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IBThODOGTZOH

Most of the natural fats and oils which form o«© of
the Important classes of food, and which are of great
importance for industrial purposes * are composed largely 
of the glycerides of the higher fatty acid©* In natural 
fats aud alls, these glycerides are very complex mixtures,
and our knowledge of their structure is still in an early

n 1 stag# of development* Softonfeld awl Hefter give an
excellent review of this phase of fat chemistry.

xhe triglycerides at many of the saturated fatty
acids have been synthesised in pure form, and- adequately
characterised by _ a number of workers, notably Clarkson

5> *  3and Malkin* * Sehonfeld and Softer have summarised much
of the work on these cexpounds • fhe glycerides of the
saturated higher fatty acids are crystalline compounds,
which can be purified by crystallisation, and the saturated
acids tram which they are synthesised are comparatively
easily Obtained in a pure state*

XiMMnwnniino rrm '111111111 n i'iii*i*i>wmi ii-^g|jrirnmni r̂witT*irtitrrn'i—tfr*n-TTfnJT"‘*‘^TnrirT*lTfr^"‘'~,*rnwtt*iyif|l»t‘OT*rvntri‘r tJr-*‘~‘ niiTirritfT*1'-***'!—irUr rimmr-i""-- t -»--r -~| III r i ri '"‘iniiuii 1 I '~T~’nrir^rtî ri^-rvir-in«ii> nniiiiiMii»naiir m m 11 nil m ~ i«w»<liyi|jtnHl«1* !i* Schonfeld and Cl* Softer, Chemie und Technologic dor Fett© wad Fetteproducte* I* Chesmle vmd Clewlnmmg dor Fette# pp*194~»B2B ('Wien? Julius Springer, 1936}*
Um Cm £• Clarkson and T* Malkin, J* Chsou Soc* (London)

m m *  666-Ti*5* Schonfeld and Befter* op* cit. pp* 2t9-*062*
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fhe triglycerides of the unsatiirated a c ids* on the 
other hand* apparently have not teen prepared in any great 
degree -of purity, there are several possible reasons for 
this fact* the unsafcur&ted acids are not easily obtained 
in a pure state* for starting material* this is especially 
true of oleic acid, m e  of the moat important acids in fata 
and oi is * they are subject to oxidation by the oxygen of 
the air* especially at elevated temperatures* T h e  unsaturated 
tcMs and their triglycerides are liquids at ordinary 
temperatures* m l  hence ■present greater difficulties in 
purification by crystallisation* The triglycerides cannot 
be distilled unde composed under ordinary conditions of 
vacuum distillation# In view of these difficulties* it is 
not surprising that their preparation, a m  purification has 
not b e e n  adequately reported to the present time.

Several preparations of triolein are described In the 
literature, but the purity of the oleic acid used is open 
to cpeatlon* and the reported p so parties of the product are 
very meagre#

Berthelob* prepared triolein by heating monooleln 
with an excess of oleic acid at 200° for four hours* Ho 
properties were recorded other than the fact that it 
remained liquid **dewn to 10° and lower’1* Outh^ prepared
triolein by heating sodium oleete and t ribromohydrin at

4* P. Berthelot* Ann# Chlm# et fhys• 41:243-5 {1854}* 
5* F* Oath, Biol* 44% 78-110 (1902-3).
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180° for 10 hoars. He stated that It solidified at -4° to
-5°. After standing several weeks, It solidified at
nordinary temperatures*4, but after melting, it a gain
solidified at the lower temperature* The iodine number
was reported as 85*1 {86*l*theary) and saponi.il cation
number was close to theory* Pot bavin** Mde triolein by

oreacting an excess of :oleic acid with monoolein at 36 
with X% of pancreatic tissue to supply lipase catalyst*
The product was stated to solidify '5around 0Of* and to have

a  *ya dem ity of 0*915 at 15 . Belluei heated oleic aeid and 
glycerine at 210° to 220** under 30 to 40 sea* pressure and 
obtained, triolein which he purified by extraction with 
alcohol* The product had an iodine number of 86*7 and 
saponification equivalent close to theory* Won© of those 
preparations can be considered satisfactory as adequately 
characterizing triolein nor as representing a product of 
proven purity*

Xs&r reported the preparation of trllinQlein by 
the act.ion of potassium linole&te on trichlorohydrine at 
160°* He stated that it was a reddish yellow oil, and 
gave no analysis or other properties* At the time of this

«*afr+*w<— «*.*».-•• I ,  up i m • -»-|-ir ir i inrnwiHwn*fcw>llhli»i«w>̂ »i»tWmwt1i1rtrriinwfiniMMiMr<iiiiWiw>it'niiini (nwinin to  ..... . ■ -niirn r i*n mi m m m mil mu— w in tr r  n~il  .......  ........................ ............. . mnni— TrrTimirrrntlTTTTr

6* H. Fottevin, Compt. bend* 138*378-80 (1904).
7* I* Ballnol, 9a. . Chim. Ital. 42 (II) t 283-4504 (1912 ).
8* 0. Izar, Biocham. 2* * 60: 320-9 (1914).
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writing# the announcement of a paper to bo given by Black 
and Overly9 on mono- and triiinoloin wee noticed* They 
formed the acid Chloride of the tetrabroa© addition 
product of llnolelc acid and from it synthesized the 
glyeerid.es of the- tfetrabrmo acid* They then removed the 
bromine to generate the meat ora ted acid glyceride*- Farther 
details of the purification and properties of their product 
are not available to the writer at this time*

The umeiurated acids oecwr as glycerides in 
practically all fats and oils, and their pres cm© is of 
the greatest importance In date mining properties such as 
consistency, digestibility, nutritional value, tendency to 
oxidise and polymerise, as in paint films. It, therefore, 
seemed desirable to find a suitable method of preparation 
of the unseturated triglycerides and to prepare the tri­
glycerides of oleic and llnoleic acids, the two most 
important unsaturated acids occurring in the common fats 
and ci Is *

