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-~HE Rosenmund-Kuhnhenn (21, 12) method for  
determination of iodine value with pyridine sul- 
fate dibromide was recently modified by  Ben- 

ham and Klee (2, 6) for  use with oils containing con- 
jugated double bond systems. Since conjugation is 
considered to precede polymerization (15), it was felt  
that  the metbod might be useful in the study of de -  
odorized-polymerized oils (7 ,9) .  However, in pre- 
l iminary trials, apparent  iodine values were found to 
increase with reaction time and amount  of excess re- 
agent, and unexpected results were also obtained in 
the presence of chloroform or sulfur. These observa- 
tions led to a s tudy of the Benham-Klee procedure, 
part icular ly the action of the mercuric acetate cata- 
lyst used. 

Materia ls  and Methods  

Iodine value studies were made with the following 
materials:  alkali refined and bleached linseed, rape- 
seed, and weed seed screenings oils; deodorized-poly- 
merized linseed and rapeseed oils; hydrogenated,  
deodorized-polymerized linseed oil; mineral  oil, 1- 
octadecene, cyclohexene, beta-ionone, benzene, tri- 
methylpentane, methyl myristate, sulfur, and weed 
seed oil t reated with sulfur. The polymerized oils 
were described in an earlier paper  (7). 

Iodine values were determined under  a var ie ty  of 
reaction conditions, and the results were corrected by  
appropriate  blank determinations ca r r i ed  on concur- 
rent ly  with all experiments. The effects of reaction 
time, amount of excess reagent, mercuric acetate cata- 
lyst, peroxide, and variations in solvent were studied. 
Hydrobromic acid was recovered from reaction mix- 
tures to check the possibility of halogen substitution. 
Comparisons of the Benham-Klee method with the 
Hunte r -Hyde  modification of Wijs '  method (1, 5) 
were made under  some of the reaction conditions 
studied. 

Resul ts  and  Discuss ion  

2. Apparent Iodine Value of Polymerized Oils. 
Prel iminary  trials showed that  the Benham-Klee 

iodine value of linseed and rapeseed oils decreased 
more slowly than the Hunte r -Hyde  value with in- 
creasing extent  of deodorization-polymerization (Fig- 
ure 1). Both methods also indicated an increase in 
iodine value with increase in reaction time. Since the 
changes in iodine value were more pronounced with 
linseed oil than with rapeseed oil, linseed oil was used 
for most of the subsequent measurements. Fourteen- 
hour  polymerized linseed oil was chosen as a repre- 
sentative deodorized-polymerized oil. 

Effect of Reaction Time. The increase in iodine 
value with reaction time shown by  the Benham-Klee 
method is i l lustrated for control and potymerized oils 
in Table I and Figure  2. The values tended to in- 
crease indefinitely although there was some levelling 
off with time. With prolonged reaction time, values 
were obtained which exceeded the normal range for  
these oils. Evident ly  some halogen disappearance 0C- 
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Fro. 1. Decrease  in  iodine va lue  of  l inseed a n d  rapeseed  o i l s  
wi th  i n c r e a s i n g  t i m e  of  deodor iza t ion-po lymer iza t ion ,  Be nha m-  
Klee  a n d  H u n t e r - H y d e  m e t h o d s  ( 2 0 0 - 3 0 0 % . e x c e s s  r e a g e n t ) .  

curred that could not be corrected for by  blank de- 
terminations under  the same conditions. As previ- 
ously reported for the Rosenmund-Kuhnhenn method 
(10), values also increased when the mercuric acetate 
catalyst was omitted (Table 2). 

The Benham-Klee iodine value of hydrogenated 
polymerized oils also increased with increased reac- 
tion time. Typical  results with 200-300% excess re- 
agent are shown below: 

Iodine value  

Linseed  polym.  4 hr . ,  hyd rog .  4-h r. r eac t ion  t ime  130.9 
6-hr. r eac t ion  t ime  132.8 

24-hr. r eac t ion  t ime  140.5 
L inseed  polym.  8 hr . ,  h y d ro g .  4-hr.  r eac t ion  t ime  124.9 

6-hr. r eac t i on  t ime  127.5 

Observed changes of iodine values on hydrogena- 
tion were about 10% higher than calculated from hy- 
drogen consumption, perhaps due to the length of 
reaction time chosen. The observed drop was similar, 
using both the Hunte r -Hyde  and Benham-Klee meth- 
ods, and paralleled decrease in refract ive  index (7 ) .  

