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bilizer) increases with increasing soap concentrat ion 
are eharaet( 'rized by  all increase in long X-ray  spat-  
ings to the point at which the systenl becomes satu- 
rated with the compound heing solubilizcd, l [ydro-  
carbons such as benzene, ethyl benzene, and normal 
paraffins fal l  into this class. Anolher  type  is that  in 
whM1 the MR remains constant above the concen- 
t rat ion where the soap assumes its full colloidal prop- 
erfies, and this is characterized by  no change in long 
X-ray  spacing. Examples  of this type are soap-soap, 
soap-fa t ty  acid,, soap-aleollol, and possibly as a sub- 
type, soap-dye systems. These systems are shown to 
be mixed  mieelles in which the sohlbilized compomld 
is oriented with the long axis of the solubilized com- 
pound lying approx imate ly  parallel and in the plane 
of tlle long axis of the soap molecules, the hydrophyl ic  
group of both constitu(nlts being toward the water  
intlu'faee. Prote in-detergent  comi)lexes are discussed 
from tile t)oint of view of solubilization. 
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Factors Which Affect the Stability of Highly Unsaturated 
Fatty Acids. 1 II. 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 

D R I E R S  have been in commercial use for some 
time, yet no concise m(~ehanism has been all- 
r a n t e d  as to their  role ill Olefin oxidation. Rie- 

mcns(,'hneider (1) suggested that  they may fUlmtiOll 
by  increasing the effieielley of energy t ransfer  f rom 
one molecule to another. Fur thermore ,  Nieholson (2) 
has shown that  it is the eoneentrati(nl of (trier cation 
that  deternlines the catalytic activity. The act ivi ty 
was not destroyed by  adsorption (3) or by  sa tura t ing 
eoor(linatiorl vale, nee of the drier  (4). 

hi addit ion to listing the r e l a t i o n  of driers to 
polymerization and gelation, Ehn (5) stated that  the 
nletal portion oscillated between  two stages allowing 
it to act ivate the atmospheric  oxy~zen and pass it on 
to a dry ing  oil mol('eule. A " r e d u e i n g  inh ib i to r"  
d e s t r o y i n g  aeti(m (6) an(t an initial peroxide sta- 

1 The  sub jec t  m a t t e r  of I.his p a p e r  hag h'.~ttn u n d e r t a k e n  in cooperat ion 
wi th  lhe ()ffice of Nava l  Resea rch .  The opirdons  or  conclus ions  con- 
t a ined  in this  repor t  a re  those  of the au thors .  T h e y  a re  no t  to 1)e 
eonsI rued  as  necessa r i ly  re f lec t ing  the v i ews  or  i n d o r s e m e n t  of the  
N a v y  D e p a r t m e n t .  

2 P o r t i o n  of a thesis  p r e sen ted  by A. I t .  J a c k s o n  as  pa r t i a l  fulfill- 
meri t  of the r equ i rement~  for  the  degree  of Mas t e r  of Science  in  Chem- 
i s t ry  at K a n s a s  Sta te  College. 

aP re sen t ,  a d d r e s s :  D e p a r t m e n t  of B i6chemis t ry ,  M e h a r r y  .Medical 
Celled'e, Nashvil le ,  Tennessee .  

4 Con t r i bu t i on  No. 367, D e p a r t m e n t  of Chemis t ry ,  K a n s a s  S ta te  
College. 

bilizing role (5) tlav(, been suggested. Gardner  and 
Walt(M1 (7) believed fllat driers form a series of un- 
stable c<nrlplexes with several of the products and 
real'rants produced dur ing autoxidation, polymeriza- 
tion, an(t gelation. It  is now generally believed that  
driers function as pronloters, o1" as psendo ra ther  
than true catalysts. 

A plausible chemicM mechanism for  drier  action 
(luring the autt)xidation ot7 tetral in has been postu- 
lated. Yamada (8) has stlown that  Mn, Co, and Pb 
compounds raise the decomposition reaction order of 
tetralin hy(lrop(,roxide on(; step, that  is from the first 
to the seeontl order. Ivanov  et al. (9) and Medvedev 
(10) have demonstrated a similar role for the transi- 
tion metals ill 1wdrocarbon autoxidation. 

