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DUCTS Of the l)iels-Alder type form readily when 
dienophiles react with eonjngated trans-trans 
unsaturation, but the reactmn is slow and in- 

complete with cis-trw~s conjugation (4). Conjugated 
dienes can be prepared ill high yields by isomerization 
of linoleie acid or of oils rich in linoleie acid, with 
concentrated alkali, but 1his process yields a mixture 
of conjugated cis-lraJts 9,11- aml 10,12-oetadeeadienoie 
acids with little or no tradls-tra'~s isomers (5). 

The conwwsion of cis double bonds to the trans 
configuration (elaidinization3 has been accomplished 
with a lmUlber of catalysts. I lowever all catalysts are 
not equally efficient, and the ease with which elaidiniza- 
tion takes place, with any particular catalyst, depends 
on the type of lmsaturation. Snlfur  and iodine arc 
relatively illeffcctiw' for changing isolated cis double 
bonds to the trans fornl, but traces of these materials 
rapidly produce isomerization of conjugated unsatu- 
rated systems. The conversion of trarts-tra~s-cis a-eleo- 
stearic acid to the all-/tans/3 isomer takes place easily 
at roonl tenlperatnre, i,i the Ilrcselle~e of sulfur, and 
c(mtact with sulfllr-eontaining rubber tubing or stop- 
pers must be avoide(l dur ing preparat ion of a-eleo- 
s/earle acid fronl tinny' oil. 

Iodine has been use(I frequently for the prel)ara- 
tion of conjugated tra~s-lratts octadeeadienoates, and 
Tolberg and Wheeler (6) have strolled the spectral 
changes taking l)laee (tl/ring the reaction. They have 
found that an e(tuilibriunl was obtained when approxi- 
mately 68% of the conjugated diene was in the trans- 
lrans form. Itowever the conditions that affect the 
rate and extent of the reaction have not been reported, 
and this investigation was undertaken to provide this 
information. 

Experimental Procedures 

Materials Used. Concentrates of cis-trans oetadeea- 
dienoic acids were prepared by urea fractionation of 
the fa t ty  acids of safflower seed oil, followed by isom- 
erization with alkali (1). For  most experiments the 
methyl esters obtained by esterifying the acids with 
methanol in the presence of sulfuric acid were used. 
In  a few instances the acids themselves or the sodimn 
soaps were used as starting materials. 

Analytical  reagent carbon disulfide was used, with- 
out fur ther  purification, as a solvent for the reaction, 
and for spectroscopic measurements in the infrared 
region. Methanol and Skellysolve C were distilled be- 
fore use. 

Conversion of Co~jugated cis-trans Octadecadieno- 
ate to the trans-trans Isomer. When possible, the reac- 
tion and measurements were performed in the same 
solvent without isolation of the product. However in 
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several instances it was necessary to isolate the reac- 
tion product  before the extent of conversion eonht be 
measured. In  these eases the cis-tra)'~s and trans-tra'~s 
contents were measured on weighed amounts of the 
recovered fat dissolved in carbon disulfide. 

a) Direct Measurement  of Isomerization i'~ the Re- 
action Mixture.  An amount of conjugated cis-lraJ~s 
oetadecadicnoate sufficient to give a 5% sohltion was 
weighed into a volumetric flask and dissolved in a solu- 
tiou of iodine in Skellysolve C or carbon disulfide. At  
suitable intervals aliquots of the solution were used 
directly in the spectrophotometer for the determina- 
lion of the cis-trans and trans-trans contents. Pure 
solvent was used in the reference cell. 

b) Measurement  of Isomerization on Recovered Fah 
The reaction mixture was prepared as abow~, ex(.epl 
that  the fat concentration was usually higher. At 
intervals an aliquot of the mixture, equivalent to 
about 1 g. of fat, was transferred to a separatory 
funnel containing 10 nil. of 0.5 N sodium thioslllfale. 
The mixture was shaken to destroy the excess iodim~, 
and the fat  was extra(.ted with ]() to 15 ml. of Skelly- 
solve F. The solvent layer was washed several tillleS 
with water and dried over anhydrous sodium sial- 
fate;  finally the solvent was remow~d under vacmml. 
In  some eases the iodine color returned in the sample 
after  initial treatment with sodium thiosulfate, aml 
it was necessary to shake the sample with the sodiuln 
thiosulfate solution several times to remove the iodine 
completely. This technique gave more erratic, results 
than direct measurement in the reaction mixture, prob- 
ably because of losses and fur ther  changes which may 
take place during the additional steps necessary to 
destroy the iodine, extract the fat  from the mixture, 
and prepare the methyl esters before the measure- 
ments are made. 