Effect of Excess Reagent. Apparent  iodine value 
by  the Benham-Klee method also increased with in- 

TABLE I 
Effect of Reaction Time on the Apparent Iodine Value of 

Deodorized-Polymerized Oils 
(Benham-Klee method, 200-300% excess reagent) 

�9 Apparent iodin_~e valu__~e 

React ion  { Linseed oil ] ICapeseed oil 

t,me Control Pl~l~n:' ] Control P~l~m. 

1 h r .  - . . . . .  [ " . . . . . .  

, .  oa ai.t ................. 1 . . 6  j  60.6 / I 9 .1 
w i t h o u t  cata lys t  ............ 175.1 [ 141.3 [ 102.6 [ 97.0 
w i t h  catalysL ................ J 187.3 | 167.5 ] 108,4 I 102.3 
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FIC~. 2. Increase in iodine value of linseed and rapeseed oils 
with reaction time, Benham-Klee method (200-300% excess 
reagent) .  

creasing amounts of reagent, as i l lustrated in Figure  
3. However this increase in iodine value levelled off 
appreciably, and useful and reproducible values could 
be obtained by  selecting a rb i t ra ry  conditions, e.g., 
4~hr. reaction time with 300-400% excess reagent. 
Results for  6- and 9-hour reactions (not shown in 
Figure  3) were almost the same as those for  4-hr. 
The t i t rat ion end-point was not as sharp as in the 
H u n t e r - H y d e  method, and color re turned more 
quickly in t i t ra ted solutions on standing. I t  was nec- 
essary to observe the a rb i t ra ry  conditions closely to 
ensure duplication of results. 

Secondary Reactions. To check the possibility of 
secondary reactions in the Benham-Klee procedure, 
recovery of hydrobromic acid from reaction mixtures 
by  silver bromide precipitation (6) was carried out 
several times with 0.1-g. samples of polymerized (14- 
hr.) linseed oil af ter  a contact of 48 hr. with catalyst 
and 200-300% excess reagent. Average recovery of 
silver bromide (0.1014 g.) from seven oil samples was 
s l i g h t l y  larger than from corresponding blanks 
(0.0795 g.), suggesting a halogen substitution equiva- 
lent to about 15 units of iodine value on prolonged 
contact of the polymerized oil with pyridine sulfate 
dibromide. The possibility of halogen substitution in 
polymerized oils, acids, and esters has been raised by  
other workers (8).  Reaction of iodine chloride with 
hydroxyl  groups, which might occur to some extent in 
polymerized oils, has also been demonstrated in the 
presence of mercuric acetate (13). 

The possibility of secondary reactions suggested 
with polymerized oils was supported by  Benham-Klee  
iodine values obtained for pure compounds. Whereas 
stabIe values close to the theoretical were obtained for 
1-octadecene and cyclohexene, the more complex sys- 
tems of beta-ionone and benzene gave increasing val- 
ues on standing with the reagent. Fur thermore  tri- 
methylpentane, methyl myristate, and mineral oil 
showed appreciable apparent  unsaturat ion on pro-  
longed contact. Hun te r -Hyde  values were close to the 
theoretical ones, except for  beta-ionone, which gave a 

TABLE II 

Effect of ]~ercurie  Acetate Cata lys t  on Appa ren t  I o d i n e  x~ralue 
(Benham-!Klee method, 200-300% excess reagen t )  

Oil 

Appa ren t  iod ine  vahze 

36 hr.  
reaction 

Linseed control  .......................... 195.1 
L inseed  polym. 14 h r  ................. 175.1 
Rapeseed control ........................ 113.2 
Rapeseed polym. 14 h r  ............... 109.3 

36 hr.  wi th  
1 hr.  react ion catalyst,  

1 hr. react ion 

179.6 179.8 
150.6 151.8 
103.8 104.4 

98.1 99.2 

higher result than expected for the one double bond 
normally reacting in the side chain. 
2. Effects of the Mercuric Acetate Catalyst. 

Degeneration of the Blank. Mercuric acetate ac- 
celerated degeneration of the Benham-Klee reagent in 
the absence of oil. F o r  example, the t i t rat ion value of 
reagent plus catalyst in one trial decreased by  0.8 ml. 
of 0.1 N thiosulphate in 50 hr., but  the value for the 
reagent alone was unchanged. 

