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Since most tall oils contain from 5-10% of sterol or 
other inert materials, a correction factor was intro- 
duced into the above equation. The average number 
of ethylene oxide groups in a sample os tall oil was 
obtained by subtracting the average molecular weight 
of the original tall oil from that obtained from the 

TABLE I I  
:Molecular Weights of Various Samples of Polyethenoxy Tallates 

From actual 
weights o~ D ~termined 

Sample No. tall oil and  by the 
ethylene saponification 

ox ide  equiwlent  

1 ........................................................ 
2 ........................................................ 
3 ........................................................ 
4 ........................................................ 
5 ........................................................ 
6 ........................................................ 
7 ........................................................ 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

9 . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

864 
864 
879 
867 

1,200 
9OO 
873 
873 
906 

830 
865 
88y 
890 

1,250 
972 
825 
898 
905 

saponification equivalent determined above and di- 
viding the difference by 44, i.e., the molecular weight 
of ethylene oxide. Table I I  lists molecular weights 
on a number of polyethenoxy tallates prepared in this 
laboratory and varying in their tall oil composition 
from predominantly fatty acids to those containing 
mostly rosin acids. The molecular weights determined 
by the above saponification method are eompared to 
molecular weights obtained from actual weights of 
tall oil and ethylene oxide used. 
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Application of Tracer Techniques to Studies on 
Autoxidation Reactions 

N. A. KHAN, 2 The Hormel Institute, University of Minnesota, Austin, Minnesota 

T HE autoxidation reactions of the fat ty acids and 
esters involve intricate mechanisms, possibly of 
varied types. The voluminous literature (1) with- 

out much clarification of the picture for more than a 
century will add confirmation to the point. The actual 
advancement of our knowledge in this field may be 
attributed to the research carried on since 1936 by 
virtue of the advantages available to the present- 
day chemist, especially the tools from the school of 
physics and physical chemistry. Furthermore the ap- 
proach to the studies on the mechanisms of autoxi- 
dation through reactions of oxygen with the simpler 
and known compounds, methyl oleate, linoleate, and 
linolenate, has facilitated such progress. Following 
these modern trends, it is felt that tagging o~ these 
simpler compounds with the suitable tracer isotopes 
may help to reveal some aspects of the mechanisms 
of autoxidation. However in the initial studies (2) 
autoxidation of methyl 9,10-dideutero-oleate gave re- 
sults apparently contradictory to the general expec- 
tation, and no definite conclusions were reached. Con- 
t rary to expectations, dideutero-oleate showed a much 
longer induction period than oleate. I t  was not known 
whether the induction periods were due to trace im- 
purities or were inherent properties o~ the compounds. 
The purification of these compounds through chro- 
matography did not change such induction periods. 
Moreover deuterium contents of the water, volatiles, 
and residues of dideutero-oleate were unexpectedly 
uniform, calculated on a percentage basis. The pur- 
pose of the present paper is to show that these ap- 
parent contradictions are the indirect guides to the 
goals originally sought and may be correlated to the 
existing information on autoxidation or mono-olefinic 
substances. 

~Presented at the ~M1 Meeting, American Oil Chemists' Society, C~n- 
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Tracer techniques have been used in different chem- 
ical and biological reactions with good results but 
have not been used in autoxidation reactions before. 
The isotopes that can be used in the studies of au- 
toxidation reactions of fat ty acids and their esters 
are: deuterium, ( [ t i e D ) ;  heavy oxygen,~O; stable 
carbon isotope, 1~C; radioactive carbon isotope, 1~C. 
Deuterium (99.0-99.5% pure) may be used for such 
studies. Heavy oxygen, to present knowledge, cannot 
be obtained in a purer state than 70 to 80% concen- 
tration and is used only in special cases involving 
decomposition of peroxides. When heavy oxygen in 
pure form becomes available, its use may throw some 
light on the intricate chemistry of the peroxides. The 
stable isotope C ~3 and the radioactive isotope C TM can 
play important roles in autoxidation studies, espe- 
cially in locating the point of scission of the carbon. 
chain during such reactions. 

