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I. Purpose of the Wors

The orxiginal purpope ol this work woei o aibiempt o
effect ¢ couplete separation of the ricinolelic vgld from
the other nonshydroxylated futty ocide of cestor ¢id wita
the aim in view of obitulning o method of sepuruting hydroe
xyleted fron non-hydrozylated fatily sclds guentitatively
for general use. The Tatty cclde of cestor oil were ohio-
sen for niudy becesuse of the lurge perceatage of ricinowe
lelo, o hydroxrlated eeld, combined in the gatels of Cua»

tor oll.



1T, distory of Ricinoleic Acid and
Attempts at Purification

Rieinoleie veid wus disgovered by Bussy sud Lesanu
end glven ity nane by Seelmuller (2). Ite formule Upaye0y
wone estebllghed by Boulse The orude aoid, obtalned by bepw
onificetion of tue 041 is o very viscous oll of specific
grovity 0.9809 at 15.5° C., solldifying st =6°C. to -2¢° ¢
The pure ccid melts at 4-8° ¢. It is completely niscible
with aleohol anc ether. It decomposes on digtillation even
at low pressures. Its decomposition @taﬁmatﬁ on distillos
tion are undecylie seld wnd oenenthyloldenyde. The acld
digplays optical activity, heving an optical isomeride. I
is belleved Shat the scld undergoss polymerlestion on sbande
ing. The oceld sbsorbe two antoms of hulogen at Lts double
Bond «

The insolubliity of hydroay=-sclde in petroleus ether
would afforxd, 1t would logically seem, & newns o0l popaloew
tion of hydroxyloted Lottty selde. DBud tuip rule does nOY
apply. The mized fatty scide ol castor oll arc Just as sol~
uble in petroleun ether as ls the oll itselli~~poluble in o=
gual volumegs o1 petroleous etuer.

Busey end Lecanu {(9), credited witn the diseovery of |
riginolels m‘:i«:‘i, 1887, obteined glycerine wnd two soide by
the saponification of cestor oil, one & liguid, one a solid
melding ot 1509 g,
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Sealmuller, {8) seponifying with elkali, followed by
liberation of the free Ffully sclds by cxvesns nlneral scld,
dissolved the recovered acids in slioolivl, then gooled %o
«1u% @., the solid selds uxyaﬁ#laxﬁinu cut. Tuead WEre 86w
parsted by filtration. an seld identigel to Dusesyts solld
aedd, melting at 709 ¢, wus recovered, whiloh seemed similar
to pelmitie, except thot 4t hed o bigher meliing point.

Ba loulier called tae liguid seld riginoleic. His pue
rification process was to $reat with smmonie, thon tx&atiﬂa
the amsonium gelt thus formed with barium chloride, produce
ing the barium sslt. The boarium salt woas eryetallized from
aleohwl and decompositlon with hydroshloric acid left ricie
noleio wold, whign uasvazxﬁgy in consletenoy, claost colopw
less in appenrance. I% wes oxidizable on axﬁuauré'%a g
eir. He establighed iae Formule a8 Ugallaalse

Hopsenkampt (9) prepered the acid by fractional precie
pltation of the sodius and potessium soaps witha ecleiun
canloride. In %hae firxet freactlon coleiun swlitse of tue solid
oolds precipitoted, The next Lraction ¢ontelined supposedly
pure calelum rlcinolesto.

Erofft (9) 1008 prepered the svide of cestor oil, taen
gooled them to 0% C. The selds melting eu the teuperature
B gruoually ralsed were pressed out. 4 polid fraaﬁiﬁn
meliing ot yoom temperoture wop thought to be pure ricins

olei¢ neld: e snalyged the recovered cclid for elemontel
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gomposition, comparing to theoretivel wiblh the following

repul et
- ' taeoretical
G TB.8T5  75.459 TL.48%
Hi 11.81% 11.58% 11.41%
Anslysis of the prepared slliver salt guve the following
resultel
tugoreilienld
C1  BS.a6H , . 8. 39%
Ht 11.01% 8.18%
Agt 26.047% 206.49% 22400658
The barium salt gave tae following eompositiont
thooreticnl
Bai 18.60% 18.78% 18,745

