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Cis, Trans Isomerization of Conjugated Linoleates by 
Iodine and Light 
W. E. TOLBERG and D. H. WHEELER, General Mills Inc., Minneapolis, Minnesota 

C is, trans conjugated aliphatic dienes are converted 
to the more stable trans, trans s t ructure  by  the 
action of iodine plus heat  or l ight  whether they 

are the simplest aliphatic dienes (1) or the conju- 
gated linoleate isomers (2). 

This conversion was used by Von Mikusch (3) to 
obtain complete reaction with maleie anhydr ide  
( "p a n d i en za h l " )  of the less reactive cis, trans con- 
jugated linoleates by  convert ing them to the reactive 
trans, trayn.s forms. In  this case the removal of the 
active trans, trans isomer by  reaction with maleic 
anhydr ide  would favor  complete conversion of the 
cis, trans isomers if equilibrium existed. 

I t  is reasonable to expect that  an equil ibrium will 
be obtained among the various cis, trans isomers with 
suitable catalysts. No data as to the position of this 
equil ibrium for  the linolcate isomers have been re- 
ported al though it has been shown by  inf ra red  spec- 
t ra  that  cis, trans conjugated isomers are formed 
f rom trans, trans conjugated isomers and vice versa 
by heating (4). 

The present  paper  presents a s tudy  of the equili- 
brat ion of three isomeric conjugated linoleates, a 
cis-lO, cis-12 ; a cis-lO, trans-12 ; and a trans-lO, trans- 
12 isomer. The equilibrium is at  approx imate ly  32% 
cis, tran~ and 68% trans, trans isomer. Cis, cis isomer 
must  be present  in small amonnts, probably not more 
than 5-10%, possibly less. 

l~Iaterials and I~quipment 
Methyl trans-lO, trans-12 linoleate was tha t  made 

f rom castor oil, a~s previously described (5). The 
trans-lO, cis-12 linoleate was tha t  p repared  as previ- 
ously described (5), according to Nichols et al. (2). 
Methyl cis-lO, cis-12 linoleatc was obtained by the 
courtesy of R. R. Allen (6). This new isomer, so 
elegantly synthesized by  him, was to us perhaps  the 
most interesting isomer studied. Conjugated dehy- 
drated castor oil methyl  esters were the same as 
previously described (5). 

I n f r a r ed  spectra  were run  on Beckman IR-3 re- 
cording spectrophotometer  in CC14 f rom 2 ~ to 7.8 
and in CS2 f rom 7.8 ~ to 15 g. Ultraviolet  spectra 
were run  on a Cary  recording spectrophotometer  in 
iso-octane and occasionally checked on a Beckman 
DU manual  spectrophotometer.  

Infrared Studies 
The inf ra red  characteristics of the cis, trans and 

trans, trans conjugated isomers have been previously 
described in pa r t  (5). In  the 10-11 .~ region a moder- 
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ate band a t  ]0.55 ~ is characteristic of the cis, trans 
isomer. This isomer also has a strong band at 10.18. 
The trans, trans isomers have a single very  strong 
band at 10.12/~ while the cis, cis isomer does not have 
any  band and absorbs very  little in this region f rom 
10-11 ~ (Figure  1). 

Weak bands of some interest  are those at  6.0-6.2 
and at  3.3 /x. The cis, cis isomer has a sharp weak 
single band at 6.2 ~ while the cis, trans and trans, 
trans isomers have two or three poorly defined bands 
in this region of C=C stretch. The 3.30 region shows 
a double~ for  the cis, cis isomer, a singlet for  the cis, 
trans compound, and only a very  fa in t  inflection for  
the tra~ls, trans isomer. Nonconjugated cis double 
bonds in f a t t y  esters show a single band which is in 
propor t ion to the number  of double bonds, with the 
oleate about the sarae intensi ty  as the cis, trans con- 
jugated isomer. Nonconjugated trans double bonds 
show a doub le t  of low intensity. This band has been 
a t t r ibuted to the Ct t  s tretch of mcthylenes adjacent  
to the, double bond. 

The bands in the 10-11/x region appeared  interest- 
ing for  following the isomerization of the various 
isomers to equilibrium mixtures  since absorption at 
10.55 ~ would be a direct measure of cis, trans isomers, 
with little correction for  absorption f rom other iso- 
mers. Trans, trans isomers could be estimated f rom 
the absorption at 10.12 ~, correcting for  the consid- 
erable absorption of the cis, trans isomer at  this 
wavelength. Cis, cis isomers would be estimated by 
the difference. 

