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A CRITICAL STUDY OF THE PRECISION AHD VALUE OF HALOGEN
ADDITTON REACTIONS APPLIED TO DAIRY RESEARCH

IETRODUCTION

Introduction

In 1932 a project was initlated in this laboratory to
study the distribution of free acids between the aqueous and
fat phases in butter. It seemed desirable to determine not
only the total amounts of aclds present, bub also some of the
properties of these acids, The characteristics of the fab
soluble aclds that were considered of particular inbterest were
the average molecular welght and the relative degree of unsate
uratione

A sultable extraction procedure was developed for
separating and recovering the free-aeids contained in filtered
butter fat. Preliminary experiments indicated that the
amounts of these acids which would be available for determine
ing the degree of unsaturatlion would range usually from 20 to
50 ng. and would probably never exceed 110 mg, Therefore &
rnlero or gsemi-micro method would have to be employed.

The degree of unsaturation of fate and fatty acid mix-
tures is determined, génerally, by the use of the lodine
mumber {percentage of iodine, or other halogens calculated as
iodine, taken up by the sample)s Purthermore, the relatlve

amounts of different unsaturated acids present in a mixture
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have been calculated, following iodine number determinations

by a combination of appropriate methods.

Statement of the problem

The Assoclation of 0fficial Agricultural -Chemists des«
ignate both the Wijs and Hanus methods as "Official"., The
Hamus reagent can be prepared more conveniently and is cone
siderably more stable than the Wijs reagent; it has, therefore,
boen employed as a routine method in this laboratory for de-
termining the lodine number of fats. It was assumed that this
mothed, with some modifications, would be satisfactory with
the fatty acids extracted from butter fat, The amount of
Hamus reagent and the concentration of the sodium thiosulfate
were each reduced to one=fifth of their recommended values
because approximately one=-fifth of the usual weight of sample
wag availlable. The results obtained with this method were
unsatisfactory. Replicate determinations frequently showed
conslderable variation and the values were found to depend
somewhat upon the weight of sample,

A brief search through the literature indicated that
much research had been done on iodline numbers, However, it
appeared that none of the methods, without some changes,
could be applied to the present problem. At that tims no
semiemicro method had been described and only three micro

methods. The literature was found to contain controversial



statements with regard to the reaction obtained with some of
these methods. Some investlgators claimed that substitution
as well as addition occurred while others refuted these
atatements. WVery few iodine number studies included butter fat
or the mixed acids obtained from butter fab and these materials
were not used in any of the more fundamental investigations,

The problem, at its begiming, did not appear to be simple
and it was decided, therefore, to study (on a semi-mlicro scale)
several of the more important iodine number methods described
in the literature with especial reference to the following
voints:

1, The relationship between the icdine number of butter

fat and the mixed Insoluble aecids obtained from it,

2. The reproducibility of results,
5« The effsct of experimental conditions.
4, }The determinat ion of the optimum conditions for the

best method.,
5. The relative amounts of addition and substitubion obe-
talned. _

It was hoped that this study would permit the evaluwation

of the iodine number as a tool for certain dalry research.
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REVIEY OF LITERATURE

In 1928 Kolthoff and Furmen (53) reviewed that part of
the literature on iodine number determinations which was of
particular interest from the standpoint of quantitative
analysis and made the following comment: "A& fundamental
physico~chemical investigation of halogen addition (velocity
of reaction under varying conditions and disturbing influ-
ences) is grestly to be desired., The present very extbensive
literature has a purely empirical character and does nob yet
enable us to draw generally valid conclusions.” Since 1928
the literature on iodine mmbers has increased steadily and
although few studies have been reported on reaction veloci-
ties, considerable valunable information has been published.

Types of reagents, Hib1 (33) found that iodine reacted

very slowly with fats at room temperature and at higher
temperatures the reaction was not smooth, Hargosches and
Hinner (58) observed that when fats in carbon tetrachloride
solution were btreated with aqueous iodine-potassium iodide
solution the iodine numbers obtained varied inversely with
the ratio of potassium iodide to iodine.

aibl (33) obtained what he considered a satisfactory re=
action of fat in chloroform solution with 0.2 alcohollc
iodine containing one mole of mercuric chloride per mole of

iodine. He agssumed that the additlon product was the lodo~
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chloro-derivabive of the wasaturated fatty ac

-

Wijs {90) showed that the actbive agent in Hibl's reagent is
iodine monochloride and is formed by the following reaction:
Hglly + 8l & —" iglg + ZICL

He also stated that HgICl may pe formed as an intermediate
product. Wijs (91) proposed a new method for the preparation
of lodine monochloride solubion. He dissolved 13 gn. of
iodine in a liter of acetic acid, then bubbled chlorine
through the solution until there was a dsofinite color change,
Marshall (63) prepared lodine monochloride in carbon tetra-
chloride solution in a similar manner, A somewhat different
method was used by Hunbter and Hyde (35); they allowed 0.05
mole of toluene p-sulfondichloramide to react with 0,10 mole
of potassium lodide in one liter of glacial acetic acid,
Hanus (26) introduced iodine monobromide as a halogenw
ating agent for fats. This was prepared by finely tritura-
bing 20 gm. of iodine to which were added dropwise 13 gm. of
bromine. The rsaction mixture was keplt cool and was stirred
contimously. Twenty grams of *he compound were dissolved in
one liter of glaclal acetic acid. This solution was more
stable than were those prepared by HlUbL or Wijs. Hunt (34)
simplified the method of preparing iodine monobromide by
dissolving iodine in glacial acetic acid and adding enough

bromine to double the titration value. Ralls (69) prepared
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0.11 iodine monobromide in carbon tetreaehlorids by the seme
method,

Margosches, Himmer end Friedmann {60,61) published a
rapid lodine number mebthod in which hypoiodous acid wes the
agtive agent. 4 02N lodine solution in 96 per cent aleochol
is added to the Tut sample which is dlssolved in ebsolute
alecohol at room btemperavure or in 96 per cent alcohol al
500C, The contents of the flask are well mized, emmlsiflied
with water, allewed to reect 3 to 6 mimubes end the excess
lodine is titrated with scdium thiosulfate. HMargesches and
Hinner (59) used 0,1 alecholic iodine solution containing
1/60 equivalent of iodic acid. This solution was not stable,

Kanfmenn and Grosse-Osbtringhens (48,49) found that as
1little gs twe per cent iodine greatly stabilized solutions of
thiocyanogen, They studlied the reactions of solutions cone
taining equivalent amounts of thiocyanogen and iodine and
found the fellowing equilibrium reaction:

In+ (SCN)B — 2I{sCeH)

Bromine has haen used by many luvestigators as a
halogenating agent for fais, Roserwond and Kubnhenn (74)
employed a 0,11 solution of pyridine sulfate dibromide in
glacial acetic acid., Xeufmenn (39) and Kaufmann and Hansen=
Sehmidt (50) used 041N bromine in methyl alcohol saturated
with sodium bromide. Volmar snd Semdahl {85) recommended



thet fats be brominated in ether solutlon at 00C., by adding
bromine dfopwise until a yellow color persists. Iehner {28)
added bromine directly to fats dissolved in chloroform; the
excess was removed by heating on a waber bath, Bromine vapor
has been employed by the following investigators: Becker (9),
Toms (82,85), BBeseken and Polls (13), Wollschitt (93) and
Rogsmen (71,72), Bllmenn {10) studied the action of bromine
water on unsatursted compounds.

Kaufmann {40) found thet thiocyanogen could be used to
determine simple ethylenic linkages, A catalytic hydro-
genatlon method, the resulte of which are caleculated in terms
of iodine number, was described by Keufmann and Baltes (46).
Malelic emhydride has been used to determine conjugated double
bonds by Keufmann, Baltes and Bliter (47), Ellis and Jones (22)
and Kaufmmenn (42).

Fat solventse André {1) found that the reactivity of

iodine bowards fats was somﬁwhat greater in chloroform than
in carbon bisulfide, carbon tetrachloride or acetic acid,
Bankston and Vilbrandt (6) observed thet higher and more cone
sigstent resulbs were obtained when chloroform and carbon
tetrachloride were used as fat solvents than when ether, al=
cohol or bhenzene were used.

The relative reactivities of some fat solvents with bro=-

mine have been reported by Keufmann (41) and Xeufmenn and



Hansen=-Schmidt {50). Named in order of increasing loss in
titer they are: carbon tetrachloride, acetic acid, carbon
bisulfide, chloroform, methyl alcohol and ethyl alechol,

Acid formation in reactions with Hlibl's reagent. Hliblt's

reagent has been criticized for its lack of stability or loss
in titer by meny investigators including Faehrion (23), Hehner
(28), Waller (87), fuguent (4), Wijs (89,90) and Schmidte
Nielsen and Qwe (76). Fahrion observed that the stability of
the reagent could be increased greatly by storing the iodine
and mercuriclchloride solutions separately and recommnended
that they be added separately to the fat, Although the Fremch
official method specifiéd:ﬁhat the solutions be held separato=-
1y, Auguent found that the alcoholiec iodine solution gradually
increased in acidity. As much a8 10 gme per liter of
hydriodic acid were found in oldnsblutions. The reaction is
glven as:
OgHsOH + Iy — Colz0 + HI

Praces of acetic acid were found. WValler found that Hibl'ts
reagent could be almost complebtely stabilized by the additilon
of 5 per cent of concentrated hydrochlorie acid,

Ingle (37) believed that the addition of hydrochlorie
acid to Hiiblt's reagent caused the formation of the following
compound: ICL+HCl, and that because of the affinity of ICl

for HCl its reactivity towards ethylenic compounds was



diminished. Ingle (%6) proposed the following mechanism, for
the formation of acid during the reaction of Hubl's reagent on
ethylenic linkages:
-CHCL -CHOH
l + 80 — + HCl + HI
-CHI -CHOH

Wijs (89) stated that false values were obbtained when the
acid formed in the Hibl reaction was calculated as lodine and
subtracted from the total. He also observed that the consti-
tution of the compound greatly influenced the amount of acid
formed, The acids calculated as percentages of the total
halogen consumed were linseed oil 11,3, peanut oil 12,0, oleo=
margarine 10.8, coconut fat 10.7, allyl alcohol 22.3 and
cholesterol 50.8,

Schmidt-Nielsen and Owe (76) emphasized the fact that the
change in titer of the blank deberminations during the Hibl
reaction caused serious errors. They recommended that the re-
action period be at least 12 hours and preferably 2¢ hours. A
formula was presented for the caleculation of ilodine numbers

which was designed to correct for the change in titer of the

blanks, The formula is:
2 .
_197r ) éa ) } J
J - m[(bo a) By (b, = by)

When J = ilodine number, b, = titration of blank at bsginning

of reaction, by = titretion of blank at end of reaction, a-:



titration of sample, f* = normelity factor and i = sample
weight .

Substitubion reaction. Marshall (63) described a

sensitive test for substitution when neutral soclvents are ome
ployed., After the completion of the usual titration,
potassium iodate was added and the titration then continued
to the disappearsnce of the sbtarch icdide color., No substie
tution was encountered when wolsture was excluded from the
halogenation reaction., Iodine monochloride was employed in
carbon tetrachloride. The reaction which Harshall believed
occurred in the presence of moisture was:
3ICL + 3Hg0 — HIO + BHCl + 2HI

If substitution occurred in the absence of water the halogen
acld formed was determined as followss

6HCL + KIOs + SKI —> 6KCl + 3Hp0 + SIg
and the liberated lodine was titrated with standard thiosula
fatee.

Hunt (34) prepared lodine monochloride and iodine mono=
bromide in a commercial grade of carbon tetrachloride and
with these solutions and Marshall's method he determined the
amounts of acids formed with several olils. These values cal=

culated in terms of iodine number ranged from 0.45 to 1l.16

FIT (77 15 the normality of the sodium LHLoSulfste, Lho value
(100) should be changed to (10).
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unitse He believed that the actual halogen added could bHe ob=
tained by subtracting the halogen equivalent to twice the
amount of halogen acid titrated from the total consumed. e
also called attention to the fact that the endepoints with
this method were not as sharp as vhen acetic acid was used as
the halogen solvent in the Wijs and Hanus methods,

Schmiat-Nielsen and Owe (78) criticized the Wijs method
beecause Increasing vaiues were obltained with increasing periods
of reaction, They assumed that substitution played an impor=
tant part in the resction. Wijs {92) refubed this statement
with the argument that thelr curves did not have enough points
to determine the course of reaction.

Werner {88) using ilodine monochloride in carbon tebtra=
chloride solutlon determined the amounts of acld formed in the
reaction with some derivatives of cholesterol, With dihydro-
cholesterol the halogen consumed per mole varied from 0,87 at
1 hour to 1.25 at 24 hours snd remained constant up to 144
hnuié. The halogen acid values were erratic and varied from
8 to 47 per cent of the total halogen consumed.

