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vibrations of the methylene group. Furthermore these
bands are not seen in the spectra of the fatty acids in
CS, solution. As the carbon chain increases in length,
the number of recognizable progression bands in-
creases from 3 in the case of lauriec acid to 9 in the
case of heneicosanoic acid (Table 8). The increase in
the number of bands with chain lengths, the regular-
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ity of the spacings, and the displacement to lower
frequencies with increasing chain lengths are clearly
depicted in Table 8. With more guantitative data
along the same lines it should be possible to establish
the chain length of binary, ternary, or polynary mix-
tures (31).

Both chemical and physical means are therefore
available for the measurement of chain lengths. The
accuracy of these measurements is however dependent
on the purity of the fatty acids examined. As it is
difficult to completely separate fatty acids of varying
chain lengths from each other, it is apparent that
accuracy is more dependent on a method for isolating
them than on accurate methods of analysis. In spite
of these difficulties it is apparent from this presenta-
tion that the measurement of chain length will become
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an important factor in the development of better
shortenings and frying oils.
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nations that an oil chemist must make is the

measurement of unsaturation of an oil. Most
manufacturing processes involve this determination
to some extent as well as does the classification of fats
and oils for trade and use. In spite of the importance
of this determination there is as yet no one simple,
rapid, and accurate method which will give consistent
results on all types of oils. Much research time and
effort has been expended to develop a good method,
but the problem is yet unsolved. However, there are
methods in use that do give a more or less quantita-
tive measure of unsaturation; it is the purpose of this
paper to discuss some of these methods.

The generally accepted method of expressing the
degree of carbon to carbon unsaturation of a fat, oil,
or derivative is by the term iodine value or iodine
number. This value is defined as the grams of iodine
which add to 100 g. of the sample, or in other words,
the weight percentage of iodine based on the weight
of the sample which adds to the sample. The re-
sults are expressed in terms of iodine whether iodine,
or some other reagent, is actually used. Either of
the terms, iodine value or iodine number, is correct;
iodine value is preferred by the author and will be
used in this diseussion,

QNE OF THE most important analytical determi-

Since halogens will add to carbon-carbon double
bonds, most of the methods make use of this property.
In its simplest terms the determination consists of
adding a halogen to a weighed quantity of sample
and measuring in some way the amount of halogen
which reacts with the unsaturation. The actual pro-
cedure for the determination is very simple. A small
sample is weighed into a flask fitted with a ground
glass stopper and is then dissolved in chloroform or
carbon tetrachloride. A guantity of the halogen solu-
tion, usually iodine bromide or chloride in acetic acid,
is pipetted into the flask containing the sample and
also into a similar flask containing no sample (the
blank). The flasks are stoppered and allowed to stand
in the dark for at least 30 min. to allow the halo-
genation reaction to go to completion. An aqueous
solution of potassium iodide is added and the halogen
which failed to react with the sample reaects with the
KI liberating iodine.

X, +2KI =2KX +1,
The iodine is then titrated with standard sodium thi-
osulfate solution, using starch as an indicator.

I, + 2Na,$,0, =— 2Nal 1 Na,S,0,
I=-=Na,S,0,
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The blank is also titrated, and the iodine value of the
sample is caleculated according to the equation
IV — (B—8)-N-12.69
wt. of sample
B = titration of blank
S == titration of sample
N == normality of Na,S,0, soln.

Many different halogen solutions have been pro-
posed as the halogenating agent; only those which
have gained acceptance will be mentioned.

The original method of determining the iodine
value was described by Von Hiibl (11), who used an
aleoholie solution of iodine and mercuric chloride for
the halogenation of the sample. The active reagent is
actually iodine monochloride. A reaction time of 18
hrs. was necessary, and the reagent had very poor
keeping quality because of the reaction of iodine
monochloride and water. To overcome this difficulty
Wijs (12, 13) used a solution of iodine monochloride
in glacial acetic acid as the halogenating agent. This
method is today accepted as one of those most satis-
factory for the determination of isolated unsatura-
tion. The Hanus method (4), which employs iodine
bromide in acetic acid, is also fairly well accepted
although it is reputed to give slightly low results.
Rosenmund and Kuhnhenn (10) proposed the use of
a solution of pyridine sulfate and bromine in glacial
acetic acid. Bromine in a saturated methyl aleoholic
solution of sodium bromide was proposed by Kauf-
mann (5) but has not gained wide acceptance. There
are several variations of each of these methods, such
as the use of a mercuric acetate catalyst to shorten
the reaction time (1, 6).

These methods will give a fairly quantitative meas-
ure of unsaturation if the double bonds are not con-
jugate with each other or a carbonyl oxygen and if
the determination is carried out under very specific
conditions as to the excess of halogen reagent, time
of reaction, and exclusion of light.