Spectrophotometric Measurements.  The conjugated 
cis-tra~s and trans-trans contents of the samples were 
determined by an infrared spectrophotometrie method 
(1), using a Perkin-Elmer Model 21 double-beam in- 
s trument with sodium chloride prism and 0.l-ram. 
sodium chloride cells. The measurements were made 
between 10 and 11 ~, using the two absorption bands 
at 10.16 and 10.55 ~ characteristic of pure conjugated 
cis-trans material and the single peak at 10.11 t~ of 
the conjugated trans-trans compounds. In  most cases 
the analyses were made with carbon disulfide solutions, 
and pure carbon disulfide was used in the reference 
cell. The total lack of absorption of iodine between 
10 and 11 ~ made it unnecessary to compensate for 
the iodine present in the samples when the isomeriza- 
tion mixtures were analyzed directly. 

One series of measurements was performed with 
Skellysolve C solutions, and dur ing these experiments 
it was noticed that  the absorptivities of the pure cis- 
trans and trans-trans oetadeeadienoates were lower by 
factors of 0.845 and 0.836 than the values obtained for 
these compounds in carbon disulfide solutions. The 
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results obtained with Skellysolve C were corrected to 
compensate for these differences in absorptivity. 

Reaction in Darkness. To estimate the extent of the 
reaction in absence of light, samples of fats dissolved 
in carbon disulfide solutions of iodine were prepared 
and stored in total darkness. At  intervals aliquots of 
the solutions were transferred, in the dark, to the 
spectrophotometer cell, and the cell was brought  to 
the infrared laboratory in a dark box. The instru- 
ment was adjusted in the usual manner and set at 
10.10 /~. The room lights were turned off, both light 
beams were dosed, and the other lights of the instru- 
ment were covered to keep the room as dark as pos- 
sible. Then, as rapidly  as possible, the cell was put  
;,~+,, , ,~0- +~,:, light beams . . . . . . . . . . .  n ~na  ~-~,~ ;~ 
strument was started. In  this manner the trans-trans 
peak was recorded within five seconds after exposure 
of the sample to the light beam of the instrument, and 
the amount of conversion occurring after the sample 
had been placed in the light beam was negligible. Al- 
though no quantitative measurements could be made, 
the absorbanee of the peak in the 10.15 /x region indi- 
eates the change which occurred dur ing storage in the 
dark. 

R e s u l t s  

Reaction in Skellysolve C. Figure  1 shows the effect 
of iodine concentration on the formation of trans-trans 
isomers in Skellysolve C under a light intensity of 
approximately 30 foot-candles. The excellent repro- 
dueibility of the reaction is indicated by the ent re  for 
0.03 N iodine, where the points shown were obtained 
from two experiments performed three weeks apart. 
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FIG. 1. Isomerization of cis-trans octadecadienoate with iodine 

in Skellysolve C, 5% fat solution. 

Very little isomerization took place in the presence 
of 0.000'3 N iodine, but the rate of formation of 
trans-trans compounds increased rapidly with iodine 
concentration. At  higher iodine levels a second reac- 
tion, involving destruction of conjugation, became 
evident. This already is noticeable in the curve for 
0.01 N iodine, and the disappearance of conjugation 
is much more rapid at higher iodine concentrations. 
An insoluble, dark, viscous material also formed in 
the solutions containing high concentrations of iodine. 

With high levels of iodine it was not possible to 
make quantitative determinations during the initial 
stages of the reaction. The reaction rates were so 
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FIG. 2. I somer iza t ion  o f  cis-trans ~oetadeeadienoate wi th  iodine 
in carbon  disulfide, 5% f a t  solution.  

great that  the composition of the mixtures changed 
appreciably dur ing the time required to obtain the 
infrared spectra of the samples. The time necessary 
to attain the maximum trans-trans content was esti- 
mated by placing the samples in the speetrophotometer 
immediately after mixing and recording the intensity 
of the trans-trans peak as a function of time by oper- 
ating the instrument at a constant wavelength of 
10.11 ~. 

The tra~'~s-tra'r~s peak of the sample containing 0.1 N 
iodine reached a maximum vahle 1.2 rain. after mix- 
ing, and the (teerease during t h e  next 1(1 rain. atnounte(I 
to 16% of the maxinmm value. 

The light intensity of the sl)ectrophotometer beam 
was about 30 foot-eandh,s, and since this was apl)roxi- 
mately the same as the light intensity received by the 
samples represented in Figure 1, the curves for 0.1 N 
iodine has been extral)olated to give the highest trans- 
trans content al)proxinmtely 1 rain. after mixing. 
Samples containing 0.07 and 0.05 N I2 gave curves 
intermediate between |he 0.l and 0.03 N I,, concentra- 
tions. These have been omitted from the figure for 
clarity. The 0.07 N sample reaehed a maximnm trans- 
trans content 3 rain. after mixing, and the loss in 
absorbanee was only 4% of the maximmn value after  
10 more minutes. 