The cis-lO, cis-12 isomer was the first compound 
studied. A solution in CSe (0.300 g./100 ce.) con- 
ta ining .01 g. of iodine/100 cc. was p repared  in the 
dark  and scanned in the ins t rument  (l-ram. cell), 
where it is in the entrance beam i l luminated by  
chopped radiat ion of the Nerns t  glower. Since the 
first spec t rum (at  three minutes)  showed some isom- 
erization, the sample was lef t  in the ins t rument  and  
was scanned a t  intervals.  The characterist ic  peaks of 
conjugated cis, trans diene appeared  at  10.55 ~ and 
10.18 ~, followed by the decrease of the 10.55 ~ peak 
to a lower equil ibrium value with an increase in the 
]0.13 ~ peak. This required two hours, and no fur-  
ther  change occurred a f t e r  another  hour (F igure  2). 

Similar ly the truns, tr~ns and the cis, trans isomers 
were equilibrated. The courses of these equilibra~ions 
are shown in F igure  3. The curve labeled 10.13 
actual ly starts  at 10.18 ~ for the cis, trans isomer a n d  
at  10.12 ~ for the trains, trans isomer, reaching the 
equil ibrium value at 10.13 ~ because of the overlap 
of the bands of the two components at  equilibrium. 
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FIr,. 1. Infrared absorption of conjugated linole:~te isomers. 

Table I shows the equilibrium value of k (1 era., 
1 g./1,000 co.) for the various methyl  esters. These 
values were all obtained by using the same l-ram. 
cell within a few days '  time. Since the cell thickness 
was not calibrated, but  was assumed to be the thick- 
ness of the spacer used for construction, these actual 
k values are approximate, probably accurate to within 
5 or 10%. This would not affect the calculations of 
total conjugation or of cis, trans isomers shown be- 
low. Transmissions were determined from a base lille 
equal to transmission at 11 t~. Taking the highest 
equilibrium value, fouled for the cis, trans isomer as 
representing ]00% eonjugati(m, the total percentage 
conjugation was calculated for the other isomers by 
dividing klo.]:~ after  equilibrait(m by 1.06, the value 
for the cis, trans isomer at 10.1.3 t~- 

The trans, trans isomer showed 98% conjugation. 
l ts  k value at 232 m~ in ethanol (105.9) is 95% 
of that  reported for pure lO-trans, 11-trans ]inoleate 
in ethanol (111.4 calculated to methyl ester) (7). 

The cis, cis compound showed 91% conjugation. 
The hydrogenation-iodine value of 163 reported by 
Allen (6) corresponds to 89.5% diene and 30.5% 
monoene. (The method of synthesis presumably pre- 
cludes noneonjugated diene.) The dehydrated castor 
conjugated ester fract ion showed 82% conjugation. 
From k at 232 m/~ (71.1), on the original material, 
the percentage conjugation is estimated as 76% (us- 
i~]g k = 94 for  pure cis, trans conjugated linoleate at 
232 nl/~). The crude alkali conjugated ]inoleate 
showed 93% (;(mjugation whereas the k at 232 m/~ on 
the original was 79.5, correspondi~lg to 85% conju- 
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FIG. 2. Isomerization of Cis-lO, Cis-]2 ]ino]eate. h l f ra red from 10 lo 11 microns. 
( N u m b e r s  below el l rves  i nd i ca t e  minu tes  of exposure )  
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T A B L E  I 

I n f r a r e d  Studies  of Equ i l i b r a t ed  Conjuga ted  Linoleates  

_ _  k before equiI, k af ter  equil.  . Total  Ct. of 
Compotlnd con,}. Ct. total  conj. 

10.12 ~ 10.18/L 10.55 / z 10.13 /~ 10.55/L 

% % % 
Cis ,  t r a n s  .................................... I [0"39 I 0.495 0.295 1,06 0.091 100 ~ll 31 
T r a n s ,  t r a n s  ............................... I 1.43 a [ 0.60 I ...... 1.04 0.088 98 30 31 
Cis ,  e is  ........................................ I . . . . . . . . . . . . . . . . . .  0.96 0.082 91 I 28 31 
Dehyd. c.o . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.85 0.077 80 I 26 32 
Alk. conj . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.99 0.096 93 I 33 35 

a Corrected to 100% puri ty ,  k at  10.12 /~ = 1.46, and  k at  10.18 = 0.61, a s suming  9 8 0  p u r i t y  as est imated by equi l ibra t ion .  The bracketed ~al- 
ues are at nonn lax ima  wavelengths .  

gation (using k = 94 for  pure  cis, trans as above).  
These agreements  are r a the r  good. 