It might be well at this point to examine the mech-
anism of halogen addition to double bonds and to
suggest some of the shortcomings of the methods.

In a polar solvent the halogen molecule is thought
to be more or less polarized or, in other words, there
is a separation of the charges within the molecule.

Br-Br — BrBr~
solvent

This polar halogen can now attack an ethylenic bond
which, because of the influence of the polarized halo-
gen, tends to shift the electrons of the double bond to
one carbon, thus faecilitating attack by the positive
charged halogen.

H H . - H oW
R.-C:C-Rg+Br—Br |9 G- Rz
|

BFB!

Depending on the coneentration, solvent, and type of
halogen involved, the halogen-halogen bond may break
with formation of a covalent carbon-halogen bond (an
over-all bimolecular reaction) or to complete the reaec-
tion collision with another halogen molecule may be
necessary (a trimolecular reaction).

Although the reaction is reversible (2), the equi-
Librium lies far to the right, and when an excess of
halogen is used, the reaction may be considered essen-
tially quantitative. It has been shown (2) that the

addition of potassium iodide solution after the reac-
tion of iodine monochloride could lead to the follow-
ing reactions

\,?—cu Kl—b)(lz—ti‘.(+KCI
I
1 ¢C 11

‘? c:::c_c<+12
I I

resulting in low iodine values. However this has not
been shown to occur to any great extent during the
determination.

Substitution reactions are also a source of error.
Since this reaction is catalyzed by light, the exposure
of the reaction mixture to a strong light during the
halogenation must be kept at a minimum. Although
undoubtedly some substitution takes place, it does not
seem to be the source of a very large error in the
usual iodine value determination.

From the studies of the kinetics and the mechanism
of the halogenation reactions it is evident that, by
the use of an excess of halogen, polar solvent, and
catalysts, the reaction time is shortened, and the effect
of the equilibrium reversal is minimized. Also the
shorter reaction time should minimize the substitu-
tion reaction.

The addition of halogen to a conjugated system of
double bonds is believed to occur first in the 1,4 posi-
tion with a subsequent shift of the double bond.

H H H H H H H H
R,-? (2--(3—!5-Rz + X=X - Ri- C c= G—(:--R2
X X
The first mole adds rapidly, but the second mole adds
very slowly because of the influence of the added halo-
gens on the remaining double bond. Thus in the usual
iodine value determination, low and variable results
are obtained except when excessively long reaction
times are employed. To overcome this Benham and
Klee (1) proposed using the Rosenmund-Kuhnhenn
reagent and a mercuric acetate catalyst for the deter-
mination of conjugated unsaturation. However it has
been shown that the order of addition of the reagents
has an effect on the determination. If the mercuric
acetate catalyst is added before the halogen solution,
better results are obtained (9). Exposure to light
also effects the determination to some extent so it has
been recommended that ‘‘low actinic’’ glassware be
used in a darkened laboratory.

Quantitative hydrogenation is a method of measur-
ing unsaturation which overcomes the objectionable
features of the halogen method. However hydrogen-
ation has several disadvantages among which are the
time required, the more elaborate equipment needed,
and the care necessary in its operation. For research
purposes the hydrogenation method is to be recom-
mended because the position of the double bonds has
no effect on the determination, and substitution reac-
tions are excluded. Essentially, the method consists
of the catalytic hydrogenation of a sample and meas-
urement of the quantity of hydrogen which reacts
with the unsaturated bonds. The results can be ex-
pressed as moles of hydrogen per mole of sample or
calculated to an iodine value basis ; the latter is known
as the hydrogen-iodine value.

The apparatus necessary to carry out the hydro-
genation reaction consists of a reaction flask so fitted
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as to allow introduection of the sample. The flask is
connected to a burette to measure the hydrogen taken
up by the sample and a levelling bulb to adjust the
pressure in the apparatus. Several excellent types
of apparatus have been described (7, 8). Figure 1

7

Fia. 1. Apparatus for quantitative hydrogenation.

