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SRCTION I

IRTHODUCTION

Host of the nsatural fats end olls which formm one of
the important classes of ifood, and which are oi great
importance for industrial purposes, are composed largely
of the glycerides of the higher fatty sclds. In natursl
fats and olls, these zlycerides are very complex mixtures,
and our knowledge of thelr structure is still in an early
stage of development. Sﬁh;nfaxd end H@fterl give an
excellent review of this phase of fat chemistry.

ihe triglycerides of many of the saturated fatiy
ancide e ve been synthesized in pure form, and edequately
charecterized by a mmber of workers, notably Clarkson
and ¥alkin®. %ehgnfald and Hefter® have surmarized much
of the work on these canpounds. The glycerides of the
saturated higher fatiy acids are crystalline compounds,
which can be purified by crystallization, snd the saturated
acids fror whileh they are synthesized are cunpasratively

ecasily obtained in a pure state.

e He $chgnf@1d and . Hefter, Chemie und Technologlie der
rette und Fetteproducte. I. Chemle und Gewlnnmmg der
Pette. pp.194-228 (i ien; Julius Springer, 1936).

e Us i Clarkson and T. HMalkin, J. Chem. “oc. {(Iondon)
3e Schonfeld and Hefter, op. clt. pp. S29-262.



The triglycerides of the unssturated aclds, on the
other hand, apparently have not been premared in sny great
degree of purity. there are seversl possible reasons for
this fact. The unssburated aclds are not saslily obtained
in a8 pure state, for starting meterisl. ihis 1ls especially
true of olelc scld, one of the most important acids in fats
and olls. ‘hey are subject to oxidation by the oxygen of
the air, especially at slevated temperastures. The unsaturated
sclds and their trizlycerides are liqulds al ordinsry
tempern bures, and hence mesent greater difficulties in
purificstinn by crystallizatinon. The triglyeerides eannot
be distiiled un&&campaaéﬁ wnder ordinery cxmditions of
vacwmm distillation. In view of these difficulties, 1t is
not surprising that tholir premretion and purificstion has
not been sdequately reported to the present tinme.

Several preparations of triolein are described in the
literature, but the purity of the olelc ecid used is open
Lo qmestion, and the repmrted propertles of the product are
VETry meagre.

Berthelot? prepared triolein by hesting monooleln
with an excess of olele ascid at 200° for four hours. XNo
properties were recorded other thar the fact thet it
remained licuid "down to 10° and lower”. Gutn® prepe red
triolein by hesting sodium oleste snd tribromohydrin at

4. vr. Ve Berthelot, Anne. Shi@. et imvg. 41:243-5 {(1854).
5. Fo Guth, <. Biol. 44: 78-110 (1902=-3).
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180° for 10 hours. He ststed that it solidified at -4 to
=58, After standing seversl weeks, it solildified at
"ordinary temperatwres’ , but sfter melting, it again
a0lidified at the lower temperatuwe. The iodine number
was veported as 85.1 {8é.l=theory) and saponirfication
number was ¢lose to theory. Pottevin® made trioclein by
reacting an excess of oleic scld with monoolein at 36°
with 1% of pancreatic tissue to supply lipase catalyst.
“he product was stated t¢ solidify "around 0% and to have
& ders 1ty of 0.915 at 15°. Belluei’ heated olele acid and
glycerine at 215° to 220% under 30 to 40 mm. preasure and
otbalned trioledin which he purifled by extractiom with
alcokol. The product hed an iodine number of 88.7 and
saponification equivalent close to theory. ¥XYone of these
preperatims can be copsidered aﬁtiéfaetﬁ%ﬁ s andegumtely
cheracterizing triclein nor as representing o product of
proven purity.

I%ara

reported the preparation of trilinolein by
the acktion of potassiu linolseie on trichlorchydrine at
1600. fie stated that it was & reddlsh yellow oil, and

gave no enalysis or other properties. 4at the time of this

P

6. H. Pottevin, Couwpt. Iend. 138:378=-80 (1604}.

7. I. Belluei, fazz. Chim. Ital. 42 {(I1): 283-504 (1012).
8. ©¢. Izar, Biochem. .. 60: 320-20 (1914).
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wiriting, the announcement of a paper to be given by Black
and Overly’ on mono- upnd trilinolein wes noticed. ihey
formed the acid diloride of the tetrabromo asddlition
praiuet of 1linolele scid and from it synthesized the
clycerides of the tetrabromo scid. ‘hey then removed the
bromine o generate the unseturated acid glyceride. Furtlher
detailes of the puridicetion and properties of their product
args not availlsble to the writer at this time.

The unsatureted eclds onoccur ap olveerides in
practically 11 fats and 0ils, and thelr preserce is of
the grestest importance in determining propertles such as
consistency, digestibility, nutritionsl valuve, tendency to
oxidize and polymerize, as in paint films. It, therefore,
aecemed desirable to find 2 suiteble method of preppration

3

of the unsebtursted triglycerides srd to prepere the tri-
glycerides of olelc and linolelc aclds, the two moat
importent unssturated scelds oeeurring in the common fats
end olls.

Iinoleic acid (139,19 octadecadienolc acid) is
feirly easlly obteined in pure form by debrominstion of
the ¢rystelline tetrabromostearie aclid which das obtained
by bromineting the mixed aclds of an o1l rich in linolele

aold, ruch s cotbtonseed 2il. The totrvabromide can be

. He Co Elack and J. 4. Overly, Abstracts of Papers,
g8th leeting, ‘morican Chemicsl loclety, Boston, Mass.
i’;@;)t* 11 to lﬁ,l@;ﬁgQ {i>8$hb i‘}-.GQ’ Aeliebe NHews ft’%rvi!‘f!a}
Dive. {32‘%1 Chern. PO« SE i o



purified by crystallizatlon, snd the linolele acld
regenerated by treatment with zine powder. ibhis was the
method used 0 obbtain linolsic sclid. a3 deseribed below.
The linolele seld thus roimed appears to be ildentical
with the originsl acid of the oll, as has boen shown by
10116810, Biresell?, brown and Franke1l™®, Hilditehl® snd
Nocutcheont®,