Juilisrd (13} 1080, showed that Frafft's metiuod guve
o product ¢ontaining stewric and dibpdroxystewric aclda.
Julllerd attempted o purify the rioinolelo wuld by Tllters
ing tue orude aglde ot oxdinaryy tempersture %0 romove tue
insolubie fetty eoids, followed by the preparation of tue
borius soaps, purified by reorystulllisctlon Lron wloohol.
Rleinoleie wseid is very wsoluble in sloohol at ﬁﬁ“c;, bat
the barium gtesrete and berius dibydroayeteasrate uno burium
olecte ore dnsoluble and se;&ratﬁ pubs. By cooling the godu=

sion to B%C. tue bariun ricinoleste sepurstes oute.

Heller {(13) 1902 sleshnlized castor oll wund fractionae
ted the r&aﬂltiwa cstar.
Hyddleton, Bercuem, end Berrets (1.} 19g7, prepured ris

cinolele neid from castor oil by separating tue lead soeps
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of the stearic and dihydroxysteorle scids by tuelr insolus=
bility in ether, The ricinolele emd otner unsaturated welds
were recovered from sheir soluble lesd souaps and either cons
yerted into lithiun selte and Lractiomally erxyeiclilsed o¥
into methyl esters omd fractlonally distilled.

Helvorsen (6) 1928, snd Koslowski (8) 1038, purified
ricinolelo auld for bucterivlogicol researchs The acide
were prepored by ssponification, sllowed to stand for two
weeks, Shen decunted from the sediment formed. The sodiun
posp ie then formed. Barium shloride is cdded and the rigle
noleate converted %o the barium salt. This was separated by
filtration, treated with slcohol. The contaninating olesbe,
silearate, and dihydroxystecrate were removed by Zeeping the
aloohol at HO°C. when the rioinoleete steyed in solutiou.

On gooling %o 5% C. the burium ricinoleate was recovered,
The aleohol treatment was repeated thus obtaining the ricine
oleate in o much parer siete.

The pure seld is obtalned by trecting e aéap with 198
kydroehlorie acld. The sdvengege of tue troatment with hyde
roohloric aeid 1s that the barlum i recovered ae saloride
and oen be used ageln without purificeiion. Then the Latiy
soid ip treated with 108 gulfuric seid $o remove truages of
borium, belng followed by centrifugation to remove the pree
eipitated Beriun sulfate. The uaa@ that wes Lhen prepured
w setion of gpodium hydroxideé hed the facorctical iodine voale

ue for sodium ricinoleate. Tlle Eider in Lis review of the



atreupts previcus to his own %o obiain rieincleie acld pure
nes explained this result as not necessarily o oriterion of
purity sinee o mixture of contanineting satureted acid and
one more unsatursted than ricinolele might result in o nixe
ture bevisg the lodine walue of ricinolelo seid, Fearlon
and Fonjutin, end Rappopert {(13) in 1950 deseribed methods
for the purificution of castor oil by cxtraction witih petros
lews ethers

T.He Rider (12) in 1931 found on the basis ol the fuot
hot a A% solution of sodius rieinolente elouds on stending
in the vold if contaminated by satursted futty secids toat
none of the earliex attempts %o obieln pure ricinoleic soid
had sugoended in thelr preperstion, in freelng thelir product
of these vonteninating fuctors, not even ihe lead soup metis
of giving o ocouplete separntion.