shows one which we are using in our laboratory. In
use, a sample which will take up about 30 ml. of
hydrogen is weighed into a small cup; the solvent,
usually 10 ml. of ethyl aleohol, a small amount of
catalyst, and the magnetic stirring bar are placed
in the reaction flask and the sample placed on the
sample holding bar. The flask is then connected to
the burette. The stopcocks on the flask and on the
burette are opened, and hydrogen which has been
saturated with solvent is allowed to flow through the
system. The catalyst may also be reduced at this
time by stirring. After the system has been swept
by hydrogen for some time, the stopcock on the flask
i1s closed and the stopecock on the burette turned to
fill the burette with hydrogen. The gas flow is
stopped, and the stopcock is turned to .connect the
reaction flask with the burette. The reduction of the
catalyst is completed, the system allowed to come to
equilibrium, and the levelling bulb adjusted until the
the pressure is equalized. The burette reading, tem-
perature, and pressure are noted. The sample is
dropped into the solvent-catalyst and stirred until
1no more hydrogen is taken up, as indicated by a con-
stant volume reading of the burette. The burette
reading, temperature, and pressure are noted as be-
fore. The volume of hydrogen at S.T.P. may be cal-
culated by the equation
P—P 273
VIOTV2:h760 5. T . Va—{~VB

where V, and V, are STP volumes before and after
hydrogenation of the sample, P — atmospheric pres-
sure, Py = vapor pressure of the solvent at temper-
ature of the apparatus T. V, is the volume of the
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reaction flask to the top of the burette, and Vg is
the burette reading. The hydrogen-iodine value =
(V,—V,) (25384) /22412 - weight of sample, Plati-
num oxide is a very good catalyst for the hydrogen-
ations but must be reduced in the apparatus. A
supported palladium catalyst may be prereduced,
which gives much lower blank determinations. The
determination may be carried out in about 30 min.

The problem of control of commercial hydrogena-
tions is one that calls for a very rapid method for
the determination of unsaturation. The method that
is now used to a great extent depends on the change
in refractive index of a fat as it is hydrogenated. In
practice, a small sample is removed from the con-
verter, filtered, and the refractive index determined
by the use of a good refractometer held at constant
temperature. By reference to a predetermined curve
relating the refractive index to the iodine value, a
rapid estimation of the iodine value may be made.
One source of error in this method is that trans
double bonds formed during the hydrogenation af-
fect the refractive index but not the iodine value.
However if the reference curve is determined from
the data on a hydrogenation under similar condi-
tions of temmperature and pressure, this error does
not become serious. Also since there is a time lag
between taking the sample and completing the meas-
urement, the rate of hydrogenation must be esti-
mated if it is desired to stop at a certain lodine
value.

Another method which may be used to give a quick
estimation of iodine value is by measuring the dielec-
tric constant of the oil. According to a recent patent
(3) the permittivity, which is directly related to the
dielectric constant, of an oil and its iodine value have
a linear relationship over the commercially important
range. Also the change in permittivity for a given
change in degree of unsaturation is nearly constant
for a large number of oils. The presence of catalyst
in the oil does not affect the relationship as long as
the catalyst concentration is constant. Therefore it is
possible to set up a device that gives a continuous
measure of the iodine value of an oil as it is being
hydrogenated by circulating the oil from the con-
verter through a conductance cell, where a continu-
ous measure of the dielectric constant is made. A
recorder and controller may be part of the appa-
ratus, and by setting the controller for the desired
change in dielectric constant, the hydrogenation may
be stopped automatically at the desired change in
iodine value. Although the apparatus required is
quite extensive, this method would seem to be pref-
erable to the refractive index method because of the
possibility of continuous readings.

A third possible method of quick estimation of de-
gree of saturation during hydrogenation is by the
use of the Beta ray H/C meter developed by the
Standard Oil Company. This meter makes use of
the absorption of beta rays from the radioactive de-
cay of Strontium 90. Since this absorption is related
to the electron density of the sample and hydrogen
has a greater number of electrons per gram than any
other element, the instrument ecan measure the ratio
of hydrogen to other elements. However the instru-
ment is designed for use on hydrocarbons, and when
applied to fats, its accuracy is limited to about 2.5
iodine value units.

The light absorption measurements, both infrared
and ultraviolet are invaluable for the measurement
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of special types of unsaturation, such as the frans
configuration and conjugated systems. However these
will be further discussed in other presentations. It is
indeed fortunate that these methods are replacing
the older chemical methods, such as the thiocyanogen
number, Woburn iodine value, lead salt alecohol sep-
aration, diene value, etc., which were based on an
empirical set of conditions and did not have too much
fundamental basis.