From the free radical mechanism of autoxidation 
reactions, the positions most involved are the carbon 
and H atoms of the double bond and of the methyl- 
ene group alpha to the double bond. The methylenic 
group alpha to the earboxyl group, though very re- 
active in organic ionic reactions, has been neglected 
in autoxidation reactions. Tracer techniques may pos- 
sibly detect these positions of reactivity. Two differ- 
ent alpha methylene C-atoms in the same molecule 
may be differentiated by incorpora t ing  radioactive 
C I~ in one position and stable C 13 in the other. 

The methylenie group alpha to double bonds in 
methyl oleate or octadeeene tagged with deuterium 
(3) C 14 or C ~ may be obtained from the 8-C ester 
via alcohol, bromides, etc. The other positional iso- 
mers may be synthesized by choice of proper frag- 
ments. Such synthesis has already been accomplished 
(4-7). The recent synthesis of linoleic acid by work- 



ers in this country (8) and in England (9) offers 
prospects for tagged derivatives of this dienoic acid 
also. The deuterium may be introduced into the dou- 
ble bond by selective deuteration of the corresponding 
acetylenic compound in the presence of deuterized Ra- 
ney nickel (10). Through decarboxylation and recar- 
boxylation the earboxyl group and its alpha methylene 
group may be labelled (11). The general reactions for 
synthesis may be represented as follows : 

/~JLLH~, @r 

I (sa.  Ca,.OH) * c"3(~)6=z~ 

K. (a) ~.(ol_),eeeca. . . . .  . .  _ .  ) ol~(cHz)6c~o| 

Ester of requisite l Decarboxylation followed 
clmzn length l b y  recarborylation with ~ ~ ~CH % *CB ~" 

radioactiv~ carbon and ~ 3 t ~/~ ~" 

PBrj 
i. (~). Alcohols , ) Bromide s 

II. 

III. 

2.4 

I 

Condens~ed ivith 
acetylene by Two-step 

in liquid condensation 
NaNH2ammoni a 

CIS hydrocarbon Oleic acid 
tK~ged in alpha or ester, 
methylenic group. 

D 2 
-CEC- Deute r i zed  ao~o-- ) --CD=CD,- 

nickel 

mH~OO. ~ mH2C~Ag -- - -*  ~cH2m. 
+ $ 

RCH2COOH 4--- RCH2MgBr 

(a) 
IV. RCH2CH2COOH $ RCH2COOH ~ R~2Br 

RCH2CH2Br ~---RCH2CH2OH 4k- RCH2COOH 

4. RcH2~2s,~ ----+ RS~2C00H 
(a) This degradation may be accomplished by several s tandard meth- 

ods for decreasing one carbon at  a t ime in an aliphatic acid. 

The use of radioactive compounds will be limited 
mainly by the elaborate precautions necessary for their 
safe handling. Most laboratories are not equipped to 
work with radioactive isotopes, but in the hands of 

"workers who have access to proper facilities radioac- 
tive carbon C 14 may be an effective tool for research in 
autoxidation reactions. However from the point of 
view of initial attack the replacement of alpha meth- 
ylenic and double bond hydrogen atoms with deute- 
rium should reveal some phases of the mechanics of 
autoxidation reactions. This, in combination with the 
availability of deuterium in pure form and the ease 
of handling and analysis by mass spectrography, led 
to the use of this isotope in preference to others al- 
ready mentioned. 

In the studies reported below autoxidation of methyl 
oleate and methyl 9,10-dideutero-oleate at 75~ gave 
evidence of four distinct stages of reactions. Since 
the induction period is usually attributed to minor 
impurities, the substrates were passed through a chro- 
matographic column with a view to removing these 
impurities. The points of attack by oxygen on sub- 
strates, formation of peroxides, and their decomposi- 
tion giving rise to water and volatile products have 
been noted. An attempt at elucidation of these proc- 

esses on the basis of the present knowledge of bond 
strength of the different atoms in the molecules in- 
volved has also been made. 