Kaufmann and Iubenberg (52) titrated the acids formed
when O,1N bromine in carbon tetrachloride reacted with China
wood oil and B-elacostearine. These values were low and there
seemed to be little tendency for fthem to incresse with ine-

ereasing reaction period. The iodine numbers of f-elasostearin
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were fairly constant from three to six hours, indicating re=-
action with two of the three double bonds, The values were
slightly higher at 22 hours, They believed that substitution
‘did not occur,

Rogsmann {72) found that halogen acid was produced in his
"titrimetric" bromine vepor method. However, when this acid
was gsubtracted from the total halogen consumed, the values were
much lower than the-theoreiical values of pure unsaturated cop=
poundss Theoretical values were obtalned when this acld was
not consldered. He assumed that the acid did not result from
hydrogen substitution but probably from a reaction of the
additlon product with water and potassium iodide.

After determining the aeids forme&zin a large number of
compounds when treated with 0.1¥ ibdine nonobromide in carbon
tetrachloride, Ralls (69) made the following statement:

"Study of the results glven shows that we camnot put forth the
described method as the ‘universal' in which all reactions,
save addition, are completely prevented in all cases. Nor do
we feel that the custom of subtracting twice the halogen acid
from the total halogen and calling the result the halogen of
addition is fully justified--because substitution is not the
only side reaction producing helogen acid.”

Effect of experimental conditions on the reaction. Hanus

(26) stated that the values obtalned with his method checked



Hibl values when he used about 80 per cent excess reagent for
substances baving ilodine mmbers less than 120 and 100 per
cent excess for substances having higher values. A fairly
complete study was presented by Sclmidt-Hielsen and Owe (76)
on the effect of variations in excess reagent and wvariable
perlods of reaction, Several fats and oils were used and the
methods of the following authors were compared: Hiibl, Wijs,
Hanus, Yaller and Winkler, Hanus and Wijs values were es-
pecially dependent upon excess reagent and duration of re-
action, The Waller method gave much lower values which
lacked reproducibility. The Winkler method was very sensie
tive to light, tut if the reactions were performed in a dark
room with red light the results were satisfactory. The chief
advanbtage of the method is that the halogenating solution
(potassium bromate) is stable. The HUbL method, with the re=-
sults calculated acecording to the formula which Schmidbe
Hielsen and Owe developed, was found to give nearly constant
values under the conditions studied,

Jamieson (%8) determined the icdine number of a few oils
by the.Hanus method using 1/2 and 3/4 hour reaction periods
and concluded that there wes no advantage in using the latter,
Hawley (27) found that iocdine values obtained by the Rosenmund
and Kuhnhenn method were not apprecilably altered by variations

in either the excess of reagent or in the duration of the
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J
roaction. Dam {17) studled the effect of varlsble reaction

periods and excesses of reagent on cholesterol with the
methods of Hibl, Waller, Wijs, Hemus, ﬁinkler and Rosenmund
and Kuhnhenn. The last two methods gave by far the most
nearly constant velues and also most nearly approached the
theoretical velues,

Hargosches, Frledmamn and Tschbrner {57) cbserved that
iodine numbers determined by thg wethod of HMargosches, Hinaer
and Friedmann {61} increased with increasing poriods of
veachtion and thet the heleogen acld incressed also; The mage
nitude of these Increases varied with different oils. The
difference between the icdine mumber obtained at & minubes and
at R4 hours was bermed the "periodine mumber". Margosches,
Iudwig, Scheinost and Tschlrner (62) used this method o
determine the relative amounts of different oils in mixtures.

Raells (68) stated that iodine number~time curves of
cholesterol with Hanus solubion diluted 1 : 1 with acetic ecid
showed no flat portion up to 9C minutes, The values ranged
from 137 to 175 per cent of the theoretical when chloroform
was used as the solvent and from 112 to 117 per cent when
carbon tetrachloride was used. IHo, Wen and Wen (31) studled
the reactlon of the Wijs reagent on tung oil., The lodine
number was found to be increasing slowly at the end of =

reaction period of 12 days., If the temperature were ralsed



10°0., approximately the same lodine number was obtained in
half the reection period. A straight line was dbtained when
iodine mumbers were plotted against the logarithm of sxcess
reagent {(cge. Io per gm. fat).

Equilibrium constants. Van der Steur (77,78,79) allowed

the reaction of 0.1V lodine in carhon tetrachloride with fats
and fatby acids to proceed wntil an equilibriuwm had been
reached and then calculeted the squilibrium constants as

follows:

x - G iodine sddition compound
T 7 {C double bonds){C ilodine)

The units in which these concentration terms (C) ave expressed
were not defined, The Hfibl method was used to determine the
concencration of double bonds, The values of X varied when
concentrations of reactants were varied with oils, which cone
tained glycerides of different unsaturated acids. . Thess vale
ues were constant for pure acids, AL 000, (in carbon totra-
chioride solubion) K for olelc acid was 94,7 while that of its
isomer eolaidic acid was only 5.0, Ab 12.50C. these values
wore 26.35 and 260 respectively. In benzene solublon the
corrasponding values were 942 to 9.8 and 0,56 to 0,72, Thus
these acids take up only sboub one~third as much lodine in ben=

mene as in carbon tetrachlorids,
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Dehalogenstion., Wichael (64) dissclved the dibromides of

aethylene, propylene and iso-bubtylene in ebher anﬁ'refluxea then
wlth zine for 4.5 hours. The percentages of bromine liberabed
viere 4544, 66,8 and 91.8 respectively. Van Duin (20,21)
studied the velocity of this reactlon:

RCHBr«CHBrR! + 2iel — RCH = CHR! + Ty + ZMeBr
The rates of reactlon were found to be somewlnat groubter in
0.58 pobassium lodide than in 1 normel which indicates that
iodide lons are more important than undissociated molecules,
The rates of these reactions were influsnced very markedly by
different substituent groups. The reaction velocities could
be increased by the addliion of sodium, potassivm or calcium
ilons,.

Bbescken and Gelber {12) published a method for the
deﬁerﬁination of lodine muwbers which was based upon the fact
that iodlides remove halogen from the addition prbduct. Ab the
end of the reaction calomel or finely divided silver wasg
shaken with the reaction mixture to remcve'the free halogen.
The filtrate from this mixture was treated with alcoholiec
sodium iodide and the halogen which was removed from the
addition product was titrated with sodlum thiosulfate, This
method is especially useful in the determination of tho iodine‘
number of compounds conbaining a phenyl or carboxyl group ed-

jacent to the double vond., Heat and light were found to
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increase the rate at which halogens were removed from the
addition product,

Velocity of addition reaction. Herz and ¥ylius de=

tormined the velocity of the addition of bromine o cinnamic
aeid (29) and the additicn of iodine Lo allyl alcohol {30),
The velociby consbants {k) were calculated according to the
bimolecular reaction formula:
k- 2308 | jop bi{a=x
Ta-Dn) a{D=x

¥here a = concentrations of unsaturated compound, b = concen-
tratica of halogen and T = period of weactlon. They found
that the rate of reaction was three to four times greater in
carbon tetrachloride then in chlorofovm solution., These
reactions were performed in sealed tubes. Bauer and Moser (8)
determined the velodlty consbants of the roaction of bhromine
on stilbene and mebthyl stilbene. They found that the
velocities wore greater in chloroform than in carbon tetra=
chloride solution, Glass stoppered bolttles were used for
these reactions which may explain the dlscrepancy betwscn their
results and those of Herz and Mylius,

Sudborough and Thomas (80,81) found that bromine added to
crotonic acid nearly 100 tlmes mors rapidly in daylight than
in the dark. They studled the effect of substituent groups on

the velocity of the reaction and concluded that (a)



d,g=unsavurated acids combine less readily with bromins than
their isomers in.which the double bond is farther away from
the carboxyl group, (b) introduction of a methyl group to the
olefinic carbon atom makes addition of bromine easgier and {c)
when the acid contains a conjugated system of double bonds,
one of which is in the o, position to the carboxyl group,
additlion takes place more roadily then when the acid contains
only the «, 4 double Dond., Bauer (7) observed that bromine
added readily to acrylic and crotonic acids but falled to add
$o bribromoacrylic acid or to dibromocrotonic acid,

Bbeseken and Blumberger {(11) determlned reaction
velocities of lodine and unsatursbed compounds in chloroform
solution. They found that when old solutions of lodine in
chloroform were used the velociby consbants diminished with
inereasing periods of reaction end that this aid not occur
when Tresh solubtions were used or when benzene wes used as the
solvent, Thelr explanalion is thab iodine monochloride, which
has o much greater activity then lodine, is formed slowly
according to the following reaction:

CHClz + Ig —> CHOLpI + ICL
Dawson, Burton and Ark (18) showed that in neutral,

agueous solution aldehydes are coxidized by halogens as in the

Tollowing example:
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CEzCHO + Beg + Ha0 — CHzCOOH + 2H3r
The veaction velceity was avout 300 times greater with bromine
then with lodine. In normal solutions of hydwochlorlc, nydro-
bromic or suliuric scids the resction veloelty was indspendent
of the kind of halogen or its concentration., Under Lhese cone-
ditions substitution occurred accocding to these roactions:
g 3
Hy (O — (o= C - OH ——————+[§hnn - C - QO [—
{slow reacticu) {(rapid PG“CE‘OES)
i
X0 =0+ X
45 they ascended the aldehyde serles, the rate of veaction ine
creased. Dawson and Wheatley (19) observed that the velocity
of the reaction between ketones and iodine depended upon the
rate at whieh the ketones enolized, and that this change was
greatly influenced by the greoups atiached to the carbonyl
capbon. For example, when the velocity of the reaction with
acebone was considered as unity, the relative values for phenyl
ethyl ketone, acetophenons and benzophenone were 0.82, 0.37
and Q. O respectively.

Caldwell and Piontkowski (15) obtained nearly theoretical

values with the Hanus and thiocyanogen (Kaufmann's)metheds on

oleic and erucic acids. With ricinoleic acid the thiocyanogen

values were about theoretical but the Hamus valuss wsre too
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high. With both met uods low wvalues were obbained with furoic
acid, and maleie acid did not react., Kaufmamand Baltes {44)
believed that the carhcnyi group in licanic acid caused sepie
ous errors with the usual iodine mumber mebhods. Thiocyanogen
gave nearly theoretical values for one double bond since this
reagent does not substitute hydrogen, Rossmamm (73) observed
that with the bromine vapor method on compounds containing
hydroxyl groups close to Lhe double bond, as ricinoleic acid,
elow reaction occurred up to double the thsoretical value,
dimilar reaction was found with oxidized drying vils.

Bieseken and Polls (13) indicate that a truce of moisture will
cause esterification in the reaction of ricinolelc acid and

bromine vanor. Tie reactions ars

Hpd + Bro — e + HOBr and
—(:3-OH + By — “r’l + Hp0

Silver analysis of the brominated product showed 44,8 por cent
zilvar bromide against 48.0 per cent calculavted for tribrowo-
stearic acid. Dfoseken and Polls cluimed that correcht values
could e obbtained il the compound were first acetylateds
Yoshivuka and Ishikawa (96) obtuined 12-hydroxystearie acid
from Iydrogenated casvor oll and determined iodine mumbers by
the Vijs and Rosenmund =ad Kuhnheni methods on this oompoﬁnd.

it 250C, the Wijs values varied from 2.8 to 9.8 at 0.5 to 4.0
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hour reaction periods, while those of the Rosenmund and
Kuhnhenn method varied from 14,7 to 30.0 at 0.5 to 2.0 hour
perliods. Both methods gave somewhat higher values at 30°¢,

Yo evidence has been found in the literabure to indicate

whether or not the icdine number of butter fat is affecte

&,
o
e

the presence of hydroxyl or carbonyl groups. Hafner, 3winney
and Vest (25) reported timt butter fob contained hyiroxy come
pounds. Expressed as the wmg. of acetyl bound psr gm. of fat
the value given for a sample of bubtoer fat was 2,7 while that
for castor oll was 125,0. The acids obtained f{rom the butier
fet had a lower acetyl value than did the fat, although this
increased with the acids at a more rapid rate during storage
than it did with the fat,

It is well ¥nown that the sthylenic bonds in different
fatty aclds show different reactivities towards hulogens., With
ﬁlelaeostearic acld, which contains a conjugated system of
three double bonds, Kaufmamn (41) and Keufmenn and Iutenberg
(52) reported that {a) thiocyanogen values correspond to one
double bond, (b) values obbtained with 0,1N bromine in methyl
alcohol saturated with sodium bromide, correspond to two double
bonds, and (c¢) O.1N bromine in carbon tetrachloride gives
values corresponding to two double bonds vhen the reaction is
carried out in the dark, but all three bonds will become

sabureted in the presence of ultra violet light. Bbeseken
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and Gelber (12) also pointed out that conjugated double bonds
reacted much more slowly than non-conjugated bonds,

The addition protuct. A4 few investigators have analyzed

the addition products obtained with some of the iodine number
methods. Mahle (56) found that the addibion product from oleic
acid and Hliibl's reagent contained nearly equivalent amounts of
iodine and chlorine., Inglets (36) results show that stilbene
iodochléride was formed in the reaction of stilbene with the
Wijs reagent., Holde and Gorgas (32) obtainea the following
addition products;

oleic acid + HOI (Margosches method) —s lodohydroxystearic
acld

erucic acid + HOI " " — iodohydroxybehenic
acld

erncic acid + IBr {Hanus method) -— iodobromobehenic acid

1n n

linoleic acid + IBr —> diiododibromostearic acid

Wernerts (88) analyses showed that the amount of chlorine was
somewhat greater than the amount of iodine in the product from
oleic acid and Hibl's reagent.