The table also shows the calculated percentage of 
cis, trans isomer in the equil ibrium mixtures  and the 
percentage of total  conjugation present  as cis, trans 
isonlers. This later value averages 32%, which means 
that  about 16% of all conjugated double bonds arc 
cis (assuming no c,is, cis isomer is present  at equi- 
l ibr ium).  This is much lower than  the 33% of cis 
double bonds in the oleic, elaidie equilibrium. The 
greater  resonance stabilization of the tra.ns, tr~ns 
conjugated isonler may  account for  this effect. How- 
ever allowance for 4% of cis, cis isomer (cf. below) 
would result  in total  of 24% of all double bonds as 
cis, and 8.5% of cis~ cis isomer would give a total  of 
33% of all double bonds as cis. 

Chipault  (8) has obtained a higher  value, 0.316, 
fo r  k10.57 Of a cis, trans conjugated ]ino]eate than  our 
value (0.295), using the plateau near  11 microns as a 
base line. t t e  also obtained a lower ratio of Mo.~s to 
k~o.57, which would indicate greater  pur i ty  of his 
product.  The rat io of k10.~8 to klo.57 should be an 
indication of pur i ty  of cis, trans isomers if  the truns, 
irons is the impuri ty .  Available data do not permit  
quanti tat ive estimates however. Using his value of 
0.316 for k~o.~7, our cis, trans isomer would be only 
93% cis, trans,  and the equilibrium value would be 
about 30% instead of 32% of cis, trans isomer. 

The amount  of trans, i rons  isomer in the equili- 
brated cis, trans mixture  was estimated by correcting 
for  the absorption of the 31% of cis, trans isomer at  
10.12 ~. The percentage of trans, trans isomer was 
found to be 64. A similar calculation of the equili- 
bra ted trans, trans isomer gave about  the same pro- 
portion of isomers. This indicates a possible 4% of 
cis, cis isomer present  at  equil ibrium (by difference). 
The over-all accuracy of the method would probably  
preclude the presence of more than  10% of cis, c~is 
isomer. 

Ultraviolet Studies 

Since the in f ra red  studies showed that  essentially 
the same eqnil ibrium was obtained f rom the three 
geometrically isomeric types of conjugated linoleate, 
it was of interest  to confirm this by ultraviolet  stud- 
ies. The three isomers have somewhat different u l t ra-  
violet curves (F igure  4). I t  is interesting to note 
that  the cis, cis and the trans,  tra ns isomers show 
definite shoulders on each side of the main peak while 
the cis, trans isomer does not  show this s tructure.  
The broad bands and slight difference in position of 
the max imum absorption of the cis, cis at  235.5 m~, 
of the cis, trans at  233.0 ram., and of the trans,  trans 
isomer at 231.5 m~ obviously preclude optical resolu- 
tion of mixtures  by ultraviolet  spectroscopy. 

Equil ibrat ion should produce a mixture  f rom each 
conjugated isomer (or any  mixture)  f rom which 

total  diene conjugation could be calculated, knowing 
the k value a f te r  equilibration obtained f rom a pure  
diene standard.  

Pre l iminary  tests with alcohol as a solvent showed 
tha t  a reaction with iodine was occurring on illumi- 
nation. However  isooetane was sufficiently stable with 
iodine on exposure to light. An amount  of 0.005 g . /  
100 ml. was a suitable concentration of iodine which 
did not absorb at  230 m~ and which rap id ly  catalyzed 
equilibration. Two minutes of exposure at  15 in. 
f rom a No. 2 Photoflood lamp caused complete equili- 
bration, unchanged a f te r  addit ional  exposures up to 
10 rain. or more. In  fact, if  the prepara t ions  were 
made in the ord inary  fluorescent labora tory  light, 
isomerization was almost complete by the time the 
solutions were made and put  in the machine. Two 
to four  minutes of exposure to the Photoflood lamp 
was general ly used. At  twice the concentration of 
iodine used, the solutions were somewhat less stable 
a f te r  reaching the same equilibrium values, and pro- 
longed exposure to room light or to the Photoflood 
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MILLIMICRONS 

FI~.  4. U l t r a v i o l e t  a b s o r p t i o n  cu rves  of  c o n j u g a t e d  l i no l ea t c  
i somers .  

produced decreased values for k. The results of equili- 
brat ion are shown in Table I I .  Percentage conjuga- 
tion was calculated on the basis of the cis, trans 
isomer as 100% conjugated by  dividing the equilib- 
r ium values by  102.4. 