Rot)ertson and Wat('rs (11) have classified metallic 
salts as "s(,t:(mdary ca ta lys t s "  and have pointed out 
why it is of no par t icular  advantage to increase the 
e(nleentration of the promot(,rs above a certain value. 
.. : I n  this l abora tory  we have been concerned with 
the factors affecting the s tabi l i ty  of highly unsatu- 
rat(,d fa t ty  acids (12, 13). A stndy of the antoxi- 
darien 6flhaoleie  and alkali conjugated linoleie acid 
was presented in another paper (1.4). The modifiea- 
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Unconj uga t ed  l inoleie I 
acid 

Time in hours  . . a aV ! P .V .  
p ~,.~ V ~ I K ( ) I P  I 

. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  :;Z :4,, 
2.0 ................................................. 636 ' 0.307 2.365 102 
4.0 ................................................. I I 756 1.a22 1.930 117 
8.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  589 1.560 0.865 81 

13.0 ................................................. 538 1.575 2.56(I 81 
20.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  451) 1.131 2.720 85 
29.0 ................................................. ! 399 0.882 '2.265 : 47 

Peroxide value.  
-~ Absorption value at 2770 X. 

Absorpt ion wdue at, 2770A 48 hollrS af ter  add ing  5~/( ah'oholic KOH.  

tions brought  about  by the addit ion of napbtl lenate :' 
driers are presented here. 

Exper imenta l  

Preparalion of Malerials. The l i n o l e i e  a c i d  was 
i)rel)ared f rom corn oil'; by  the nlethod of Rollett  
(15). The free acid was subjected to distillation at 
100 mix. and 150~ The c, olorless distillate had an 
iodine vahle of 180, a peroxide number  of zero, and a 
St:lee(fie absorption coefficient of 0.3 at 2320 ~.. 

The alkali conjugated linoleie acid was 1)reI)ared 
f rom linoleic acid by  the method (if l lohnan and 
Ehner  (16). tt had a specific absorption coefficient 
of 86.0 at 2320 A. The 10 ,12-1 inole ie  a c i d  was 
preI)ared f rom the distilled methyl  esters of dehy- 

r, Naphthena te  dr ie rs  obta ined through the courtesy of S. B. Elliot(,  
Ferro  (?heroical Corporat ion,  Cleveland 14, Ohio. 

A degummed oil fu rn i shed  through the ct, ur tcsy of Corn P roduc t s  
Ref in ing  Company, Argo, Il l inois.  

T A B L E  I 

The relat ion of peroxide contez).t to enolizable produc~s of au tox ida t ion  

U n e o n j u g a t e d  linoleic acid 10,12-1inoleic 
-t- co-naphthcnato 

KOI I  
aV aV P .V .  

1.025 44 
1.266 1 . 3 5 0  66 
1.830 3.820 96 
1 7'22 1.215 I 15B 
11472 o 720 I 243 
1.088 2.68[) 31J5 
1.1.72 I 2.845 91 

10, I2-linnleic acid -t- 
acid co-naphthenato 

K O t I  K n i t  
aV aV P .V .  aV aV 

0.060 0.000 10 " --;1: i~-7-- 0.1)00 
0.000 0.000 ~, 0.150 0.000 
0.851 0.(100 12 0.705 I 0.000 
0.652 0.326 17 0.577 i 0.660 
0.573 1.890 33 I ( .584 1.850 
0.391 1.6-t0 59 0.693 1.700 
o . 5 3 6  _ .  ' L 1 ~ o _ _ _ 4 7 _  . 0.956 , ~ . 1 8 _ o  

8oo 

6 0 0  

> 
4 0 0  

~. z o o  

draled caslor oil ; according to the melho(l of Von 
3I ikusr  (17). This mater ia l  was purified by  re- 
pealed fractional crystal l ization f rom Skellysolve F, 
ethyl alcohol, and dielhyl ether. The final product  
had a melt ing point of 55-56~ and a specific ab- 
sorl)tion eoeflicient of 112.0 at 2;120 ,%. I t  was pre- 
served by suspension in ethyl alcohol at - -22~ The 
white crystals of the 10,12-1inoleie al,id were filtered 
f rom the sohltion as needed. 