The 8oLld ceids eppesr $0 precipitate quantitetively by
tiiie treatment in the culd, bub tue liguid soids become g0
viscous an to mute filtration lmpopsible. Hider found that
en sleobolic solutien of the custor oll futty weoids, on chile
ling precipitites the solid selds quentitutively and tae Ye-
maining liguor could be filtered. The goap solutions prepe
ared from these fetty selds reswmined olear even wiaen ITouLeh.

rider peparsted thie solld steuric aeld from the dihyde
roxyetesric aoid by eddition of etiher, the foroer being nol-
ublo. The dihydroxystenric seid obitalned by ehilling the
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gther golution was erude. A solid compound, not saowing
tne presence of many carboxyl groups, remd ning undlseolved
on the sddition of ithe ether, on suponificuntion and rewaole
dificetion guve an egual woight of dihydroxystearie aoid.
ffnia- wos evidently an enbydride of dihydroxystecrie 'mm
formed during the ohilling in sleoholie solution. The row=
$io of émydrewm{earm to ptearic soild was 831, indicating
éyguraximute goncentration of 1.7 and 0.8% in the castor oll.

Tue steeric wnd dihydroxystecrie solds having been ree
maved by the z._ﬁsovqs method in& ricinoleie weld remd ng Cone
taninoted by olele and linolie wolds. |

The methyl eeters of rioimoleie, oleie, snd linolic
selds boll st approsimately tie same temperature {226, 2ra,
and 208° at 10 mm. Hg. respectively) so that methylation
followed by fractionation does mot glve satisfeciory sepu-
ration. If asetylation foliows methylation, however, se
boiling point of the methyl acetyl ricimoleate 1s raised
about 35 degrees, so that by o single dlgtillation ;&mw
elaims the yicinolele aeid can be obtelned in the pure
stote. He prepered chemicelly pure ricinolele aeld im tzﬂa
manner heving the theoretical lodine end avetyl values.

The research staff of tue Repartm nt of Biocuemistry
et the Univerasity af oregun Mediosl School undertool to
ook this work. {(19i8eelafner), The acide were obtained

by seponificetion of the oil., After boving been woshed and
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dried, the smelds were mothyiated with absoiute methyl aloow
hol, using dry hydrageh ah1ari&s o8 ostalyet. Alter sepa=
rotion of the excesscaloohol, washing, and drying of the ag-
ide, the methyl esters were trented with o mixture of acetic
anbyéride and pyridine {two volumes of cach), left o stand
for several daysj the excesy anhydride and acetle ocid wore
distilled off, amni the product froctionuted under o fractlon
of & ma. Hge, on an okl bathe The higher bolling fraction
wag presexved, saponified with potush mnﬁfgr&e scid, after
waehing with water and dryving over sodium sulinte anhydrous
wes preserved. The determinntions were rum on the puriflied
agid, fevorsble raahlta in which would be gonpidered evites
rie of purity--the seetyl velue and tae neutral eguivelent.
The method of deternining swetyl values introduced by Proe
fesgoy West pnd eowworkers (14) wos employed. The neubral
equivalent woas determined by relluxing o weighed sample of
seié t0 be studied with o messured amount of stondard ale
gohollic potash, approximetely .5 ¥. for 60 ninutes on the
wvater-gtoan bath. This metuod is belleved fo destroy any
interssl esters wihien may be Lformed of Loe aoidp. O 0.
butyl aleohol are added to preveni hydrolyeis ol ths soap
and the mixture is titrated wits stondard aeid from whieh
srocedure the neutral eguivelent ls salouloeted socording te

she following formulams

weight ggﬂflg % 10y
8. clxnlle » "
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The results of the mbove procedure are as followst
Sived Lasetisis Agetyl Velue Tasoreticonl
(Chiefly conteninants) 124.8 144
12445
Lid 9
gesond Ifractiont 13060
{rurest)
158.1
13550
Beutral Lgulvalend
Segond Lraotlions 307 s06
507
Sha
312
'thus# resulte 'mﬁic&tea that the method d,éea not give
the sharp sepearation of tue ricinolelc amelid from itne otuer
fotty celds that it purportes to. DEvidently toe A fference
in boiling point between the methyl, Mgtﬁ riginolesate
end the other methyl esters was not suffiolent to permit
fractionntion,
AB & ﬂaanummz we undertool to devipe a g;i‘aeﬁaure in
shich & lurger molecule oould ha ineorporeted into tue rigite

olei¢ seid molecule whleh would wery materiudly ez;sjlge wig
boiling point of that compound from that of the contunminate

ing enters vo thet o sepurstion gould be ¢ffected. The linke
oge was to be through the hydroxyl groups