Dehydrogenation. Thomas reported that  mercuric 
acetate may act as a dehydrogenating agent (16). To 
test this possibility under  conditions similar to those 
of the Benham-Klee reaction, storage experiments 
were set up with 30 g. of weed seed oil in 150 ml. of 
chloroform plus 10 or 50 ml. of glacial acetic acid 
saturated with mercuric acetate. These mixtures were 
stored in glass-stoppered flasks in the dark at room 
temperature  for  times up to seven days. Af ter  stand- 
ing, they were filtered and then washed with distilled 
water until  the washings gave no color with hydrogen 
sulphide. The solvent was removed under  vacuum. 
Iodine numbers by  both Benham-Klee and Hunter-  
Hyde  methods showed a slight decrease (1 to 10 
units) for  all samples instead of the anticipated in- 
crease. The decrease might be ascribed to uptake of 
mercuric acetate (3) or oxygen, or both, at the double 
bonds of the oil. 

In  a fu r the r  storage experiment to check the possi- 
bility of dehydrogenation, samples of linseed oil were 
dissolved ia 5 ml. carbon tetrachloride, and 10 ml. of 
1.5% mercuric acetate catalyst added. Af ter  36 hr. 
reagent was added, and samples were t i t ra ted in the 
usual manner  af ter  1-hr. reaction time. Parallel  sam- 
ples were stored with oil, catalyst, and reagent for  36 
hr. and then t i trated.  Two blanks were run  with each 
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FIG. 3. Increase in iodine value of linseed and rapeseed o~s 
with excess reagent, Benham-Klee method. 
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set, and 200-300% excess reagent was used. Results 
are shown in Table II .  Again, no direct dehydroge- 
nating action of mercuric acetate on the oil was ob- 
served (cf. first and second columns of the table).  
However the high values in the third column of Table 
I I  might be due in par t  to dehydrogenation of oil by 
the catalyst in the presence of pyridine sulfate di- 
bromide. This possibility was not ruled out. Even 
af ter  prolonged reaction, iodine values obtained with 
reagent plus catalyst were appreciably greater  than 
those obtained with reagent alone (Table I ) .  

Effect of Solvent. A comparison of the relative re- 
sults obtained with carbon tetrachloride and chloro- 
form in stored reaction mixtures is shown in Tables 
III and IV. The contact of iodine reagent and qata- 

maximum was reached, the iodine value again de- 
creased (Table IV) .  With the Hunte r -Hyde  method 
(values not shown) the increase in iodine value was 
sustained in the presence of either carbon tetraehlo- 
ride or chloroform. 

Lowering of iodine value when chloroform and cat- 
alyst were used together also occurred at shorter re- 
action times with the Benham-Klee method, bu t  not 
with the Hunte r -Hyde  method. With the Benham- 
Klee method, using chloroform and catalyst, the ob- 
served iodine values for  a linseed oil were:  1 rain., 
171.6; 1 hr., 160.3; and 6 hr. 130.9. 

The addition of ~nall amounts of water  to the Ben- 
ham-Klee reagent had little effect on the observed io- 
dine value of linseed and rapeseed oils (Table V).  The 

TABLE III 

Effect  of Carbon  Te t r aeh lo r ide  a n d  Chloroform on I o d i n e  V a l u e  B l a n k s  
(Reac t ion  m i x t u r e  s tored  f ive days  a t  room t e m p e r a t u r e  in the  d a r k )  

Componen t s  of stored 
reac t ion  m i x t u r e  

B e ~ h c ~ m - K l e e  m e . t h u d  
Solvent,  ca ta lys t  ................... 
R e a g e n t  ................................ 
Solvent ,  r e a g e n t  ................... 
Solvent ,  r e a g e n t  ................... 
Solvent,  reagent ,  

ca ta lys t  ............................. 
t t u n t e ~ r -  H y d e  m e t h o d  
Solvent,  ca ta lys t  ................... 
R e a g e n t  ............................... 
Solvent ,  r e a g e n t  .................. 
S o l v e n t ,  r e a g e n t  .................. 
Solvent,  reagent ,  

ca ta lys t  ............................ 