Relative amounts of different unsaturated glycerides in

fats. Abttempts have been made to calculate the amounts of
different unsaturated glycerides in fats from the data secured
by determining jodine numbers, thiocysnogen numbers, diene

mumbers and hydrogen numbers, Kaufmenn (40) found that
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thiocyanogen reacted with only one of the two double bonds in
linoleic acid, Since the usval iodine number mebhods react
with both double bonds the percentages of oleic and linoleic
acids in mixbures can be caleculated., Arup (2) used the ¥ijs
ilodine number and the Kaufmann thlocyanogen nmumber on several
samples of butter secured from widely separated geographical
areas, The calculatedAlinoleic acld values ranged from 3,35 to
4.3 per cent, Keufmann and Baltes (43,45) presented many
equations by means of which different combinations of wun-
gaturated acids could be calculated when present in mixtures,
Bolton and Williams (14) obbtained good agreement between the
calculated velues of elasostearin in China wood oil and the
values obtained by a determination of polymerizable glycerides.

Comparisons of icdine number methods. MHany investlgators

have compared two or more methods--generally against some
official method, such as Hbl's or Wije'., This type of
research was severely criticized by Volmar and Wagner (86)
because the sowcalled official methods do not give correct
values with many substances, Rossmann (73) stated that all
volumetric lodine number methods are relative and their values
depehd upon bemperature, light, concentration of reagent,
duratlon of reaction and the presence of conjugated bonds,
Since these statements can not be denied, it seems sufficient

to glve the following list of authors who have presented some



work on comparisons of wmethods: Hunbt (34), Tolman and Munson
(84), Ingle (37), WacLean and Thomas (55), Schnidt-Hielsen and
Owe (76), Dam (17), Yasuda {95), Ralls (68), Werner (88),
Codbole, Ketkar, Sharma and Kamath (24), Pelikan and Hikusch
{67), Fetto (65}, Yamaguchi, Matsumura and Takagi {94) and

Yoshiyuka and Ishikawa (96).

¥lero and semi-micro iodine number methods. Micro

adaptations of the Rosenmund and Kuhnhemn metlod have been

described by Page, Pasternack and Burt (66) and by Yasuda

(95), Babkine (5) used a seml-micro Hfibl method. Hargosches
reagent was employed by Ruziczka {75) in a micro method, The
Hamis resgent was used Dy Chargaff (16). Ralls {69) employed
0elll iodine monobromide in carbon tetrachloride solution for
micre work, The bromine vapor method of Becksr {9) has been
used with small sample weights by Bleseken and Polls {13),

Rossmenn (73) and Vollschitt (93). XKaulmann and Hartweg (51)
describad a seml-micro method in which 0.1N bromine in meithyl

alcohol saturated with sodium bromide was employed,
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EXPERINENTAL

i

¥ General methods

Apparatus. Tﬁe reaction flasks used for the semi-micro
lodine determinations were of conventional design, had a
capacity of 125 ml., ground-glass stoppers and a rim around
the neck for liquid seal. Special pipettes were employed for
measuring the halogenating solutions and elicuots of fat or
fatty acid solution., The pipétte used to measure the samples
was calibrated to deliver 2 ml. at 260C., while the one used
for halogenating reagents delivered 5 ml. at the same
temperature, The stopcocks which were sealed onto these
pipettes aided materially in the measurement of volatile
solutions. Reading errors were minimized by using capillary
tubing for the portion of the pipettes which contained the
callbration marks. The 2 ml. pipette is shown in plate 1.

In the experiments'in which only one halogenating solu-
tion was used, bhe siphon filling pipet%e.(plate 1) was em= -
ployed. ZExcept for the siphon into the reagent bottle, this
pipette was similar in construction to those previously men=
tioned.

Ordinary 50 ml, turettes graduabted to 0,1 ml. were used
for the titrations with standard HagSe03. A 10 ul, aubomatiec

£illing burette graduated to 0,02 ml. was used in some phases
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Pipettes uged for samples (4) and
halogenating solutions (D).




of the work, Calibrated (Burceu of Standards) pipettes and
volumetric flasks wers used in the preparation and
standardizatlon of KIOz and Hag3,05 solublons.

In the early part of the invesiigation a chainomatic
balance was the only one available, The sensitivity of this
balance was such that 0,36 mg. displaced the zero point 1
scele space. Therefore, it should kave been possible to
obtoin sample weights vhich were correct to 0,1 mg. DBecause
of mechanical imperfections of the halance (which developed
while this study was in progress}), greater variations in
wolghts occurred at times, However, theso errors were
prcebably very small for the mejority of the data which were
obtained with this balance, because fairly large scmples of
substances were welghed into volumetric flasks, made to volume
with the appropriate solvent and 2 ml. aliquots pipetted into
the iodine flasks. & more sensitive balance was used for the
last part of the work., The sensibivity of this balance was
such that 0,18 mg, displaced the zerc point 1 scale space.

A constant tewperature of 259C, * 0;49 was used for all
of the reactions. £ thermosbatlcally controlled chamber from
which light was excluded was employede

Preparation of butter fat and insoluble butber acids,

The butter fat was obbalned by melting butter at 50° to 600C,

until the fat hed soparsted from the serum. The fat was then



filtered at about the same temperature.

The insoluble butter acids were obbteined as follows: Ten
grems of the filtered fat were refluxed with 75 ml, 1N
~alecholic KOH for 30 min.; 200 ml. HpO were added and the
heating was continued until nearly all of the alcohol was re=
moved, The solution was acidified with dilute HpSO,, boiled
unbil the acids separated as an oily layer and cooled until
the acids formed @ solid cake, These acids were washed with
water, were boiled in water for several mimutes and were
eooledfénd washeds This process was repeated until very
1little odor of bubtyric acid remeined. The acids were
dissolved in petroleum ether (b, p. 300 o 400C.), dried
overnight with enhydrous NapgS0, and filtered, The petroleun
ether was distilled off and the last traces were removed
under 20 inches vacuum at 90° to 100°9C. The samples were
stored at 0° to 5%°C, (in the dark until needed).

Preparation and sbandardlzation of reagents, Different

concenbrations of sodlum thiosulfate have been employed in
this investigation depending on the smount and concenbration
of halogenatling reagent required for the different types of
experiments, The concentration of sodium thiosulfate was
regulated so that betwgenléo_and 50 ml,-were regquired to
titrate the total halogen, i.es blarks, of each reagent. The

three prineipal concentrations of sodium thiosulfate employed



were 0,118, 0,022N and 0.01lH.

It is well known thot sodiwm thiosulfate solutions are
not completely stable and that rapid chenges in titer may
occur unless these solutions ere carefully prepaved and
stored, This is especially true of C,01N solutions,
Solutlions prepared accordirg to the following procedure huve
maintained nearly constant titer for several months, The
flasks and bottles were cleaned with chromic acid cleaning
solution. The water used was redistilled from an sll-glass
still to eliminate copper conbaminasbion and then boiled and
cooled to expel dissolved oxygen and to destroy bactefia. The
required amount of reagent grade of sodium thicgulfate
pentahydrate was disselved and diluted to the correct volums,
The addition of 0,02 per cent of sodium carbonate as
recormended by Kolthoff and Furmen (53) was employed to
prevent oxlidation of the thiosulfate. Obviously, sodiun

arbonate can nob be added when the acids formed in the
reactlion are to be determined lodometrically, Approximetely
1 ml, of toluene per liter of solution was added to inhibit
the growth of bacteria, As a further precaubtion, the air
which entered the solution bottle was washed through alkalline

pyrogallol solution,
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Solutions of potassium dichromate, purified iodine in
potassium lodide and pobassium ilodate have been used as pri=-
mery standards to debermine the concentration of sodium
thiosulfate., The most satlsfactory reagent, espegially for
0.01¥ solutions, is potessium iodabte. The methods of Kolthoff
and Sandell (54) were Tollowed Tfor the standsrdization of
solutions of sodium thiosulfate against potassium iodate and
against iodine in potassium iodides The normalities of a
sodium thiosulfate solution caleulated from the results of
these two methods were 0,11130 and 0,11189 respectively. The
potassiun iodate and sodium thiosulfete sclutions were each
diluted 1 : 10 and when the same method of sbtandardization was
applied, the normality found for the diluted thiosulfate was
0,0111L3.

Starch indicabor solutions were prepared by adding siow-
1y a thin starch paste containing 5 gm. starch to one liter
of boiling water and beiling the wmixture for 2 to 5 mine. The
starch solution was transferred to 150 ml. bottles and
gberilized in an autoclave for 25 min. at 15 1bs. pressure.
Such solubions mainteined thelir sensitiviiy for many months.

In some of the experiments & solution of iodine in
potassium ilodide was used to back titrate a slight excess of
godium thlosulfate. Since lodine has an appreciable vapor

pressure, such solutions rapldly drop in titer unless special
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precautions are taken. 4 ratio of Io : KI of 1 : 4 was
found to be satisfactory, The solution was used with an
automatic filling burette in a closed system to prevent
volatilization. The air which was admltted into the system
was washed through a solution having the same concentration
of potassium iodide as the solution used for titration bub
from 2 to 4 times as much iodine.

The reagents used for the Wijs and Hanus methods were
prepared according to the directions given by the Association
of 0fficlial Agricultural Chemists (3)e Since Schmidt-Nielsen
and Owe (76) have studied the HUbl method exheustively, their
methods were followed for the preparation and use of this
reagent. The methyl alcohol-HUbl reagent was prepared in the
same manner except that absolute methyl alcohol was used
instead of 95 per cent ethyl alcohol, The difections given by
Kaufmam and Hansen-Schmidt (50) and Rosenmund and Kuhnhenn
(74) were followed for the preparation of the reagents used
for thelr methods.

Procedure, Although the details of the methods varied
somewhat with the different types of experiments, some general
procedures were followed throughout the investigation. In the
experiments in which a series of iodine numbers were determined
on a sample, one sample was welghed into a volumetric flask,

dissolved in the solvent under consideration, and after it had
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reached the same temperature as was mainbtained in the cone
stant temperature chamber it was diluted to volume, Thig
solution.was transferred to a 1avgerAglass~st0ppered flask,
thoroughly mixzed and 2 ml, aliquots were pipetted into the
lodine flagks. The halogenating solubion {5 ml,) was added
to the sample, the flask was quickly stoppered, the contents
were mixed by gently rotating for a few scconds and the flask
was placed in the constant temperature chamber. At the end of
the reaction period the required amount of pobtassium lodide
was added quickly to the solution and was thoroughly mixed by
rotating for approximately 20 sec. The stopper was rinsed
into the flask with the dilution water, The solution was
titrated with standard sodlum thiosulfate as rapidly as
possible. When the end point was nearly reached, 4-5 ml. of
0.5 per cent starch solubtion were added, the flask was
stoppered and shaken violently, the stopper was rinsed inte
thé flask and the titration was continued to the disappearance
of the blue iodine-starch color., In order to inerease the
sensitivity of the end points a slight excess of sodium
thiosulfate was added in some of the experiments‘and this
excess was titrated with a more dilute solution of iodine in
potassium iodide.

Some investigators have indicated that they believed

some abnormal results might have been caused by the presence
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of traces of heavy metals, For this reason the following‘
procedure was used to clean the reascbion flasks: The reaction
mixture was rinsed out with hot tap water, the flasks were
immersed in sulfuric scid at 100° to 150°C, to which a little
nitric acid was added at frequent intervals., After at least
30 min. in the acid bath the flasks were rinsed several

times, in the order named, with tap water,.distilled water

and finelly with redistilled water from the 2ll-glass still,

The flasks were dried in a hot air oven before they were used,

Regults

Freliminary resultss Elghteen samples of butter fat were

analyzed in duplicate by the Hanus mothod and by & semi-micro
adaptation of this method, The average Lodine number obbtained
for the regular method was 52,00 while the average for the
semi-micro method was 33,164 The sample weights were
approximately O.4 gm. for the rsgular method while with the
seml-micro method the sample welghts ranged from 20 to slightly
" more than 100 mg. Differences among the light and heavy
samples of the same {at were not great enough to account for
difference between the averagese. The quantities of reagents
used with the Hanus methods were: Hegular - 25 ml.
halogenating reagent, 10 ml. of 15 per cent potassium lodide,

100 ml, distilled water (added immediately after the potassium
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icdide) and 0.11N sodium thiosulfates; for the seml-micro
method 5 ml., halogenating reagent, £ ml. pptassium iodide,
256 mle distilled water (added as above) and 0,022N sodium
thiosulfate,

In an attempt to determine the reason for the discrepancy
between the two methods, some of the experimental conditions
were varied with the semi-micro method. In table 1 data are
presented which show that increasing amounts of potassium

iodide had 1little or no effect on the iodine numbsrs.

