Observations on the Determination of lodine
Value with Pyridine Sulfate Dibromide’

H. J. LIPS, Division of Applied Biology, National Research Laboratories, Ottawa, Canada

THE Rosenmund-Kuhnhenn (11,12) method for
1 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 method might be useful in the study of de-
odorized-polymerized oils (7,9). However, in pre-
liminary trials, apparent iodine values were found to
inerease 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 study of the Benham-Klee procedure,
particularly the action of the mercuric acetate cata-
lyst used. ,
Materials and Methods

Todine 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 treated with sulfur. The polymerized oils
were described in an earlier paper (7).

Todine values were determined under a variety of
reaction conditions, and the results were corrected by
appropriate blank determinations carried on concur-
rently with all experiments. The effects of reaction
time, amount of excess reagent, mercuric acetate cata-
lyst, peroxide, and variations in solvent were studied.
Hydrobromie acid was recovered from reaction mix-
tures to check the possibility of halogen substitution.
Comparisons of the Benham-Klee method with the
Huuter-Hyde modification of Wijs’ method (1,5)
were made under some of the reaction conditions
studied.

Results and Discussion

1. Apparent Iodine Value of Polymerized Oils.

Preliminary trials showed that the Benham-Klee
iodine value of linseed and rapeseed oils decreased
more slowly than the Hunter-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 illustrated for control and polymerized 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. Evidently some halogen disappearance oc-
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F1g. 1. Decrease in iodine value of linseed and rapeseed oils
with inereasing time of deodorization-polymerization, Benham-
Klee and Hunter-Hyde methods (200-300% _excess. reagent).

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

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

agent are shown below:
Jodine value

Lingeed polym. 4 hr,, hydrog. 4-hy, reaction time 130.9
6-hr. reaction time 132.8
24-hr. reaction time 140.5

Linseed polym. 8 hr., hydrog. 4-hr. reaction time 124.9
6-hr. reaction time 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 Hunter-Hyde and Benham-Klee meth-
ods, and paralleled decrease in refractive index (7)..

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

TABLE 1

Effect of Reaction Time on the Apparent Iodine Value of
Deodorized-Polymerized Oils

(Benham-Klee method, 200-3009 excess reagent)

Apparent iodine value
Reaction Linseed oil Rapeseed oil
time Pol >
Control 12 5}?;‘ Control 12‘{?'
1 hr.
without catalyst............ 169.8 126.0 99.8 91.8
with catalyst................. 179.6 150.6 103.8 98.1
24 br
175.1 141.3 102.6 97.0
with catalyst..... ...l 187.3 167.5 108.4 102.3
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Fi¢. 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 illustrated in Figure
3. However this increase in iodine value levelled off
appreciably, and useful and reproducible values could
be obtained by selecting arbitrary 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 titration end-point was not as sharp as in the
Hunter-Hyde method, and color returned more
quickly in titrated solutions on standing. It was nec-
essary to observe the arbitrary conditions closely to
ensure duplication of results.

Secondary Reactions. To check the possibility of
seecondary 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 after 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
slightly 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
stable values close to the theoretical were obtained for
l-octadecene and cyclohexene, the more complex sys-
tems of beta-ionone and benzene gave increasing val-
ues on standing with the reagent. Furthermore tri-
methylpentane, methyl myristate, and mineral oil
showed appreciable apparent unsaturation on pro-
longed contact. Hunter-Hyde values were close to the
theoretical ones, except for beta-ionone, which gave a

TABLE II

Effect of Mercuric Acetate Catalyst on Apparent -Iodine Value
(Benham-Klee method, 200-3009, excess reagent)

Apparent iodine value
0Oil 36 hr, with b
1 hr. reaction catalyst, 36 hr.
1 hr. reaction | reaction
Linseed control...ovviviieceniiiinnnn 179.6 179.8 195.1
Linseed polym. 14 h: » 150.6 151.8 175.1
Rapeseed control......... 103.8 104 .4 113.2
Rapeseed polym. 14 hr............... 98.1 99.2 109.3

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. For example, the titration 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 mercurie
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 mereunric acetate. These mixtures were
stored in glass-stoppered flasks in the dark at room
temperature for times up to seven days. After 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.
Todine 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 further storage experiment to check the possi-
bility of dehydrogenation, samples of linseed oil were
dissolved in 5 ml. carbon tetrachloride, and 10 ml. of
1.5% mercuric acetate catalyst added. After 36 hr.
reagent was added, and samples were titrated in the
usual manner after 1-hr. reaction time. Parallel sam-
ples were stored with oil, catalyst, and reagent for 36
hr. and then titrated. Two blanks were run with each
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Fig. 3. Increase in iodine value of linseed and rapeseed oils
with excess reagent, Benham-Klee method.
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set, and 200-300% excess reagent was used. Results
are shown in Table IT. 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
II might be due in part to dehydrogenation of oil by
the catalyst in the presence of pyridine sulfate di-
bromide. This possibility was not ruled out. Even
after 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
T and IV. The contact of iodine reagent and cata-

