic acid. 
The excess periodate remaining after the reaction is 
complete is reduced to iodate, and all of the iodate 
( including that formed during the oxidation reac- 
t ion) is reduced to iodine by the addition of potas- 
s ium iodide to the acid solution. The, amount of io- 
dine formed is measured by titration with sodium 
thiosulfate. 

I~:~IO(~ + 2 H I - - - ~  I:[IO~ -t- I :  + 3H~O 

t I I O 3  -~- 5 t I I - - - - >  3I~ -~- 3H~O 

4I~ -t- 8Na~S~O~--- ->  8 N a I  -I- 4Na~S406 

The difference between the blank and sample titra- 
tions therefore represents the amount of perio date 
which had been reduced to iodate by the monoglycer- 
ide. By this method three-fourths of the oxidizing 
power is spent in the reduction of iodate to iodine. If  
stoichiometric amounts of monoglyceride and perio- 
date were used, the sample titration would be 75% 
of the blank. Since a 20% excess of periodic acid is 
advised, the sample titration is at least 80% of the 
blank. Therefore, in order to obtain a reasonable 
difference in the two titrations, it is necessary to 
know in advance (or by preliminary analysis) the 
approximate percentage of monoglyceride. 

The characteristic feature of this proposed method 
is the determination of periodate using conditions 