Reaction in Carbon Disulfide. Iodine concentra- 
tions greater than 0.01 N were not used in this series 
of experiments in order to avoid the formation of 
insoluble materials similar to those obtained with 
Skellysolve C. Figure  2 shows the formation of 
trans-trans compounds with varions concentrations 
of iodine in carbon disulfide solutions. 

The rate of reaction is more rapid in carbon disul- 
fide than in Skellysolve C, and with 0.0l N iodine 
maximum tra~ts-trans formation was attained in 60 
min. (150 rain. in Skellysolve C). This more rapid 
rate of reaction also makes it possible to obtain maxi- 
mum trans-trans formation with iodine concentrations 
as low as 0.001 N whereas not more than 25% of 
trans-trans material was formed with the same iodine 
concentration in Skcllysolve C. 

Reaction in Metha~wl. When methanol was used as 
the reaction solvent, the conversion of cis-trans to 
trans-trans compounds was nmch lower than in the 
other two solvents studied, and low trans-trans con- 
tents were attained even with high iodine concentra- 
tions. The results obtained with methanol have been 
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smnmarized in Table I. The, highest trans-trans con- 
tent was obtained 20 rain. after the fat  had been 
mixed with a 0A0 N iodine solution. However in this 
sample more than 26% of the total conjugation orig- 
inally present in thc fat had been destroyed, and 
aliquots analyzed at later times indicated fur ther  
destruction, l~owest destruction of conjugation oc- 
curred with 0.01 N and 0.03 N iodine solutions, but 
the amounts of tra'us-trar~s material folrmed were con- 
siderably lower than those obtained with carbon disul- 
fide or Skellysolve C. 
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Effect of Temperature. Figure  3 shows that when 
samples containing 5% conjugated cis-trans c(mcen- 
t rate in 0.03 N iodim, in Cg._, were stored at room 
temperature (2:l~ 0~ and -20~ the reaction 
rate, the extent of (,onversion, and the loss of conju- 
gation all increase(l with temperature. 
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Fro. 3. Effect of temperature on isomerization of cis-trans 
octadeeadienoate, 5%. fat in 0.03 N iodine in CS,_,. 

Effect of Light  Intensity.  The effect of light in- 
tensity on the formation of trans-trans isomers is 
shown in F igure  4. Identical samples in 10-ml. volu- 
metric flasks were placed at various distances from 
two day-light fluorescent lamps, and the amount of 
light fall ing on the flasks was measured with a photo- 
electric light meter. The rate and extent of conversion 
were approximately the same in the two samples 
receiving 50 and 100 foot-candles of light, indicating 
that, under  the conditions used, a light intensity of 
approximately 50 foot-candles is sufficient to give 
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Fro. 4. Effect of l ight  intensi ty  on isomcrizat ion 'of cL~-'('ram~ 
octadecadienoate, 5c~ fa t  in 0.0005 N iodine in CS._,. 

nmximum isomerization. With an exposure o f  20 
foot-candles the reaction rate was slower, and t he  
extent of conversion reached a plateau near 45% 
trans-trans compounds in the sample. At  2 foot-can- 
(lies the reaction was very slow, and the maximum 
conversion attained was only 20% trans-h'ans com- 
pounds. These results imticate that the ('onwmsion of 
cis-trans to the trans-trans isomer is catalyzed by 
light. 

Effect of Fat  Concentration. Three smnples, con- 
taining approximately 5%, 1%, and 0.5% fat  dis- 
solved in a 0.0005 N iodine solution in earbon disul- 
fide, were exposed to equal light intensity, and the 
cis-trans attd trans-trans contents of the samples were 
measured from time to time. The m e a s l l r e l i l e l l t s  were 
made directly on tiw solutions by using ('ells with 
thicknesses of 0.1, 0.5, and 1.0 ram., respectively, so 
that  the total amount  of sample in the light beam was 
approximately constant and equivalent to a 5% solu- 
tion in a 0.l-ram. cell. The results given in Figure 5 
show that the rate of conversion is greater at lower 
fat concentrations. The effect of decreasing fat  con- 
centration, while iodine concentration remains con- 
stant, is similar to that obtained by increasing iodine 
concentration while the fat content remains the same, 
as shown in Figure  2. 