Llnoleic acid (A 9,12 octadecadienolc acid) is 
fairly easily obtained in pure form by dehvmiXimtion of 
the crystalline tetrabromostearle acid which is obtained 
by bnominating the mixed acids of an oil rich in llnoleic 
sold, such cs cottonseed oil* The tetrabTOml&c can be

9. H* G. Black and C* A* Overly, Abstracts of Papers,98th Meeting, American Chemical Society, Boston, Mass. Sept* 11 to 15,1959* (Wash* B.C., A.O.S*. Hews Service) DIv. Org. Cham* pp. 33-4*
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purified, toy crystallisation, and the linolelc acid 
regenerated 'toy treatment with sine powder# ibis was the 
method used to eft)tala XXnalsic acid* ss-described hole*#
The llnoleic acid thus foimed appears to toe' identical 
with the original acid of the oil, as has been shown toy 
hoiXefc*®, Birosel^^i Broun and .Frankells, HiMitch^ and 
MoOmtcheon^4 *

Oleic Gold ^ octadeoenoie acid) presents much 
greater difficulty in its purification# A number of methods 
hawm been proposed for 'the preparation of pure oleic acid 
or its esters* Hold© and Gorges^ were able to get a 
crystalline to reside, with considerable difficulty, frees 
which they regenerated the oleic acid- Bertram^ ssade use 
of the solubility of a com pies mercury compound of oleic 
acid to e liminat© saturated acids down to 0*5%, and reisoved 
more highly aiiitmmted acids toy crystallisation frees 
acetone at -10°* He made many references to prewlotaa 
attempts to prepax© pure oleic acid, and claims to have 
tried many of them with limited success* Scheffers^

10# A# Hollet, 55* Fhysiol# Chest* 681 410 (1900)#
11* D* I"* Birosel, Batumi and A pulled Gel, Bull# TJnir#Manila, Fhilllptxi© Is. Si IDS (19:58).
12# X* 2* Brown and J* Fmnteel, J* Am# bhexa# 3oc. 6Q:S4**6 (1958)*
15* f.P* Mi Id it oh and K# Jaaoeross, «T * soe * (?h om* In&* 581255 (1939).
14* J*W* BeOutcheon, Can* J# research 1SB: 158-75 (1938).
15# :d * Holds and A. aorgas, 5# Angw* Ghesm. 59s 1445 (1986)*
16* 5. H. Bertram, Hoc. Twnr* Ohim* 46: 597 (1927).
17# II* iv • a chef for#, dec* imtr. Ghim* 46s 295 (1927).



removed saturated acMs by the Mitchell lead salt method,
ami then removed more highly unsaturated a elds by
crystaHis®.tion of the lithium salts frma dilute alcohol*

10
'Hmjmmm also" used the lead, salt separation, followed by 
crystallisation of the acids at -*20° from alcohol* Skeltoa} ®
used a modified lead salt method, followed by cxyatalH»&tion 
of the barium self from moist benzene sad alechol, and also
of the lithium. salts from alcohol, B© finally fractimated

2'0the methyl esters in vacuo* Keffler and Mclean also used
the lead salt separation, followed by crystallisation of the 
lithium salts (12 times) from 80S alcchol. They than 
removed ft® remaining saturated acids down to 0«3;£ by 
repeated fractional vtcum distillation of the esters#
Brown and Shlnmmm, prepared oleic acid by direct 
crystallisation of the mlaed acids of olive oil from acetone* 

The criticism of all of the above methods is that the 
Iodine mabe? is the only analytical constant of ssueh 
significance itiich is used as a criterion of purity#
Llnolelc and saturated acids (stearic and palmitic) would 
be the most probable impurities, and equal amounts of each 
of these would yield a product of theoretical iodine number* 
Sa ponificatIon equivalent would be of little value in

18. E. Raymond, Qhtaie & Industrie, special no. Feb.1029*523.
19. J. H. Skelton, J. soc. Cfcem. Xmd. 50s 131T (1931).
20. hm Keffler end J. H* McLean. J. doe. Cham* lad* 54* 

m m  (1955).
21. J. B. Brown and ©. T. Shinowara, «*. Am* Chem* soe. 5916 (1937).
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detecting small quantities of impurities of similar molecular 
weight, and physical constants are of value only wlieii 
ccKr.pired with a compound of known purity*

!Biere are two analytic 1 method® of de-term tni;ng the 
composition of a mixture of oleic, llnolele and saturated 
acids* The first is by det eminetion of the Iodine mmber 
and 'the thiocyanogen number* The .Iodine number gives a 
measure of the total hot attar at Ion of the sample * 'the reagent 
adding completely to both double bonds of llnolele acid and 
to the cue double bond of oleic acid* The thloey&nogem 
reagent, however, adds to only one of the double bonds of 
llnolele acid, but adds completely to the double bond of 
oleic acid. Prom these two values, the composition of such 
a mixture can be calcinated* The second method consists of 
determining the iodine number, and them determining the 
saturated acids by mn 'independent method* the Bertram

o pprocedure for saturated acids la probably the moat exact
is©thod, although rather tedious« It# application to the
detection of srall amounts of saturated acids was examined

PSby RiemcOTCthnelder and Bheeler̂ ' , who showed ttoa t it couM 
be used to de to mime as little as 0»1£> of saturated aeid* 
b1i@b. the percent of saturated acid is known, the com posit ion