wleice eld (A 9 sctadecencie caid) progents rmach
prester difllculity in its purillecution. &4 number of rethods
heve been proposed for the preparetion of pure olele aecld
or its gsters. Holde arnxd ﬁerg&als were able to get a
cryatalline bromide, with considereble diffieulty, from
whiich they regencrated the oleic acid. Bertram-® made use
¢ the solubility of & compleXx mercury counpound of olele
acid to e liminste sciturated aclds down to U.8%, and resoved
more highly unsatwated acids by crystallization {rom
acetone at =-15°. He mede many references to previous
attompts to prepsre pure coleic acid, and clegims £o have

tricd msny of them wiith limited success. Sichai‘f‘aralq

10. A« Hollet, . Physiol. Chem. 62: 410 (1909).

11. Do Ve Birvosgel, Hutursl snd fpplied Tel. Bull. Univ.
Yroila, Phillipine Is. 2: 103 (1232),.

1ie T e orown and J. ¥rankel, J. . vhem. 50c¢. 80:54-8 (19

13. TeP. Ellditeh and L. Jusperon, J. Sog. Chem, Irnd. B58:
253 (1959) . »
14. J.be Hedubcheon, Oan. J. esearch 18B: 188-78 (1938).

1%. e Holde and 4. Gorgns, . Angew. Chem. 393 1443 (1926).
16+ 8. H. Bertram, hec. Trav. Chim. 46: 397 (1927).

17. 8. Ve scheffers, .ec. ivav. Chim. 46: 283 (1927).

b



removed saturated sclds by the Twitchell lead salt meihod,
aryli then removed more highly uwnssturated aclds by
erystalilizetion of the lithiwm salts from dllute alcohol.

E%ﬁ&"ymm&}'g

#lso’ used the leed smlt separation, followsd by
erystallization of the sclda at -20° from alcohol. skeltodt 2
usecd a modified lead salt method, followed by crystellizstion
of e barium snlt from molst bhenzene and slechol, and also
of the Ilthdwn sulis from elechol. He finally fractlimated
the mﬁstrﬁl egsters Iin vacuww. Heffler and iﬁcf;ﬁi‘-&n‘z@ g lso used
the lead salt seperatim, followed by crystellizetion of the
lichium sslts (12 timee) from 800 slcdhel. They then
renoved tle remaining saurated acids down 0 0.35 by
remcated fractimael vecwmm cistillation of the esters.
Zrown and ﬁhinommglpmpaz%& oleie secld by direct
crystallization of the mized acids of olive oil from sctionc.
The eritlcism of all of the above rethods is that the
lodine number s the only snalyticel cometant of much
sipnificanse vhich is used &8 s eriterion of purity.
Linoleic and satureted aclids (stesric end palmitic) would
e the most probable Impurities, and equal smownts of eaech

of rheee rorld vield a product of theovetiecal lodlne mamber.

Seponification eguivealent would be of 11litle value in

18. Y. raymond, Chimie & Industrie, Specisl no. Peb.l529:583.
19. J. He. L‘E@l‘{}ﬁm, Jds S0c. Uhems inde. B0y 1317 (1953-}:
20& Ivw K&ffl&r gl Ja He. ﬁ‘icmﬁnt Jo UOC. Chweme xmfa 5‘%:
5627 (1935).
£l. Jo. B. Brown snd G. Y. Shinowara, Y. im. Chem. Soc. 593
& (1937).
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detecting smell quentities of impurities of similer moleculsy
weizght, end physical constante are of value only when
compared with & ecoupound of known purity.

There are twe sralvilesl rethods of determining the
corpoeltion of o mizture of olelc, 1inoleic end saturated
noids. dhe first 1= by determinotion of the iodine rmmber
and the ithiocyenogen number. The iodlne number plves a
measure of the total unscturation of *%:.lw sample , the reagent
adding completely to both double bonds of 1linolele amcid and
to the one double bond of olele acid. Thoe thi@ay&nog&n
reagent, however, adds to only one of the double bonds of
linoleic acid, but adds campletely to the double bond of
oleic acid. From these two values, the composition of such
a mixbure san be caleulated. the second method conasiasts of
detemining the lodine number, and then determining the

saturated scids by an independent method. ‘the BHertram

gz*aa%ﬁumgz for ssturated aclds 1s probably the most exact
method, althoagh rather tedious. Its spplicatiom to the

deteetisnn of sqell smovnis of psburated aclds was examired

oh
by tiemenschnelider end lheeler™™, who showed tha t 1t could

be used to detomine as 1ittle as 0.1% of sstursted seid.

vhien the percent of gaturated scid iz known, the coupositiom

20, 5. d. Bertram. <. Untersuch. lebens. 55: 180 (1928)

3. fe %o Hiemenschnelider end L. H. vheeler, Paper presonted
to the smerican Uil Chemlsts?' Loclety, Hay 6, 1938, to
appsar in Uct. or Kove 1939 number of 011 and -Loap.



can be caloulsbted from the iodine number. Eartmuﬁhﬁé

used the lodine numboer and the thilocrsnocen number to mal®

g comparison of the low tempersture crysitelliization method

of Brown {loc.cit.) with several others. ¥e Pinnliy nrrived
at a rethod involving crrstallizstion of olive o0il ancids at
three different tenporatures from acetone, precipitation

of the lead salis, and fractional distillastion of the sc¥ls.
The purest fracilion he reported as 97.80 pure, #ith 1.9% linocleie
and 1.2% seturated scids. He concluded that "thie probably
represents as pure & sanple of olelic scid as hms thus far
been obtained”. iheoler amd hlemenschneider® used both of
the above mentioned methods of asnalysis of mixtures of olels,
linocleic ard sastureted acideg in s study of the preparetiom
of pure methyl oleate from the mixed estoers of the aclds of
olive o0il. They found that low terporature crystel lizetiom
froe soetane of the methyl esters was move effective than
with the free scids. Thelr metioc consisted of a preliminaery
froctional distillstion in vacuo to remove most esters of the
lover acids, followed by four crystellizstions st suitsble
temperatures from acoetone, to roemove linoleic and the bulk

of the saturated esters. Pruces of palmliitic ester still

E4. Po s }i&mm@hg Jo s Cherm. Soce 6l: 1142 {lgn“;g)a

25. De . vheeler and . Y. lemenschnelidery, Paper presented
to Armerlean 0%l Chemlasts! Soclety, May O, 1938, to
appear in Uct. Or kove 1839 number of 0Ll and Soap.