Table 1

Effect of the Amount of Potassium Iodide on the
Iodine Number of Butter Fat. Seml-nicro Method.

ar
oe

ml, 15% KI : Todine mumber : Average
H 5% 075

2 : 35,73 ;0874
: Bbe D4 :

5 ; 33,84 . 83,69
* ‘ Sdetles :

5 35,89 ; o8.8

Lpparently the amount of water which is used to dilute
the reaction mixtures after the addition of potassium lodide
is not important when the titrations are performed ilmmediate-
1y. The daba in table 2 do not show any geheral trends with

increasing amounts of water,



Table 2

Effect of the Amount of Dilubion.on the Iodine
Number of Butier Fat, Semlemlcroe Hanus Kethod.

mle H20 ¢ Todine yumber : Average
: 33493 :

0 : 55484 ; 5588
20 : gg:zé P 3367
: 54,05 ot
50 : 54,09 . 94,07

. ' H 3@. BO M
40 : 33,03 : 5589

In some experiments it is much more convenient to add
the potassium iodide solution and dilution water to a serles
of reactions before meking the tibtrations than to complete a
titration before adding potassium ilodide and water to the next
flask. In order to determine whether or not potassium lodide
would remove helogen from the fat addition product, the data
in table 3 were secured, Vhen the reaction mixtures were
diluted immediately after the pobassium iodide was sdded, the
changes in iodine numbers were relatively swall if the samples
were titrated within two hours. The lodine numbers decreased
appreciably when the dilution water was not added until the
time of the titration.

The work of Schmidt-Nislsen and Owe (76) indicated that
when their special calculation was employed, the Hibl method

yielded results that varied less with excess reagent and
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Table 3

Effect of the Length of the Reaction Period of Potessium
Todide on the Todine Number of Bullter Fat. Seml-nmicro
' Hanus Hethod.,

Reaetion : 25 ml. lpO added 2o ml. HoQ added
period of : inmediately affer at the end of
KI in hours : the addition of XI : the reaction period
: Iodine number :&verage : Todine number :Sverage.

: 34428 : ; 54,04 :
0.0 | sgley  1S0E L Ste 85,86
~ H r"g:t4:l : ' M KT H .
0.5 : §5.98 ; 64,19 gB.gé : 32.25
: 38487 ! oan b 31,86 : o
20 i s3ay %88 . om0 3190

variable reaction periods than any other ilodine number method
which they studied. It seemed desirable, therecfore, to include
the HUbl method in the present study.

A semi-micro Hiibl method was designed in which from 10 to
100 mg. samples, 5 ml, HUbl reagents and a 24 hour reactlon
period were employed, The reaction was arrested with 3 ml,
of 15 per cent potassium lodide solution, 25 ml. of water were
added and the titrations were performed with standard sodium
thiosulfate solution, Blanks on the roaéents were btltrated at
the begimning and end of the reaction period, The iodine num-
hers were caleulated either (4) by subtracting the titration
of the semple from the average of the begimning and end blanks
or (B) by the Schmidt»ﬁiélsen-and Owe fornmla (page 13). Data

are presented in table 4 which were secured with this method
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Table 4

Effect of Variations in Sample Weights on the Iodine
Number of Insoluble Butter Acids, Semi-mierc Honus
(30 min. reaction) and Semi-micro Hibl (24 hr. reaction)

80

Seml-micre Hanus : Seml-micro Hibl
sample ¢ lodine : Sample : Todine : Iodine
welght ! number : weight :number A:mumber B

0.0159 : 41,56  : 0,0040 : 48,70 -: 40,17

0,0507 41,15 s 0,0492 : 42,50 : 41,73

0,1060 : 39,98  : 0,1025 : 41,41 : 41,84

.o

0,795 3 37,95 - : 0,1622 : 41,15 ; 41,62

Bach value in table 4 is an aversge of triplicate

determinationss L

A, Average of beglunning and final blanks used in
calculations.,

B, Schmidt-Nielsen and Owe formmla used Lo calculate
iodine numbers,

and with the semi-micro Hanus method. Sample weights were

allowed to vary over a wide range in this trial., The lodine

numbers were most nearly constant when calculated by the

Schmidt=Nielsen and Owe formula, although even in this case

the maximmm variation was 1,87 lodine units. The maximum

variation with the Hanus method was 3,61 units; the variations

in sarmple weights with this method were slightly greater than

were Those with the Hibl method,
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The results of the above stperiment indicabed that the
semi-micro bl method deserved furthor study. The rate at
which acid inereases in MIb1 solutions is much greater when
the alcohollic solubtions of lodine and mercuric chloride are
mixed togethen than when they are stored separajely., In the
work hérein roported the two solutions were mixed together 24
hours before they wore used because the titer drops much more
raplidly during the first few hours after mixing than it does
later. It was known from a study of the litervature that old
Hibl solutions, even when stored separately, contain a con-
giderable amount of acid--as much 28 10 gu. of HI per liter.
In order to debermine the effeet which this acid would have
on- lodins numbers, compariscns were made on a sample of ine
soluble butter aeids using an old solution, a freshly prepared
solubion and the freshly prepared solution to which hydricdic
acid had been added in an amouwnt approximating that contained
in the old solution. The resulls of this experiment, which
are presented in table 5, show that the highest ilodine numbers
were obbtained with the acldified solution and the lowest with
the freshly prepared, unacidified solution. The differences
between the two methods of calculating the results were least

with the old solubion and greatest with fresh solution,



Table 5
Bffect of the Age of Hibl Reagents and the Addition of
Hydriodic Acid to a Freshly Prepared Solution on the
Todine Humber of Insoluble Butter Acids.
(Reaction Period 24 hours.)

Tresh

: Fresh solution + : Reagents about
golutionsg : 6.5 gu, HI ver 1liter : 6 mo. 018
I noe A 38.50 38 .82 : B8TL
I 0. TJ 3‘7:9‘76 s 38-60 H 58055

Tach value in table § is an average of Lriplicate
determinations,
A, dverage of beglnning and final Dlenks used in celcoue
letions,.
B. Schmidb-Wielsen snd Owe foyrmula used to calculate
iodine numbers,
An attempt was made to determine whether or not a
general relationship existed between the iodine number and the
amount of hydriodic acid contained in Hlibl reagents, The data
presented in table 6 show that {2) the iodine mumbers of
butter fat and insoluble bubtter acids increase with increasing
additions of acid, (b) additions of acid were not high enough
to obtain a wmaximum lodine muwber, although twice the concen-
tration of acid wes used that has been reported present in old
bl solutions and {e) the differences between the two methods
of calculating iodine mumbers become less as the hydriodic
acid concenbrabion is increasel.

1t seemed reasonsble that Hibl reagents might be more

satisfactory if a non~reactive solvent cculd be employed.



Table

6

Effect of the Concenbtration of Hydrlodlc Acid Added to

Freshly Prepared Hibl Solutions on the Todine MNumber

of Butter Pat snd Insoluble Buther Acids,
{Reaction Period 24 hours.)

Grams IIT per liter : 0.0 : 2,5 1 5,0 : 10,0 : 20,0
Biltter H I 1O « f)u K 32.4‘.4 . 32.88 M 53@03 s 53015 M 55950
fat ' : : : : :
sl 10 B 1 31,90 ¢ 32,52 : 32,70 1 52.98 1 33,32
n801uble, 1 qip, 4 ¢ 58,16 1 58.42 : 38.47 3 38,64 1 38,77
hutter . " " - : "
& 3.0 : . : [ s ’ : L ‘ 3 Bd * L vey
8CIG8 4 7 1o, B i 37.60 : 38,15 3 88,28 : 3B8.53 : 38,68
Bach value in table 6 1s the average of triplicate |
deberminations,
A, &verage of beglnning and final tlanks used in calcu~
’ lations.
B, Schmidt-Nielsen and Owe formula used to calculate
jodine numbers,

Then a wmethematical formula would not be necessary to correct

for the change in titer of the hlanks from the beginning to

the end of the reaction.

In the majority of organic solvents

which do not react appreciably with lodine, mercuric chloride

has very limited solubility.

The alcchols were the only sole

vents which appeared to be worth consideration in this comnec-

tlone

In order to determine, in a general way, bthe relative

reactivity of differoent alcohols with iodine, the following

experiment was designed:

An approximotely 0.1 solution of
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iodine was prepared in carbon tetrachloride; 10 ml. of this
solution were pipetted into 100 ml. volumetric flasks and
were made to volume with the alcohols under consideration.
These solutions were transferred to bottles the glass stoppers
of which were well lubricated with graphite. At frequent time
intervals 5 ml. of these solutions were transferred to iocdine
flasks and 2 ml. of 15 per cent pobassium jodide followed
Immediately by 25 ml. of water were added. Approximately
0,01N sodium thlosulfate was used to debtermine the concentra=-
tion of lodine., The initial and final (at the end of the
experiment ) concentrations of lodine are given in table 7,

Pollowing the iodine titrations the amounts of acids
formed in the above reactions were titrated with the sodium
thiosulfate solution after the addition of S ml. of 3 per
cent potassium iodete., The amounts of acids titrated were
much too low to account for the loss of iodine, In the case
of methyl alcohol there was no acid formed and it was assumed,
therefore, that the loss of lodine resulbted largely fron
volatillization.

A few trials were run in which methyl alcohol was used
ﬁnstéad of ethyl alcohol as the solvent for Hlbl reagents.
The methyl aleohol employed was a C. P, grade and labeled
‘Mabhsolute"s It was further purified by refluxing with 80



mesh magnesiwn metal and mercuric chloride for two hours and

wog Chea distilled,

Table 7

Reaction of Yeodine with Alcchols

Conecentration of
i Ig in williequiv. per lifer

Alcohol ; initiel ; after 35 dueys ; loss

{ Controd) : : :
Carbon tetrachloride: 10,507 10,443 : 0,064
Hebhyl L 10507 & 9750+ i
Tithyl L 10,507+ 10.857  + 0,250
d=~chloroethyl ; 104507 ; 9,021 ,2.1.486
n-propyl 110,507 i 5185 : 7,8m8
150~propyl L 10,507 : 7036 i 3.371
n-butyl D 100507+ 627 4,380
$ go=butyl L 10,507+ 4,036 i 6.47L
sec=butyl § 10,6507 ; 4,486 : 0,021
tor=butyl . 10.507 - 9,424 1,083

The drop in titer of the blanks over & 24-hour reaction
period was very wmueh loss when mothyl alcohol was used rather
than ethyl aleohol as the solvent for Hibl reagents, 4 com-
parison of the iodine numbers obtained with the two solutions
on bubter fat and insoluble butter acids iz given in table 8,

The methyl alcohol reagent gave higher values than did the



othyl alcohol reagent.

Feble 8

A Comparison of the Icdine Numbers of Bubtber Fat
and Insoluble Buttew Acids When Uebhyl and Bthyl
Alcohols Were Used is Solvents for the Hibl Heagenbs

ha

Todine muber

Solvent ; butter fav : insoluble butter 2cids
tothyl aloohol ¢ 5.6 29,34
Ethyl alcohol # ; 55408 ; 58,29
Ethyl alcchol B ; 5L 9% ; 3714

Each value in table 8 is an average of triplicate
determinations,
A, Average of beglmning and final blauks used in

» calcuiations.

B. Schnidt~N101sen and Owe {ormula used to calculate
lodine oumbers,.

On several occasions, when IHibl reagents had reacted with
butter fat for a few days, there was an odor of low wolecular
welght fabty acids in the reaction mizbture., It appeared,
therefore, that hydrolysis of fab was teking place, It was
not known whother or not the amount of this hydrolysis was
duff“bleﬁt to account for the gradual iucrease ln iodine mum=
bers with increasing periods of reaction, assuming that the
liberated glycerol radicals would rese: with the halcgenating

roagent

The following msthods were used in attempts bo determine
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the relabtive amounts of weul: nclds (fatiy acids) and strong
acids (I or [ICL) left in Hho reactlon mixtures after ths
%¢o838 halogen had been titratod with sodiun Hhiosulfate:
(a) Tlectrometric titrations, {b) conductometric titrutions
and (c) douvble indicabor tibtrasions. ALY of those mebhods
failed to show definitely the prosence of 2 wook acid. The
conductometrie titration wethod probabdly would have been
satisracbory if a high concentration of salts (Nal, ¥I and
HraBg0p) bad not besn present, The prog
corrent which vas carried by the acid and base lons was very
small aod fov this reuson, the methed did not dstect small
amounts ol weal acids
The sonsitivity of the double indicator method was tested
on mizmtures of 040N hydriodic and 0.0LlN butyric acids, Ten
mle of those mixtures were pipetted into 125 ml. Erlenmeyso
flasks, 7 mle of 15 por cent pobassium iodide snd 85 ml. of
mter were added and the solutions were titrated with 0.1K

sodlum hydroxide from a sewmi-mlcro burette. Mothyl orange and
phenolphthaleln were used as indicators. The oend points were
matchod against coloy standards containing thess indicators in
a buffered solubtion., The resuits of the Litrations of imown
nixbures of acids, which are presented in table ¢, indicate
that thé method should detect less than 10 per cent of a wsak

acld or mixture of weak acids in an unknown solution having
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approximately the same salt concentration,
Table 9

Titrations of 10 ml. of Mixtures of 0.01N Hydriodic and
0,01N n-Butyric Aclds With 0.1F Sodium Hydroxide

ZHL
%_CaHyCO0H.

o%

100 ¢ 95 ¢ 90 ¢ 80 :66 273
0: 53 10: 20:351/5

¢

wl. NaQH (phenolphthalein): L.15: 1,163 1.18: 1,11: 1,10

(3
°

0,85: 0.82: 0,73+ 0.62: 0,53

sa av jos as

ml, NaOH (methyl orange)

Difforence 0,307 0,35: 0,40+ 0.49: 0,57

ml. NaOH =0= GxHeOOH omﬂmﬂomhn&om

% CsHy000H found 0.0 : 1.7 10 4 17 1 ~24 5

‘

1, 15 1, 12 Lo OS Oa 92 0,83

ml, N&OH'ib Iz

3

:100,.0 98»0 '89 6 : 8 .9 .75@5

o vofew oxieso uo jee o tes eo

% HI found

Fach titration value in teble 9 is the average of triplicate
determinations.