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

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

The addition of small 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 Tetrachloride and Chloroform on Iodine Value Blanks
(Reaction mixture stored five days at room temperature in the dark)

TABLE V

Effect on Apparent Todine Value of Adding Water to Reaction Mixture
(Benham-Klee method, 200-3009 excess reagent, reaction time 2 hr.)

Titration, ml. of
0.1N thiosulphate

Components of stored Additions after

reaction mixturé storage Carhon
tetrachloride | Chloroform
solvent solvent
Benham-Klee method
Solvent, catalyst.......cocueunnnd Teagent 47.3 47.3
Reagent..........

solvent 47.2 47.3
[P 47.2 46.4
47.2 45.9

Solvent, reagent.
Solvent, reagent....
Solvent, reagent,
catalysto.covvviriicecnvencnnn ] 45.6 33.1
Hunter-Hyde method

Solvent, catalyst.... reagent 37.8 37.8
Reagent......c....... solvent 377 37.7
Solvent, reagent. e 37.8 37.0
Solvent, reagent................... catalyst 37.7 36.7
Solvent, reagent,

eatalysto il e, 36.8 36.0

lyst, even in the absence of oil, gave an apparent io-
dine value (Table IIT). Chloroform with mercuric
acetate caused a greater deterioration of Benham-Klee
than Hunter-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 tetrachlo-
ride was the solvent but was not sustained when chlo-
roform was nsed. With the latter solvent the expected
iodine value was not attained, and after an early

Amount o f water added Apparent iodine value

to reaction mixture, Lingeed oil Rapeseed oil
ml. polym. 14 hr. polym, 14 hr.

152.5 98.6

150.1 99.6

149.8 99.0

146.2 97.5

140.8 96.8

136.3 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
liberated 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 unsaturation 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 tetrachloride as solvent.

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

TABLE IV

Effect of Carbon Tetrachloride and Chloroform on Apparent Todine Value of Linseed Oil
(Benham-Klee method, 1509 excess reagent, reaction mixture stored five days at room temperature in the dark)

Apparent iodine value
Components of stored Additions after Reaction time
reaction mixture storage after storage Carbon
tetrachloride Chloroform

solvent solvent
0il, solvent. reagent 1 min. 158.4 159.6
Qil, solvent............ reagent, catalyst 1 min. 168.3(167.6)2 168.3
0il, solvent, reagent. 0 174.8 173.6
0il, solvent, reagent.... catalyst 1 min. 176.6 174.1
0il, solvent, reagent, catalyst, 0 190.0 112.0
0Qil, solvent, catalyst. reagent 1 min. 1209 1174
0il, sofvent, catalyst, under purified nitrogen.. reagent 1 min, 128.3 128.1
Qil, solvent, catalyst.......occoccvererranannns reagent 30 min. 154.4 157.7
Oil, solvent, catalyst. reagent 1 hr. 169.9 161.2
Qil, solvent, catalyst. reagent 2 hr. . 172.0 157.2
Oil, solvent, catalyst reagent 4 hr, 176.8 147.9

2 Jodine value of this oil without storage.
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the peroxide value of lard was increased from zero to
150 by storage at 50°C., the Hunter-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°C. progressively
lowered iodine value, but measured peroxide content
tended to level off or even decrease erratically after
an initial high value was atfained.

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

Addition of Mercuric Acetate af the Double Bond.
The evidence already presented indicated that lower-
ing of iodine value of oil on prolonged contact with
catalyst only was partly 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 until 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 mereuric
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 ecatalyst. The rest of the
change 1n iodine value eould be ascribed to oxidation
of the oil.

The increase in iodine value obtained when the re-
action time was lengthened after storage with catalyst
(Table IV) was apparently due to instability of the
mercuric acetate addition compound in the presence
of the halogen jons 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 treated with sulfur. The increase in iodine
value varied with the amount of sulfur present, and
all values were much higher than those obtained by
the Hunter-Hyde (uncatalyzed) method (Table VT).

In a study 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

TABLE VI

Apparent Todine Value of Oils Treated with Sulphur
(Sulphur treatment: one hour at 130°C.)