Addi t ions  a f t e r  
s t o r age  

r e a g e n t  
so lvent  

ca ta lys t  

r e a g e n t  
so lvent  

ca ta lys t  

T i t r a t i on ,  ml.  of 
0 .1N th iosu lpha te  

Ca rbon  
t e t rach lo r ide  

solvent  

47.3 
47.2 
47.2 
47.2 

45.6 

37.8 
37.7 
37.8 
37.7 

36.8 

Ohloroform 
so lvent  

47.3 
47.3  
46 .4  
45.9 

33.1 

37.8 
37.7 
37.0 
g6.7  

36.0 

lyst, even in the absence of oil, gave an apparent  io- 
dine value (Table I I I ) .  Chloroform with mercuric 
acetate caused a greater  deterioration of Benham-Klee 
than Hun te r -Hyde  reagent. With Benham-Klee re- 
agent the separate effects of chloroform and catalyst 
appeared to be greatly enhanced when they were used 
together. 

Prolonged contact of oil and catalyst in the absence 
of reagent caused a marked decrease in Benham-Klee 
iodine value (Table IV) ,  as noted earlier. This effect 
was slightly offset when the oil and catalyst were 
stored in solvent under  purified nitrogen (17). 
Higher  iodine values were also obtained when the re- 
action time following storage was lengthened. This 
increase continued with time when carbon tetraehlo- 
ride was the solvent but  was not sustained when chlo- 
roform was used. With the lat ter  solvent the expected 
iodine value was not attained, and af te r  an early 

T A B L E  V 

Effect  on A p p a r e n t  I o d i n e  Va lue  of  A d d i n g  W a t e r  to Reac t ion  Mixture 
( B e n h a m - K l e e  method,  2 0 0 - 3 0 0 %  excess reagen t ,  r eac t ion  t ime  2 h r . )  

A p p a r e n t  i od ine  v a l u e  
A m o u n t  of w a t e r  added 

to r eac t ion  m i x t u r e ,  
ml. 

0 ...................................................... 

2 ...................................................... 
5 ...................................................... 

10 ...................................................... 
15 ...................................................... 

Linseed oil 
polym. 14  hr .  

152.5 
150.1 
149.8 
146.2 
140.8 
136.3 

Rapeseed oil 
polym. 1A h r .  

98.6 
99.6 
99.0 
97.5 
96.8 
95.5 

value of the blank remained unchanged with addition 
of 2 ml. of water. 

Effect of Peroxides. Attempts were made to relate 
effect of mercuric acetate catalyst with peroxide value 
(4) of the sample. However the catalyst interfered 
with iodimetric peroxide determination, perhaps by  
promoting reaction, at the double bonds, of iodine 
l iberated from potassium iodide. For  example, 1 g. of 
linseed oil with a peroxide value of 71 ml. of 0.002 N 
thiosulphate showed a peroxide value of zero in the 
presence of 0.1 g. of mercuric acetate, and a value of 
63 ml. in the presence of 0.0025 g. of acetate. Removal 
of catalyst from carbon tetrachloride solutions of oil 
by  water washing prior  to peroxide determinations 
also resulted in low peroxide values. 

Unrefined linseed oil of zero peroxide content gave 
about the same iodine value and showed the same ap- 
parent  increase in unsaturat ion with reaction time as 
refined linseed oil with a peroxide content equivalent 
to 60 ml. 0.002 N thiosulphate per g. This was ob- 
served for  both iodine value methods, with and with- 
out catalyst, using Carbon tetraehloride as solvent. 

However increase in peroxide content ult imately 
reduced observed iodine value of fat  samples. When 

T A B L E  IV 

Effec t  of Carbon  Te t r ach lo r ide  a n d  Chloroform on A p p a r e n t  I o d i n e  V a l u e  of L i n s e e d  Oil 
( B e n h a m - K l e e  method,  1 5 0 %  excess  r e a g e n t  r eac t ion  m i x t u r e  s to red  f ive days  a t  room tern ) e ra tu re  in  the  d a r k )  

Components  of s to red  
reac t ion  m i x t u r e  

Oil, so lvent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oil, so lvent  ........................................................................................ 
Oil, solvent,  r e a g e n t  .......................................................................... 
Oil, solvent ,  r e a g e n t  .......................................................................... 
Oil, solvent,  reagent ,  ca ta lys t  ........................................................... 
Oil, solvent,  ca ta lys t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oil, so 'vent ,  catalyst ,  u n d e r  pur i f i ed  n i t r o g e n  .............................. .... 
Oil, solvent,  ca ta lys t .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Oil, solvent,  ca ta lys t  .......................................................................... 
Oil, solvent,  ca ta lys t  .......................................................................... 
Oil, solvent,  ca ta lys t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Addi t ions  after 
s to rage  

R e a c ~ o n  t ime  
a f t e r  s to rage  

A p p a r e n t  iodine va lue  

r e a g e n t  
r eagen t ,  ca ta lys t  

ca ta lys t  

r e a g e n t  
r e a g e n t  
reagent 
reagent 
r e a g e n t  
r e a g e n t  

1 min .  
1 rain.  