I1I, The Phthellylation Procedure

The secide, obinlued by pupomifiecntion of cestor oil
were methylated to prevent decompopition in the subsee
quent distillation. Then phthallyl chloride was used to
reoct with two molecules of ricinoleiec acid, produsing a
di=ricinolylphtaclliate, & large moleoule. The methyl ee~=
ters of the ceontenminating aclide were %o bue separuted by
}ﬁnu subsequent freotional ¢lgbillation, the phthalliylated
compound remaining behind. Then this compound wan decome
poped by saponification with alkall, the pure yvicinoleio

scid regenerated by addition of exeees mineral acld, washed,

dried, and tested for purity by the acetyl and neulrsl
equivelent velue determlnstions. A 20U gm. suaple of Cagw
tor oil wos saponified, using 50 co. of 668 sodium hydrox=
ide solution in a liter of water. The separaied soap was
seldified with hydrocnloriec pgid and the nixture of Iree
fadty acids and aqueous solution was hested on the water
bati: to complete the sepuratior of the fatiy seld from the
aGubous phase. The liberated fatty asclds were then washed
with warm water till free of minersl acld (neutral to lite
mas) , oried over sodiws sulfate enhydrous, and seperated
by filtration.

The acetyli velue and neutyel equivelent velue were

deternined at this $ime ap o primery stendord. 7The resultss

TR

B —
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Weight sample Neutral Equivalent Theoretical
for
Ricinoleic
0.6063 gn. 308 298
0.6070 gme 302

Acetyl Value

0.5867 g 128.8 144
Quﬁl(}l Sle 129.8
Géﬁai}? il 12902

The fatty acids prepared wére nmixed with 600 cec. an=
hydrous methyl aleohol, dry hydrogen chloride was passed
in from a generator {sodium chloride plus sulfuric acid)
and the mixture was refluxed for 12 hours on & water bath.
The excess alcohol was removed by distillation, the resi=-
due was washed three times with equal volumes of water
snd dried with sodiunm sulfate, anhydrous. Alder separa~
tion the acetyl value of the ester was determined.

Phthallylation was the next step. The reaction to be
effected wass

wq

i
40\ /CL ’
HE Q0=0 + 20Hz{Cl,) gCH(OH)CH0H CH(Clig)yCOOCHgw==

#G CC=0 :
Y N1 Cliz{Cig)spHCHLCH CH{Cig)eCU0Ci
i 5 + 2 Hei
=G &
G G
g i
osc‘* ¢
H

' 9 o
Chi 3( Gt ) 5CHCH LH CH(Cid 5) 7GOOCH 3



Recunuse nf the immiscibility of pyridine aund pataalliyl
ohloride, 1% wae necessary to use an additional solvens,
ghlorolorn. e pyridine wos retolned to neutralize lue
nydrooniorie scid liberated in tie reactlon, wsnd Shus ex=
ert & mass action elfect.

50 ga. of tue mﬁtﬁgi epters were nmizmed witi 100 co.
pyridine sod 200 ev. dry chlorofoym in he reaction veseel.
4 etirring apperetus wes conneoted and 30 gm. (22 co.)
vhthallyl ehloride in 30 ¢o. dry salorefora allowed %o dXOp
into the fiask from o dropping funnel, the reaction flask
being Lomersed in sn loe bath, and stlrred vigorously. HiH
ailnutes vere regulred for addaition of thae phthallyl calope
ide. Otdrring wes continued for 70 minutes witi the buth
still in plece {{ gullon}. After aboul /4 of the enloride
sed been sdded, tie solution becume & deep red color (pathale
1yl pyridiws culoride?).