Reaction in Darkness in the Presence of Iodine. The 
extent of conversion taking place in the absence of 
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FIG. 5. Effect of fat concentration on isomerization of c/s- 
trans oetadecadienoate, 5% fat in 0.0005 N iodine in CS~. 
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TABLE l I  

Isomerization of Conjugated els-trans Oetadeeadicnoate in the 
Dark  with Iodine 

Days in 
darkness  

0 
2 
4 
6 

11 
12 
35 
47 
76 

0.005 N I2 

0.270 

0.570 

0.550 

Absorbance of trans-trans peak 

0.001 N I :  

0.280 
0.321 
0.357 
0.397 

0.450 

0.468 

0.0005 N I._, 

0.280 
0.365 
0.362 
0.390 

0.421 

0.520 
0.490 

0.000l  N 1'~ 

0.280 
0.280 
0.272 
0.275 

0.277 

0.279 
0.270 

No I2 

0.280 
0.279 

0.273 

0.289 
0.282 

light is shown in Table II ,  where the absorbanee of 
the trans-tra~ts peak, obtained within 5 see. after the 
samples were exposed to the light of the speetropho- 
tometer, has been recorded for samples stored for up 
to 76 days in total darkness. The results indicate 
that the reaction takes place slowly in the dark and 
that the rate of conversion increases with inereasing 
iodine concentration. No reaction took place in the 
absence of iodine or when the iodine solution was 
0.0001 N. 

Isomerizatiou of trans-tra,ns Compounds and Com- 
position of the Equi l ibr ium Mixture.  Figure  6 shows 
the changes in composition with time when the methyl 
esters of either conjugated cis-trans or conjugated 
trans-trans octadecadienoie acids were treated with 
0.003 N iodine in carbon disulfide. The cis-trans con- 
centrate originally use(i contained 91.2% cis-trans 
and 3.9% trans-trans dienes while the trans-trans ma- 
terial contained 4.0% cis-trans and 94.8% trans-trans 
compounds. 
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Fro. 6. I s o m e r i z a t i o n  o f  c o n j u g a t e d  e i s - t rans  a n d  t r a n s - t r a n s  

( ) c t a d e c a d i e n o a t e s ,  5 %  f a t  in  0.003 N i o d i n e  i n  CS2. 

In the figure the percentage of the conjugated ma- 
terial which is in the trans-trans form has been plot- 
ted against time. I t  is obvious that  the same equi- 
librium mixture is obtained in both cases and that, at 
equilibrium, the trans-trans material constitutes ap- 
proximately 71% o.f the conjugated fraction. 

lsomerization in the Absence of Catalyst. Catalysts 
are unable to initiate reactions but serve merely to 
accelerate the rate at which the reactions take place. 
I t was of interest to see therefore if the isomerization 
took place at a measurable rate in the absence of 
iodine. Five per cent carbon disulfide solutions of 
conjugated cis-trans or trans-traus eonceatrates were 
exposed to the light of 100 foot-candle intensity and 
analyzed directly in the speetrophotometer. The curves 
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octadeeadienoateswithout catalyst, 5% fatin CS2. 

in Figure  7 show that the conversion of one isomer to 
the other takes place in the absence of iodine but that  
the reaction is very slow. 

Isomerization of Acids and Soaps. Several experi- 
ments were performed to explore the ease with which 
acids or soaps could be isomerized with iodine. 

The acids were readily isomerized with iodine in 
Skellysolve C in diffuse daylight or in direct sunlight. 
A mercury vapor " s t e r i l a m p "  was rather ineffective 
in catalyzing isomerization and no trans-tra,s  isomers 
were formed when iodine was (lissolv(,d direetly in 
cis-trans acids without solvent. 

The sodium soaps of eonjugat(,d cis-tra'us acids dis- 
solved in an a(tueous-alcoholic solution (25% ethanol) 
were isomerized easily in the I)rcsen('e of ()A N iodine 
and 7.5% KI.  The trans-trang content obtained was 
approximately the samc as dur ing isomerization of 
esters in Skellysolve C, bm the rate of conversion was 
lower. 