The method just described wag applied to the solutions
obtained in lodine number determinations of butter fat with
Hibl reagents in ethyl alechol. The results are recorded in
table 92, Thore is no tendency for the difference betweoen
the two titration end points to increase with increasing
reactlon period which indicates (at least 1n this case) that
hydrolysis of the fat 18 not a function of time,

It was plamed to plot the titration differences (table 9)

against percentage composition of the known mixture of aclds



“ 50 =

Table 9a

Titrations of the Acids Produced in the Hitbl
ITodine Number Debtermination of Butter Fat,
(Sample Weight, 040506 gm.)

¢ a a
'S

Reaction perlod {hours) 1: 13 2 23 1 47 78 : 95 : 120
mle O.ll HaQH K] 3

Lphenolphthalein) “0 94 ¢ 1 07 l l? 1.36 l b6 l 661 1 gl

“ml, Q.lN NaOH :

{(methyl orange) 0.74 O 82 0 022 l 10 1 30; 1.45 1 58
Difference O,BO 10a 25 0.25 O 26 0, 26 O.2o QeR3

and tc use this curve to determine, roughly, the percentage of
weék scids in the unknown solutions, When the data in table
9a were obbained, the difference values approzimated those for
100 per cent hydriodic acid in table 9 end indicated thab no
quantity of organic acld large enough to be detected by this
method'was formed.

The varistion in the iodline numbers, determined by several

mothods, with change in length of reaction period., The pre-'
liminary studies just presented indicated that neither tﬁe
Henus nor the Hiibl reagents would yield results which were
éntirely satlsfactory. It seemed advisable, therefore, to
compare different halogenating reagents under the same cone-
ditions. For this reason all the halogenating agents, de-
scribed by other investigators, which, as nearly as could be

judged from the literature, would be expected to be of value
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in this study were employed., Sample weights and reachion
temperature were practically constant; the only inbtended
variable in these experiments was the length of the reaction
period., Titrations were made at frequent intervals during the
Piret 12 hours of the reactioﬁs, when the rate of change in
lodine numbers was expected to be greatest, and as a general
rule, at daily intervals after the first 24 hours. In each
case the reactlons were contimied for one week, The data

are presented graphically in figures 1, 2 and 3,

Todine numbers of a single sample of butter fat are‘re-
corded in figure 1; those for the insoluble acids prepared
from the same fat are in figure 2. The values with the
Kaufmann and Hibl methods on butiter fat are nearly éonstant
from about 30 hours to 168 hours, The Kéufmann reagent gave
values with the acids that gradually increased throughout the
reaction period. With the original Hlibl method the curve on
scids riges during the first 75 hours‘and then remains nearly
constant to the end of the experiment. No other curve pre-
gented shows constant values during any part of the reaction
period with either fat or acids,

The data presented in figure 3 are sections of the
graphs of figure 1 from O to 12 hours and are plotted on a
much larger scale, The Rosenmund and Kuhnhenn curve is

nearly flat from 2 to 4 hours while the Kaufmann curve shows
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a slight tendency to become flabt in the same region. Again
the Wijs and Hams values increase with inereasing reaction
period and show less tendency to flatten than do the other
- tWO CUPVESe

The data just presented and others that were in agreement
with them indicate that the Rosenmund and Kuhnhenn reagent
ylelded an "equilibrium period" {2 to 4 hours) that was more
pronounced than any of the“other mebhods, For this reason it
sﬁould give wore easlly feproducible »esults than the other
methods. It wag consldered, therefore, that it warranted
further study.

Influence of expe?imental~conditions on iodine nurbers

obtained with the Bosenmund and Kuhnhenn reagent., Chloroform

is the Pfat solvent which Rosenmund and Kuhnhenn (74)
recomnended for their methods The daba in table 10 were se=
cured to determine whether or not other solvents might react
to a lesser extent with the resgent.

Table 10 shows that acetic aeld and carbon tetrachloride
react less with pyridine sulfate dibromlde than do the other
solvents. Carbon tetrachloride appeared to be the best solvent
t0 uge because fabs are not readilyvsoluble in acetic acid,.
When carbon tetrachloride was tried, difficulty was

encounbered with the end points. When the flasks were shaken,
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Table 10

Reaection of Pyridine Sulfate Dibromide on Some Organie
Solvents. (Reaction Period & Hours; 5 ml, Pyridine
Sulfate Dibromide; 2 ml. Solvent)

:ml, NagSs0z soln, approx.
: 2N

8

Solvent ; a s b 1 average
Hone ; 40671 : 40473 2 40,72
Acetic acld | 20,790 40,60 L 40,65
Carbon tetrachloride _: 48470 : 40976': 40,73
Chloroform '§ 40448 ; 40.406 ; 40,44
Ether 50,50 3 38,52 1 58,51

Petroleun ethor (b.p. 50-600C,): 34,82 ; 54,92 : 34,86

Tebrachlorosthans 59,55 1 39,67 : 39,61

“s woles evloe selue 4o
-

£./'-aichloroethyl ether 59,56 : 39,54 ; 39,55

a fairly stable white emmlsion was formed. This emmlsion
seomed to adsorb the sbarch-iodine color compound and to

. couse a lag in the end point, It was very difficult to
determine when all of the blue color mmd disappeared, In
order to alleviate this difficulby, an exeess of sodium thio-
sulfate solution was added before pouring the starch indicator
into the solutlons. The excess thiosulfate was then back
titrated with lodine in potassium lodide (approximately 0.005N)

to the appearance of the blue color. The end point thus
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dotermined was quite sharp (0.02 ml. of 0,005 iodins in
potassium iodide gave a definite color change).

To determine the amount of excess sodium thiosulfate
that could be used withoub causing a decrease in iodine
numbers, the excesses were varied from 0,0 to 10,0 ml, with
both the blank and sample titretions. The results of this
trial are shown in table 11, They indicate that practically

constant values are obbained wnder these conditionss

Table 11

Effect of Different Amounts of Excess Sodium Thiosulfate
on the Iodine Number of a Sample of Bubter Fab.
Semienicro Rosemmmd and Kuhnhenn Method.

av

ml. 6XCcess ; : : Todine
NagSgOﬁ 3 blanks : halogen consumed : number
0.0 i 4608 16,05 54,60
0.5+ 482 ;1597 i 34,5
1.0 i 60 15,99 . 50,55
5.0 i 46,28 16,00 54,57
5.0 4628  : 18,98 : 58,52
10,0+ 4822 15,98 ;34,52

Each value is the average of dupliecate determinatlons.
Sample welpght, 0.06094 gm.; normality of NagSglg,
0.01037; reaction period, 2 hours.
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The iodine in potassium icdide solution was standapde
ized as follows: 5 mls of standard sodium thiosulfste were
diluted with 50 ml. of oxygen-free distilled water, 5 pl, of
acetic acld and 5 ml. of the starch solution were added and
the solution of iodine in potassium iodide was 2dded from a
seml-micro burette, until the blue color of the starch ond
point was reasched. The strength of the iodine solubior L was
caleculated as ml. sodium thiosulfate equivalent to 1 ml, of
the lodine solution.

The amount of potassium lodide in excees of that re-
quired to react with the bromine et the end of the reaction
perlod, apparently has 1ittle influence on the iodine mumber
of butter fat. The dabe in table 12 do nobt show a very
definite trend and all of the values are within the renge of
experimental error of the method. In all subsequent work
with this method 2 mi, of 10 per cent potassium lodide were
used.e

The seml-micro Rosermund and Kuhnhemn method, modified
by using carbon tetrachloride as the fat solvent and de-
termining the end ycint by back titretion of the excess
éodium thiosulfate, was compared with the method used for
obtaining the daba for figures 1, 2 and 3 in which chloroform

was used as the fat solvent, These deta which are presenbed



Table 12
Effect of the Amount of Potassium Iodide on the

Todine Number of a Sample of Butter Fat,
Semi-micro Rosenmund and Euhnhenn Xethod.

e

ml, 104 KL & 0,8 ¢ 1,0 * 1.5 @ 1.5 : 1.7
Todine 1o, : 33,70 3 33.65 + 53,60 + 53.64 + 55,68
wlo 108 KT ¢ 2,0 3 245 3 3.4 3 5ol : 6.8

AR
R
L J
~3
}...l

* »

Todine no, H 350‘74: e 53066

L B5.66 : 35,70

in table 1% indicabe that there is essentially no difference
in the meximum varistions among replicate debterminabtions with
the two methods. The average icdine number was 0,22 higher
when chloroform was the fat solvent than when CCl, was em-
ployed.

The carbon tebrachloride modification as described for
table 13 was employed in obtaining the data of table 14. 1In
this ease the amount of reagent was constant, but the sample
weights were varied dver a wlde range., These variations are
expressed in terms of excess halogen and are calculated as
percentages of thé total halogen added: These results show
that there was a little greater variation among the aversge
velues for the aclds than for the fats from gﬁich they were
prepared. The averages for the two groups with groatest

halogeﬁ excesses show surprisingly little variation with the
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Table 13

Bffect of Fat Solvent on Iodine Huber of Butter
Fat, Semi-umicro Rosenmund and RKuhnhenn Melhod.
Reaction Period Two Hours

: Pet solvent L ; Fat solvent
Sample : _CHCLs : COla  :: Sample : CHClz : GClg

nunber : I 10 ‘L Noe i:nUMbEr : I NOe : L 00

STen0 & 37,05 1 t_ GbaB4 1 35,47

57036 ; a7 005 b4 : 35;64 H 55.4’7

P .00 2 671,00 1@ 1 BDeBE 1 55451

3720 1 67,08 i1 i 85404 1 GblEb

1 00eRd 1 OTL0L 1 o 90l i 3D.4%

L R EE TURYL06 s & JTTEEVE0 T 55,42
. ATe34 3 B7s08 s s 55,82 1 5D,.46

387484 1 87,10 :: 139699 i 55,46

¢ 5T 480 1 B7.08 ¢ s 85,01 35,52

s AT .B3 1 B7.01 i 2 75,86 1 55,51

Max, Varoe: Q.13 3 s 0,10

106489 5 36,a7 36,47 + 56,00

0.0g H ;}*ﬁa‘x» Va&Py ¢ ) 0022

5B, ED NN 56,06 1 B6.00

56458 5627 13 2T BB,42 1 85,09

en jam fas

P T SRR T 35,04

5 580,86 36,25 :: 1 50,55 1 56,00

P

56.46 : 36.18 “:: 2 66,40 1 Bh,04

BB D s BE.BL 1 5B.55 1 Bh.00

»e

B506e4H 3 368,15 13 1 obedY ¢ AB,01

06,45 : 36l 286,00 1 86,00

BB 50

v 56,20 1 0033 ¢ 96,01
Mex, var, Ol M 0,12 M sHBX . VaYl,: 0,14 . Ouls
' 1 36426 ¢ 56430 ::Average @ :
1 58,28 1 36.22 simaximum ¢ 0,154 ;0,188
s 06,00 1 0B.05 :svariation: :
136,28 1 86.15 ::Average :
5 006438 1 606,27 ::lodine i 56,418 : 36,191
56428 1 50,27 - rinumber 3 3
1 D088 1 06420 3 :
1 BBa20  + B56e85 13 :
1_0ber8 3 J0el8 i :
1 56,38 : 36,02 o : :
HMoaX, VaFs: 018 Q.20 23 :
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Table 14

Effect of Variable Amcunts of Excess Ialogen on the
Iodine Numbers of Bubter Pat and Insoluble Bubtter