Determination of the position occupied by the dou-
ble bonds in unsaturated fatty acids has been the
subject of a great deal of work. Oxidation of the
unsaturated fatty acid at the double bond followed
by isolation and identification of the oxidation prod-
ucts is one of the classical methods for determination
of the double bond position. However the isolation
and identification of all of the oxidation products
is impossible by the wusual methods of distillation
or crystallization. By the use of chromatographic
methods, which were recently developed and will be
discussed in another presentation, the isolation, iden-
tification, and measure of all of the oxidation prod-
uets becomes feasible. The method consists of oxida-
tion of a small sample of the unsaturated fatty acid
to a mixture of mono- and dibasic acids. Ozone is the
preferred oxidizing agent because strong oxidizing
agents, such as permanganate, degrade the acids dur-
ing the oxidation. The samples of mixed acids are
separated by a chromatographic system, and the per-
centage of each dibasic and monobasic acid is caleu-
lated as mole percentage. From this the position of
the double bonds in the original sample may be esti-
mated. For example, if a sample of monounsaturated
acid of 18-carbon chain length is oxidized and only
the 9-carbon dibasic acid, azelaic, is found, it is evi-
dent that all of the bonds were in the 9 position in
the chain. However if the chromatographic analysis
shows 10% of the 8-carbon dibasic, 80% of the 9-car-
bon dibasie, and 109 of the 10-carbon dibasic acids,
the original sample was composed of 10% 8-octa-
decenoie, 80% 9-octadecenoic, and 10% 10-octadece-
noic acids. Thus the positional isomers present in a
mixture of monounsaturated acids may be determined
by an analysis for the dibasic acids produced by oxi-
dative cleavage. If there are two double bonds in the
chain, their positions may be determined by an an-
alysis for both mono- and dibasic acids. For example,
a sample of linoleic acid, which has the double bonds
at the 9 and 12 positions, would show on analysis only
the 9-carbon dibasic and a 6-carbon monobasic acid.
If a sample were composed of 509% 9-12 and 50%
9-11 octadecadienoic acids, it would show on analysis
100 mole percentage 9-carbon dibasic acid while the
monobasi¢ acid would be composed of 50% 6-carbon
and 509 of the 7-carbon acids. From this it is evi-
dent that all of the samples had the first double bond
at the 9 position, but 509% of the second double bonds
were at the 12 position and 50% at the 11 position.
The double bond positions in mixtures of mono- and
dienes may also be determined. If a mixture of 50%
9-octadecenoic and 509 9-12 octadecadienoic acids
is analyzed, the analysis would show 100 mole per-
centage 9-carbon dibasic and 50% 6-carbon and 50%
9-carbon monobasic acids. It can readily be seen that
all of the unsaturated acids had one bond at the 9
position, but 50% had another bond at the 12 posi-
tion. The mixtures, such as encountered in studies
of the hydrogenation of linoleic acid, are quite com-

VoL. 32

plex, but good estimates of the positional isomers may
be made by this method.

To illustrate, the equations used in the calculations
are shown as follows. The numbers in parentheses
refer to double bond positions.

mole percentage 9-ecarbon dibasic =(9)+(9,11)4
(9, 1 )

mole percentage 10-carbon dibasic == (10)4(10,12)

mole pereentage 11-earbon dibasie = (11)

mole percentage 12-carbon dibasic = (12)

mole percentage 9-carbon monobasic = ( 9)

mole percentage 8-carbon monobasic = (10)-(8,10)

mole percentage 7-carbon monobasic = (11)-(9,11)+
(8,11)

mole percentage 6-carbon monobasic = (1:2)-|— (8,12)+
(9,12)+(10,12)

By solving this series of equations, the amount of
each isomer may be determined. An example of the
analysis applied to partially hydrogenated linoleic
asid is shown below.

ANALYTICAL RESULTS

Monobasic acids Dibasic acids
Chain length Mole percentage Chain length Mole percentage
6 61.7 9 58.8
7 12.2 10 14.9
8 18.2 11 12.8
9 12.5 12 13.5

61.7 = 6 mono = (9, 12) 4+ (10, 12)+ (12)
12.2 == 7 mono = (9, 11)4(11)

13.2 == 8 mono = (10)

12.5 == 9 mono = (9)

58.8= 9di= (9,12)4 (9,11)+(9)
14.9 == 10 di = (10, 12) 4 (10)

12.8 =11 di = (11)

135 =12di = (12)

RESULTS FROM CHROMATOGRAPHIC ANALYSIS
OF ACIDS

Octadecenoic acids Octadecadienoic acids

(9) =125% (9,12) =46.3%
(10) = 13.2% (9,11)= 0 %
(11) =12.8% (10,12) = 1.9%
(12) = 13.5% total conjugated = 1,9%

total = 52.0% total nonconjugated = 46.3%

From analysis by ultraviolet method:
octadecenoic acids = 50.0%
conjugated dienes = 3.2%
noncon,]ugated dienes = 46.8%

There is still much work needed in the area of
the determination of unsaturation of fats and deriva-
tives. Of course, what we all would like would be a
simple, accurate, and rapid method that would de-
termine unsaturation of any type. However until
better methods are developed, those described will
suffice, provided their limitations are recognized.
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