remaining were removed by a second careful fractional
diztillation in veouo, and the produet finally mrified
by two more crystalliszstions from petroleum ether. Their
final product had theoretical ilodine number, thlocyanogen
oarber 0.2 unit below theory, and showed less than 0.1% of
saturated scid by the Dertram method. ihey ivdlowed cach
step by snalysis and felt certain that their produoct
contained not over U.27, and probably not over C.l: of
linoclele or seturated acld esters sz lmpurities. This
materiel was uwsed as the source of oleic acid for the
syntheslis of triolein to be described.

It was fourd that in the strict sbsence of oxygen,
olele snd linoleic selds could be esterified with glyecorol
divectly, using p~toluvene sulfoniec =218 ss entalyst, to
sive good ylelds of the triglycerides. Further purificstion
of the proiucts was obisined by low temperature crystallize-
tion and moleculsr distillatlion, a8 described below.
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SECTION I1
AHALYTICAL METVHODS AXD APPARATUS

Iodine Humbers. lodine numbers were determined by

the of ficlal VWijs ﬁethod2§ “he excess of iodine over chlorine
in the reagent was adjusted to 2/, and the size of the

gample regulated so that not over 33: of the itobtal available
halogen was consumed, as recommended by Kefifler and ﬁaiéenz?
in thelr study of the nigh precision det&ﬁmination of iodine
numbers by the Wijs method. Duplicsate determinations usually
checked within 0.1 to 0.2%, while analyses of the same

product from one day to another rarely varies over 0.2 to 0.3%.

Thiocranoren Humbers. Thiocyanogen numbers were

deternmined by the modified Kaufmen m&éha&gg, except that the
temperature was controlled, and the reaction time was variled
as described. The excess of reagent was 100 to 1504.

Saturated Acids. The Bertram method {loc. cit.) was

used essentlsally ss descrdibed, sxcept that sulfur diloxlde
was used in place of bilsulfite, and the ramesium: salts were
decomposed directly on the filter paper, as mentioned by

Riemenschneider and Vheeler (loc. cit.).

26+ Official and rentative Nethods of the assoc. of Ufficial

Agr. Chem. (iash. U.0. issoc. of Official igr. Cheme
1835) p. 410.

27. L. J. P. Koffler and 4. K. Halden, J. 3o6¢. Chem. Ind.
52: 242-2457 (1933).

2B. J- Assoc. Yificial ~gr. chem. 21: 87 (1938).
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Saponification Humbers. These were ﬁat&rmined on a

saomple of 0.15 to 0.18 gm. by refluxing for one half-hour
with 10 cc. of Q.1 B sodium hydroxide in n-propancl (made
by dissolving sodium in n-propanol and adding 1% of water).
The excess of ceustlc was titveted vith 0.1 ¥ stendard ecid
in & micro-burette, using phenolphthalein indlicator.
Paplicetes ususlly sgreed withio one unit or less on

subs tances such as the triglycerides (0.3% error).

Pree Acid. Free scld wes determined by sddition of

a wveighed ssuple to neuiralized n-propsnol, and titration
with 0.1 ¥ eczustice, neirg & miero-burette and with phenol-
rhitalelin indlcator.

meterification ipparatug. The ssterification spparatus

was reletively simple, consisting of & purdfice tizm train for
nitrogen, manometer, reaction vessel, and x.«;ate;r abgorbtion
train. (¥ig. 1). The nitrugen was fieed from oxygen by
passing it over reduced copper (by reduction of wire form
copper oxide) at a very dull red heat. The manometer was
useful in checking on the slight positive pressure wder
whieh the apparatus was operated; and Iin checking on
evacuation of the eppaiatus, which preceded the tegiming

of & run. Hf'ter several evacuatlions and relesses with
nitrogen, the nitrogen was passed through the reaction
mixture at 8 reate sufficient to give vigorous aglitation, and
it carried off the llbernted water to a large extent, although

»

fhz: ing the first hiouy or two frequent f1¥%ming of the upper
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portlons and ﬂ'tub@a of the reaction vesszel was necessary Lo
prevent oxeessive condensation. Completidn of the reaction
was judged by almost couplete eessation of evolution of
wnter, detemmined by weighing the sbsorbiion trein.

low Temperature Crystallization. The glycerides
were gcrvsts 1lized by coolinz their scetme sqluﬁims with

gn slcohol-carbon-dioxide external bath, with mechaniecal

stireing. Filtretions were made with suction, ina room

at -18° to -20°, and were fortunately quite rapid.
Molecular Distillation. The molecular distillations

woere carried out in a ¢yecliec still, similar to the one
described by Hickman.2? (Fig. 2) The llquid is pumped by
the megnetic pump from the lowsr regservolr thmwugh the tabe
which delivers it anto the heated distilling cwwlumn. 4As it
flows down the surface of the column, the mﬁ: voistile
portions are distilled or evaporated onto the condenser ami
drain into the reesiver. 7The undistilled portion mms
through the cooler to the upper reservoir. 4t the completion
of a ¢grels, the liguld in the upper reservoir is dropped to
the lower reservolr by liftiunes the steel ball mmgnoticslly,
and spother cycle is begun. The high speed dirfusion pump
attached directly to the »till hes & capaclty rating of 220
liters per second at about one micron. After degassing of
the semple and elimimation of traces of volatile wmaterisl,

¥

the pressure dropped to 2 microns or lower, and in the
. »

29. KeGalle iﬁi@m, Irgda hrag- vheme. 29: 968-971 (19;5?)
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particular still used, triolein and trilinolein distilled
gt & rate of one drop vvery five secods with & soliom
temperature of 245% to 250°%. The liquid to be distilled
vae mooaped over tig coluwrm st & rete of about 18 oo« per
mioute.