Oxidation Procedure. The oxidations were con- 
ducted by bubbl ing  t a n k  o x y g e n  through heated 
samples for  various known periods of t ime as de- 
scribed by Allen, Jackson, and Kummerow (14). 
Five to six rag. of napll thenate dr ier  were accurate ly  
weighed into a clean six-inch Pyrex  tube and the 
weight of added sample adjusted to give a catalyst  
concentration of 0.1%. The oxygen was introdueed 

- - ; }~ .  II i  Dehydrated Castor  Oil obtained t h rough  the cnurtesy of O. 
EisenschmiI,  The Scientific Oil Compound ing  Company, Chicago, I l l inois .  

I_.. U N C . O N J ,  L 1 1 " l O L E .  Ir A,  C I D  

2.  U N C . . Q I q J .  L l l , 4 O L . F _ I C . .  / 5 , , C I 1 3  -I- C O  E:)R.IF_..I;~ 

f 
2. 

O 
o ~ ~ ~ i ~  i ~  1 8  Zl  ~ ~ I  ~ 

" l "  I I~A I ~ O 1  = C )  ~ I C3/~. 'T I ~ M It.~l I - I  c~, L.I P~..~ 

Fro. 1. The effect of cobalt n-q)hthenate drier on tilt' peroxide value of uneonjugated and conjugated linoleic acids oxidized at 65~ 
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into the samples through glass inlet tips. These tips 
led into clampcd tubes suspended in a 12" by  12" 
insulated Pyrex  jar  which contained light mineral  
oil. The temperature  was regulated to a constancy 
of •176 by an Aminco thermostatically controlled 
heating unit. At appropria te  intervals approximately 
0.3-g. samples were removed for peroxide (18) and 
spectrophotometric absorption measurements (19, 20). 
The lat ter  were determined with a 100-mg. sample 
diluted to 100 ml. with purified ethyl alcohol and 
read on a Beckman Spectrophotometer  at 2340 A. 
The peroxide values were determined on 100 rag. of 
the sample which was weighed into a 125-ml. ground 
glass flask, 5 ml. of c h l o r o f o r m ,  acetic acid (3:1)  
added and t i t ra ted immediately with N/100 sodium 
thiosulfate. A sample without drier  was run  along 
with each group of catalized samples. 

R e s u l t s  

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. Af te r  the th i rd  hour  of oxidation the uncon- 
jugated acid actually contained less peroxide oxygen 
than the 10,12-1inoleic 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 a u t o x i d a t i o n  was carr ied out. The 
maximum amount of peroxides formed during the 
autoxidation of the unconjugated acid was larger 
at 30~ than at 65~ (Fig. 2). On the other hand, 
the conjugated acid contained a p p r o x i m a t e l y  the 
same maximum amount of peroxides at 30 ~ or 65~ 

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~ 
(Fig. 3) than in those which had been oxidized at 
65~ (Fig. 4). At  30~ the specific absorption 
coefficient of the unconjugatcd 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 
zinc the least effect. In another run cobalt and man- 
ganese had the most pronounced effect and calcium 
and zinc the least effect. 