P r o c e d u r e s  

The 20 g. each of crystallized methyl el,ate and 
methyl 9,10-dideutero-oleate (2) were separately dis- 
solved as a 10% solugon in n-heptane, which was 
freed of the unsaturated substances by treatment with 
fuming sulfuric acid twice, followed by washing with 
distilled water, drying with anhydrous calcium chlo- 
ride, and finally by distillation. It was then passed 
through a 1 X 18" column of alumina (dried at 400- 
450~ and freed of oxygen by alternate suction by 
vacuum pump and flushing with oxygen-free nitrogen 
several times) and eluted with n-heptane until no 
product came through. The first two fractions and 
the last two fractions were rejected out of 16 frac- 
tions obtained and the middle fractions were com- 
bined (methyl oleate: b.p., 172-173 ~ at 2 ram.; I.N., 
85.5; n ~~ 1.4521. Methyl 9,10-dideutero-oleate.. b.p., 
173-174 ~ at 2 mm. ; I.N., 84.9; n 2~ 1.4518. Deuterium 
content, 5.05 atoms per cent of hydrogen plus deu- 
terium) and were used for autoxidation reactions. 
For iodine number Wijs (1/2 hour) method was ap- 
plied. The methods and techniques of autoxidation 
used were similar to those reported by Deatherage 
and Mattill (12) and Khan, et al. (2), in which oxy- 
gen is bubbled through the substrate at 75~ and 
volatile materials are collected in dry ice traps. Each 
of the deutero-compounds was converted to water by 
micro-combustion (13). This water was decomposed 
into deuterium and hydrogen, which were subjected 
to mass spectrographic analysis to obtain the atom 
percentages of deuterium. The "memory effect" was 
avoided by a few extra runs in each of the above steps 
of deuterium analysis. 
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Results and Discussions 

Figure 1 shows the trend of oxygen consumption by 
the two substrates, methyl oleate and methyl 9,10-di- 
deutero-oleate. The separate stages of oxidation are 
easily recognized in both the substrates. If the minor 
impurities, highly polar in character, that may act as 
antioxidant may be assumed to be removed by chroma- 
tographic treatment, then the induction period (taken 
as period of time required for oxygen absorption to 
begin)  may be an inherent property of these sub- 
stances. As indicated by many authors, the induction 
period is the indication of a potential energy barrier 
in chemical reactions. This is either increased or de~ 
creased by the experimental conditions whereby the 
induction period is never found reproducible. In the 
present investigations this property was shown to be 
reproducible by keeping the experimentM condi t ions  
constant as far  as possible. No experimental evidence 
is so far  available to throw any light on this phase of 
autoxidation. However, the simple replacement of hy- 
drogen atoms on the double bond by deuterium atoms 
increases the induction by more than 100 hours (Fig. 
1). This may point to the fact that the double bond 
plays some role in the stage of autoxidation. The phys- 
ico-chemical concept of the acquisitio~ of sufficient en- 
ergy by collision of oxygen molecules with those of the 
substrate and subsequent formation of a complex by 
virtue of the electron concentrations at the double 
bond will possibly offer the best explanation of the 
induction period. The concept of electron clouds over 
the double bond and its adjoining atoms from the 
British school of electronics (13a) in order to indicate 
the olefinic character of a molecule may pave the way 
to understanding such complex formation. These com- 
plexes may change the energy relations and initiate 
the free-radical chain reactions involved in general 
autoxidation : 

- o . ~ . ' o .  j t - o : ~ o -  
4 

Cha in  r e a c t i o n s  < . . . . .  OH - OH-~H- § z O ~ a O :  

.... (A) 

The idea of complex formation is not new but very 
well-known in the cases of copper-catalyzed oxidation 
and the reactions involving porphyrin enzyme sys- 
tems. The isotopic effect of deuterium (maybe of the 
second order) delays such activation effect of the dou- 
ble bond and subsequent dissociation of alpha methyl- 
enic hydrogen. Such activation is so sensitive as to 
be effected even by functional groups, especially ester 
or acid in the substrates that may add to the polarity 
of the medium, not to speak of the antioxidants or the 
prooxidants. Hence a minute effect by deuterium may 
account for the lengthening of the induction period 
and point indirectly to the role of double bond in the 
initiation reaction and of the alpha methylenic group 
in the final autoxidation. The physieo-chemical con- 
cept may be even preferable to Farmer 's  concept of 
the diradical (14). The diradical mechanism postu- 
lates the formation of an unstable system, and such a 
consequence is usually considered unfavorable in a 
reaction sequence from the kinetic point of view. 
The former provides gradual excitation of the oxygen 
molecule to break one of its three electron bonds (15) 
by complex formation with the substrate and the re- 