Melting Points and ireezing Points. Caplllary melting

pointe wvere takten at the lower tempermtures with & 0 luene
filled thermomeiher which was chesked apainst the ca librated
tho mmocouple at the temperatures involved. An evaos ted
double-walled vessel, cqguipped with & mechaniceal stirrer
served as o bathe It was £illed with aledhol which was
cooled to the desired terperature by direet addition of
801id carbon dlaoxide. The liguld ssmples vere introduced
into an ordinary capillary melting point tube with & very
iine caplillary snd the tube wes then sesled off with 8 micro
brrmere.

Coolinm and warming curves were taken with & single
treyropmple, placed in the mlddle ¢ o 5 cg. sedle In o
test tube 13 x 180 ru., and fitted with s plass stirrer,
opera ted by hand. This tube was flited into a&an outside
tube 23 x 130 . 0 afford en alr space to serve as lagoing.
The external temporature was adjusted sceording to the mmiterial,
og described. Supercooling was quite rerind, and ususlly made
stirring impossible after crystelilisation once started. It is
felt that the freeging and melting polnts of ihe steble

higher melting forms are probably accurate to 0.39,
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e potentlomeler vuse s :}*’W*”%"f‘ir type fron the Browm
Instrument Company, calibrated by the U. 2. Dureau of
Standards, greduated to 0.05 millivolis, pemitting
estimation to 0.0) =millivolt. The thermocouple was &
spe cial alloy whieh zave rather larger voltage chonge per
degree than theé usual hemocouple. It was calilrated for
the range of temperaiures meded by tsking fryeezing points
of pure compounds in the same apparatue used for the glycerides.
carbon tetrachloride (7.-22.9°%), chlorobenzene (F.-46.2°),
chloroform (F.-63.5) and solid carbon dloxide (V.P.-7B.5°C)
were used. loe and s tesnm poinihs were also checled. Uy means
of a calibration curve, terperatures could be estirsted to

0.1 to 0.29.

hefractive Index. This constant was dete mmined with
& Bausch snd Lomb (ompany 4Atbe tvne refractometer, pemitting
eatimation of the fourth decimal or index.

persity. & Sprongel type pyenometer of 4 ¢c. caprcity
was used. “olghinge wore corrected to vacuo in the usual

BN T
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SLoeIon 11X

TRIQLEIH

Methyl Cleste and Oleie fclde The methyl oleate used
88 a source of oleie ascld was that premmred by Vieeler end
Fiemenschnelder (l@c‘.aim)gﬁ and degserdlbed In the indtroduction.
“he acld was recovored from the ester by refluxing for onew
half hour with a 50% oxecss of N potassiuwm hydroxide in
gthanol, woling and tresting with an excess of dilute
minoral acid. “The libemated acld weas extracted with
petroleun cther, washed and dried and distilled In vacun.
152.5 gm« of methyl oleate gave 135.0 gm. of distilled acid
(937 yield) with 1odine mumber 89.8, 90.0, {(theory - 099.9.)

Symibhesie of (riolein. The tririrecride was formed

by direct esterificatiocn of redistilled glveerol wlth &

slisht execess of olele acid, snd petoluene sulfonic acid
catalyst in the apperstus previouwsly descriled, at &
temperature of 120° to 125%. lLvolution of water was quite
rapld during the first hour or two, and thep s lowed down as
the amount of cvolved wator approdohed the theoreticsal

smowmnt . Ghe reaction wes contlnued until the anount of water
collected in one-~half hour was less thaen 1% of the tobal. %he
reaction mixture wes then dissolved in Z volumes of petroleum
ether, extracied once with 70% ethenol to which snough dilute

potassium hydroxlide waz added to make s slight excess (to



i8

phenolphthalein) over the amount reguired to neutralize

the ontalyst and excess gcid., The etler solution was then
washed seven or cight times with 708 ethanol, followed by

an soual mmbur of washines with water. the ether solubion
was dried, snd thwe solvent removed, {inslly under vacuum

{48 e} with warming. 4 mumbeyr of preparations were nade

on sanples of olele acid of considerable less mirity than
that deseribed above. Yields around 90% of produets with
lodine mumbers soveral nlts below theory were the usual
resalt. ‘The jodine number eould usuaslly be raised to within
less than onée wnit of theory by cerysta’lllizetion £+ scetone
at -40%, voleeular dlstilletlion Mirther reised *he iodine
number to wlucs approaching theory, sceording o the purity
of the aecld uwsed in tho syntheslis. Letalls of these preporae
tions will not be givern, but only those of the triolein
nrepared from the purecet olele secild deseribed sbover 131.0 gm.
{(C.454 moles) of olelc acid, 13.44 om. of glycerine {(0.438
squlv.) and l.4 gr. of p-~toluenssulionic acld woere us ed.

T.81 gme of water (V.89 gm.= theory) wse collecied in five
hours, and 150.7 gm. (93.6% yield) o1 crude triolein vith
fodine number 85.2, 85.3. the crude triolein was ecrvatalllized
from acetme {10 c¢c¢ per pm.) at -45% Lo give 116.5 gm. of
product, iodine nuwibor 85.5, B8h.4, shoving vory Llittle change
in this case by crystallilestion. ‘he product was further
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purified by moleculer dletillistlion as described below.

Holecular Distillation of Iriolein. The triolein

Just descrlibed was subjected to frectiomal roleculsar
distillation in the still previously described. 109.2 mms.
were distilled, with the results shown in tabie 1.