Apparent iodine value
on (1509 excess reagent)
1
Hunter-Hyde | Benham-Klea

method method

Weed seed treated with 29 suiphur............. 111.3 138.4
Weed seed treated with 5% sulphur..... 113.5 160.7
Weed seed treated with 109, sulphur 1114 177.9
Weed seed treated with 15% sulphur 112.0 173.1

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

TABLE VII
Apparent Jodine Value of Colloidal Sulphur

Apparent iodine value

Reaction Carbon disulphide ’ Carbon tetrachloride
time . solvent solvent
Catalyst No catalyst | Catalyst ‘ No catalyst
Hunter-Hyde method (25 ml. of reagent)
—0.7 1.5 1.8 0.6
1.6 4.8 4.3 5.3
2.5 5.9 5.0 6.0
3.3 8.8 6.1 14.0
6.2 17.8 13.6 24.1
8.9 314 19.5 31.1
Benham-Klee method 2 (50 ml. of reagent)
45 5.4 88 3.4
—66 27.6 69 4.1
—71 47.0 66 18.5
- —82 113.2 60 39.0
—85 1304 59 95.
—85 142.0 53 114.3

2 Because the titration end point was unstable in the presence of cat-
alyst, results with catalyst are given only to the nearest whole number.

With the Hunter-Hyde method, apparent iodine
values of colloidal sulfur inereased slowly with reae-
tion time, and the increase was greater in the absence
of catalyst.

With the Benham-Klee method, values increased
markedly with reaetion time in the absence of cata-
lyst. In the presence of catalyst, negative results were
obtained for carbon disulphide solutions and longer
reaction times. For carbon tetrachloride suspensions
containing catalyst, values tended to decrease slightly
with reaction time. The titration endpoint was un-
stable when catalyst was used; the biue color of the
starch indicator tended to regenerate itself indefi-
nitely. Henece an arbitrary 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
apparently due to reaction of sulfur with halogens.
There was no evidence that sulfur reacted with so-
dium thiosulfate during the titration. No compounds
of iodine and sulfur have been deseribed, 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 Hunter-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 VIT). °

Summary

Todine values determined with pyridine sulfate di-
bromide tended to inerease with reaction time and
amount of excess reagent. There was some evidence
of halogen substitution in polymerized lingeed 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



THE JOURNAL oF THE AMericaAN OiL CHEMIsTs' Sociery, Oc¢TosER, 1953 403

on oils, but reduced their iodine value, apparently 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 high 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.
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The Isolation and Characterization of the Polymers
Formed During the Autoxidation of Ethyl Linoleate’

S. S. CHANG * and F. A. KUMMEROW, Department of Food Technology,

University of lllinois, Urbana, !llinois

HE 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 fatty
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, Overhold,
and Elm (4) suggested that earbon 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 unfractionated oxidation mix-
tures and on interpretations 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) attempted to separate oxi-
dized methyl oleate by subjecting it to moleeular 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

1Funds for this study were furnished by a grant-in-aid from Armour
and Company, Chicago, Il

2 Portion of a thesis presented by 8. 8. Chang as partial fulfillment

of the requirements for the degres of Doctor of Philosophy in Food
Technology.

TABLE 1
Analysis of the Solvent Extracted Fractions

Solvents Weifght . R%g:c_ Molec-
Fractions % A o ensity ular

Skelly | Disthyl | Extract [ 25°C.° [ Index | i,

Solve' F | Ether [(sr3ms) o

100 0 47.60 0.0948 1.4651 406
98 2 19.91 1.004 1.4671 494
96 4 16.48 1.011 1.4679 472
94 6 15.15 1.021 1.4691 516
92 8 17.81 1.026 1.4706 536
20 10 13.50 1.030- 1.4711 543
88 12 12.14 1.038 1.4725 586
84 16 12.72 1.043 1.4739 646
80 20 14.80 1.051 1.4759 808
76 24 16.40 1.061 1.4778 865
68 32 9.99 1.065 1.4788 1046
60 40 12.84 1.068 1.4810 1070
30 50 7.14 1.077 1.4821 1130

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

Experimental

Preparation of Material. The ethyl linoleate was
prepared from corn oil according to a modification of
Rollet’s method (9). The ethyl ester had a Wijs io-
dine nomber of 164.1 (theoretical 164.6), a peroxide
value of zero and a specific absorptlon 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 fube sus-
pended in a constant temperature bath kept at 30 +
0.5°C., and the ester aereated with dry air for 350
hours. The air was introdnced through a fritted 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 ¥ and anhydrous diethyl
ether. The amount of solvent used in each solvent