O 
1 rain. 

0 
1 rain. 
1 rain. 

30 rain.  
1 hr.  
2 hr .  
4 hr .  

Carbon 
tetraohloride 

solvent  

158.4 
168.3 (167 .6 )  a 
174.8 
176.6 
190.0 
120.9 
128.3 
154.4  
169.9 
172.0 
176.8 

Chleroform 
solvent 

159.6 
168.3 
173.6 
174.1 
112.0 
117.4  
128.1 
157.7 
161.2 
1 5 7 . 2  
147.9 

a Iodine value of this oii without storage. 
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the peroxide value of lard was increased from zero to 
150 by  storage at 50~ the Hun te r -Hyde  number  
decreased from 63 to 56. Similarly the Benham-Klee 
result decreased from 63 to 58 at a peroxide value of 
175. With linseed oil, storage at 50~ progressively 
lowered iodine value, but  measured peroxide content 
tended to level off or even decrease erratically af ter  
an initial high value was attained. 

The promotion of peroxide formation by phosgene 
was also considered. The chloroform used in these 
experiments was reagent grade, free f rom phosgene, 
and stabilized with 0.7% ethanol. However the sul- 
furic  acid in the Benham-Klee reagent might induce 
formation of phosgene from carbon tetraehloride or 
chloroform (14, p. 435). This possibility might ex- 
plain why iodine values by  the Bcnham-Klee method 
decreased in the presence of chloroform and catalyst 
whereas those by  the Hunte r -Hyde  method did not 
(Table IV) .  

Addition of Mercuric Acetate at the Double Bond. 
The evidence already presented indicated that  lower- 
ing of iodine value of oil on prolonged contact with 
catalyst only was par t ly  due to oxidation at the 
double bond. The possibility of reaction of mercuric 
acetate itself at the double bond (3) was next  con- 
sidered. 

Stored mixtures of linseed oil, solvent, and catalyst 
were washed with water unti l  the washings gave no 
test for  mercury  with hydrogen sulphide. Subsequent 
washing with 5% hydrochloric acid yielded appre- 
ciable mercury,  which was precipitated with hydro- 
gen sulphide and weighed. Assuming that  mercuric 
acetate formed a diacetate compound at the double 
bond (3),  the weight of the recovered mercury  ac- 
counted for  most of the decrease in iodine value of 
oil samples stored with catalyst. The rest of the 
change in iodine value could be ascribed to oxidation 
of the oil. 

The increase in iodine value obtained when the re- 
action time was lengthened af ter  storage with catalyst 
(Table IV) was apparent ly  due to instabili ty of the 
mercuric acetate addition compound in the presence 
of the halogen ions of the iodine value reagents (3). 
With Benham-Klee reagent and chloroform the in- 
crease was offset by  the apparent  oxidizing action of 
chloroform in that  medium. 
3. Effect of Sulphur. 

The use of pyridine sulfate dibromide reagent with 
mercuric acetate catalyst gave unexpectedly high val- 
ues for  oils t reated with sulfur. The increase in iodine 
value varied with the amount of sul fur  present, and 
all values were much higher than those obtained by  
the Hun te r -Hyde  (uncatalyzed) method (Table VI) .  

In  a s tudy of this effect, apparent  iodine values 
were obtained for sulfur  alone with both methods 
under  varying conditions. The Benham-Klee method 
gave appreciable iodine values for colloidal sulfur  or 

T A B L E  V I  

Appa ren t  I od ine  V a l u e  of Oils T r e a t e d  wi th  S u l p h u r  
( S u l p h u r  t r e a t m e n t :  one  h o u r  a t  1 3 0 ~  

Oil 

A p p a r e n t  i od ine  v a l u e  
( 1 5 0 %  excess r e a g e n t )  