The mizture wos stirred in the bath for three aours, ond,
follewing Penoval of the bath, for two Lours wore st room bome
perature. No heat was evolved, upparentiy. Alter tarce Lours
the exoess phihallyl ehloride wae decomposed with BV ¢, o0ld
water. The mixture was left over night.

The mixture was placed in s peparatory funuel, the oxw
sens pyriding geparated, snd the remaining golution washtd
with hydroculeric acld several times to rid of pyridime.

The product was then wophed several tines witih distilled
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water till neutral to litmus, The produet was diled wita
godiun pulfate enhydrous for OV minutes, then Ilitered,
trangferred 10 & distilling flask, and the clloroform wus
gistilled off at atmospherie, and finglly ot reduced prose
sure. The product wes pele yellow, suowing that tne red
golored gubstance was not the product sought.

An oil bath wes then used and the product digsilled.
The preseure wed reduced with the vecuun pump 0 L0 ma ige.,
the temperature of the bath rompe %o 220 C., ond the dipe
tillate was obtoined at 160° 0. It was & vellow liguid
which deposited crystale in the condenser tube. Solubllity
determinations, physicel propertles, ete. of tue cryatolds
line substence showed it to be phthallic acld. Tae repls
due in the flapk was very dark-colored. The apparatus
need was specislly constructed to have few connections, wnd
the condensing tube woe made short. Ko Jjueket was employed,

In tae next procedure, the same guantities of ester and
reagont were used, but the mixiure wae left in the bath only
three nours and 98 ulnutes were roguired for the edaltion
of the reagent mixture. After washing with hydrognloric ae
¢id to remove pyridine, and with oold water Lo remove Lydroe
phlorie acld, the nixture was woshed wita water on the ot
nliote $o remove phtihalilic scid. The produet was dried over
uoutum,ﬂulrutg as before and extracted with chloroform, afe

ter the resovel of which colvent tue lower boilling frection
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was distilled at a pressure of C.6 mm. Hge.

The distillate was treated with 15 cc. of 60% potassi=-
url hydroxide and heated on the water bath for about two
hours. The acids were regenerated by sddition of excess
nyarochloric scid, and were washed several times witn boil-
ing water, first to remove mineral acid, and second, to re-
move any contaminating phthsllic acid (till neutral to lit-
mus). The acides were extracted with chloroform, driea over
sodium sulfate, and the chloroforn removed by distillation,
thne acids being preserved in the vacuum desiccator. A
neutral e¢quivalent and acetyl value determination were run
on the rezenerated acids remaining behind, whichh tneoreti-
cally were phthallylated hydroxy-acid, regenerated Qnd treat-
ed as outlined above for the acids of the distillate.

methyl esters

VWeight sample Acetyl values
0.,5487 gn. 113.5
C.5618 gm. 11.35.8
0.5718 gm. 114.8

Free regenerated acid:

0.6293 gm. 146,40
’ Theoretical for
¢.5982 gm. 144 ,9 ricinoleic acid:
006385 ‘il e 144 09 1‘2:4
Neutral eguivalent:
0.6290 gm. 283
Q,8L07 gm. 2c8 298
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1% was conjectured tust thae explonation foy the low
peatzal equivelesnt velue lay in the impurity of tae phtasde
iyl ealoride reagent useds

A new batoh of fatly acids woe prepered fron gustor

oll giving the followil chenical oonstunte’

Welght sanple : ¥eutzral egulvalent
0.6412 g Sa?
o403 gme ’ —oren
AGubyi walae
U000 gme Lk
Ja067L gn Lidad
0.0697 gu. 14,0