Acids, Semi-micro Rosenmund and Euhnhenn Method.,
Reaction Period Two Hours
:Excess - 1Excess ¢ 1Excess
s % of s : % of : 4 of
: botal :lodine: total :Todine: tobtal :Iodine
Sample  shalogen:number:halogen:number:halogen :number
Butter fat : 137446 257,00 3 256479
P o, 187446 237.00 3 136483
1: 9% avsz . 90 Evale: M (3e.8¢
: 137 elD 2 137411 ¢ + 36,48
. a7, :3’7 o56 M :§'7.07 H :56374
: 130404 3 253,21 1 135,04
: 135,64 . 155681 3 :35.07
2. 9 35.82: 97 3507 . 17 is5.3
2 136,10 ¢ 235,36 ¢ 135,22
T AVe 395.80 3 25584 3 19012
H 13660 3 T eh6412 15582
: 235497 3 n 136,05 :35.86
3: R zse7: 0 izs.00: 18 35,04
H 236,08 @ £56416 B e
! BVae 196409 136411 3 15087
: :52;5% 3 :52;85 : 235.80
: 18641 ¢ 106,00 135,75
4 91 36,015 9 ez 16 135,75
C 136435 2 15610 : 155,60
P BVe :06¢82 156,08 55 .75
: 137426 156447 166417
: , 28726 136,55 ¢ 136,19
s 9 imr.05: 49 zeusn : 1t 136.23
H 137461 ¢ 160460 3 156428
3 8Ve 187,20 3 196,94 156,22
Everags 1 9Bl 135,bB2: DBHR 136,205 15.8 :354037
Butter aCj.d,S: :59039‘ H 3400';8' 4 :40-35
: . 2086 ¢ T 240469 140,40
1 9% 40,02 99 0,67 ¢ 14 140,47
: 130,55 ; 140,67 3 140,43
: av. :39.71 ¢ 140,70 3 140,44
' 139428 ¢ 13883 :38462
: ©89.12 . 188,87 ¢38..6
2 : 9 zg,e8: 99 sses; 17 38,61
: 138481 109,02 ¢ 158,04
TV, 180ed8 & 138,680 3 38,65
3 :4005g 3 :3?}o12 2 :58.1?'?
: 140,27 138416 2 :38.Y
3¢ 92 g0.27 ¢ 57 39,14 ; 1% .38.78
: A0.27 + 138,18 ¢ - 238,80
;. ave 1404350 NG 238470
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Reaction Period Two Hours

1Excess ¢ 'Excess s ~Excess 5

s §oof & : L of : 4 of

: bobal 'lOdlﬁﬁ‘ total -Iodine« total :Iodine
Sample shalogennumber:halogen:number:halogen :nunber

Butter fab SHT .46 S37 00§ 156,79
. £37.00 '36 .85
9 ar.s2 . 99 v . 4 i3e.04

187410 5 137,11 ¢ 136,48

. e se
C;
-Q
-
™
i)

e o2

ot

P _ave :37.56 137,07 ¢ 156,74

135464 3 250,21 3 130,04

: 135,64 13081 4 135,07

2 . 9 3532, 57 msav. T 35,13

H 156410 109430 3 * 35428
. AV . :35080 M :55n24 K :5501‘2_‘

H £20,43D 8 156,12 3 155,82

: 13097 2 156405 & . :55.86

3. 9 ssgr. O ze.00: B 35,94

: 156,09 3 156416 : e

o av, 30408 13611 155,87

: 36633 3 156,03 135,80

: 156,11 196,05 ¢ 135,75

4 ; 9% 301 P gzeaz . 6 5575

: 136435 1 136,10 ; 135,60

I 8Ve 0BeRE ¢ 136,08 10D79

: 137426 3. 156447 ¢ 156,17

H . 2374206 236,85 3 136,19
5. 1 sr.03: %0 3655 : M 136423

b 137461 3 156460 3 156,28

s 8Vae 187429 : 136,54 3 136422
Average T U048 100eDDR:  DDel 1000008 108 054007

Butter scids; 159409 1 240,78 :40,45

: 239486 T 4069 ¢+ 140,40

1 9% ;40,02 ¢ 99 ;20,67 : 14 20447

: 139,85 40,67 140,43

i 8V, 338,71 40,70 140,44

139,28 :38.85 ¢ 138 .62

: :39.,12 138,87 238 .66

2 : 9 .so.e8 . 9 zse5: 17 :38.61
: 138,81 @ 159,02 ¢ 188464
tav.e 169,18 158,89 = 138,63

: 140,37 139612 : :38.62

, : 140,27 o 139416 13897

3+ 92 20427 ¢ ST 339,12 ; 13 38,78

: 240,87 3 238,18 ’ 158,80

M 8V, :405‘30 H ;'59015- . :58-?75

H 41,12 ¢ 180,67 159.12

: ¢41,01 = 159464 139,09
g : 9% 441,00 : 4% :39.64 : O 339,12

: 41,01 2 :30.70 158413

: av, 41,04 230,66 1 :39.12

! 240679 1 399499 2 : ¢78

140,31 ¢ $39,90 1387
51 9% 0011 : %0 139,90 ¢ %0 3g.m9

140,00
8BV 24Qi30'. 159,96
Average s 92,8 40,0987 SU.0 20 :

aw

se .48 ®3 w3

159,97 1 09 82
’ OBD

e Jes
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exception of the ﬁo‘ 5 fat sample,

The semi-micro Hanus method was used under the same cone
ditions of varieble sample weights with the no. 5 sample of
fat and its aeclds, The excess halogen does mot vary over as
great a range with the Hanus es it does with the Rosenmund and
Ruhnhenn reagent because the former reagent contains twice as
mich totel halogen. The Rosemrmnd and Kuhnhenn reagent gave
much less variation with the insoluble acids than did the
Hanus, and 1f similar excesses of halogenating agent are come
pared, the values for fhe fat sample are practically identiecal
by the two methods,

The age of the pyridine sulfate dibromide solution is a
factor which was considered as & possible source of variation
In iodine rumber determinations, A4 sample of fat was tesbed
with a solution which was at least six months old ah& another
solution which had been prepared only a‘few-hcurs. The values
obtained were 37,27 and 37,17 respectively. It is assumed,
therefore, thet an equillbrium 1s quickly established between
bromine and pyridine milfste and that it doss mot change
appreciably with times

Iodine number as & function of the reaction period of

pyridine sulfate dibromides In the work presented thus far

with the seml-micro Rosenmund snd Kuhnhenn method, it appeared

that a reaction period of two hours was optimum for
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Table 15

Comparison of the Iodine Numbers of a Sample of Butter

Fat and the Insoluble Acids From That Fat When the Ixe

cesg of Halogen is Varied, Semi-micro Hanus and Somie
» micro Rosenmind and Kuhnhenn Methods.
(Reaction Periods 0.5 and 2.0 Hours Respectively.)

‘Excegs : . tExcess : tfxcess @

tas % of: :as % of: :ug G of:

: total :Todines total :Iodine: total :lodinse
Sample :halogen:number:halogensnumber:halogen:mrber

Butter fat : B7eT4s s 37.92: s 37,32
Semi=micro: + &7.,95: : 7.7 s 37,32
Hamus 9 . 37.95: 8 Lav.e2: 99 1 37.30
: + 37.95: s 37,92 3 37.32
sAverage: 37,90 s 576873 T D7 w00
Seml-micro: 1 37.26; o 3647 T BBLT
Rosermmnd ; + 37,26 s 36.5D: : 36,19
and : 9 137,03 *° | 36.55: % | 56.23
Kuhnhenn : 37.61: 1 96,603 s 56428
1 AVeTEEe: Ofen0s Tt GOeDh: T ODeRP
Butter acids; v 42,84 v 40,20 T 30,10
Semi-micro: 96 s 41,62 ng 40,24 59 ¢ 39,16
Hamus : 41,62 : 40,06 + 59420
: s 41,62y : 39.89: s $9,11
sAverage: 4l.935:2 ' s 40,10 : 99eL7

Semi=-micro: 1 40479 s 39,99 T 39479
Rosenmund: 92 40451 50 30801 o * 39,78
and : e 40,11 1 39,99 ¥ ooe 39,79
Kuhnhenn s 40,10 v 59,97 3 50482
cAverage: 40,003 T 804003 s 00 (80

reproducible values. The curves of lodine numbers against
reaction period appeared to have the least slope at the point.
It 1s well known that lodine numbers of butter fat vary
considerably with season and with the feed consumed by the
cows. It seemed necessary to determine the effect of these

condibions on the type of curves obtained when lodine numbers
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were plotted against reaction periods, if a correct reaction
period were to be established for this method,

Samples of fat were prepared from butter of different
grades from several sources during the period from July to
December, 1937. The iodine numbers of these fats were
determined at five minutes and ab hourly intervals thereafter
up to eight hours. Insoluble fatty acids were prepared from
thesse fats and their jodine numbers were determined at the
seame time inbervals, The data are presented in figures 4 and
5 respectively.,

The technique used in these trials differed from'hhat
previously described for this method in one detalil, namely,
that possible volatilization of the reagent was largely
prevented by lubricating the stoppers with one drop of syrupy
phosphoric acid and then fitting them tightly into the flasks,
Other materials, sueh as, 10 per cent potassium iodide,
saturated calcium chloride, concentrated sulfuric acid and
mineral oil had been tried previously but none was satisfac-
torye The phosphoric acld maintained a tight seal in nearly
all cases, 1t dld not Interfere with the end points and it
did not oxidize the potassium.iodide added at the end of the
reoction period. Furthermore, it did not react with the
halogenating reagent and could be washed into the reaction

flask so that any adsorbed halogen could be titrated. The
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other substances failed to meet all of these requirements.

A critical inspection of flgures 4 and 5 revcals that
there is wmuch similarity between the iodine number curves of
the fats and of the insoluble acids obtained from them. In
both sets of curves, the iodine numbers inersase slowly during
the entire reaction period although the rate of increase is
greater with some samples than with others. It is assumed
that 1f some compounds which take up halogen very slowly are
present in the fat these compounds are not removed in the
preparation of the acids,

Another rather interesting observation is that the typs
of curve varies somewhat with the magnitude of the iodine
number, The samples of summer fats and acids, which have the
higher iodine numbers, show a greater rate of increase in
iodine number during the first two hours of the reaction than
during the remaining part of the reaction period., The samples
of late fall and early winter fats amd acids (nos. 11 to 14)
inersase at a slower rate durlng the entire reaction period
than do the sammer samples. This is especially marked during
the first two hours of the reaction psriod,

With the majority of fat and acld samples it appears that
a four-hour reaction period would be the shorbest that would
represent the portion of the curves having slopes most nearly

approaching zero. On the basis of these curves it seems
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logical to establish a four-hour reaction poriod for routine
analyses with this wethod.

An attempt was made to debermine whether or not the
reaction of pyridine sulfate dibromide on a sample of butter
fat would reach an equilibrium, 1f contimied for several aays
with the stoppers sealed in the flasks with phosphoric acid,
Semple number 12 from the previous experiments was used, The
Pesulbs are recorded in table 16,

There was some dlffusion of Dbromine through the phosphore
ic acid and an inspection of the titration data indicates that
this was not enbirely uniform. Although all of the stoppers
had been re-ground into the flasks, it seems to be nearly ime
possible Lo obtain ébsolute uniformity, In order to minimize
this source of variation, the titration values for both blanks
and saumples were plotted against reaction period, 4 smooth
curve was drawn through these points, The titration values at
the different time intervals were then vead from the curve and
the lodine numbers were re-calculated on the basis of these
figures,

It cammot be stated definltely that an equilibrium
was reached in this reaction. The re-calculated values, howe
ever, show an ineresse of only 0.2 lodine unit from 68 to 146

hour reaction perlods,



Table 16

Variation of the Todine Number of a Butter Fat Sample
With Change in the Durztion of the Reaction Period.
Semi-micro Rosemmnd and Kuhnhenn Metheod®,

: ml. NapS50s

Reaction: nml. NagSs0 . :{read from curve) :
period : halogen in :Todine: halogen in :Iodine

in hours: blanks : samples :number: blanks : samples :muaber

a
«

25 H 44.15 30,45 H D5 ¢ DD

2 i 44,19 1 30,81 : 32,60: 44,19 : 30.BL : 32,60
5+ 44,18 1 20,72 » 32,80: 44,18 1 30,93 & 32,77
20 i 44,14 1 30,48 : 33.28: 44,14 : 30,50 : 33,24

30,45 1 33.35: 44,13

55+ 44,10 : 3036 . 53.48: 44.11 : 30,37 s 5348
45 40,08 i 50.50 : 35,58 44,00 i 50,28 : 55,65
64 . 44,13 : 50,18 . 33,99, 44,07 : 30,21 + 5377
68 . 44.08 : 30,15 . 35,92: 44.04 i 50,16 . 35,82

30,06 : 53.92

122 ;43,95 : 20,97 : 53,02: 43,92 : 29,99 : 58.92

96 : 43,98 : 30,08 : 33.87: 43,99

s Y52

. °

146 1 43.70 1 20,92 : 33.58: 43,85 . 20,87 1 34.00

#Stoppers sealed with HyPO,j; sample weight, 0,08560 gu.;
normality of Nap350z, 8.01065; butter fat sample no. 12,

Study of factors which might contribute to the gradual

increase .of iodine numbers of butter fet by the semi-micro

Rosenmund and Kvhnhenn method. It was considered that the

presence of carotene, cholesterol, phosphollpins, or hydroxy

acids might give slow reactions with pyridine sulfate
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dibromide and be responsible for the gradual rise in the
curves presented in figure 4. Another possible explanation
is the substltution of hydrogen of the fatty acid radicals.