mo~al of one hydrogen atom from the alpha methylenic 
group. Both oxygen molecule and substrate result in 
free radicals stabilized by resonance (cf. reaction, A). 
Shifting of the double bond may occur by this reso- 
nance to explai n the formation of the hydroperoxides 
at 8 through 11 positions during autoxidation reac- 
tions (i6).  Initial products formed during autoxi- 
dation of methyl oteate at 0~ ~ with and without 
catalysis were found to be pure mouohydro-peroxides 
with double bonds intact but shifted in position and 
cis-trans configuration through chemical and infra- 
red analyses~ Fur ther  confirmation of complex for- 
marion and acquisition of energy is added by  the next 
stage of peroxidation period during autoxidation. In 
this stage oxygen absorption begins to be appreciable, 
increasing gradually to a maximum rate of main au- 
toxidation. Thus 90-98% of the absorbed oxygen may 
be accounted for as forming peroxides. As soon as the 
critical amount of the peroxides is formed, the period 
of main autoxidation or steady state starts. Then the 
formation of peroxide is balanced by decomposition 
that adds energy to the system and leads to more 
chain formation and an increased rate of autoxida- 
tion. By stopping the main autoxidation reaction at 
an intermediate stage (about 1 mole of oxygen ab- 
sorbed per mole of substrate, methyl oleate, or deu- 
tero-oleate (Figure 1) it is found that 90-95% of the 
total water obtained throughout the whole course of 
the autoxidation is formed during this initial period 
of steady state exactly after the peroxidation period, 
possibly from the decomposition of hydroperoxide. No 
appreciable amount of volatile organic matter is pro- 
duced at such a stage. Consequently most of the vola- 
~de organic products are formed at a later stage of 
the steady state as a result of the scission of the main 
c-chain before the period of decline, when the rate 
of absorption of oxygen falls off due. to a lack of 
available active centers in the substrate. The dura- 
tion of the steady state is almost the same for both 
oleate and deutero-oleate and unaffected by any im- 
purity, antioxidant, or prooxidant, and consequently 
reproducible. This may point to the common point of 
aatoxidation in both the substrates which is evidently 
alpha methylenic group. The deuterium distribution 
among the different products from autoxidation of deu- 
tero-oleate in atoms percentage of hydrogen: water 
5.5%, volatile organic matter 3.2%, and residue 4.5% 
remains the same, no matter how the autoxidation is 
started. This again lends support to one major path- 
way for autoxidation, dependent on the reactions of 
peroxides providing energy and the alpha methylenic 
group propagating chain reactions. 

In order to locate points of seission and decomposi- 
tion in the products of autoxidation reaction, it may 
be necessary to determine the possible weaker points. 
Table I records the bond strengths between different 
atoms in such molecules, as collected from different re- 
liable sources. The C - - H  bond adjacent to a double 
bond is labile; its value of dissociation falls off due 
to resonance stabilization during the activated stage 
in autoxidation reaction and further decreases while 
it is in transition to the stable state of a free radical 
(el. benzene ring). The C--H bond strength is very 
low in the natural linoieate system, and so the induc- 
tion period of autoxidation is considerably low and 
sometimes undetectable. The values for 0 - - 0 ,  O--H, 
and C--O bonds will indicate the point of scission of 
- -CH OOH. The O--O bond strength is always low, 
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and its easy dissociation has been proven by  various 
workers by  identification of the products. One bond 
in the C ~ C  bond is easy to break, but  the resulting 
product  is not stabilized; ra ther  it is unstable. The 
weak C--C bond between carbons a and fl to the dou- 
ble bond may bring for th  some clues to the scission 
products. The knowledge of the bond strength and its 
dissociation energy will also indicate the importance 
of the applications of tracers to the autoxidation reac- 
tions. Evident ly  deuterium in the positions of labile 
hydrogen may indirectly determine the point of ac- 
t ivi ty in a molecule by decreasing, by  virtue of its 
isotopic effect, such labili ty and consequently the re- 
activity. Heavy oxygen may play the same role in 
seission of the 0 - - O  bond (17). However the distri- 
bution of these tracers among the different products 
of autoxidation may contribute to the disclosure of 
many facts about autoxidation reactions. In the case 
of studies on the scission of the main C chain, the 
radioactive C 14 and the stable C 13 isotopes may be 
of great  importance. Their  distribution among the 
different organic products along with the amount  of 
their  radioactivity may lead to identification of the 
products or at least to some idea about  their  molecu- 
lar size and consequently their parent  source. 