The next procedure consipted of phthuliyleting the
enstor oil fatiy aclde directly, not following melhyiae
tion. 25 gu. of sclds were mixed with 100 o¢. chloroform
a8 before and 50 ce. pyridine, the mixture waes placed in
the resotion floslk, nmechsnienld stirring wee attoched, snd’
the fimsk was Lumersed in an ice bath. 13 g of phthallyl
ghloride were sdded in ehloxoform dropwise. The nixture
woe stirred foy S hours, then washed, dried, eto. as before,
The produst was preserved in the veocuunm desiccator, for uee
for attenmpting to peparate the pathallyloted fron the une

phthallylated by solubilit; methods.
another semple of eolds woae phthellylaeted directly as

above. The preduci resalting Lrom pathndlylation wes
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trested by methylation ss before. A precipiiete formed atb
tae beglaning of the procedure, whilcon dissolved oun heating.
The excess aloohol was distilled off, thc produch was
treated as in earlier proceduree, wnd the low fraciion
boiled at 160° g, at 0.7 mme Hg. HNo phihellic anbydride
enme over in this procedure. The acids from both distille=
ate and residue were regenerated after saponification,
washed, dmiaﬁ; and preserved. Acetyl and neutrial eguivaw
lent values were ruc on both.

Aeidg of distllilate!

Teight scaple Jeutral eguivalent
_ | Theoretionl for
D.6401 gm. B0 e i aixmsd acida
oBiier toaen
D.6477 gt , 20840 ricinoleie
208
Aoetyl Velue
10778 g, 12G.8
{,98506 ﬂm; 12647
1.,0234 1418 127.9 O
Acide of residuei leutral equivalent
‘ Tueoresioul
Va4 g, £00..5 ricinolelic,
Asetyl value
0,7605 gn. 16540
0. 7507 £ A 1004

P.0400 gm. 16449 144
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It was thought that an Lmpurity was introduced by the
phthallyl ehloride, sreating the hign seetyl velue. The
Jow neudrasl equivelent of the ricinolelic fraotion wes thought
to be explainadle by the presence of phthallie scid.

The next procedure wae o repetition of Sue methylation,
followed By phthallylation with the ecid ¢hloride. Bxtreme
preveutions were teken %o wash out contumineting pathallie
seld from the regenerated aoids following the sepavation by
distillation. Acetyl values and neutrel equivelants:

Aolds of distiilatet

Welght sanmple Heutrsl Lguivelent Tacoretieul fox
agldy other than
’ rioinoleie
V4188 gn. 28957
Q4813 gme B00.9 205
Acetyl value
D.0440 gm, T e
Le1B6U £l - o
Aelds of residuei
Welgat saaple Neutral equivelent Theoyeticel forx
‘ ricinoleio
U«609) gm. 211,98
tiqﬁﬁgﬁ g_’,‘.m. El&in? aﬁnﬁ
Acclyl velue
1.0469 e 1779

10084 cm. 1774 L44
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1% was declded to atienpt Vo wash out the phthallie
aeld with hot water dus to the appreelable solubllity of
that compound in weter at 200° 0., and i1%s practical inse
olubliity at reom teupersture. A new pleve ol appareiug
was devised for thig, the "peporatory flapk¥es Llask with
e long orooked spout leeding out from the botitom. The ade
vantege was that the flask gould be heated on & ot plate,
and subsequent complete seporation was easily cccomplished.

A G0 gn. semple of fotty aclde of captor oll was mee
thyleted as before, and phthallylated. The washing vwas
done by means of the separatory flesk, md the wash woater
wos boiling ench time Just before separstion. 7The product
wos distilled froetionnlly as before after drying. The
anphthsllylated fraction 4letilled at 185° G. at o prese
pure of V.7 nm. Hg. The chemicel ponstartgs
Acids of distillates

Welght sample Feutral equivalent Theoretical for
aelds other than

ricinoleio
J.8083 gm. 208.9
0.%769 . 268547 : 263
Acetyl v uve '
Ue9004 gm. D8.2
1.0030 ga. 4 e

1.1081 e PH.9 v



19

Asoids of residuet
Weight sorple Heubrol equivd ent Theoretical for

ricinoleis
0.6083 gnm. C B39 .4
07769 gm. ’ g il
Acetyl value
1.26%9 gn. 157.8
1,1045 gm. 159.4
1.1420 ga. 109.0 , Lk

The explonation Lfor the reslts was shat the separaw
tion from $iwe hydroxye-scids of thc pon=hydrosy-acide wes
ingomplete, oontamination of the residue by phthnllio seodd,
and poseibly eddition of hydroxyl groups by the resgent.