H u n t e r - H y d e  B e n h a m - K l e a  
method  method  

We~d seed t r e a t ed  wi th  2 %  s u l p h u r  .............. 111 .3  1 3 8 . 4  
Weed seed t r e a t ed  wi th  5% s u l p h u r  ... . . . . . . . . . .  113 .5  1 6 0 . 7  
Weed  seed t r e a t ed  wi th  1 0 %  s u l p h u r  ... . . . . . . . .  1 1 1 . 4  1 7 7 . 9  
Weed seed t r e a t e d  wi th  1 5 %  s u l p h u r  ... . . . . . . . .  1 1 2 . 0  173 .1  

sulfur  flowers in suspension in carbon tetrachloride 
and for  colloidal sulfur  in solution in-carbon disul- 
fide. The Hunte r -Hyde  method gave only small val- ' 
ues, even in the presence of mercuric acetate catalyst. 
Samples of 0.1 g. of su l fu r  in 10 ml. of solvent were 
used throughout.  Detailed results for colloidal sulfur 
are shown in Table VII.  

T A B L E  V I I  

A p p a r e n t  Iod ine  Y a l u e  of Colloidal  S u l p h u r  

A p p a r e n t  iod ine  v a l u e  

Reac t ion  Carbon  d i su lph ide  I Carbon  t e t r a c h l o r i d e  
t ime  solvent  I so lvent  

Ca ta lys t  I No ca ta lys t  I Ca ta lys t  No ca ta lys t  

H u n t e r - H y d e  method (25  ml.  of r e a g e n t )  

~ min  . . . . . . . . . . .  - - 0 . 7  1.5 1.8 0 . 6  
3 rain . . . . . . . . . . .  1 .6  4.8 4 .3  5.3 

h r  . . . . . . . . . . . . . .  2 .5  5.9 5.0 6.0 
h r  . . . . . . . . . . . . . .  3.3 8 .8  6 .1  14 .0  
.hr . . . . . . . . . . . . .  6.2 17 ,8  13 .6  24 .1  

6 h r  . . . . . . . . . . . .  8.9 31 .4  19 .5  31 .1  

B e n h a m - K l e e  method a (50  ml.  of r e a g e n t )  

~ m i n  . . . . . . . . . . .  45 5.4 88 3 . 4  
3 ra in  . . . . . . . . . . .  - - 6 6  27 .6  69 4.1 

h r  . . . . . . . . . . . . . .  - - 7 1  47 .0  66 18.5  
2 h r  . . . . . . . . . . . . . .  - - 8 2  113 .2  60 39.0  
4 h r  . . . . . . . . . . . . . .  , - - 8 5  1 3 0 . 4  59 95 .8  
6 h r  . . . . . . . . . . . . . .  1 - - 8 5  1 4 2 . 0  53 114 .3  

a B e c a u s e  the  t i t r a t i o n  end point was  u n s t a b l e  in  the  )reeence of cat- 
alyst ,  r e su l t s  w i t h  ca t a lys t  a r e  g iven  only to the n e a r e s t  whole  n u m b e r .  

With the t Iun te r -Hyde  method, apparent  iodine 
values of colloidal sulfur increased slowly with reac- 
tion time, and the increase was greater  in the absence 
of catalyst. 

With the Benham-Klec method, values increased 
markedly with reaction time in the absence of cata- 
lyst. In  the presence of catalyst, negative results were 
obtained for carbon disulphide solutions and longer 
reaction times. F o r  carbon tetrachloride suspensions 
containing catalyst, values tended to decrease slightly 
with reaction time. The t i t rat ion endpoint  was un- 
stable when catalyst was used; the blue color of the 
starch indicator tended to regenerate itself indefi- 
nitely. Hence an a rb i t ra ry  time of color disappear- 
ance (one minute)  was chosen, and results were cal- 
culated only to the nearest unit. 

The values obtained in the presence of sulfur  were 
apparent ly  due to reaction of sulfur  with halogens. 
There was no evidence that  sulfur  reacted with so- 
dium thiosulfate during the ti tration. No compounds 
of iodine and sulfur  have been described, but  sulfur 
chlorides and bromides are known (14, p. 658). Pre- 
sumably the bromine of the Benham-Klee reagent was 
more reactive toward sulfur  than the iodine-chlorine 
combination of the Hunte r -Hyde  reagent. However 
no explanation can be offered for high negative values 
obtained with the Benham-Klee method when carbon 
disulfide and catalyst were used together in prolonged 
reactions (Table VI I ) .  