The O--O bond strength and the formation of water  
during the period of maximum peroxide formation and 
decomposition will help trace the origin of such water 
formation. In f ra red  and chemical analyses showed that  
these initial peroxides are hydroperoxidie. The initia- 
tion reactions may form hydroperoxides:  

0~ 00H 
-6H-CH--Ca- 02 ~ ' 4~-c.~- --~ -cH-c.~c.- ... (8) 

The hyd roperox ides  may  then decompose d u r i n g  the 
propagation or the main autoxidation reactions as: 

oo. ,; 
-c~-CH~cH- - ) -cH-c~.c.- + o~ ... (c) 

These free radicals may increase the rate of autoxi- 
dation, and the OH radical may at the same time 
contribute to the formation of water  without scission 
of the carbon chain. This will also support  the ex- 
perimental  observation that  the formation of the ma- 
jor  portion of water is not accompanied by  that  of 
the volatile organic scission products. Experimental  
evidence for  such decomposition has been produced 
by Vaughan and his coworkers (18), Swift, e t a l .  (19), 
Schepartz and Daubert  (20), Martin, Schepartz, and 
Dauber t  (21), Brekke and MacKinney (22), Holman, 
e t a l .  (23), Swift  (24), and Kawahara and Dutton 
(25). The deuter ium that  is found in water  may come 
from the deuterium atoms at 9 and 10 positions due to 
resonance : 

- . . . . (~) 

and consequent formation of the peroxides. 

-c~-cD-~-c~ 2" or -C~2-CD-CD-CH . . . . .  (~) 
OOH OOH 

Their  decomposition through hydroxyl  and earbonyl 
radicals may form deuterium-containing water. I t  
may be reasonable to believe that  hydroxyl  radical 
may extract  D-atom from the earbonyt  radical as soon 
as it is formed without any time lag due to its excess 

energy involved (cf. Walsh, 
take place as follows: 

-Q-D-C~-C~-O_OH ~ [ 

- , C , - C H - C H - O  +~mH I 

26). This process may 

$ 

Active intermediates 
of carboz~l and 
hydroxyl radicals 

In the case of hydrogen compounds ordinary  water  
(H20)  will be formed by the above process. By con- 
sideration of all possible decomposition processes of 
these peroxides, the deuter ium content in the water  
formed may be proved to be derived from this nor- 
mal decomposition of h y d r o p e r o x i d e .  Fur thermore  
the findings of Holman, et r (23) and Swift  (24) 
related to the unsatura ted earbonyl compounds may 
add some confirmation to the occurrence of such a 
process during the a u t o x i d a t i o n  reac t ions .  These 
carbonyl compounds may be very  unstable and also 
susceptible to autoxidation and elusive in respect to 
detection by  chemical means. The formation of deu- 
tero-water by  the oxidative attack or cleavage at the 
double bond (2) does not seem to occur in the case of 
free radical mechanisms for  the monoethenoic sub- 
stances to an extent sufficient to account for  forma- 
tion of such water during autoxidation. I t  may be an 
insignificant minor reaction, causing no appreciable 
change in the reaction products  at the stage of water  
formation. Thus the period of the formation of water, 
the energy contents available in the system of the re- 
actions, the dissociation energy of the 0 - - O  bond, the 
behavior of the free radicals, especially that  of ()H 
(26, 27, 28) ,  all combine to show the hydroperoxides 
at 8 through 11 positions of methyl oleate are respon- 
sible for  water  formation. Hence hydrogen atoms at 
these positions may contribute to water, depending on 
the proportions of the stable hydroperoxides formed 
in each such position. In  any case it  must be remem- 
bered that  the dissociation energy of a bond may be 
entirely different in an activated system where the 
highly energetic bodies like free radicals ca r ry  on 
reactions. Probably  a neutral  molecule, acquiring en- 
ergy from a free radical by  collision and subsequent 
dissipation, may need considerably lower energy for 
such dissociation at the vulnerable points noted. 