Discussion 

Composition of Equi l ibr ium Mixtures.  Figure  6 
shows that in the equilibrium mixtm'e resulting from 
isomerization of eonjugated cis-tran8 or trans-trans 
diene, with 0.003 N iodine in carl)on disulfi(h,, 71% 
of the conjugation is in the tra,s- trans form. Similar 
values between 70.4 and 72.:1% tra'm~-tra',s have been 
obtained with 0.01 N and 0.001 N io(linc in CS2, with 
0.1 N iodine, in methanol, and by isomm'izing soaps in 
aqueous-aleoholi(', solutions with :iodine. IIowever di- 
rect measurements on e(tuilibrium mixtur('s obtained 
in Skellysolve C indieat(,d a trans-trans content of 
75.2% (74.3 to 76.3) when iodine concentrations of 
0.01, 0.03, 0.05, 0.07, and 0.10 N were used. The sol- 
vent should have no effect on the composition of the 
equilibrimn mixture, and it is very likely that the 
values obtained with Skellysolve C solutions are in 
error, par t icular ly since the absorptivities of the cis- 
trans and trans-trans compounds in this solvent are 
different from those in carbon disulfide, and the results 
in Skellysolve C were obtained by applying a correc- 
tion to the measurements. This is snpported by a 
trans-trans content of 71.4% for" an equilibrium mix- 
ture obtained by isomevizing a cis-trans sample in 
Skellysolve C and analyzing the equilibrium mixture 
in carbon disulfide after isolation from the isomeri- 
zation solvent. 
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Tolberg and Wheeler (6) have indicated that  little, 
if any, cis-cis mater ia l  is present  in the equilibrium 
mixture.  A comparison of the observed absorbances, 
at 231 m/,, of several equil ibrium mixtures,  with the 
values calculated f rom the cis-trans and trans-trans 
contents determined by the in f ra red  method, and the 
absorptivi t ies of the pure  compounds (1) agrees ful ly 
with these observations (Table I I1 ) .  

T A  B L E  I1  [ 

Abs{}rban(.e  of E q u i l i b r i u m  M i x t u r e s  a t  231  m ~  

I I T o t a l  AT'I S~unple cl,~-trans tra~ls-trt~ms' 

A 2 2 . l  55 .0  77 .1  ( ?ah ,u la ted  a _ M e a s u r e d  % 9,, % 
g 2 . 0  81 .4  

1r 2 2 . 0  6{).:~ 82 .4  ] 87 .5  8 7 . 4  
C [ 28.1 [ 5S.7  / 86 .8  / 9 1 . 4  87 .4  

:' A s s u m i n z  lilt, a b s o r p t i v i t i , , s  a t  2 ' 3 i  m/~ to be 89 .7  for  p u r e  cis-tr~ns 
ar ia  112.7  fop I}lll'{~ tr.u.s-tr~ttt.% 

Thus  it seems well established that  the isomerization 
mix ture  contains approx imate ly  71% trans-trans and 
29% cis-tra'~s isomers. These values are in reasonable 
agreement  with those of Tolberg and Wheeler (6).  

Kinetics  of the Reaction. The isomerization of cis- 
trans octadecadienoate to the trans-trans isomer may 
be represented by the following reversible equilibrimn 
reaction: 

kl  
A ,  ,. : ll 

k2 

where lq and ks are the rate constants for the f o r w a r d  
and reverse reactions, respectively. 

The over-all rate at which the forward reaction ap- 
p roa&es  equilibrium is given by tile equation 

-- d A / d t  = kl [AI --k.,  [B l ([)  

,~,hich on integrat ion gives 
1 

k, + k,, = ~ - l n  [B~]/(LBA - [g] )  (II) 

where EBb] is the concentrat ion of B at equilibrium 
and [B] the concentration of B at t ime t. 

in  "this ease [B] is the concentrat ion of trans-trans 
isomer ( % T T )  and [B{.] = 71. Equat ion  I [  becomes 

- -k ' t  
log ( 7 1 -  % T T )  - + log 71 ( l I I )  

2.303 

where k'  = kl  q- k2. A plot of log (71-- % T T )  against  t 
should give a s t ra ight  line with a slope f rom which k' ,  
the over-all ra te  constant can be calculated. F igure  8 
shows sueh a plot for isomerization with 0.003 N iodine 
in CS> The over-all ra te  constant k '  calculated f rom 
the slope of the line is 0.082 rain. -~ 

I t  should be possible to obtain ra te  constants in a 
similar  manner  for  experiments  pe r fo rmed  under  dif- 
ferent  conditions. However  the curves in F igures  1 
and 2 indicate that  the ra te  of isomerization depends 
on catalyst  concentration, also tha t  the catalyst  is de- 
s troyed or inactivated. The s t ra ight  line relat ionship 
shown in F igure  8 therefore  should exist only dur ing 
the early stages of the reaction, while using relat ively 
large amounts  of catalyst,  when the catalyst  concen- 
t ra t ion  remains  reasonably constant.  Under  these 
conditions isomerization is so rap id  tha t  accurate 
measurements  at  the beginning of the reaction are 
not possible. 
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Minutes 
:Pro. 8. Evaluation of isomerization rate eonsta, l~t for cis-trans 

oetadeeadlenoate, 5% fat solution in 0.003 N iodine in 08._,. 