Summary 
Iodine values determined with pyridine sulfate di- 

bromide tended to increase with reaction time and 
amount of excess reagent. There was some evidence 
of halogen substitution in polymerized linseed oil and 
in pure compounds. Mercuric acetate used to catalyze 
halogen addition in this method also appeared to pro- 
mote degeneration of the reagent. In  the absence of 
reagent, the catalyst had no dehydrogenating action 
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on oils, but  reduced their iodine value, apparent ly  by 
promoting oxidation, and by  reacting at the double 
bond. Iodine value decreased with reaction time when 
the catalyst was used in the presence of chloroform, 
and h i g h  and erratic results were obtained in the 
presence of sulfur. Comparative iodine values with 
an iodine-chlorine reagent also tended to increase with 
prolonged reaction, but  were only slightly affected by 
the presence of sulfur  or chloroform. 

A c k n o w l e d g m e n t s  

The technical assistance of P. E. Diotte, J.  W. Hal- 
cro, and A. L. Promislow is grateful ly  acknowledged. 

R E F E R E N C E S  
1. Amer i can  Oil Chemis~s' Society, "Official Methods," Chicago, 1946.  
2. Benham,  G. H ,  and  Klee, L., J.  Am.  Oil Chem. Sou., 27, 127-129 

( 1 9 5 0 ) .  

3. Chart,  J.,  Chem. Poev., 48, 7-43 ( 1 9 5 1 ) .  
4. French ,  R.  B., Oleott, H .  S., and Mattill, H. A., I nd .  Eng.  Chem., 

~7, 724-725 ( 1 9 3 5 ) .  
5. H u n t e r ,  L., a n d  I-Iyde, F. F., Analys~, 58, 523-527 (1933 ) .  
6. Klee, L., a n d  Bezlham, G. I t ,  J. Am.  Oil Ct~em. Soe., 27, 1 3 0 4 3 3  

( 1 9 5 0 ) .  
7. Lips,  ]:I. g., 1)romislow, A. L., and  G~'ace, N. I-I., J. Am.  Oil 

Chem. Soe,, 30, 213-2~t6 (1953 ) .  
8. Mikuseh, J .  D.  yon, a n d  Fraz ier ,  C., I nd .  Eng .  Chem. (Anal .  Ed . ) ,  

15, 109-113 ( 1 9 4 3 ) .  
9. Ne rgaa rd ,  /~., a n d  J.akobson, F., Tids. Xjemi,  Bergv . ,  Met., 1, 

177.180 ( 1 9 4 1 ) .  
10. Norr is ,  F.  A., and  BusweU, I t .  J., I n d .  Eng .  Chem. (Anal .  E d . ) ,  

15, 258-259 (1943 ) .  
11. Rosenmund ,  K.  W., Z. angew.  Chem., 37, 58-59 ( 1 9 2 3 ) .  
12. Rosenmund ,  K.  W.,  and  K u h n h e n n ,  W., Z. Unte rsuch .  Nahr .  

Genuss. ,  46, 154-159 ( 1 9 2 3 ) .  
13. Skell, P .  S., a n d  l~adlove~ S. B., I nd .  Eng.  Chem. (Anal.  Ed . ) ,  

18, 67-68 ( 1 9 4 6 ) ,  
14. Taylor ,  F.  S., "Ino~.~ and  Theoret ical  Chemis t ry , "  t te lne-  

m a n n ,  London,  1948. 
15. Taylor ,  R. S., and  Smell ,  g. G., I nd .  l ing .  Chem., ~8, 193-195 

(1936 ) .  
16. Thomas,  G., Bull.  Soc. Chim. Belg., 54, 181-185 ( 1 9 4 5 ) .  
17. Uhr ig ,  K., Roberts ,  F. M., a n d  Levin ,  H.,  I nd .  Eng .  Chem. 

(Anal .  Ed . ) ,  17, 31-~4 ( 1 9 4 5 ) .  

[ R e c e i v e d  A p r i l  22 ,  1 9 5 3 ]  

The Isolation and Characterization of the Polymers 
Formed During the Autoxidation of Ethyl kinoleate 1 

S. S. CHANG 2 and F. A. KUMMEROW, Department of Food Technology, 
University of Illinois, Urbana, Illinois 

T H E  oxidative polymerization of ethyl linoleate 
could involve the formation of polymers through 
carbon to oxygen or carbon to carbon linkages. 