22# S* H* Bertram* &• tin ter such. bebena• 65: 180 (1928)
25* R# w« KiefficmachneIder and B* H« Wheeler, Paper presented to the American Oil Chemlfcts* Society, May a, 1938, to appear in Oct* or Bov# 1959 number of Oil and Soap*
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pJLcan be ©aIcmlmfeed frm tb© Iodine number* Barbsuch 

use<rl the Iodine usiiber and the thlocy&nogen number to mmlm 
a comparison of the las* t«pemttire cry a ta llis&tion meihod 
of Brown {loc *clt.) with several others* He finally arrived 
at a method involving crystallisation of olive oil aaide at 
three different temperatures from acetonet precipitation 
of the 3ead salts* and fractional distillation of the acids*
The purest fraction Iw reported as 97*9$ pure* wi th 1*9$ llnolele 
and 1*2$ saturated acids* He concluded that ** tills probably 
represents as pure a sample of oleic acid as has thus far 
been obtained” • v,heeler and itiemenaaJmeider^^used both of 
the above mentioned, method© of analysis of Mixtures of oleic* 
llnolele and saturated acids In a study of the preparation 
of pure methyl oleate from the mixed esters of the acids of 
olive oil* They found that low temperature crystal 11 sat loot 
froE? acetone of the methyl ©sters was more effective than 
with tii# free acids* Their method consisted of a preliminary 
fractional & is filiation in vacuo to remove mmt esters -of the 
lover melds, followed by four crystallisations at suitable 
temperatures from acetone, to remove llnolele am the bulk 
of the saturated eaters* Traces of palmitic ester still

24* P* J* Hartnuch, *1* m * Otum* hoe* 61* 1142 (1959)*
25* 13# H* Wheeler and h* 5* f&emensehneider, Baper presented to American Oil Ghemlsts* Society, Mmy a, 1959, to 

appear in Oct* or I«ov# 1959 number of Oil and Soap*
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remaining »e» remcnredt by a second careful fractional
distillation in vacuo, and the produet finally purified 
by two more crystallisations from petroleum ether* 
final product bad theoretical iodine number* t h locyanogon 
number 0*2 unit below theory, and showed loss than 0*Xp* of 
saturated acid by the Bertram method* They followed each 
step by analysis and felt certain that thelx' prodmbt 
contained not over Q*2$> and probably not over 0 * 1  % of 
llnolele or saturated acid esters as Impurities * This 
material was used as the source of oleic acid for the 
synthesis of triolein to be described*

It warn found that in the strict absence of oxygen* 
oleic and llnolele acids could be a ste rifled with glycerol 
directly, using p-toluene sulfonic acid ms catalyst, to 
give good yields of the triglycerides • Further purification 
of the products was obtained by low temperature crystallise* 
tlen and molecular distillation* as described below*
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SECTION II
ANALYTICAL METHODS AND APPARATUS

Iodine Numbers* Iodine numbers were determined by
26the officialbijs method . The excess of iodine over chlorine 

In the reagent was adjusted to 2%, and the size of the 
sample iogulated so that not over 53$ of the total available 
halogen was consumed, as recommended by Keffler and Eai&en^I 
in their study of the high precision detenaiamtion of iodine 
numbers by the Wijs method* Duplicate determinations usually 
checked within 0*1 to 0*2%* while analyses of the same 
product from one day to mother rarely varies over 0*2 to 0.3$.

ThiocygmOften Numbers* Thiocyanogen numbers were 
determined by the modified Kaufman me thod^®, except that the 
temperature was controlled, and the reaction time was varied 
as described* ’The excess of reagent was 100 to 150$.

Saturated Acids. The Bert m m  method (loe. cit.) was 
used essentially as described, except that sulfur dioxide 
was used in place of bisulfite, and the magnesins salts were 
decomposed directly on the filter paper, as mentioned by 
RIemenschnelder and V'heeler (loc* cit*)*

26* Official and Tentative Methods of the Assoc • of Official 
Agr* Chem. {lash. D*C. Assoc* of Official Agr# Cheau 
1935) p* 410.

27. L* J. P* Keffler and A* M* Maiden, 0* soc* Ghem* Ind*
52: 242-245T (1933).

28. J- Assoc. Official Agr. Chem. 21s 87 (1938).
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Saponification Kmabera. flies© were det ermine d on a      I r ,1 1.1 " W T  - i r n r ,  I ■ [■ 11,1. . . . . . . , n . J I I  I t m n - o i .  ^

sample of 0.15 to G.X8 gm. by refluxing for one half-hour 
with 10 cc * of 0.1 I sodium hydroxide in n~propanol (.made 
by dissolving sodi\m in n-propanol and adding 1% of water}*
The excess of caustic was titrated with 0*1 1 standard acM 
in & micro-burette , net rig phenolphthaleln indicator*
Duplicates usually agreed within one* unit or less on 
substances such as the triglycerides (0.3^ error}*

Free Ac 3d » Free meld was determined by addition of 
a weighed sassple to neutraliseda~propanol, and titration 
with 0*1 IT caustic, using a mtere-feurette and with phenol- 
phthalein Indicator*

hsteriffIeation Apparatus* the esterification apparatus 
was relatively simple, consisting of a purification train for
*nitrogen, manometer, reaction vessel, and water abaorbtloan 
train. (Fig* 1). Tae- nitrogen was freed from oxygen by
passing it over reduced copper (by reduction of wire fom 
copper oxide) at a very dull red heat, 'the manometer was 
useful in c he eking on the slight pasitive passure under 
which the apparatus was operated, and In checking on 
evacuation of the apparatus, which preceded the beglming 
of a run. After several evacuations and releases with 
nitrogen, the nitrogen was passed through the reaction 
mixture at s mte sufficient to give, vigorous agitation, and 
it carried off the liberated water to a large extent, although 
durinjar the first hour• or two frequent filming of the upper
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portions and tubes of the reaction vessel was necessary to
prevent excessive condensation* Cample tidn of the reaction,
m s  judged by mines t complete cessation of evolntlon of
water* da be mined by weighing the absextotlon train*

Lee fempenstttre C3rrstaX31si*tioa» m e  glycerides
were ejystsi llised by cooling their sea tone solutions dtt
68 aleehol-eatoan-dioxide external bath, with mechanical
stirring* Filtrations were made with suction, in a mem
at **XS° to -20°, and were fortisa&tely quite rapid.