TABLE I
Fraction tte (MBe Iodine No.{theory,B86.1)
1 7.5 B346,83.5
b 1l.1 84.%7,84.8
5 8.4 £5.97,05.4
4 8.1 85.5,86.8
5 é&&l %‘1,%&2,&{30}.,3&“8
hesldue 21.3 86.9,85.8

The mein frection (5) agrees well with theory for lodine
mumber (B8.1 = theory) and wes choscn ror further
exsmimtion, to be described la ter.

Another ssmple of triclein which had becn prepured
fron 8 less hiighly purdlfied methyl oleate whose lodine
number was 85.3 (85.7= theory) was slso distilled. The
fodine number of the product was 85.2 (86.1lstheory) before

distilliation. Vesulis ave shomm in table II.
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T4BLE IX

Freotion whe (B iodine Hoe

1 11l.5 881 , 85.1

2 D5 B5.4 , 8546

3 B.2 85.6 , 85.9 , 85.5

4 8.4 85.8, 85.7

5 8.7 B5.9 , 85.7

€ LG5 85.86 , BHLH

7 8.0 BG.0 , 85.7
tesidue 15.7

Mﬁg F ) 84;’2

Fractions 35,4,5,6 and 7 were combined and redistilled, with

results shown in table 11l

THABLE IIX
Fraction Ghe (B Iodine 1ioe
1 3&4 55&'? ) %05
2 4.3 8545 , B5.9
3 e 85.9 , BG.1
4 19.4 85.8 , 86.0
Hesidue 19.4 85«8 » B89

The reasults of this redistilistion indicnte that trielein

caen be dlstilled without aspprecisnble decomposzition or

polymerization.
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triolein was & colorless, odorless, tasteless, rather viscous
liguid. Fraction 5, table I was found to have a density of
0.,0988 nt %00, end rofreoctive index ﬂ%agw 1.4621, mggﬁn 1.4586,
Yolecular refraction coleulated fror dats at 202 was 270.8,
compared to 268.0 celenlated £rom the sum of sitonle
refractions. Saponification equivelent wus 195.8 (294.9 =
theory) end free acid was 0.05% as oleic. Fraction 5, table
II was found to conteain 0.5% saturated acide (as glyceridea)
by the tertrsm method, snd probebly also contained 0.1 or
0.2% of linoleic aclid. Its physical propertiss, however,
were (uite simllar to the purer fraction Just described.
Density at 40° wes 0.8985 and nf0 = 1.4619, nf0 = 1.4584.
Molecular refrscition caleulates to the same as above.
Thiseyanogen absorbtion and freezing and welting points will
e discussed in detall below.

ihiocyanopen ibsorbtion of Triolein. The thiocyanogen
absorbtion was determined at 20° to 23%m fraction 5, table

I. The siznificance of the spplicutiom of thils value to fat
analyeis will be discussed later under trilinolein. The

resmlts were as shown in table IV.
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Hours Hescobion Tine Thloeyanogen No.
{(theory, 86.1)

1 7.7

3 85.2, 05.6

4 85.8, 85.7, 895.7, 85.9
5 85.8, B85.8

10 85.8, 85.9

24 B86.2, B86.2

Theory {or triolein is 86.1. It will be seen that ithe
ranlue 1s ssgentlally comstant and gquite close Lo theory
froem 4 hours One Sinmilar results on fractiom 4, table III
were obtalined, except that the values were s few tenths of a
unit lower.

Helting and Freezing Polnts snd Polymorphism of
friclein. Folymorpghisn was cubiblied by triolein, similer
to thet obgserved by Clarkson and Halkin (loc.cit.) on the

saturated zlycerides, except that the transitioms from the
lower melting formms apperr to be rnuch more repid, and
consequently determinstions . of their melting points ave only
approximate. From esplllzary obgservetions, there apmwar teo
te three forms of tripleim:, I, she stable highost méltlag
form with m.pe of +4.7 to +5.0%, II. 8 form melting at about
«11® or «12%, and I1I. & form melting around ~-32°.

The phenomens obgserved in caplllary tubes was as
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follows. I{ & seauple was lmmersed in a bath at about .55@ »
it rapldly froze to a white opaque cryetelline mess. If the
beth were slowly warmed, no interredinte melting points wonld
be observed, only that of form I. if, however, the sample,
rapidly frozen at ~§3§", was quickly transferred to & bath
at «32° or hisher, it melted to & turbid liquid end then
rapidly solidified again in about three secomnds, to a white
opague mass. If the scemd bath was below -32°%, there was &
g#light change in eppearance, but no melting. I the bath
was then warmed to -32% or above there wes no molting aa the
chanpe from XLl to Il bhad occurred below the m.p. of I1il.
It t1e ssrple which 1ad melted and resolidified at -3528% or
above was now placed in a bath st about ~12° or dbove, it
agrin melted and then resolidifled in 4 or 5 sescords.
Similarly, if the beth were below -12%, no melting wes
obaerved, even If the bath was then raised to =129 o alove,
ag the change froxm II to I has occourred helow the m.p. of
1. 4he sanple now melts norrally at +4.7 to +5.0%. The
melting points of the two lower foms are to be considered
28 anly epproximmte since the transitlons are so rapld that
equllibriwm between the bath and sunmple wes far from
realization teiare the change wus copleto.

In view of the rapid transitions shoun by the lower
forms, and the observation that tramsition occcwred Le low
their melting polnta, 1t was not expeected that cooling or

vareing caurves wvanld revesl much information on tihmse forms
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other than to confirm their presence.

iThe freezing and nmelilng point of the steble form I
could be determined falrly sabisfactorily from the cooling
and warmlny curves. fupercooling was quite pronounced
(to -14°%) without seeding (Curve 4, Fig. 3, external bath
-18%) end was still comsidersble (to —-4°) with seeding
{Curve B, Fig. 3, external bath -149). cCecding wes
accomplished by al‘.tmsim a portion of unmelted matcrial to
remain from a previous melting. The warming Curve (Pig. 4,
extemal bath 4-14”) shows good agreement with the cooling
curve for form 1. 'the rreezing and melting point from these
curves is +4.3% which ic in good agreement with the capillary
reps 0F +2.7° to +5.0, since capillary m.p's. ave normally
somewhat hicher than values from freczing or md ting curves.