Max, et a l. (3) did not find deuter ium in water by 
autoxidizing ( - -  CD 2-- CH~-~-CH-- CD2-- ) te t radeutero 
octadecene, since it is hard  to initiate autoxidation 
through the a --CD2 group. The C- -D bond may be 
so strong that  the labilizing effect of the double bond 
is not su~cient  to bring down the value of this bond 
strength for  such initiation. When the autoxidation 
was forceful ly started, C--D still remained immune 
to the free radical attack, which may seek preferen- 
tially any other weaker points in the chain. I t  may 
be that  other C - - H  bonds in the chain are weaker 
than this a C- -D bond. 

From the previous works (29-32) it may be shown 
that C- -D  bond strength exceeds C - - H  bond by ca., 
1.7-3.0 K cal., depending on its location and experi- 
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T A B L E  I 

F r e e  l~adical  D i s soc ia t ion  

B o n d  
B o n d  N a t u r e  s t re  ngt,h 

C - - H  
C - - H  
C_~H 
C - - H  
C - - H  

C - - H  
C - - H  
O - - 0  
0 - - 0  
0 - - 0  
0 - - O  
O----0 
O--C 

O : C  
O - - H  
O - - H  
O - - H  

--C----C-- 
--C----C-- 

~-C--C--  
--C . . . C - - C ~ 0 ~  

O r d i n a r y  as in CH4 etc ................................. 
H y d r o c a r b o n s  .............................................. 
E thy lene  ...................................................... 
Labi le  a d j a c e n t  to one double bond ............. 
S a m e  as  above but  ac t iva ted  due to 

r e sonance  ................................................ 
Doubly  f l anked  by double bond  ................... 
Ad jacen t  to con juga t ed  double bonds  .......... 
I n  h y d r o g e n  p,eroxide ( H O - - O H )  ............... 
I n  hydropexoxide  ( C O - - O H )  ...................... 
Di-a lkyl  peroxide  ( O 0 - - 0 C )  ....................... 
Di-acyl  pe rox ides  ......................................... 
I n  oxygen  molecule  ..................................... 
I n  peroxides  ................................................ 
I n  a ldehyde  ................................................. 
I n  ke tone  ...................................................... 
I n  H - - O - - I t  ................................................. 

! I n  t t - - O 2 - - H  ............................................... 
I n  R O e - - H  ................................. ~ ................. 
Carbon  to carbon  double bond ...... : .............. 
- - C - - C - -  (one  bond  fission ) ......................... 

Gene ra l  ........................................................ 
Bond  be tween  O-atoms, a lpha and  beta 

to double bond .................................. ....... 

(K.. Gel) 
99-100 

p ~ s ~ t  
91 
8O 

64 
(< 64 

64  
64 
66 
66 
64 

118 
87 

174 
174 
110 
100 
100 
145 

64 

81 

81 

mental  conditions. This may  account for  the anoma- 
lous behavior  of this compound. Their  conclusion as 
to the a lpha  hydroperoxides not contr ibut ing to the 
format ion of water  may  not be so valid because there 
may  not be formed a sufficient amount  of hydroper-  
oxides at the alpha methylenic group with deuter ium 
atoms. However  the slow rate of autoxidation of this 
compound ( ~ t h  the normal  rate)  and the fai lure to 
undergo normal  course of autoxidation may  give rise 
to the question: have the deuter ium atoms in this com- 
pound blocked the points tha t  help car ry  out the nor- 
mal course of autoxidation ? As a mat te r  of fact,  this 

i s  what may  have happened (30), and consequently 
no appreciable amount  of alpha hydroperoxides has 
been produced to contr ibute  to any water  formation.  
The isotopic effect of deuter ium has thus indirectly 
located the vulnerable po in t s  dur ing  autoxidation. 
This may  be a s tumbling block in the studies on the 
general kinetics and the course of autoxidat ion b y  the 
use of deuter ium as t racer  in the methylenic group, 
a lpha to the double bond. H o w e v e r  d e u t e r i u m ,  i f  
p roper ly  incorporated in a molecule, may  indicate the 
seat of the reactions, chemical or otherwise, by  vir tue 
of its isotopic effect. 