Another deternmination was run welng o OV ga. sample
the procedure Vorying only in thaet the mixture wes mad
elkaline with dilute sodium bvicarbonate solution aifter
treatment with hydrochloric seid to remove pyridine, %o
remove any phthallle aeld into iie salt.

It wes Delieved thetl possibly the phthellie asid forme
ing ot the higher tomperntures wes the resdlt of oxiewsioa.
To prevent this ell pubsequent digtilleilions were carried
sut in o medium of cerbon dloxide from o Kipp generator.

By & caplilory tube leading to toe botiom of the distilliing
fless and control ¢laaps o fine ptreau of ¢erbon dloxide
wes malnteained even at toe lowest pressures at wilen dlg~

$illetion wen carried out. The carbon dloxide wee firetd
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pussed turough ethylene glycol. ALl rubber-to-gluse contutts
wers gewled with yellow ghellao. Tith the use of this bl
of tecnigue, phthallis sfuydride stlill wos formed during the
distillation.

The sclds of the digtillate we well ap those of the row
pldue were exboustively washed in the separstory flosk {one
liter) fifteen times each with BWiling water. The -chemictl

| gongtants ou this sample siowed & rise in e neutral
equivalent of tae distiillete soide possibly to be expleined
on nore sotisfoctory remowvel of phthellic wuecld, but tne
nydroxyl velues remained high vlso.
Acids of the diptillotes

Telght sanple Heutral eguivelent Taeoretigal Loy seclde
- obher thon

’ ' ricinolele
GRS e 200.9
2.00L7 ga. Sh .6 il
Apetyl Velue
1.0779 ga. 144.7
1.08%70 gn. 14641 J

Aeldds of the repldue
Weight seuple Neutrsl equivelent Theoretioul fox ri-
glnolele
UeTUAG grae 2806406 .

VeBLD . wbill #00



wedght soample Atetyl velue | Theoreticed fox
, riglnolelie
1.0087 gm. 104.5
11130 hie 106.8 1k

The ealor of the repldusl aolds from thils lost yun
were mach lighter sthan from any earlier procedure, iikely
due %0 the use of the reducing aimospaere.

The next attempt wos %o esterify tie rieinolelowuge
thyl ester with phthallic anhydride, wiaich could be obtained
pure. Only one molecule of yicinolente would react with
the anhydride, but 1t wes thoushit thol the resulting molo=
cule would be large enough 0 permlt & satisfactory quane

titative sepogntion. The repsiions
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50 gm. of mixed nethyl esters were mixed with 10V cao.
pyridine end 5V gm. pathellic >nhydride {50% excess) in a
refluxing flesk. Chloroform was not needed Loy homogenisgpe
tion, The sixture was refluxed for five Lours. 7The pyrie

dine wos thon resoved with seyeral trestmentes of water aand
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tnen with dilute Lydrosnlorie &aiﬁ. The oxceess phsthallie
seic wos weshed out with severel itrestments of boiling wae=
ter, Lhe phthallyicted esvers (o well ag the unpiitiiellyle
ated) wxtrooted with cohloroform, dried, and preserved.