Molecular Distillation. The molecular distillations
were carried out in a cyclic still, stellar to the one
described by Hictaen*^ (Fig* 2) The ilcpM is pumped by
the magnetic pump from the lower reservoir thmugh the tube
which delivers it onto the heated distilling mlwm* Mm it
flows down the surface of the column, the more volatile
portions ai9# distilled or evaporated onto the condenser and
imia into the receiver* the undistilled port ice nans
throu#i the cooler to the upper reservoir* At the completion
of a cyele# the liquid in the upper reservoir is dropped to
toe lower reservoir by lifting the steel ball magnetically,
and spottier cycle is begun* The high speed diffusion pump
attached directly to the still has a capacity rating of 220
liters per second at about one micron* After degassing of
toe sample and elimination of traces at volatile material*

«the pressure dropped to 2 microns or lower* and In toe
»

00. E.O.B. Hickman, Xnd* Eng* Chem. 29s 968-971 (1937)
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particular still used, triolein and trllinoleln distilled 
at a rate of on© drop ©wry five seconds with & m % w m  
tempera two of 245° to 250° • the licimM to b© die tilled 
m e  pumped w«r the column at a rat® of about 15 m  * per 
minute *

MeltInn Points and Freesing Points * Cap ilia rj mm It lag 
points were taken at the lower temperatures with a toluene 
filled thermometer which was cheeked against the cm lib rated 
the meeoupl© at -die temperatures involved* An evacuated 
■daub 1©*wtlied vessel* ©quipped with a mechanical stirrer 
served ai a bath* it was filled with alechol which warn 
cooled to the desired t©£$>er*tur© by direct addition of 
solid carbon dioKlde* Ih© liquid samples were introduced 
into an ordinary capillary melting point tub# with a very 
fine capillary and the tub# was then sealed off with a snioro 
burner*

Cooling and warning c a m s  were talren with u single 
thermoeaaple# placed in the middle of a 5 ec* as-'ple in a 
test tube 15 x 180 mssx.# and fitted with a glass stirrer, 
operated by hand* This tub© was fitted into an outs Id© 
tub© 23 x 130 mi* to afford an air space to serve as lagging*
The external temperature wms adjusted according to the material, 
am described* Supercooling was quit© a ? W ,  and usually mad© 
stirring impossible after crystallisation once started* It Is 
felt that tli# frees!ng and melting paints of the stable 
higher melting forms arc probably accurate to 0*3°*
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fho potentlorae tet was a portable type fpoit the Bros®* 
Instrument Company* calibrated by the 11* 0* Bureau -of 
Standards, graduated to 0*05 millivolts» permitting 
estimation to 0*01 millivolt • the therreocoupl© was a 
apecial alloy which gave rather larger voltage change per 
degree than the usual Hi e rmo-ooiji pi© * It was calibrated for 
the range of temperatures reeled by taking free sing points 
of pure eon pounds In the sane apparatus used for the glycerides * 
Carbon tetrachloride (F*~22*9C)* el&orebansane (F***48*2°) * 
chloroform. (F*«*65«5) and ©olid carbon dioxide (V*F*-7B*5°C) 
were used* Ice and & team points were also checked* By Means 
of a calibration curve, temperatures could be ©attested to 
0*1 to 0 *2^ *

Refractive Index* This constant was dete mined with 
a Bans-oh and hosmb Company abb# type refrse tome ter* permitting
estimation of Hie fourth decimal or index*

Density* A Sprang© 1 type pyonometer of 4 ec* capacity
was used* re idling© were corrected to vaeuo In the- usual, 
rmnne r*
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&JLv i :%Oli 111.

TR10USIH

Mattel Qlea fee a m  Oleic Acid* Hie methyl ole at# used
as a eoto© of oleie add was that prapi red by Wheeler and

OKHlc&ensehxa&lder (loo*eit*) sad described In the introduction* 
ilia acid was recovered from the ester by raflnxing for on©** 
half hoar with a 50% excess of M potassium hydroxide in 
ethanol, spooling and treatlag with an excess ot dilute 
mineral acid* the liberated meld was extracted wltfe 
pmtrmlmwm other* washed and dried and distilled to. vacuo*
152*5 gpu of methyl oleate gave 155*0 gm* of distilled aoM 
(95^ yield) with iodine BOTher 89*8, 90*0, (theory - 89*9*) 

Synthesis of .Triolein* The triglyceride was formed 
by direct ester ific&t ion of redistilled glycerol wi th a 
slight excess of oleic acid, and p»tolwme sulfonic acid 
catalyst in the apparatus p rev lonely described, at a 
temperature of 120° to 125°*■ Evolution of water was quite 
rapid during the first hour* or two, and then slowed down as 
the amount of evolved water approached the theoretical 
amount# its© reaction was continued until the amount of water 
collected In one^half hoar was less than 1% of the total* fxi:m 
reaction mixture was then dissolved in 2 volumes of petroleum 
ether, extracted one© with. 70# ethanol ta which enough dilute 
potass i m  hydroxide was added to sake a slight excess (to



IS

l&enolphthalelii) o-ver the ancoat required to tmutrmtim 
the catalyst s M  excess acid* The ether solution was then
washed seven or eight times with 70^ ethanol9 followed fey 
an e q m l  number o f washings w ith  w a te r*  Hie o t t e r  solution 
warn d rie d *, and th e  solvent removed* f i n a l l y  u nder m s »

(*2 urn#) with worming® A maafeer of preparations were made 
on samples of oleic acid of con side rafele less parity than 
that described above* Yields around 90$ of products with 
iodine imttii several units below theory were the usual 
result* ihe iodine- manfeer could usually fee raised to within 
lets than one mlt of theory fey crystallisation from acetone 
at **40°. !hOleemlar distillation further raised the iodine 
isuuber to « l « s  approaching theory, accosting to the purity 
of the acid meed in the synthesis* Details of thee# prepara­
tions will not he given, feat only those of the triolein 
prepared from the purest oleic acid described shores 131*0 gm» 
(0*464 moles} of oleic acid, 13*44 gru of glycerins (0*438 
equlr*} and 1*4 ga* of p-tolmsaesalfonic acid me m used*
7*81 g&« of water (7*89 gm«* th e o ry ) was collected in live 
hears, and ISO*7 gra* (93*6$ yield). of crale triolein with 
iodine number 86*2, 83*3* The crude triolein was csystallised 
frosa acetme 410 cc per gnu) at -43° to give 110*8 0a* of 
product* iodine nunfeer 8S*Sf 80+4 # showing very little change 
in this case fey crystallisation* ife# product was farther
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purified bj molecular dlstllX&tion as described below*
Molecular Distillation of Triolein* The triolein

just described m s  subjected to fractional molecular 
distillation in the still previously described* 109*2 ipts* 
mere distilled, with the results shown in table 1*