Zvidence for fom II could be obtsined by cooling at

alpet

& rather rapid rate (external temperature -78%) Pig. B shows

5]

such 8 cwrve. Supercooling is agelin quite re v d, and the
hold for the welting point of form II is incomplete, i;ellwed
by o rapid rise in temperature, due to heat of itransformation
into form 1. dhis rise is slmost W ithe m.p. of form I, and
nen is followed by & rpald drop, duce to normal cooling
effects. 'The fact that the incompliete lold (-89) is

cons iderably higher than the capilllary m.p. of form II

(=11 to ~12) is no doubt due to the iact tifac some transition

of II to I is occurring at the same time thet LI is melting,
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and the heat liberated displaces the incomplete hold to a
hirshey temperature. ,

Evidence for form III was not very satisfactory, from
cooling ér warming curves. It was found that 3.1.‘.1:23#3 sample
were frozZen very rapldly by direct immersion of the tube
{(without the externsl tube) into an alcohol-carbon dioxide
gslusgh for three or four minutes, = warming curve with
external bath at 0%, showed & slight inflection at -24.6°,
ag seen in Fig. 6. This was duplicable, but the Inflection
was slight, and probably represents & s light lest of fusion
of this form, combined with the effect of transition to m
higher melting foxm.

Fraction 4, table III which contained 0.5% ssturated
ascids ashowed no detectible difference in melting point
behavior.
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Sopmmery Of Duts on iriolein. The results on
triclein are summarized in Table V.

TABLE V
Found Theory
Iodine Ho. 86.1 86.1
Thiooyanogen Ho. - 85.8 (4 hrs.) 861
86.2 (24 hrw.)
Density 0.8088 at 407
, Refractive index _umc#a 1.4621
nWQ m 1.45686
Moleculeyr refractlon 270.86 269.0
Saponification equivalent £95.8 204.9
Pree acld 0.05 ' 0.0
Melting points I +4.7° to 5.0%cap.)+4.3 {curve)
IL 11 to #12° " .8 .

IIX -32° T 24,8
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SEUTION IV
TEILINOLEIN

Hethyl Ilinoleste and Linolelc feld. ‘[he tetrabromo-

stearic acid used was that described by Riemenschnelider,
“heeler, and Sando ° obtained by brominating the
unsaburated aclds of cotbtonseed oll in ether at -lDa. The
praduact was recrystallized from ether umtil 1t showed a
melbing polnt of 115.0° to 115.2° {corr.). The tetra-
bronlde was debromineted according to the process
described by ﬁimura3l, except that the zine was sadded in
smell portions to moderate the vipor of the reasction. The
procedure regularly seve vields of aboub 95% of theory of
& praduct of theoveticsl lodine number. 4 tvpical
preparation was e follows: 228 om. of tetrabromostearic
ancld wes warned wilth 660 cc. of cbaolute methonel, and
110 ome of zine powder added in rmall nortlions, so ans to
keep the mixture beolling. “hen &1l the since hed been
added, 44 gme of sulfuric scld in 100 ce. of methanol was
sdded, sami the mixbure refluxed for one-half hour. The
cooled reaction mixture was diluted with water and
gxtracted with petrolew: ether. ‘the sther solution was

dried, evaporated mmd distilled in vacuo to give 104 gm.

e HeieHiomenschneider $ Delie vwheeler nrﬁ ek «lendn > b W
Bi0ol. Chem. 127 :391-402 ( 1939 ) *

31l. Ve Kirmura, Fettchem. Tmachen 42: T8 (1835).
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(9674 yvield) of methyl linoleate. The scid was recove red
fram the egher in the same manmer as described for olele
acid. 104 gm. of ezter gave 96.8 gm. (97.7% yield) of
distilied meid with iodine mumber 180.8, 181.3 (181.2 =
theory) .

Svnthesls of Trilincle Trilinolein was prepared

in exactly the same rarmer as triolein, using a slight
excess of acld, and with p~toluenesulfonic scild catalyst.
Hecrystallization waes from acetone at -60% to ~65”~ then
10 ce. of acetme per gr. of linolein was used, the
sompound sitarted to scparate a2z an 01l at about ~5803 and
finslly crystallized to sramular agoregates st -55° to
-60°, with stirring. The meterial could be caused to
separate in much finer crystals by innoculstion with s
emall portion of previously ecrystallized materisl os soon
as separation at -30° started. The dste on three dit ferent
preparations were as follows:

Hun 1. 39.1 gm. of linoleic acid (0.1395 moles),
4.12 gm. of glyccerine (0.1342 equiv.) and G.4 gm.
p~toluenesulfonic acid were used. 2.35 gme. (48 gm. =
theory) of water was collected in 3% hours, and 35.9 gme
of crude trilinolein (91.4% yleld) with iodine mumber
171.2 were obtalned. Crystallization from scetone (10 cec.
per gm.) gave 33 gm. of product with lodine number 173.0.

Recrvstallized apain, the recovery was 30 gm. of product



with iodine number 172.7, practically unchenged. “heoretical
iodine number for trilinolein 1s 173.4.

Fun 2 41l.1 gme (0.1465 moles] of linoleilc acid,
4424 gme (01381 equiv.) of glycerine and 0.4 gm. of
p=toluenesulfoniec acld were used. 2.38 gme. of water
(2+49 gmestheory} was collected in & hours, and 35.7 gnme
of erude triolein (88% yield) with lodine nwber 172.0
wes obtained. Crystallizetion from acetome at -60° geve
31le7 gme« of product with iodine number 172.8.

Hun 3. 96.2 pm. (o343 moles) of linolele neid
10.25 rm. (5355 equiv.) of glyecorine and 1.0 gme oF p-
toluenesulionic acld wore used. .77 m. of voter
{6+05 gmes theory) were collected in 5 hours, and 92.5 gm.
(95.3% yield) of crude trilinoleln with icdine mmber 171.5
was obitained. COrystsllization as before gave 82.2 gm. of
product with lodine number 172.7.