Free  radical mechanism prevalent  in autoxidation 
reactions are very elusive. The same radical  may  be- 
have differently under  different experimental  condi- 
tions. Following the suggestion of Remick (33), the 
free radical mechanism in the present  investigation 
is based on the general t rend of the chemical reac- 
tions and the possible ident i ty  of the products  formed. 
Considering all points, it may  be said tha t  deuterium- 
tagging does not give direct clues to mechanism but  
indirectly hints to the many  impor tan t  facts  related 
to the mechanisms involved. In  the future,  with the 
progress of our  knowledge of radioactive and non- 
radioactive isotopes and of their  behavior  in different 
media, these t racers  may  help reveal the intr icate 
mechanisms of the autoxidation reactions. 

S u m m a r y  

The tracers  containing deuterium, carbon isotopes, 
and heavy oxygen that  may  be applied to the studies 
on autoxidation reactions are described. The autoxida- 
tion of the deuterated compounds formed by  replacing 
hydrogen atoms on the double bond has given concrete 

experimental evidence for the following phenomena of 
autoxidation reaction: a) initial attack of oxygen at 
the double bond and the inherent induction period, 
b) the propagation of autoxidation by attack on the 
methylenic group, alpha to the double bond during 
the steady state, c) the presence of resonance in the 
free radicals formed and consequent shifting of the 
double bond, and d) the location of the hydrogen at- 
ores contributing to the formation of the major por- 
tion of the water. 

These investigations have led to the elucidation of 
some aspects of the mechanism of decomposition of 
peroxides and consequent formation of hydroxyl rad- 
icals, which attack the substrates at certain prefer- 
ential points giving rise to water. They also provide 
the mechanisms of cleavage and formation of the vol- 
atile products. 

Our experiments have also established four differ- 
ent and distinct stages of autoxidation. Water forma- 
tion in autoxidation is shown to be the outcome of the 
primary decomposition of peroxides, mainly hydro- 
peroxides, and the formation of the organic volatile 
products to be that of the secondary decomposition 
at a later stage. These processes have been corre- 
lated to the bond strengths of the different atoms in 
the substrates and the resulting products. The advau- 
tages and disadvantages of the application of these 
tracer techniques to autoxidation reactions in general 
are also discussed. 
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Report of the Smalley 'Committee, 1952-53 

F O L L O W I N G  custom the repor ts  of the four  sub-  
committees of the Smal ley  Commit tee  r ep resen t  
the complete report .  These repor ts  wil l  be indi -  

v idua l ly  recorded, b u t  before  doing so the c h a i r m a n  
would  like to offer some genera l  comments.  

Some 3,215 samples were d i s t r i bu t ed  and  the re- 
sults  t a b u l a t e d  d u r i n g  the year.  Whi le  the members  
of the committee and  subcommit tees  have been f u l l y  
cooperat ive and  effective a n d  the c h a i r m a n  expresses 
his thanks  for  the i r  work and  g u i d a n c e ,  cer ta in  or- 
ganiza t ions  and  i nd iv idua l s  mer i t  special note. 

The A m e r i c a n  Oil Chemis ts '  Society and  the f a t  
and  oil i n d u s t r y  are i ndeb ted  to the fol lowing for  
the p r epa ra t i on  and  d i s t r i b u t i o n  of the samples :  

G. Conner Henry and Law aJad Company for the Oil Seed 
Meal and Oil Seed Samples. 

J. P. Hewlett and the HumKo Company for the vegetable oil 
samples. 

K. H. Pink and Armour and Company for the tallow and 
grease samples. 

Special  apprec ia t ion  is also expressed to :  
A. S. Richardson for tabulating the cottonseed oil results. 
F. R. Earle for tabulating the soybean oil results. 
R. T. Doughtie for tabulating and grading the oil seed results. 
R. A. Decker for calculating the grades on the vegetable oils. 

The c h a i r m a n  has been  f o r t u n a t e  in  hav ing  excel- 
l en t  committee suppor t .  SM~LEY CGM~ITT~ 

R. W. BATikS, chairman 

Subcommit tee  on Oil  Seed Meal 
We presen t  herewi th  the 35th r epor t  of the sub- 

committee on Oil Seed Meal. This  yea r  15 samples 
were d i s t r i bu t ed  to 110 collaborators.  The samples 
were sent  to 27 states, 5 C a n a d i a n  provinces,  a n d  2 
South  A m e r i c a n  countries.  