TABLE X

Fraction v-t* Osm* Iodine !io * {fch eery? 86* 1)

1 7*5 03*6,83.5
2 11.1 84*7,64*8
5 8*4 83*7,85*4
4 8*1 85*3,86.0
5 48*1 86*1,86*2,86*1,85*8
Kosidue 21.3 85*9,85*8

The min fraction (5) agrees well with theory for iodine 
amber (86*1 » theory) and was chosen lor further 
© riimim tion, to be cles e id bed la ter *

■ Another sample of triolein which had been prepared 
from a less highly purified methyl ole ate whose iodine 
number was 85*5 (85*7* theory) was ©Iso distilled* The 
Iodine number of the product was 86*2 (80*l*theory) before 
distillation* Fesulta are shown In table XI*
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T TWU* A m*

1 11 #5 85*1 § 85*1
£ 9*0 85*4 i 80*0
3 8*2 85*6 # 85*9
4 8*4 85/* f»# 85*7
5 8*7 Q5*9 * 85*7
0 2 d * 0 80*0 » 85*5
Y 8*0 86.0 * 85*7
Residue 15*7 84*3 * 84*2

3#4f5f6 iii 7 were 
s h o tm  i n

TTT

» it * * Iodine llo<
1 3*4 85.7 » 85.5
2 4*3 85.5 i 85*9
3 3.9 85*9 * 80'. 1
4 19*4 85.8 * 80.0
Bestdue 19.4 85*8 i 85*0

The results of 
emu be cits tilled without OOP
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to ©  p u r©

triolein was a color1ess* odorless, tasteless , rather viscous 
liquid* Fraction. 5# table X was found to bam a density of
0*80815 at 4 0 d ,  a n d  i3cfr©etlw Index, »  X * 4-621* *  1*4560.
Eoleaular refract Ion calculated from data at 40^ was 070*6, 
coinpared to 269*0 calculated from the sum. of atomic 
infractions* SaponIf 1 cation equivalent was £96*8 (294*9 » 
theory) and free acid, was 0*05€ as oleic* Fraction 5, table 
XX was found to contain 0*5$ saturated acids (a% glycerides) 
by Hie Bertram method* m A  probably also contained 0*1 or 
0 *2 j£  of llsoleie acid* Its physical properties* however* 
wore quite s imila r to the purer fraction Just described# 
Density at 40° was 0*89811 and n|p ** 1*46X9f n?p « 1*4684* 
Molecular refraction calculate® to the nmm as a bows* 
Thiocyanogon absorption and freezing and melting points will 
b e  discussed t o  detail below*

tolo pyano&en Absorption of Triolein.* too thi © cyanogen 
absorption was det©mined at 80° to 23°e» fraction 5, table 
X* to# significance of the application of this value to fat 
analysis will be discussed later tinder trllinolein* to# 
remits were as shown in table IV*
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TABLE rr

Moure Reaction Tim© Thioeyaxtogea Ho.(theory, 86*1)
1 77*7
3 85*2, 85*6
4 85*8# 85.7# 05*7, 85*9
5 85.8, 85*8
10 85*8, 05.9
24 86*2# 86.2

Theory for triolein is 86*1* It will be seen that the 
Tal.ua Is essentially constant and. quit# olos 0 to theory 
from 4 hours an* Similar results on fraction 4* table H i  
were obtained# exsept that the mines were a few tenths of a 
unit lower1*

Melting and Freezing Points and PoImoTOhlaa* of 
Triple to* Folysaoxphlsa was exhibited by triolein# simile 
to that observed by Clarkson and. Malkin (loe*clt») on. the
saturated glycerides# exempt that the transitions fro® the 
lower melting forms appe?;, r to be much more rap id# and
ooij sequent Xy determinations; of their melting point# are only 
approximate* Fro® capillary observations# there appear to 
be- three forms of trioleins# X, the stable highest melting 
fom with m»p* of -*4*7 to ♦6*0®# XI* a for® melting at about 
•11® or **12®, and XII* a fom melting around -32°*

Hi# phenomena observed in capillary tubes was as
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0follow® * If a sample was immersed in a bath at about *5S f
it rapidly fre&e to a whit© opaque crystalline m s s .  If the 
hath were ©lowly warned, no intermediate melting point® wornM 
fee observed* only that of f o m  I* If* however* 'the ®ample* 
rapidly frossen at ~S5°* was quickly transferred to © bath 
at **52° or higher* it melted to a turbid liquid so d ^neu 
rapidly solidified ©gain in about three seconds* to & vhlte 
opaque mass* If the second bath was below -*52°* there was a 
alight change la aj^e&r&nee* but no melting* If the lath 
wm.® then i » i » d  to -32° os* above there m s  no melting as the 
change from III to XX had occur red below the »*p* of XXX*
If the sample which bad melted and resolidified at or
above was now placed in a bath at about -IE® or ihove* it 
agate melted and then resolidified in 4 or 5 second®» 
Similarly* if the bath were below ~12°, no melting was 
observed * even if the bath was then raised to -12° or above* 
as the change from XX t© X has occurred boles the m«p* of 
IX* Tim sample now melts normally at <Muy to ♦5*0®# Ihe 
melting points of the two lower forms are to fee considered 
as only approximate since the transitions are so rapid that 
equilibrium between the bath and sample was far fro® 
realisation before the change was complete.