Molecular Distillation of irilinelein. The trilinolein
from ruans 1 and 2 were combined, and H4.4 pgm. were subjected

to frectional molecular dilstilistion, with the results shown
in table vi.



TABLE VI
Praction Hhe (B e Jodine Ho.
1 " 5el 162.5
2 7«8 I72.7, 172.8
3 &6 175.4, 1T74.2
4 11.2 A73.7, 174.2
residue 200 1738, 174.0

The trilinoleln from run 3 was combined with a
portion of fractions 3,4 and residue, tubhle VI, and
recrystallized from acetone to give 97.5 gm. of product,
iodine pumber 172.9 vwiilch was distilled with the results
shown in teble VII.

TABLE VI
Fraction lodine Ho.
1 8.5 168.4
e 7T 172.8
3 7«0 172.6, 172.8
4 B.6 1732, 17358
5 46.7 17345, 173.2

resgidue 18.0 168.0
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Fractions 4 and 5 were combined and redlistilled with

results ag dhown in table VIII.

PARLE VIIX
Fraction %he (S Iodine No.
1 B2 1738, 172.8
2 4.5 173.8, 173.2
3 Z.8 173¢9,173.8,173.3,173.5
regidue 20e1 173.9, 174.2

The resulbts of the redistillstlion indleste that trilinolein
can &1s0 be dlstilled in the moleculer stlill wi thoub
asppreciable decomposition or polymerizatlion. PFraction 4,
table VI and fraction 4, table VIII ere considered to
represent pure material and were used in the {ollowing
studies of its properties. Although the iodine number is
slightly high (C.3%) it is not considered significantly so
for the type of compound and method of analysis.

Some Properties of Dlstlilled iPrilinclein. ‘Ihe pure

trilinolein was a colorless, odorless, tastelesz, rather
viscous liguid. ¥#Fraction 4, table VIII had s saponification
equivalent of 292.4 (202.9 = theory), and free ncid was

0.03% as linoleic. Hefractive indices wvere n40°%= l.4719,

D

o

n§0 = 1.,4683. ¥Fraction 4, table VI had identical refractive
D

index, and & density of 0.5184 at 40°. Wolecular refraction



coloulasted from dota at éﬂﬂ wag 207.9, cawpared to 267.4
for the sum of atomlc refractlioms. Freezing pointe and
thiocyanogen absorbiion will be consldered in debtail in
the sections to follow.

Abgorbtion of irilinole The use of

thiocysnogen absorbtion ag an analytieal means of determining
miztures of olsisc, linolele and saturated scids or thelr
eastors is based on the sssumption that the thiceyancgen

adds campletely to oleie and quantitatively to only me of
the two double bonds of linolele acld, or at leamst mgives
values exactly helf of the lodine nmunber. Eﬁﬂfm&ngﬁ, vho
hes been largely responsible for development of its use,

has summarized meny of iis applisations, end pilves veny
references. Dowover, un examlnstion of the resulis on which
the method ls based leswve rmch o be deslred. The method has
not beon properly tested on pure meberiels, end usually no
menbion is nade of tempermture. Raufman (loc.cite.) merely
statas hat "ihe titration wes not on free linolelc meid,
but on the triglyceride. lodine number 1l6P.l. Thiccyanogen
pupber 835, remeincd constant afiter about five hours. It
ghows thst the thiccyanogen number ls one-half the iodine

number”. Ho information wes glven as to the source of the

32. H. D, ¥oaufmen, Studlen auf dem Pettrebiet. {(Berlin,
Yerlag, ovhemle, Uredi.b.,1835) Shanter IIIi.
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iinolein, nor tempepature. this lodine number is 3.3 units

below theory, and the thiloeyenogen mumber is J.2 units below

theory for one double bond, or 2.1 units below one-hnlf of

the iodine mumber. Ximura®® reported s thiccymnozen number

of 3.8 for wethyl linoleete {(theory = 88.3), bub the

icdine number of the product was reported as 180.4 (theory =

172.6). iaterman, Portrem and Van Lestern™® reported velues

on linolelc acid {(from the totrabronide) of 91.8 (29 hours)

a

ard 92.9 (70 nours) (30.0 = theory). Feufmsn and Hertwegoo

recently desoribed a2 zemienicro rethol, and renportsd o

linoleie mcid witk lodine number of 182.0 {(181.2 = theory)

which gsve thiocyanoren nmumbers from 890.9 gt 4 hwours t0

1.5 a% 12 hours. Mo stetement of temperatire woe made.

The Comprlttee on Anclysle of Commercisl Pats and O0ils,

36

American Chemieal Iocliety recomends & 0.2 N solution for

o

24 hours at 139 to 217, but no results ars given on purs

matericls. The Asscclation of Offieiel srricultursl Clhenists?8B

{loc.cit.) adopted as tantative n method using 0.1 § solustion

for 20 to 24 hours, with no statement of temperature.

ﬁeﬁiunaysv reported a colluaborative study on corn and cobtonseed

oll of the two preceding meothods, end Favored the latter as Lo

Ve Tlmura, J. foc. Them. Ind. Jopsn (suppl.) 32: 3418 (1929).

e

Hede taterman and L. . Bertram, J. S0c. Chom. Ind. 48:

SC=51T (1929).
HeP.Kaufman and L.Hertweg, rette u. Selfem 46: 356-9 (1938).

“oHe Ivwin et al, Ind. Ing. Chem. Anal. Id. 8: 2337 (1936).
fieSs McKinmey. J. assoc. Cfficial Lgr. Chem. 21:442«5 (1038)
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reproduecibility and probable securmcy. Hismenschneider amd
theelerco(loc.cit.) studied the course of the absorbition of
thioegyanogen by highly purlfisd rmethyl oleate 2nd nethyl
linoleate, and found that et 20-24%, & three hour resction
time wes most aceurate, particnlarly In mixtuwres cataining
rather large proportions of linolele ester. A4 lomger time,
@ﬁ}ﬁﬂ £4 bhours gave values as mmch as 3 or 4 units too high
ﬁa% rethyl 1inolente.