A g raph  has been prepared ,  showing the n u m b e r  of 
col laborators  (based u p o n  the percentage  of the to ta l )  
who were wi th in  the recognized tolerance of the ac- 
cepted average. The genera l  average of all  samples 
was also calcula ted a n d  the values  of the pas t  five 
seasons l isted for  comparison.  

I t  will  be noted  tha t  the mois ture  resul ts  were not  
qu i te  as good this  season, 52% be ing  wi th in  the tol- 
erance. The oil and  n i t rogen  resul ts  were in  l ine wi th  
pas t  seasons, be ing  52.1 and  50.2%, respectively.  

Sample  No. 10 was a soybean  meal, a n d  there  was a 
lack of knowledge on the p a r t  of some of the collabo- 
ra tors  a s  to the method appl icable  for the de te rmina-  
t ion of moisture .  This resu l ted  in  poor agreement ,  a nd  
the col laborators  were no t  g raded  on mois tu re  resul ts  
of this  sample. 

To e l iminate  t i e s  for  second place on the de te rmina-  
t ion  of mois ture  the resul ts  of those t ied for  second 
place were recalcula ted,  u s ing  no tolerance.  

Those col laborators  wi th  the highest  grades th is  sea- 
son were : 

1. On Oil and Nitrogen. The American Oil Chemists' Society 
Cup for the highest proficiency in the determination of oll and 
nitrogen will be awarded to P. D. Cretien ( #  1) of the Texas 
Testing Laboratory, Dallas, Tex., with a grade of 99.985%. Mr. 
Cretien won the cup in 1951 and again in 1952 and, in accord- 
ance with custom, will be given permanent possession of the 
cup. He joins the select group consisting of The Battle Labo- 
ratories, E. H. Tenent Sr., D. B. Melsaac, the late W. F. Hand, 
and R. R. Haire who in years gone by have won the cup at 
least three times. 

In second place was Edward R. Hahn ( ~ 8 )  of the Hahn 
Laboratories, Columbia, S. C., with a grade of 99.982%. 

Honorable mention (no certificate) is given to R. C. Pope of 
the Pope Testing Laboratories of Dallas, Tex., with a grade 
of 99.971%. 

2. On Oil. Two were tied for the highest standing in the 
determination of oil with grades of 100.0% proficiency. These 
~vere : 

R. C. Pope ( #  22), Pope Testing Laboratory, Dallas, Tex. 
E. R. Flack ( #  72), Allied Mills, Peoria, Ill. 

Honorable mention is given to the following with grades of 
99.988% : 

P. D. Cretien, Texas Testing Laboratories, Dallas, Tex 
W. H. Kesler, Woodson-Tenent Laboratories, Little Rock, 

Ark. 
W. F. Beedle, Geo. W. Gooch Laboratory, Los Angeles, 

Call f. 

AM~UCAB OIL CS~ISTS SOCIETY 
~MALI~Y POUNDATION 

1952-93 
Oil Seed Heal ' 

7O 

/ 
~o / 

3O 

Moisture Tolerance 0o1% %# 
Oil " 0~ V 
Nitrogen _~_ _-- -~- 0.02% 

i%7-h8 19&8-h9 192.9-50 1950-51 1951-52 195,!-53 
MoisCure ~ve. &8.13 60~ 60,03 60,00 97,2 52.0 
Oil ~3.13 58.~6 53~ 50.72 96.2 52,1 
Nftrogen " 92~ 51o12 50.98 &S~&l 50.5 50.2 

I l l  I l l [  I I  
3 4 5 6 7 S 9 iO ii ]2 13 

SA~LE ~BER R~1953 

I 

Tex. 22 
Iii. 9 
Calif. 8 
Ga. 6 
Ala. 3 
S.C. 5 
No. h 
Miss. 5 
La~ & 
Term o h 
Ark~ 3 
Okla. 

Geographical Distributlon 

Iowa 2 Pao I 
O~io 3 M.H. 1 
Arlz~ ~ N.Yo 1 
Minn ~ 
gas. 2 

Brazll wise o 
Lnd, I Argen%ina 1 
Corm, 1 
I;ash. I 
Va. i 
Neb, i 

Total 110 