la view of the rapid transition© shown fey the lower 
f a m e *  and the observation that transition occurred below 
their molting .points* it was not ©sqpeeted that cooling or 
warming curves wautM reveal much Information on these form®
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other than to confirm their presence.
fiae freezing a m  melting point of the stable fom I 

coaid be determined fairly satisfactorily from the cooling 
and warning carves* fnpercooling was quite p î onounced 
(to -14°) without seeding (Curve A, Fig* 3, external bath 
*18°} and i/as still considerable (to *4°) with seeding 
(Curve B, Fig* 3* external bath -14°). Seeding m s  
accomplished by allowing a portion of unmelted material to 
remain from a previous melting* fhe warning Cuhi (Fig* 4, 
external bath *14 ) shows good agreement with the cooling 
curve for form I. the free sing and melting point from these 
curves is *4*3° which is In good, agreement with the capillary 
sup* of *4.7° to *5*0? since capillary rupf s. are normally 
some?/hat hi#ier than values from free sing or melting curves* 

Evidence for fom XX could be obtained by cod ling at 
a rather rapid rate .(external- teii*penature *78°} Fig* 5 sheers 
such a curve* Supercooling is again quite r© rlsed, and the 
hold for the melting point of fom IX is incomplete, followed 
by a rapid, rise in temperature * due to heat of transformation 
into form I* Tnls rise is almost to the sup* of fo xm I, and 
then is followed by a r-paid drop, due to normal cooling 
effects* fhe fact that the incomplete' hold (-8°) is 
eons inferably higher than the capillary m«p* of form II 
(•11 to •IS) .Is no doubt .due to 'the fact tii&t acme trails it ion 
of XI to X is ocearring, at the same time" that XX is melting,
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and the heat liberated di splaees the incomplete held to a 
higher tes$»erature*

Evidence for t o m  XXX was'not vary satisfactory, fa?®
4

cooling or warning ouma* Xt ms fmmd that if the sample 
were frosen vexy rapidly by direct immersion of the tub® 
(without the external tube) Into an aleoliol«cahboxi dioxide 
slush for three or four minutas, a wftffllug curve with 
external bath at 0°, showed a slight inflection at «*24*50, 
as seem in Pig* 6* fhis was duplicable, but the infleetlon 
was elicit, and probably represents.® slight beat of fusion 
of this fom, combined with the effect of transition to m 
higher Melting foxp*

Fraction 4, table III which contained 0*5$ saturated 
acids showed no deteetlble difference in siting point 
behavior*
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SECaXOM XV
TBiiaMomm

Methyl XJLnolo&fce. and bfaolelc A old* lice totvatorano*
stearic acid used m s  that described by Siemens clmelder, 
Vtheeler* and £>ando3** obtained by hromlnatlng the 
un-saturated adds of eofctonseed oil in ether at -10°» rI*he
produet was reerya fca X11 sed from ether until it showed a

omelting point of 115 *Oa to 115*2 (corr*). The teira« 
bromide was debrcmlnated according to the process 
described by except that the sine was added in
smll portions to moderate the ‘rigor of the reaction* the 
procedure regularly gave yields of nbout $5$ of theory of 
a product of the© ret leal Iodine mssber* A typical 
preparation was as follows5 222 gm* of tetrabromostearle
acid was wanted with 550 cc* of absolute methanol, and 
110 gei* of sine powder added in small portions,- so as to 
Iceep the Mixture boiling* v»hen all the sine had- been 
added, 44 g?n* of sulfuric acid in 100 sc* of ethanol was 
added, and the mixture refluxad for one-half hoar* fh® 
cooled reeotlon mixture wag diluted with water and 
extracted with petroletsa ether* Ihe ether solution was 
dried, evaporated and distilled in vacuo to give 104 gjn«

30* K• iv• Klessensehaetder, B#H* v&teeler and o*B*aando, X»Biol. Chen* lET?391-402 (1939)*
31* W. KSsraara, Fettehei?!. tteschan 42s TO (1935) *
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(96$ yield) of methyl linoleate * The acid was recovered 
fTmi the ester in the same manner as described, for oleic 
acid* 104 gpi* of ester gave 96*8 gm# (97.7$ yield) of 
distilled acid with iodine number 180*8, 181*3 (181*2 * 
theory)*

Synthesis of Triiinolein* Trilinoleln was prepared
In exactly the same manner as triolein, using a slight 
excess of acid, and with p-toleenesulfanle acid catalyst* 
Recrystallls&tlon was from acetone at -60° to -65°* &hen 
10 cc* of aeetcne per gm* of 11 nolein was used, the
compound started to separate as an oil at about -50°* and 
finally crystallised to granular aggregates at -*55° to 
-60° f with stirring* The material c on Id be caused to 
separate in much finer crystals by innoculjation with & 
small portion of previously crystallised material as soon 
■as separation at •SO0 started* Hie data on thiee different 
preparations were as follows :

Hun 1. 39*1 gm* of Uncle ic acid (0*1395 moles),
4*12 goi* of glycerine (0*1342 equiv.) and 0*4 gm* 
p~toluene sulfonic acid were used* 2*35 gm* (2*42 gm* » 
theory) of water was collected in 3§- hours, and 35*9 gm* 
of crude trilinolein (91*4$ yield) with iodine number 
171*2 were obtained* Gxyatalllaatloaa from meet me (10 ee* 
per gm*) gave 33 gm- of product with iodine number 173.0* 
He crystal 11 sect again, the recovery was 50 gm* of product
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with iodine number XTO.7, practically unchanged* Tbeoretieal 
Iodine zaesher for trilinolein la 173*4.

Hun 2* 41*1 gm* (0*1465 moles) of llnoleIc acid,
4*24 m *  (0*1381 equiv*) of glycerine and 0*4 gm* of 
p~toluenesuIf on!c aeid were used* 2*36 gm» of water 
(2*49 {$n**4&eory) was collected In 3' hours, and 35*7 gsu 
of crude triolein (88J* yield) with iodine number 172*0 
was obtained. Oryst alligation from, see tone at -*000 p?@
31*7 gm« of product with iodim number 172*©.