The isomerization therefore appears  to be pseudo- 
first order with respect to the substrate,  but  the exact 
relationship of catalyst  concentration and tcmpera-  
ture  to reaction rate  has not been established. 

Catalyst btactivation. Figures  I aml 2 show tha t  
with iodine concentrat ion less than  0.01 N in Skclly- 
solve C or 0.001 N in CSe the equil ibrium mix ture  is 
not attained, presumably  because the catalyst  is used 
up in other ways. Visual observations also indicate 
the disappearance of iodine, and F igure  9 shows tha t  
isomerization can be made to proceed in stages by  the 
repeated addit ion of small amounts  of catalyst  to the; 
reaction mixture.  This indicates clearly that  the fail- 
tire to reach equil ibrium with low iodine concentra- 
tion results f rom the disappearance  or inact ivat ion of 
the catalyst.  At  the same time, with high iodine con- 
centrations, conjugat ion disappears,  and a dark,  ~is- 
eous, insoluble mater ial  forms, f t  is very  possible tha t  
the disappearance of conjugat ion and of iodine are 
caused by reactions probably  involving direct addit ion 
of iodine to the conjugated double bond system to 
fo rm a stable covalent compound. The dark, insoluble 
mater ia l  formed at high iodine concentrations prob- 
ably results f rmn some sort of polymerizat ion and 
may  account also for  pa r t  of the loss of conjugation 
and iodine. 

Reaction Mechanism. I t  has been observed that  
when an iodine solution is added to conjugated cis- 
trans or tra~,s-trans oetadecadienoate, a visible de- 
crease in the intensi ty of the iodine color occurs 
immediately,  perhaps  indicat ing the format ion  of a 
colorless iodine-fat  eompiex. This change does not 
seem to take place stoichiometrically as, even at low 
iodine concentration, the color does not d isappear  
completely. Fu r the rmore  the change is pa r t ly  revers- 
ible. Shaking of the iodine-fat solution with sodium 
thiosulfate completely removes the free iodine remain-  
ing in the the mixture,  but, on s tanding for  several 
minutes  in light, the color of iodine re turns  in the 
organic phase and this color can be removed again 
with thiosulfate.  Wi th  iodine eoneentrat ions of 0.05 
N or above, this process can be repeated several times, 
but  the intensi ty of the re tu rn ing  iodine color is de- 
creased each time. When identieal  exper iments  were 
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]~IG. 9. Effect of stcpwise addition of small increments of 
iodine on isomerization of cis-trans oetadeeadienoate, 5% fat 
solution, original iodine solution 0.0003 N in CS2. 

performed with natural  cis-9, cis-12-1inoleate, a slight 
change in the color of the solution occurred, prob- 
ably because of a small degree of solvation of the 
iodine induced by the oxygen of the ester group, but  
no iodine color re turned in the fat-organic solvent 
layer af ter  t rea tment  with thiosulfate. Al though no 
quanti ta t ive measurements  have been made, these ob- 
servations indicate the existence of an equil ibrium 
between the free components of the mixture  and a 
fat-iodine coordination complex. 

In addition, when a sample of conjugated cis-trans 
octadecadicnoate was mixed with 0.01 N iodine in 
Skcllysolve C in lhe dark, decolorized with thiosulfate 
in the dark 15 rain. later, and then left stan(ling in 
darkness for  an a(hliti(mal (15 rain., no iodine color 
returned to the fa t  solmion, l lowever,  when the sam- 
pie late)" was exposed Io light, the color of iodine 
returned within 10 rain. 

Evident ly  the conjugated fat-iodine complex h)rms 
readily in the clark, but the reverse reaction, whereby 
the complex is dissociated and free iodine again lib- 
erated, is catalyzed by light. 

It is probable that  the conversion of cis-trans octa- 
deeadienoate to the tra.ns-trans isomer is associated 
with the format ion  of this reversible iodine complex 
and that  l ight catalyzes the conversion because of its 
effect on the decomposition of the complex. 

The mechanism of the reaction therefore is prob- 
ably: 

fas t  

CT "I2 <-. CT + I2 ~._light [CT .I=] 

fas t  .] [ slow 

TT'I2 < TT + I ~ ~  [TT-I,_,] 
stable m~stable 
covalent coordination 
compounds complexes 

Co~d'itions h~flue~wing the Reaction. Catalyst  con- 
centration, temperature ,  l ight intensity, fa t  concentra- 
tion, and type  of solvent which influence the rate  of 
isomerization also affect the extent of isomerization by 
ehanging the relative rates of the two reactions com- 
peting for  the iodine catalyst.  