Triebs (1) and Farmer  (2) favored the former  view- 
point, but  each proposed a different kind of carbon to 
oxygen bond. Triebs proposed that two moles of fa t ty  
ester were combined through a 2,5-dihydroxy-dioxane 
ring while Farmer  suggested that  they were joined 
through a polymeric peroxide of high stability. On 
the other hand, Powers (3) and Powers, Overbold, 
and Elm (4) suggested that  carbon to carbon linked 
polymers were produced as a result  of a peroxide 
catalyzed reaction and that  the link was formed 
through a vinyl or a Diels Alder type reaction. 

Whether  polymers are formed through carbon to 
oxygen or carbon to carbon linkages has been difficult 
to ascertain as polymers are not easily isolated in 
pure  form. Most of the mechanisms suggested to date 
(5) have been based on unfract ionated oxidation mix- 
tures and on interpretat ions of the changes in the 
physical or chemical properties which accompany the 
polymerization step. In order to overcome these ob- 
jections Swern et al. (6) at tempted to separate oxi- 
dized methyl oleate by subjecting it to molecular dis- 
tillation. However Kass (7) has pointed out that the 
thermal effect may have altered the nature of the com- 
ponents. Similarly, chromatography is not applica- 
ble for  this type of separation as Privett ,  Lundberg,  
and Nickell (8) have shown that  chemical changes in 
the autoxidation products  may take place on the 
chromatograph column. 

In  the present work the oxidized products of pure 
ethyl linoleate were separated into various fractions 
by  solvent extraction at room temperature.  The more 
polar polymer fractions were then characterized and 

a Fiands for this study were furnished by a grant - in-a id  f rom A r m o u r  
and Company,  Chicago, Ill. 

2 Portion of a thesis p resen ted  by  S. S. Chang  as par t ia l  fulfi l lment 
of tho requirements for the degree of Doctor of Phi losophy in Food 
Technology. 

T A B L E  1 

Analysis  of the Solvent Ext r ac t ed  Frac t ions  

I Solvents 

F rac t ions  t % t % 
[ Skelly [ Diethyl  

- - I  S ~  I E t h e r  

1 ................. , lO9 ) o 
2 ................. 98 2 
3 . . . . . . .  96 4 
4 ................ 94 ] 6 
5 ................ 92 8 
6 ................ 90 10 
7 ................ 88 12 
8 ................ 84 16 
9 ................ 80 20 

10 ................ 76 2"4 
11 ................. 68 32 
12 ................. 60 40 
13 ................. 50 50 

~Teight I 
of I Dens 

Ix t rae t  25~ 
o ' a m s )  I 

~.6~-I o.o~. 
19.91 j 1.0( 
18.48 I 1.ol 
15.15 J 1.01 
1 7 . 3 I  1.01 
13.50 1.0~ 
12,14 
12.72 
14.80 
16.40 

9.99 
12.84 

7.14 

t Refrac-  
Density t i r e  
25~  1 Index 

"1 n~* 

1.004 I 1.4671 
1.011 ~ 1.4679 
1.021 ~ ].4691 
1.026 1.4706 
1 .030  1.471'1 
1.038 1.4725 
1.043 1.4739 
1.051 1 .4759 
1.061 1.4778 
] .065  1.4788 
1.068 1.4810 
1.077 i ] . 4821  

Molec- 
ular 

Weigh t  

406 
494 
472 
516 
536 
543 
586 
646 
808 
865 

1046 
1070 
1130 

the molecular s t ructure which corresponded most 
closely to these analytical results was determined. 
This s t ructure  was then substantiated by  characteri- 
zation of the depolymerized products of the polymer 
fractions. 

E x p e r i m e n t a l  

Preparatio~ o~ Material. The ethyl linoleate was 
prepared f rom corn oil according to a modification of 
Rollet 's method (9).  The ethyl ester had a Wijs  io- 
dine number  of 164.1 (theoretical 164.6), a peroxide 
value of zero and a specific absorption coefficient of 
0.2 at 2320 A. 

Oxidation Procedure. Two different batches of 
ethyl  linoleate of approximately 250 g. each were 
weighed into a 50 x 460 mm. glass tube, the tube slls- 
pended in a constant temperature  bath kept at 30 _-s: 
0.5~ and the ester aereated with dry  air for  350 
hours. The air was introduced through a f r i t t ed  glass 
disk sealed into the bottom of the tube. 

Solvent Extraction. The oxidized product  was sep- 
arated into 13 fractions with a solvent pair  made up 
of redistilled Skellysolve F and anhydrous diethyl 
ether. The amount of solvent used in each s o l v e n t  