Kun 3* ©6.2 g®» (.343 moles) of Xinaleie a old
10*25 gm«(*335 equlY.) of glycerine end 1*0 §ps* of p*» 
toluene sulfonic acid were used. 5.77' gm. of rater 
(6*05 gsu«* theory) were collected In 5 hours, and §9.5 gm. 
(93*3^ yield) of crude trillnolein with iodine number 171.5 
was obtained* Qrjstal1iza11on as before gave 82*2 gm. of 
product with Iodine number 172*7.

Molecular Distillation of Xrlllnoleln* The trilinolein 
frcea runs 1 and 2 were combined, and §4.4 gsu were subjected 
to f motional irioXecular di at illation, with the results shorn 
in table VI*
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T M M M  VI

Fxmetlon I#t* Guts* Iodine Ho*

1 5*1 16**9
£ 7.8 172*7* 172.
3 6.6 173.4* 174
4 11*2 173*7, 174.
residue 20*0 173*8* 174

The trillttololn fror n ®  3 m s  combined with a 
portion of fractious 5*4 and residue* table VI* mud 
recrysta lli&ed from acetone to glue 97*3 gm# of predmt* 
Iodine wmber 172*9 wixidi i n  distilled with the results 
shown in table ¥11#

T m m  m i

Fraction Vi t* 0HS. Iodine So.

1 9*5 168.4
2 7*7 172*8
5 7*0 172.6* 172.9
4 8.6 173.2* 173.3
9 46*7 173.5* 173*2
residue 18.0 168*0
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Fractions 4 and 5 were combined and. redistilled with 
results as dhown in table ¥1X1-

TABLE ¥1X1

Fraction

3
residue

f t* Qms
3.2
4.5
3*8

20*1

Iodine Bo*

173.8, 172.6
173.8, 173*2
173.9,173.9,175.3,173*5
173.9, 174*2

The results of the redIstillation indicate that trilinolein 
can also be distilled In the molecular still without 
appx̂ eciable decomposition or polymerisation. Fraction 4, 
table VI and fraction 4, table VXXX are considered to 
represent pur© material and were used in the following 
studies of its properties* Although the iodine nmmmr Is 
slightly high {0.3;!} it is not considered significantly so 
for 'the type of compound and Method of analysis*

Some Properties of bis filled TriHnolein* The pur© 
trlllnolein was a colorless, odorless, tasteless, rather 
viscous liquid. Fraction 4, table VIII had a saponification 
equivalent of 292.4 (292.9 «* theory), and free acid m m
0.03$ as linoleic. Refractive indices were n400* 1.4719,
50® B» *» 1.4683. Fraction 4, table ¥1 had identical refractiveB
index, and a density of 0.9184 at 40°. Molecular refraction



m

calculated ivom data at 40° was 267*9# canp&red to 2&f*4 
for tha s «  of atomic refractions* Freesifig points end 
tiilaeyimag ©n mbs orbt ion will bo eon sldered in. do tail in. 
the sooticmi to foil**

ihf o qyanQ&. ea Ahaorbtlon of fr&Jlfaoiolsu The use of 
thloeyaxsogen absorption as an analytical means of date mining 
mixtures of oleic f llixolale and saturated leida or their 
eaters is based on the essmiptio-n that the thleeysmogexi 
adds completely to oleic and quantit a t Ively to only one of 
the two double bonds at llnoleic acid, or at least gives 
values exactly half of 'the Iodine amber # Kaufman*^# eho 
1ms been largely responsible for development of its use, 
has siumrarlaed many of its applications* and gives nmsy 
references* Bawover# an examination of the results on which 
the method is based leave much to be desired* The method has 
not been properly tested on pure .laaterials, and usually no 
mention is made of tempo mture* Kaufman (loe*eit*) use rely 
states -mat "The titration was riot an free linolele aeM* 
but on the triglyceride* Iodine number 160*1* Ihlocy&nogen 
number 85*6, remlncd constant after about five hours* it 
Shows that the thlocyanogen number* Is one~half the Iodine 
numberrj. Ho information was given as to the source of the

32. H* B# Kaufman# Studlen auf den Fettgeblet* (Berlin# 7erlagf Ghemie# 6r#M*B* #1035) Chapter XXI.



57

Unoleia, nor temperature* *33515 iodine number Is 5*3 units
below theory# and the thloey&nogen xas&ber is 3*2 units below
theory for one a enable boud# or 2*1 units below one-lmlf of
the Iodine amber* Kiaaarâ ® reported a thiocyanogen number
of 89*0 for laebbyl linoleate (theory * 86*3}# but the
iodine amber of the product was reported as 180*4 ( ecwy *
172*5}* Bateman# Bertram and Van beatera^' reported mines
on linelele sold (from the tetmbrcmide) of 91*9 (29 hours)
and 92*9 (70 hours) {90*6 » theory)* Kaufman and Hartweg®®
recently described a semi-micro method, arc! reported a
linolele acid with Iodine number of 182*0 {181*2 • theory)
which gstfe thloeyanoge.n umbers fvcmt 90*9 at 4 hour® to
91*5 at 12 hours. %o statement of temperature, was made*
Tim Ommit tee on Analysis of Commercial Fats and. Oils #

58American Chemical Society recommends a 0*2 M solution far
o  O24 hours at 18 to 21 # but no results are given on pure

materials* The Association of Official Agrieultural Chenlst*8&
(Ice *clfc*) adopted ms tentative a method using 0*1 1 solution
for 20 to 24 hours# with no statement of temporature*

37McKinney reported a collaborative study on com and cottonseed 
ail of the two preceding methods# and favored the latter as to

33* K* Kiismra# 3* foe* Them. Ind* J&pen {mippl*} 321 14IB (1029)*
34* H*X* B ataman and 6* H* Bertram# J* foe* Cheat* Xnd* 48s