According to the literature reviewed by Associates of
Rogers (70) butter fat contains from approximetely 0.2 mg.
(winter) to 1.0 mg. (summer) carotene per 100 gm. of fat, If
it is assumed that each of the 11 double bonds in carotene
reacts completely with halogen, then the lodine mumber would
be:

BB 2t x 100 = 52046

The emount of iodine which could be absorbed by the carotene
contained in a 50 mg. sample of summer butter fat would be:
0,00001 % 0,05 x 5,206 =0,0000026 gm, lodine

The limit of sensitivity of the starcheiodine end point in
the iodine mumber deberminations by this method is about 0,02
nl, of 0,006N iodine corresponding to 0,0000127 gm. of iodine,
Unless carotone and/or vitamin D are present in butter fat
greatly in excess of the quantities reported in the literature
(70) these compounds could not bave a measurable influence on
the iodine number of butter fat,

According to Assoclates of Rogers (70), approximately
75 mge of cholesterol are present in 100 gm. of butter fat.

Cholesterol contains only one double bond and has a calculated
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iodine number of 65,7. The amoumt of fodine which could be
absorbed by the cholesterol vontained in 50 mg. of butber fat
would be:

0400075 z 0,05 x 0,657 = 0,0000246 gn. iodine
This would be equivalent to aboubt 0.05 iodine wits. Cholesw
terol can not be considered as contribubing greatly to the
increase in lodine numbers encountered between two and eight
hour reactlon periods.

Figure 6 presents ilodine number curves plobtted against
reaction period for cholesterol (from Zastman Kodak Co.),
buttermilk extract (obteined with & macro R¥ese-~Gottlisb
extraction), butter fat and insoluble butter acids. The last
three substances were obtained from the same lot of cream,
They yleld curves having similar slopes. The tternilk oxe
tract is comparatively rich in phospholipins and although its
iodine mumber is higher then those of the fat or acids, the
rate at which it increases ls not appreciably greater. The
curve for cholesterol is different from the others., Ibs slope
is mich greater even though the ordinate is plotted on &
smaller scales Highly purified samples of cholesterol yield=
ed similar curves although the initisl values were more neare
ly the calculated values,

It was considered that if hydroxy acids cause an increase

in the iodine number of Wwtter fat with inereasing reaction
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periods, that it would oceur to a‘muéh greater degree with
castor oll. Ricinoleic acld (l2-hydroxyolelc acid) is the
chiel acld constituent of castor oil., Iodins numbers were
 determined for a sample of castor oil over & resction period
of 2¢ hours by the semi~-micro Hosemmnd snd Kuhnhern method.
Thése values ranged from 83,36 at the 15 min. pericd to
B3,78 at the 24 hour period, These ilodine numbers are as

- constant as those usually obbained with butter fat,

It is possible thab pyridine sulfate dibromide substie
tubes hydrogen and thereby causes the lodine numbers to
gradually increase, It was considered that if it could be
shown that substitution occurred with a pure fatty acid or
g pure triglyceride, 1t would be logical to assume that this
type of reaction also took place with butber fat and mixed
insoluble aclds from bubtter fat. Iodine numbers of stearic
neid and trisbearin {both Fastman products) were determined
by the semi~micro Rosemmund and Kuhnhienn method with reaction
periods wp to eight hours. The ilodine number with each of
these products was less then 2.0 units; there was no tendency
for these values to increase with increasing reactlon periods.
No substitution was indicated by these results. It cannot be
concluded from these trials that substitution does not oceur
in the reaction of pyridine sulfate dibromide on butter fat,

but, if it does oceur, -1t is probable that groups other then
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the fatty acid radicels are attacked,

Agreemont of replicate determinations with the semie

nicro Rosenmund and Xuhnhenn method. As a final check on the

method with regard to the constancy of results which could be
expected 1in routine analyses, iodine numbers of a few samples
of butter fat and the corresponding insoluble scids were
determined in quadruplicate. These samples were weighed
(individually), were dissolved in 2 ﬁl. of carbon tetra-
chioride, 5 ml. of pyridine sulfate dibromide reagent were
added and the reactions were allowed o take place iﬁ the
dark st 250C, for 4 hours, The»excess'bromine at the end of
the reaction period was determined by the back titrabtion
method previously described, The results are rebordod in
table 17.

The maximum variations among replicate iodinernumbers
are somewhat greater in table 17 than in table 13, This was
expected because welighing and sampling errors were practically
negligibls for the data in table 13 in which aliquot samples
were pipetteod into the reaction ﬁlasks,

Precise welghings can be obbained more rapidly when the
~light weight glass boats are used than when the icdine flasks
are weighed. Although these data are too few in number bo
permit drawing sweeping conclusions, it seems reasonable to

expect that replicate iodine numbers, with about the seame
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Teble 1Y

Variation Among Replicate Iodine Numbers of Some Samples
of Butter Pat and the Insoluble Acids From These Fats,
When the Samples Vere Welghed Individually,
Serd-micro Rosenmand-and Ruhnhenn Method.

Sample :iodine;: v Sample :Iodine
; welght srumbers: Sample  : weight :mumber
1 D.05482 1 41,44 0.06513 : 4H,16

Sample s
Butter fab: 0.05241 : 41.54::Buiter acids: 0.05043 : 45,10

00, 3 1 0,06165 ¢ 10sb:: 10e 3 & 0.05435 : 44,96
. 0.05333 + 41.76:: T 0.05352 & 44,97

>

hie . WBXe VATy: Ueel

¢ 0.05401 : 31l.12:: 0.,05140 + 34,60

Butter fab: 0,05364 : 31.28::Bubter acids:; 0.05010 : 34,76
no, 13 : 0,05280 . 3l.01:: no. 13 + 0.,00000 : 34,64

HaXe VEPe: oo

>

: 0,05464 3 31,35:: : 0.05045 : 34,63
sHax, VaT.: Q.08 HOX, Vale: Ulib
$ 0.05455 3 45e95: . 0.00620 3 44,15

Butter fat: 0.05680 : 43.95::Butter fat : 0.,08517 : 44.07

No0e L 1 008720 3 43,90:: no. 1° 0,05441 : 43,99
: 0,08660 ¢ 44,06:: 0.05275 ¢+ 44,16
iMoXs Vares U.lbsy JJioX, VaPes Ul .

e o

#Bamples were welghed in swall glass weighing boats. These
boats weighed approximabely 0.1l gm. All other samples
were welghed directly into the lodine flasks. These flasks
weighed aboub 55 gm.

sample woights, should agrees within 0,5 of & unlt in all cases

and generally within 0.3 of a unit,

Attempts to measure the amount of substitution reaction

by titration of acids. Hany halogenation experiments have

been described in the literature in which the acids formed in
the reaction have been determined elther with alkali or with
godium thiosulfate after the addition of potassium lodate.

When a neutral and non-reactive solvent, such as carbon
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tetracitloride, is used it has been considered that the acid

foﬁmed mist be g resulv of hydrogen substibubion. The

Tollowing general reaction is cousidered to take place:
BH + Xg — RX + HX

I the halogen, which is equivalent to the HX is doubled
and gubtracted from the tobtael emount of halogen used, the
value thus obtained should represent the halogen consumed in
the addition reaction. The wsajority of previous investige-
tors, however, do not agree whether or not this halogen acid
results from substibtutlon or from hydrolysis of the addition
product after the addition of pobassium iodide and water,

In atbenpts to use this method in the present investigae
tion, it was oﬁserved that {a) & pungent odor suggestive of
a halogen acid was noticeable upon rewoval of the stopper
from the iodine flask and (b) sometimes the rime of the
lodine fiasks were cloudy resembling a deposit of ammorium
chloride on laborstory glassware, These facts suggested that
some of the halogen acid Tormed in the veactlon was escaping
and was not being determined in the usual procedure,

Preliminary experiments indlcated that the solubility of
dry HCLl gas in carbon tetrachloride was very low and that
this ges gradually escaped from the solution. It was cone

sidered, therefore, that with a properly designed reaction



Plate 2. Equipment used to determine acids
formed in halogenation reactions.
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flasgk which would prevens the escape of any gas formed in

o

the recction of halogens on fit,,it might be pogsible o
caleulate a "true" addition value,

The special flask shown in plate 2 was fabricated for
this purpose, The oubsr seetion of a standard teper Pyrex
joint was sealed to w 280 ml. Frlemmeyer flask to form the
reaction chambor, The imner portlon of the standard taper
Pyrex Joint fovmed bthe closure for the [lask. The oubled
from the uysbem was sealed to the fop of This closure and was
bent twice at right angles so that any helogen acld not in
solubtion in the flask could be swept into the gas-washing
tubss for absorptions The intake (with stopcock (8)) passed
through the side of the closure by means of an inner seal
and extended to within 5 cm. of the surface of the reaction
mixture in the flask., The two test tubes {V) contained 50
mle 0of 1 per cend potdssium iodide solution. The tube above
the stopecock was connected to a eylinder of nitrogen while the
outlet tube from {(V} was connectsd to an aspirator botile,

The pipette (R) was calibrated to deliver £5 ml., at 250C,
It was used to measurce the halogenating solution inbo the
reaction flask., The stopcock and ground-glass Joint were
lubricated with a highly refined mineral oil, The lodine mume

ber of this oil is approximabely 0.10.



Fat sample no. 3 (fig, 4) was used for the experiments
recorded in table 18 and presented graphically in figure 7.
Sample welghts of approximately 0.3 gm. were dissolved in 10
ml. of carbon tetrachloride, 25 ﬁl. of 0.2 iodine monobromide
in the same solvent were added and the reaetioné were allowed
to take place in the dark at 285°C, for different periods, 4t
the end of the reaction period, four liters of nitrdgen were
forced through the system in about 20 minutes. The stopcock
was closed, the reaction flask was disconnected from the rest
of the system, 10 ml. of 10 per cent potassium iodide were
added to the reaction flask and well mixed with its contents
and then 50 ml. of oxygen-free water were added and mixed
with the solution. The excess lodine was bitroted with an
approximately 0.11N solution of sodium thiosulfate., WNext, &
mi. of 3 per cent potassium iodate were added and the iodine
liberated by acids wés titrated with a 1 ¢ 10 dilution of the
thiosulfate previcusly used. The iodine and halogen acid
present in the test tubes containing potassium jodide were
determined in the same fashion.

It can not be stated definitely whether or not an
equilibrium was reached in the reaction period of one week
{table 18, trial 2 and figure 7). The end points of the last
two acid determinetions of this experiment were not sharp

which indicated that hydrolysis of the fat with the liberation
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Table 18

Attempted Determination of the "True" Iodine Nuwber by
Correcting for the Amount of Halogen Acid Formed in the
Reaction of 0,20 Iodine Honobromide on

Butter Fat Sample No, 3

Reaction : , :
period : Jodine mumber : Iodine number :
: not corrected :; corrected for : HX expressed as

e

higrs :  for MK i b iodine number
‘Trial 1

0 § 41,41 i 40,60 : 0.81
24 i 47,44 : 44,21 : 3423
5 : 48,39 ; 44,72 ; 5 487
72 ; 48,61 : 45,34 : 3427
96 ; 49,15 : 46,01 : 3,14

‘ _ Trial 2 »

0 i 41,05 ; 40625 : 0.80
24 i 47,91 ; 44,53 ; 338
72 ; 49,15 : 45,72 ; 3443

120 ; 49,82 ‘i 46,65 : 3417
168 . 50,34 ; 46434 i 4,00

#Corrections were made by subtracting the iodine equivalent
to 2{HX) from the total halogen consumed.
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of weak fatty aclids might have taken place, With the last
determination of trial 2 there wes a considerable increase in
acldity although the total halogen consumed was almost
identical with that of the preceding titration., In other
words, if the acidity had not increased; the corrected

iodine ﬁumber would have been constant,

The gravimetric bromine vapor method. The results of

other investigators indicate that (a) bromine vapor adds to
ethylenie linkages qﬁantitatively (canjugatéd as well as not
conjugated systems); (b) substitution is not encountered at
room temperature in thé absence of iight regardless of the
excoss bromine present end {e¢) the chief difficulty in using
the method 1s the complete removal of the excess bromine not
chemically bound, Previous investigators have not reported
any values for bubter fat by this method., Preliminary results
in this laboratory with make-shift equipment indicated that
the method conld be used for bulber fat satisfactorily.