The isomerization was done on the solutions used 
to measure absorption at concentrations suitable for 
accurate measurements  by  the instrument .  

The agreement  between the in f ra red  and ultravio- 
let values are excellent for  the cis, cis and trans, tra~s 
compounds. On the dehydrated (;astor oil ester frac- 
tion and the alkali conjugated liuoleate, 'the inf rared  
values are  higher. I n  the former  ease, at  least, this is 
probably  at t r ibutable  to the isolated trans structure,  
whieh has a peak at 10.3 ~ and would contribute to 
the 10.13 ~ band. 

The equilibrated cis, trans isomer, assumed to be 
100% conjugated, has a value of k231.5 = 102.4. The 
calculated value, by adding 64% of the corrected 
k.~:n 5 of the unisomerized trans, trans isomer plus 
32% of k23,5 of the mfisomerized cis, trans isomer, 
plus 4% of k2:u..~ of the unisomerized cis, cis isomer, 

TABLE II 

Compound 

Cis, trans 
Tre~ns, trans 
Cis, tie 
Deh. c.o. 
Alk. conj. 

m/~ k, before equil. 

max. Cary D.U. 

233.0 [ 93.7 I 93.9 
231.5 I 103.1 I 103.6 
235.5 80.8 [ ...... 
232.0 I 67.7 ] 

I 233.0 [ 79.5 [ 

k, equil. Conj. 
231.5 ~ u.v77~ I.n. 

% % 
102.4 I00 I00 

97.3 95 98 
90.9 89 91 
74~0 72 82 
88.6 I 87 I 93 

is k = 102.8 (if  the conjugated trans, trans isomer is 
assumed to be 95% pure)  or k = 100.6 if  the trans, 
trans isomer is assumed to be 98% pure. 

Discussion 
In  the absence of much isolated trans, the iodine- 

equilibrated mixture  should afford a convenient in- 
f ra red  spectrophotometrie  method for analyzing mix- 
tures of conjugated diene isomers for  total  conjuga- 
tion. Since it is reported ~hat iodine does not cause 
conjugation of isolated double bands under  similar 
conditions (2),  it should be applicable to mixtures 
of conjugated diene isomers with cis nonconjugated 
dienes. I t  is spectral ly somewhat analogous to the 
chemical "pand ienzah l"  of Von Mikush (3). Ultra-  
violet absorption on the equil ibrated mixture  would 
give total  conjugation without  interference by tran~ 
isomers. For  determinat ion of cis, trans and truns, 
trans conjugated isomers (in the absence of much 
isolated trans) in f ra red  absorption is useful. 

Summary 
In f r a r ed  and ultraviolet  studies have shown that  

the three geometrically isonleric types of conjugated 
linoleates (cis, cis; cis, trans; and trans, trans) are 
readily equil ibrated by dilute iodine and light. In-  
f rared  shows tha t  the equilibrium is at  32% cgs, 
trans and 64% trans, trans isomer. Probably  no more 
than 5-10%, if any, cis, cis isomer exists at equilib- 
rium. The equilibrated nfixture can be used to deter- 
mine total  conjugation in mixtures  of conjugated 
geometric isomers by either in f ra red  or ultraviolet 
absorption. 
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Fractionation and Glyceride Composition of Fats 1' '3 
C. G. YOUNGS and H. R. SAL/ANS, Prairie Regional Laboratory, National Research 
Council, Saskatoon, Saskatchewan 

T ins  PAPER deals with a new method of correlating 
fracfionat ion data for  na tura l  fats, which pro- 

"~ r ides fu r the r  informat ion on the g]yceride com- 
position of the fats. I n  par t icular  it relates to the 
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nati, O., September 30-October 2, 1957. 

s I s s u e d  a s  N.R.C. No. 4779. 

distribution of the unsa tura ted  f a t ty  acids among 
the glyceride types  GS2U, GSU2, and  GU3. 

The present  work was begun when it was noted 
that  a direct  relation existed between the linolenie 
acid content and iodine value for fractions obtained 
f rom rapeseed oil. Such a regular  relation must stem 
from some definite pa t te rn  for the separat ion of the 
glycerides on fractionation, and the fo rm of the rela- 