D i s c u s s i o n  

These results indicate that  driers promote more 
rapid " d r y i n g "  through their  effect on the rate of 

. .L L I N r  AP~IC:) 

V. L I  No l - .P - IC .  AP . . tD  -4- l : : )Rt~l~ 

~'c~~ ...~_r LINOLelC. /~0.t D 

IGOO 

J 
~ I"Loo 

8oo 

f 

2_ 

_ _ .  
' ' -  - - -  - ' - "  

r 9.o 4 o  Go Q,o ~0o 
"[ ' I~E~ O ~  O ~ I D J ~ T I O N  t ~  I - 4 O U I ~ S  

3 0 ~ 1 6 2  
FIG. 2. The effect of cobalt na])hthenate drier on the ~eroxide value of unconjugated and conjugated llnolei~ acid oxidized at 30~ 
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:Fro. 4. The effect of cohalt naphthenate  drier on the specific absorption coefficient of unconjugated and conjugated lluoleic 
acid oxidized at 65~ 
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peroxide formation and the rate of polymerization. 
Furthermore,  the detectable amount of peroxide oxy- 
gen increased more rapidly when driers were present. 
However, the total amount of peroxide oxygen formed 
was less than in the absenee of driers, and therefore 
the chances of hydroxy and keto aci(ls at)pearing in 
the polymerized product are decreased. 

in a previous s tudy (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 amotmt of oxygen absorbed dur- 
ing autoxidation was not determined. I 'revious work- 
ers (22), however, have noted that the total amount  
of oxygen taken up was less in the presence of driers. 

I t  seems possible that the activity of driers may 
be due to an initiation of oxidation chains, or to 
their deeomposition 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 eation was represented as: 

M" -t- R-O01I  - ---) M ++ + RO:-  + .01I 
M ~" -+ R - O - O : -  ---* R-O-O.  -t- Mn' 

Whether  the above me(:hanisln 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- 
catalize(l samples did not indicate as large an amount 
of ketone formation as would be expected if the hy- 
droperoxide of linoleir aeid de('oml)ose, s exactly as 

I. U ~ c or,  q3.  

Z U hi COt, qJ .  

that of tetralin, viz.. r form a keton(~ and free *~OtI. 
This failure to detect a large amount of ketone may 

supt)ort Fa rmer ' s  (23) view that olefin - ! ' ( ) - 0 1 I  de- 
i 

composes to give -(3* *()tI and active O. 
I 

It also seems possible that driers may t)e capable 
of effecting dissociation of a hydrogen atom or a 
proton as suggested by 11ihtitch (24) for the action 
of alkali hydroxide on an unconjugated acid. I f  the 
fa t ty  acid molecule minus hydrogen is considered a 
free radical, the rate of free radical formation wouht 
be increased in the presence of driers and the possi- 
bility of carbon to carbon polymerization enhanced. 
The fact that  the specific absorl)tion coefficient de- 
creased more raI)idly when the 10,I2-1inoleie acid was 
subjected to atttoxidation in the l)resence of driers 
seems to agree with this hypothesis. 

The ability of metallic driers to stimulate the for- 
mation of conjugated bonds in 9-12-1inoleic acid might 
be useful as a means of classifying paint driers. Ac- 
cording to the present results, cobalt and manganese 
were most effective and ealcimn and zinc lea~st effec- 
tive in stimulating conjugation. This effect on the 
rate of conjugation parallels the effectiveness of th~,~e 
metals as paint driers (22). 

Summary 
The addition of commercial paint driers 1() uncon- 

.jugated linoleie acid increased the rate of diene con- 
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 mihtly 
promoted destruction of diene conjugation. The hy- 
droperoxide deeomi)osition role of driers is further  

. . . . . . . . . . . . . . . . . . . . .  

L.I ~ O L ~ _ I C  A C t ~  

L I  N O L F . . . I C  Wb~.C I D 

~ r _ - o N J .  L . INOLF, .AC /~,c|C> 

4 U N C O N J .  ~ - I t ~ O L . F . I C  . ~ C I ~  

+ 'hA~ D~, lF. . i r  

-~ C o  D ~ - ~ - . .  

6o~  
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.J 

W &O0 
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0 

IL 2 0 0  

4. 

0 ' o  2. 4,. G I &  IG tB, ~ o  

"Tlt'v~=._ O F  O X t D A ,  T ~ O ~  l lq  ~ O U P , . ~  
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supported. Metallic naphthenates increased the quan- 
tit:y of diene ketones in both uneonjugated and conju- 
gated acid though after a longer period of time in 
the latter case. 
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