The "brominator® iliustraﬁed in plate 3 was constructed
to meet the following requirements: Couplete elimination of
1ight from the bromination tube (7T), adeqﬁate gas washing
system (G) to absorb the excess bromine and keep it from
| escaping into the laboratory, protection of the bromine

reservolr (C) from light and possible breskage, precise
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Plate 3. Apparatus used with bromine vapor method.
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control of the partial pressure of browine in the tube (T)
by use of stopcocks (D and B) and the manometer (M) and
facllities for obbaining constant weight of the semples and
brominated samples (tube covered with black oileloth bag
{(K))e

The "brominator" and "debrominebor" tubes are 46 rm.
internal diemebter and about 90 cm. in length. Stendard
teper %g ground=-glass joints are used at the tops of the
tubess The caps contain inner-sealed tubes which serve to
admit nitrogen into the systems and as hooks from which the
plass rod support, on which the sample cloths were suspended,
was hung, The samples were placed on strips of glass cloth
about 2,5 by 2.5 cm. in size. The edges of these ciqths
were fused in a small flame to prevent loss of small particles
of glasg, Glass hooks were placed in the cloths so that they
could be suspended on the rod in the "brominator". Before
these cloths were used they were thoroughly cleaned in hot
sulfuric end nitric acids, rinsed with water several times,
drled, boiled in carbon tetrachloride and again dried.
Follawing this they were subjected to 15 to 17 cm. Eromine
pressure for 8 to 10 hours, rinsed with ether; boiled out
with carbon tetrachloride and weighed.

A 1 : 10 solution of the fabt sample in petroleum ether
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{fraction distilling at 32° o 34°C.) was used to impregnete
‘the cloths with fat, From 10 bo 20 drops of this solution
wore ovenly distributed on each side of the welghed cloths.
To‘ prevent oxidation they were suspended on 2 rod in &
desiceator in an atmosphere of nitrogen as soon as the fat
golution was added. When all of the samples had been pre-
pared; the cloths were transferred to the "debrominstor',
This tube was evacuated for 15 min. (at 6 to 8 mm. pressuve),
filled witﬁ nitrogen and the nitrogen sllowed to flow through
it for 3 min. This process was repeated and the samples were
woighed by the methnd of swings.

The samples were then placed in the "brominator” and the
tube was evacuated to 1.0 to 1.5 cms pressure, Bromine vapor
was then allowed to flow inte the system by slowly turning
stopecock (D) until the pressure within the system increased 4
t0 5 cme a8 indicated on the manometer (). For butter fat a
reaction perilod of 2 to 4 houi*s is sufflcient with this cone
centration of browmine,

Fxcess bromine was removed by forcing nitrogen through
the system for 3 min., evacuabting for 5 min, , sweeping out the
gystem with nitrogen for 3 min. and again repeating this
processe The excess bromine was removed by washing the nitro-

gen-bromine gases in a solubion which was a mixture of 70 ml,



waber containing 40 gm. anhydrous sodium thiosulfate and
150 ml. of water conbaining 100 gm. scdium hydroxide,

The samples on the glass cloths were transferred to the
“debrominator"”. Brauine was further removed by twilce
6Vacuating for 15 min, at 6 to 7 mm. pressure and then
sweeping out the system.with nitrogen for 3 min. The Eromine
was absorbed In a seturated soclution of a mixbture of sodium
thiosulfate and sodium hydroxide in the ratio of 1 ; 4 by
wéight.

The samples were then transferred to a 100°C. oven, held
at that temperature for 1% to 2 bours, cooled and weighed,

It was found thet the glass cloths (without any sample) re=
tained a swall smount of bromine that was not removed by the
evacuation and heatlng processes, that is, they were heavier
at the end of the bromination process than they were before
bromination. For this reason no fat was placed on the cloth
at each end of the tube; these served as controls, Since the
cloth at the lower end of the tube retained more bromine than
dld the cloth at the upper end, a linear correction determined
graphically was applied to the cloths containing the samples,
Prom the welights of bromine and fat the ilodine numbers were
calculated as follows:

_ H%. Br 1
I noe = T sampTe X'Bﬁ'x 100
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The following iodine mumbers were obtained with bubter
fat sample no. 3 when different exposurss to bromine vapor

were used:

Sample noes 1 T 2 & : 4 2 5 B

Trial 1. bromine pressure, 2.0 cm.; reaction period 30 min.

TAMDLE Whe 100514010, 05004:0,00568:0,04485:0,06454:0, 04850

L a

41,04 + 41,43

T

T no. . 2 59,89 : 40,18 s 40,71 : 40.82

Trial 2. bromine pressure, 3.0 cm.; reaction psriod, 1 hour

Sample Wehe:0s05108:0607077¢0404461:0404877 :040648510406449

.

*0 vE

Tno. i 41,68 : 41,59 : 41,40 : 41,00 ;: 42,04 ; 42,11

Trial 3, bromine pressure, 4.5 em.; reaction period, 3 hours

SEPTS WE. 10, 050610, 0685610, 047100, 04577 10, 05804710, 03005
I no. D 40,22 + 49,47 : 42,14 : 42.26 : lost : 41,82

The sample numbers correspond to the reletive position of
the samples in the bromination tube with number 1 at the top.
The data of the first two trials indicate that the bromine
concentration was higher at the bottom of the tube than it was
at the top., Although the bube had been evacuated to a pressure
of 140 t0 1.5 cme before admitting bromine, apparently con-
gsiderable time 1s necegsary for the bromine concentration to
becoms uniform. The daté in the third trial asre wore nearly
constant and of about the same magnitude as the last two

samples of trial 2,



There is 1little doubt but that an equilibrium value was
reached in trial 3., It is believed that the value thus obe
tained {average 42.25) represents the total smount of
unsaburation in this sample.

Rossmamn (73) found that the methyl ester of
;ielaeostearie‘acid gave an icdine number of 259 against the
calculated value of 261 when brominated for one hour (concen~
tratlon of bromine not given), This compound contains a
conjugated system of three double bonds and should be meny
times more difficult to saburate with bromine than butter fat,
He, likewise, obtained an lodine number of 506 for carotense
{calcoulabed value, 521) in 105 min,

There is the possibility that the value of 42,25 is
alightly too high since other investigators (72,73,13) have
found that bromine vapor reacted slowly with hydroxyl groups
in castor oili They are not 1n agreement with regard to the
magnitude or the mechanism of the reaction, ¥ith the gravia
netric bromine vapor method Rosamann (73) found that the
iodine mumber of castor oil increaged from 91 with a reaction
period of 30 mine. to 135 with a reaction period of 20 hours,

Hafner, Swinney and West (25) reported that a sample;of
bubter fat contained hydroxylated fat equivalent to 2.7 to
3,0 mg. of acetyl per gram of fat, If it is assumed that

hydroxyl groups bind one atom of bromine (13), the 3.0 mge. of
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acetyl would be equivalent to 0,88 iodine unit and if tweo
atoms of bromine are bound {72), the iodine mumber would ine
crease bj 1.76 wits,

Considering the conditions of the experiments on the
bromination of butter fat, it is believed that the error re-
sulting from reactlon with hydroxyl groups is very smallee
probably less than 0.5 iodine unit.,

It is interesting to rote that the iodine nuwber obitained
with the semi~micro Rosenmund and Kuhnhenn method for the
same semple of butter fat (fig. 4, seample no. 3) with a four=
hour reaction period is in excellent agreement with the
bromine vapor value. This supports the previous contention
that the Rosenmund and Kuhnhenn is the best of the volumetric

methods.
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The preliminary work dealt with the Hanus and Bibl ree
agents, The Hanus method, especially with the insoluble
aclds of butter fat, depended too greatly on corditions of
the experiment, such as sample weight, excess of reagent,
etc. Reaction of the HUbl reagent with its solvent {ethyl
alcohol) caused variations in the hydriodic acid content of
the solution with age and changed the ilodine numbers somewhat,
There was likewlse some indication that during long reaction
periods the Hlbl reegent might cause hydrolysis of fats,
although with the methods available it was impossible to
demonstrate this,

The variation of sample welght caused the lodine numbers
to be lower the higher the sample for the semi-micro Hanus
method Whén sample welghts were varied with the Hllbl reagent,
the lodine number decreased with inecrease in sample weight
when the values were calculated using the average of the
beginning and end blanks; they increased with increasing
sample welght when calculated by the Schmidt-Nielsen and Owe
- formula,

An attempﬁ to find a solvent for the Hﬁb; reagent less
reactive with it than ethyl alcohol showed thﬁt methyl aleohol

was better, It caused greater variations in iodine numbers of
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fats when compared with ethyl alcchol solutions,

The Wi]s, Hanus, Rosemmund and Kuhnhenn, Kaufmenn, Hilbl
and Hibl reagent in methyl alcohol were studied from a ree
action rete-time standpoint. It was congidered that af
equilibrium conditions a‘flat region should appear in the
graphs obtained when iodine numbers were plotted agalnst ro=-
action period. These data (fig. 1 and 2) indicate that no
equilibrium over a long period is attained either with butber
fat or with its insoluble acids. When, however, the portions
of these grophs (fig. 3) that represent 0 to 12 hours reaction
periods are considered the Kaufwann, Hanus and Rosemmund and
Kuhnherm methods seem to show portlons approaching zero siops.
The Rosemmund and Kulmhenn method between 1 and 4 hours
appeared to be the best of the methods in this respecte

Certain peculiarities were shown between the iodine
numbers of butter fat and its insoluble acids (fig. 1 and 2).
The Wijs, Hanus end Rosemmund and Kuhnhenn methods yieldsd
higher lodine nuwbers for the acids than their corresponding
fat, The reverse was true for the Hibl, the methyl alcohol
Hlibl and the Kaufmann reagenﬁs.k ¥o Gefinifte explanation can
be given for the anomelous behavior of the latter group of
reagents,

It was considered that the results thus far indicated

that further study was warranted with the Rosenmund and
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Kuhnhenn reagent. As a result of this study the following
conditions were worked out for its use: Weigh from 10 to 100
ng. of butter fat or insoluble butter acids into a 125 ml.
iodine flask end dissolve in 2 ml, of carbon tetrachloride.
Add 5 wl. of O,1H pyridine sulfate dibromide in ascetic acid
freed of reducing compounds, and close the flask with a glass
stopper on the surface of which one drop of sjrupy phosphoric
acid was spread to prevent escape of reagents. Rotate the
conbents of the flask a few times and allow the reaction bo
take place in the dark at 259C. for 4 hours, After the ree
action period, add 2’ml. of 10 per cent potassium iodlde to
the rim of the flask, cautlously turn the stopper in order
that small gas bubbles will go through the potassium lodide,
Thoroughly mix the potassium lodide with the reactants and
then add 25 ml, of oxygen-Iree water and mizx well, Titrate
the iodine with sodium thiosulfate (approximately 0.011%) to
the complebe disappearance of the yellow color {a slight
excess of thiosulfate)., Stopper the flask and shake violently,
rinse liquid adhering to stopper into the flask and add 4 %o
5 mle of 0.5 per cent starch indicator. Back titrate the ex=-
cess of sodimm thiosulfate with iodine in potassium.iodidé
(approximately 0.005N}) from & burette gradvated to 0.02 ml,
¥hen sample welghts ave approximately alike, the semi=

micro Rosenmund and Kuhnhenn method yields replicate



determinatlions which agree within 0.3 of an iodine unit,

It was considered that as final checks on the semi-micro
Rosenmund and Kuhnhenn method the following factors should be
studied: 1, effeet of excess reagent on the iodine mumber ob-
talned for butter fat and its insoluble acids, 2. agreement of
replicate determinations on weighed samples, 3. comparison of
the value by this method wlth the walue obbained with 2 carbon
tetrachleride solution of iodine monobromide condﬁcted in such
fashion that substitubion should have been detected and 4.
comparison of the value by this method with that obtained by
the bromine vepor method,

It is considered from these studies that excess reagent
from 14 to 90 per cent will cause a wvariation of 1.0 unit in
the iodine number of bubter fat, while variation of excess re-
agent from 20 to 90 per cent will cause a variation of approxe
imately 0.5 unit with the insoluble acids from butter fat.

Replicate determinations on weighed samples should check
within 0.5 unit,

The attempted determination of a "true" iodine number by
measuring substitution and correcting the iodine mumber for
it did not prove satisfactory nor did it afford the desired
conmparison,

The comparison with the browine vapor method which should

give values very closely ropresenting only the degree of
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unsaturation of bubter fat indicate that for this fat the
Rosemmund and Kuhnhenn method, used as described above,
gives very nearly the correct lodine number,

The bromine vapor method was studled with regard to its
adaptation for use with butter fat and its acids and was
considored a satisfactory research method, although it is

long and tedious.



CORCLUSIONS

1. The relaticnship betﬁeon the lodine numbers of butter
fat and its acids was shown by some iodine number methods to
be as was expected, i,e., higher for the acids than for the
fats., These were in about the correet relationship with
methods deemed reliable.

€+ The Henus, ¥ijs, Rosemmund and Kuhnbenn, Kaufmann,
Hibl and Hibl reagent in methyl alcohol methods were studied.
The Rosenmund and Kuhnhenn method was deemed the wmost reliable
of those studied. '

3. An attempt to determine "true" iodine mumbers by
measuring the swstitubion that occurred and correcting for
this d1d not yield satisfactory results,

4, Thé bromine vapor method was shown to be a satisfac-.

tory research mothod for use in studies with utter fat.
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