It wap therefore cmsidered desirable to ptudy the
sbsorbtion of thiocysnogen by pure trilinolein to
similarly establish the correct reaction time for ihils acid
in the form of 1ts triglyeeride. The resulis were as Bh OWR

o
in table IX. The analyses were made at 20° to 23 .
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TABIE IX
Hours Heaction Time Thiocyanogen No.{theory 86.7)
1 73.9
83.9, 84.2
853, 85.4
a5.2, 85.7
4 87.0, 87.2, ﬁﬁ»?,g BVE .=
86.6, 86.7, 87.3 ) 87.1
5 B87.2, 873
10 88.6, 88.5
24 90.5, 90.4

{hese data shovw that a 4 hour reaction time gives
values very close to theory (86.7) for one double bond of
1linoleic acld in trilinclein, at & temperature of 207 teo
23%. It will be recelled that triolein gave values close
to theory froam 4 hours on, ab 20° to 23°. These facts
establish 4 hours as the correct remstion time for oleic
and linelele glycerides, in determining the thioceyancgen
number. Several determinstions made at sround &Qﬁ wora
soeversl unlts higher then those shown ahove, ot two s
three hours, and they iundicate the necesalty for

temperatuye corntrol for mproducible mmd scourate resulis.
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Helting and Freegzing Points and Polyrorphism
of FTrilinolecin. Unly two forms were observed in the case

of +rilinolelin, in contrest %o the three foms found far

mwiamim These were a stable higher melting fom I,

BePe =13.12 to -12.8% {capillary) and a lower melting

form II, mepe about ~43°. fihe capillary observations are

of & similay charsever to those mmwte.a for triolein,

exeept that the changes seem to be slover. The sawple

nad %o be held at -70°C for about 15 minutes befare it

thanped from the clear supercooled licuid to s slightly
trenslueent crystalline appesrance (form IL). If the
sample were now rapldly placed in a bath at ~43% or e bove,
t completely melted t0 & clear 1iqum and then changed

bo an opsque white so0lld (form I). This change %0 form I
required 30 {0 40 secands in the capillary tubes. The

melting point of the substance, taken in tho usual renner

was mﬁ«-l;:’s.}.a to «12.8%. o mt@muﬁiaw forms were found

elier by cepillary obssrvations nor by cooling and warming
CUPVER «

Cooling cuvrves for &xm I {(Vige 7) show extreme
supercooling without sceding (curve A external temp. =46°),
ani the arrest ls ghorder ﬁnﬁ 3*50 lower then whcn supeyw
cooling is d iminished by zoeding, (ocurve B, external temp.
~28%), The freezing point from the latter eﬁw& iz seen

t0 be -15+9°. The werming curve, {(#ig. 8) zhows a melting



U TS RO, T S

oS od o¢ (13 0 7]
s3PuUI
\'\1
x 00 -
PR mk
\C
L \
o¢~- \
< STI=
Y. \
7 T \ oGl -
.\.
\, ! \
\ 3 '\
02—~ j\. \\ \ Ll
\ -
1 \
| ~ -\. ’/ \
| I -
\.\.\s } .\.\"u .{om .\.\.
D.*i"l.t'-o""\.w 68 o “::.‘\ IV \ \
bE€l—= oAl 98 \
T w Ao:! SL- .\\
oT— JEILATRET oil ‘
4‘:;1 saaann E\n"oo:)_ sHEAYI \




Mi”xivolts Narm""a Curve

|00
—50 Trilinelein szf
FormI
el (M
-15 /
.’/
-------------- antill —88 MV xw0?
-~ 142"
-100 /
‘/
/
[ —128 —20|
/
/ Fig- 8
I =150
!
/ Minutes
[ -175 /0 20 [30 |40




43

point slightly lower, -14.2°.

Evidence for form II wes not obtained on eooling
curves, wﬁs&blj due to grester tendemoy Lo superoooling.
By repid cooling of the sample by direct lumersiom
(without sxtermal tube) of the tube containing the sanple
into alcopholecarbon dioxide slmsh, it could be cooled to
<75% as a very viseous supercooled liguid, which, after
about fifteen mimutes, changed to a white opaque so0lid,
accampanied by a slight rise in temperature, followed by
c00ling back to -76°. A wamming curve on the semple now
showed an incomplete hold at -45.5°, followed by a sharp
riase in temperature, often sbove the external hath
tomperature (Pig. 9, external bath -30%). The material
now shows the m.p. of form 1.

obtained on trilinolein are summarized in teble X.
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TABLE X
Foand The ory
Iodine Wo. 173.7 £ .2 173.4
Thiocyanogen no. 87.1 (4 hw.) 867
90.5 (24 hr.) '
Density 0.9184 st 20°
Refractive index _n;"g 1.4710, **2"°' 1.4683
¥elecular refraction 2679 267.4
Saponifieation equivalont 29244 292.9
Free aeid 0.08 0.0
Melting Points I «13.1% to ~12.8(cap.) =13.9° (ourve)

11 ~43° " 455"
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SLCTION ¥

Triclelirn and Trilinolein heve been synthosized by
direeb ssterificetion of 2dveerol with the acids amd
p=toluenesulifonic scid as catalyst, in oxygen-free
ritrozen atwmosphere nt 120°-125%,

Triolein end Trilinolein heve becn purified by low
tenmperature crystallization and melecular distlllation
to give products with analytlcal constants in ool
agresment with theoretical wvalues.

Certain physical constants o the purified trizlyeerides
have been determined.

Thiccyanogen abgorbtion of trioclein smd trilinclein

has been studied, and a 4 hour period at 0-222 found

to be sorrect.

Evidence for three difforent arvstalline forme of
triolein hog been obiained frow capillery melting points
and from cooling and warning curves.

Evidence for two different orvstalline forms of trilinolein

nas been obtalned from caplllary melting points and from

enoling enéd warming curves.
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