50-5If (1929).
35* K«F«Kau£fetan and b*Ma.rtwe.g# itotfce m* Self on, 451 356-9 (1938)*
56* W.H* Irwin ©t al# Xnd* Bug* Chem* Anal* M *  8? 853-7 (1956)* 
57* H*S* McKinney# «!’# Assoc# Official Agr* Chem* 21:443-5 (1958)
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reproducibility and probable accuracy* f&mmrmchne Mer and 
?rheelev^(loe*elt*) studied. the course of the abaorbtlon of 
thioeyenqgea by hi^ily purified methyl ole&te and methyl 
llQ&lmt*9 and fotaal that at 2O-240* a throe hoar reaction 
time was moat accurate* particularly .in mixtures eait&lnizig 
rather 3arge proportions of Unolelc ester* A longer time, 
.up,to 24 hours gave value* as much as 3 or 4 unite too hlgjh 
fo r  m ethy l X im le a t e *

It was therefore ease M e  red desirable to study the 
absorbtlon of thiooyanogen by .pure trXXtnoXein to 
similarly establish the correct reaction time for this acid, 
la the ferns of Its triglyceride * Thm results were as shorn 
in table XX* the analyses were made at 20° to 23°*
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TMttM m

Hotim Heaetlon Time Thi,CKsyanogeii. Mo*C theory 86.7)

1 7 3 * 9

ft 8 3 *9 * 84*2

3 8 5 *3 , 85.4

8 5 .2 , 85.7

4 8 7 .0 , 8 7 *2 , 8 6 *7 ,) &v©.«*
sa.e, 8 6 *7 * 87.3  ) 87* 1

5 8 7 *2 , 87*3

10 8 8 *0 , 88*5

24 9 0 .6 , 90*4

These data show that a 4 hour reaction tins glims 
talwei very eleae to theory (86.7) for one double hand of 
linolele sold in trilXnolein, at m tesaperature m£ ftO° to 
25°. It will ho recalled that triolein gar* m i n e s  close 
to theory from 4 hours on* at 20° to 23°* These fast* 
establish 4 hours as the correct reset ion time for oleic 
and Unelelo glycerides, In determining the th 1 o cyanqg ©a 
number* Several detcmlnntions made at around 30° were 
several units higher than those shown above, at two and 
three hours, and they indicate the necessity f or 
temperature control for reproducible md  aeotir&te resets *
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and ffneeslnft Points and .PoiyriQ rrm ism 
of friiinoleta* CMly tm& f©as wow> observed In the case 
of trillnoleln, in contrast to the three f o w  M M  fcr
triolein* these mem a stable higher setting fos» I,
sup* -13*1° to **12*0® {capillary) and a lower mol ting
form XX f ®*p* about **45° * the capillary observations are
of a similar Oi awe ter to those reported for triolein*
except that the changes seam to to# slower* ‘Ha# sample
had to toe held at -YO°C for about 15 minutes toe fere it
Shanged froaa the clear sup#rcooled liquid to & siigi tly
town© lucent ciystalHne appearance {fom 11)* If the
sample were now rapidly placed in a bath at -43° or above.
It completely melted to a clear liquid ami then changed
to an opaque white- sollcl (form 1)* This change to ftora 1
required 30 40 sec cads in the capilia sy tubes# The
melting point of the substance, tatem in the usual maimer 

om s  bow **13*1 to ~1S *8°* Ko intermediate forms were ftound
*■

either toy capillary observations nor toy cooling and warning 
curves*

. Cooling curves for H > m  I {Fig* 7) show extreme
supercooling without seeding (curve A external temp*

oand the arrest is shorter and 0*5 lower than when super** 
cooling Is diminished, toy seeding* {curve B* external temp*
*•00°)« the freccing point from the latter cui*re Is seme
to to# **13*9°* The warning eurire,* {Fig* 8) shows a melting
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petot slightly lower, -14*2°*
&r Id erne* tor tom 11 was not obtained mm eooltog 
prtoabXy Owe to greater tesideney to supercooling* 

rapid cooling of tbs sample' by direct toe^los 
(without tiltml tube) of tbs- tub© contatoing tbs sanple 
into &Xeoi^l~c&:rbon dioxide slush* it could bo cooled to 

as a very viscous supercooled liquid, whleh* after 
©boot fifteeo minutes* changed to a white opaque solid, 
aeeospahied by a slight rim to temperature* fallowed by
oooltog basil to <*?&°* A warning curve on the ample now

oshewed an incomplete hold at *4UMI', feUewed by a sharp 
rise to ttopemtMe, often above too eactsirneX bato 
taaperaime {Fig* 0, external bsto * too material
new shews the sup* of fern X*

obtained on fcriltooleln are summarised to table X*

*V-
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Kefractlv© Index
Molaeule? M f M e t l m  
Saponlfleation #qui*ral0xsfe 
Ffi« m M  
Meltliag Point©

l̂ -ju rawmSIWWUXmm

ITS.7 t .2 
87.1 (4 J».) 
90.5 (24 hr.) 
0.9184 fit 40° 

1.4719. a®®*

fbecrjr
XW#4
86*7

** X.469JID
267.9
292.4
0.06

£67.4
292.9

0.0

X •18.1® to -12.8(oap.) -13.9 (curve)
XX —43 -43.9
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SECTION V 
SBMMfiKr

1. Triolein and Trilinolein havo been synthesized by 
direct ©stertfication of glycerol with the acids a ad 
p*toIuen©sulfonie acid as ©stalest t in oxgrgen-fwe 
nitrogen atmosphere at X20°~125°«

2# triolein and Trllinolein trnire been purified by low
temperature crystallisation and molecular dlsti ll&tiem 
to glim product© with analytical constants in. good 
agreement with theoretical values#
Certain physical constants of the purified trigXyeeri&es 
have been dot ©mined*

5* Thiooysnogen absorbtlon of triolein and trtlinolain 
has been studied, and a 4 hour period at a0~2<?° found 
to be correct *

4* Evidence for three different crystalline forms of
triolein has been obtained from capillary salting point© 
and fran cooling and warming curves *

5* Evidence for two different crystalline f®ss of trilinolein 
baa been obtained from capillary melting points ar#d from 
cooling and warming curves#
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