At  low iodine concentrations or at high fa t  levels 
when the ratio of catalyst  to substra te  is low, isomer- 
ization proceeds slowly, and the format ion  of the stable 
covalent compounds effectively removes the catalyst  
f rom the mixture  before isomerization has progressed 
to the equilibrium point. This seems to occur when 
iodine concentrations are 0.003 N or less in Skelly- 
solve C and 0.0005 N or less in carbon disulfide. 
Visual observations indicate that  the rates  of disap- 
pearance of iodine in the presence of conjugated ma- 
terial  in these two solvents are approx imate ly  equal. 
Consequently, the grea ter  efficiency of the catalyst  
in CS2 must  be caused by a higher rate  of isomeriza- 
tion result ing in the format ion of more trans-trans 
nmterial  before the iodine is inact ivated by forming 
the stable compound. 

In  carbon disulfide and Skellysolve C, iodine gives 
violet solutions and is p resmnably  present  in the 
diatomie (I2) state. In  methanol  however a brown 
solution is obtained, and it has been postulated tha t  
this results front solvation between iodine and the 
oxygen of methanol (2). I t  has been shown also 
that  " b r o w n "  iodine in polar  solvents is more re- 
active than " v i o l e t "  iodine in nonpolar  solvents (3).  
The low efficiency of iodine, as an isomerization cata- 
lyst, in methanol and the high loss of conjugated diene 
may  be caused by the im'~reased format ion  of the stable 
covalent compound in this solvent. 

The effect of light intensity on the rate of conver- 
sion may  result from the catalyt ic  action of l ight on 
the decomposition of the fat-iodine complex. However  
the low maxinmm t ro ,s - t ra ,s  c.ontcnt of the samples 
under  poor i l lumination, even a f te r  prolonged expo- 
sure (F igure  4), cammt be explained in the same 
manner.  The gradual  disappe~arance of iodine color 
f rom the samples under  different i lhunination ap- 
peared to be indepel .h ,n t  ot' light intensity, an.d all 
samples were near ly  colorless af ter  800 min., an(t only 
slightly yellow, with no trace ~)f pink iodine color 
a f te r  1,300 minutes when the exlmrimcnt was stopped. 
Consequently, under  l)oor ilhu,dnation, the iodine 
present  in the sample , 'carts with the substrate  to 
form the stable romp<mud before , ,mq)lete conversion 
to the equil ibrium mixture  can oerur. When the sam- 
ples exposed at 2 or 20 fo<)t-candlcs for  1,300 rain. 
were exposed fu r the r  to a light intensity of 100 foot- 
candles, the trans-lrans content increased only very  
slightly, at a ra tc  corresponding approxinmte ly  to 
that  observed in the absenee of catalyst.  

Isomerization in the A bscnce of Catalyst. In  F igure  
7, represent ing the isomerization of the cis-tra,ns and 
trans-trans compounds under  the influence of light, 
but without added catalyst,  the first pa r t  of both 
curves has an autocatalyt ic  shape. No effort was made 
to prevent  oxidation of the compounds, and the sam- 
ples were not kept  in an inert  atmosphere.  I t  is very  
likely tha t  some autoxidat iou occurred dur ing  this 
experiment,  and it is possible tha t  peroxides or other 
oxidation products  may  have catalyzed the conversion 
of these compounds into their  geometric isomers. 

S u m m a r y  

The conversion of methyl  conjugated eis-trans octa- 
deeadienoate to the tra~ts-trans isomer takes place 
easily in the presence of iodine and light. The reac- 
tion is more rap id  in carbon disulfide than  in Skelly- 
solve C, and it is quite slow and accompanied by  loss 
of conjugation in methanol.  The ra te  of conversion 
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increases with iodine concentrat ion and l ight intensi ty  
and decreases with increasing fa t  concentration. I t  is 
affected by tenlpera ture  also, but to a lesser degree. 
The influence of l ight may result  f rom its catalyt ic  
effect on the decomposition of a reversible fat-iodine 
c o r n  p l e x .  

The reaction appears  to be pseudo-first order with 
respect to the substrate  but  is complicated by side 
reactions which inactivate the catalyst  and destroy 
(,onjugation. 

The reaction occurs, a t  a Ineasurable rate,  with 
io(line in the clark, or in l ight without iodine, but  no 
(.mlw~rsion takes place without iodine in darkness. 

Th(, isomerization reaches an equil ibrium when ap- 
pl'oxinlately 71% of lhc conjugation present  is in the 
tra~s-trans fornl. This equil ibrium can be at ta ined 
t)y s tar t ing with either cis-trans or trans-trans mate- 
i'ial. Very l i t tb ,  if any, cis-cis isomer is present  in 
the equilibrium mixture.  
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A Report from the Refining Committee 
A T I l E  FALL MEETING o f  t h e  Refining Committee 

of the Amcr iean  ()il Chemists '  Society in 1957 
qllestious were raised by one member  concern- 

ing tllc refining practice, which has been used by  the 
N.(I.I ' .A. since 1939 (l~ule 150), of permit t ing settle- 
l,l(,nt refining results to bc det(wmined on Expel ler  
( 'o t touseed  oil by  the  use of the  lye. u s age s  and  
s|r(,ngths specified for hydraul ic  oil if the seller so 
(,|moses. The rules also in(;lude settlenlent refining 
conditions for Expeller '  oil, t)ut as higher amounts  of 
s t ronger  lyes are required, these conditions are sel- 
dom ('hosen by the seller. Some evidence was pre-  
sented to suggest that  while the usage of the refining 
conditions specified for the sett lement refinings on 
hydraul ic  oil do result  in a ful ly  refined oil with 
hydraulic  oil, the current  Expel ler  oil was signifi- 
cantly under-refined when these same refining condi- 
tions were used in the set t lement refinings of Expel ler  
oils. It was believed possible that  in the cont inuing 
efforts to improve Expel ler  oil yields that  the intensi ty 
of the seed-conditioning t rea tment  pr ior  to expelling 
may  have been increased, resul t ing in the presence of 
materials  in crude Expel ler  oil cur rent ly  tha t  were 
either at lower levels or absent under  the less severe 
e0ndi t ioning-t reatment  of 20 years  ago. 

If,  in fact,  this was the situation, it was pointed out 
tha t  while a refiner cur ren t ly  would still be able to 
process hydraul ic  oil in the p lan t  to a loss equalling 
the sett lement resnlt  and obtain thereby an oil of low 
enough bleach color to be usable in light-color prod- 
ucts, with Expel ler  oil he would find it necessary to 
refine the oil to a loss substant ia l ly  greater  than  the 
set t lement loss to obtain a low enough bleach color on 
such oil to permi t  its use in shortenings, for instance, 
without  excessive bleaching costs. In  other words, 
while the inherent  min imum bleach color of both 
hydraul ic  and Expel le r  oils had been approached by 
using the set t lement  refining conditions for  hydraul ic  
oil in 1939, this appa ren t ly  was no longer the case 
With Expel ler  oil as produced current ly.  

The committee agreed that  an investigation of the 
problem should be made. In  1958 nine laboratories 

analyzed a sample of Expel ler  cottonseed oil (~oln-  

posited f rom several score of cars f rom California 
and Arizona mills, using stronger lyes than would 
be required by the hydraul ic  oil refining conditions 
to determine if such refinings wouht reveal evidence 
of under-refining of the Expel ler  oil. Mean resnlts 
(the F F A  of the sample was 1.3% so that  12 ~ and 
14 ~ Baum6 lye would be used for the settlenlent 
refining under  the rules) are shown in Table [. 

TABLE I 
% Lye 

_ _  60% I 80_ % 

Loss I color I color ] loss I color ] c o l o r  

6.616 ] 7.394 } 3.359 ] 7.291 I 6.466 J 2.934 
6.133 6,813 3.025 6.772 5.808 2.446 
6.752 / 7.338 I 3.084 I 7.400 I 5.566 I 2.168 

16 
20 
24 

The sharply  decreasing bleach color which was 
found with 80% usage of stronger lyes was accepted 
as evidence that  at least on this sample of Expel ler  
oil the inherent  nf inimum bleach color of such oil 
could only be obtained by the refiner at the cost of 
significantly higher refining losses, than the settle- 
ment  loss. Since the hydraul ic  oil sett lement condi- 
tions were not run  on the oil in question, it was de- 
cided to car ry  out fu r the r  work. For  a measure in 
terms of bleach color of proper  refining of a cotton- 
seed oil, the committee chose the cri terion that  an oil 
would be considered ful ly  refined when its bleach 
color was within 0.2 red of the inherent  min imum 
bleach color of the par t icu la r  oil. 

In  the 1.959 work nine laboratories each refined 
four  samples of Expel ler  cottonseed oil represent ing 
t yp i ca l  E x p e l l e r  oils f r o m  the S o u t h e a s t ,  Val ley ,  
Southwest (West  Texas) ,  and West  Coast areas. 

Refinings were made by the hydraul ic  oil settle- 
ment  conditions as well as at  higher amounts  of 
s t ronger  lyes at each of the oils ( including the Ex-  
peller oil set t lement conditions). Mean results are 
shown in Table I I .  