The resulilng product was re-methylated in order to esterie
£y tue free cerbomyl formed in the remotion (whish see).
The resslting mixture wes froctionally distilled, removing
thie ghlorofomm firet usder aimosphberic end finwlly under
reduced pressurec, ITue apparatu® wes evecusated to V.00 mm.
Hge, eorbon dioxide wee passced 1n, an @ the low beiling Irage
tion, distilling at 108 degs wes collegted 1n an loe T tlie
The distllile $¢ and residue were separately saponified wilh
608 potosslun hydroxide, the acids were regenerated, folle
oved by repeated woashingrn with boiling water, Gried over
podiun sulfete, ond prescrved. The chefffRd sonstontel
Aeciés of digtilllaWeld |

velgnt sample Neutrel equivalent Theoretlical for
aelide dlier thun

riginoleie
J.TL34 gne 29840
40471 gm. KIF S § 2US
Atetyl welue
1.9802 gn. GULB
1.1114 gnm. 0.0 o
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Agids of reslduel

Welght sample Heutral equivdlent Theoretlicel Loz

riclnolieie
Peb70L gne PELSE IS
Ve BOBY Tie 29U .06 T

Agetyl value

w7006 g L 140.9
Qo G440 gm. Lo
0.6134 gm. o 14d

The reason csoribed for tue low neudrol eguivelent
wes Gonleminetlion with phthalliic eeid. To atlieapt o
remove this conteminent, the regovercd aecid from toe reside
ue was treated with 607 potassiun bydroxzide, formdng e
sorp, e acld was rogenersted, wnd the product won suc=
gespively washed o dopen times. After extraetion, arying,
removel of the solwvent, etes tue neutrsl eyulvelent and
acetyl volues were determined, giving tue following resultss

Telght sanple Heultrel eguivealent Theoreticnl for

riginoleieo
e HUOY e 71 Hoha G
Ve40H4 g, 291,68 =98

Acetyl wvolue
00608 gm. - 148.1
ﬁ,ﬁ&;fi e R
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These values are Lue ¢losest to tueoreticul yet obe
tained. Tale woe Gue clecrest loosking residue yet obialned
nigoe It won attempled 4o dupllcate tulg progedure, but
ratuer than to methyloate both belore and after, Lt was
sndertaken Lo phathallylate irsi, then %o motayiate bota
the ricinolyl wseid group and the earboxyl formed iu the
ptinliyl radicel before distllletion. A Hv ga. sonple

of fatity solids of custor o1l wos @0 treated. In the dige

tillation, tie low frootion boiled at lﬁ#g Ge AT e
gongtontss

Aelde of distilliates

Welght saple JNeutral eguivalent Tucoretical for
acides obtuer Saan

c viclauolele
U.H619 gm. B0
ValBudd gre ' Bulieg 20

Acids o7 residuet

Weight sample Neutral eguivelent Tacoreticul for

ricinolelie
Vellaed ne BAG W
G+ B2BO gnm. idadeT 298
Acet L valug
U.7004 gas 1Da.6
U DdIY gms 181.1
0.5027 gnm. 151.2 144

The procedure was very unsatisfnctory. I¢ wus ioe
rossilble to obtaln & pregsure lese than one an. Hg. at

the boiling point of tue low frection. Decompopition
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was very spperent. Muocn phtaalliic anhydride digsillied over.
It rmust have been a devomposition produet wus thaere ceuld
nave been ne free phuthallivc seld in the mixture ap metayle
ation wone tae last procedure. It secmed that tue order of
treataent did meake & difference in tae procedure. It was
;)la'xmad, thaerefore, after trying snother method wulen hod
been convelved, to repeat the treatment with pathalliec oane
nydride, by methylating, phtaallyleting, and then remetow
yilating.

This next proeedure employed naphtaalic anbydride, &
nomeldogue of pathallic anbyaride. Toe cegtor oll latiy
nelds were saphthyleted direetly. 20 gne of aclds and SV
&m. rengent in 20V ¢o. prridine were used. The nlxture,
Pleaced on the hot plate, wes very neterogencius ab firet.
Very 1ittle aniiydride went into soluiion. ALSer about an
itour's refluxing, however, the reagent went into solution
nimost sompletely, and the reflluxing went on smootnly fow
b nours. On goolling, much of tine molid begun Lo separate.
8o the nmixture was re-dected, and, following noumogenizos
tion, tue pyridine wup distilled off. Tne solid product
was treatec with ehlozofeorm o emtract fubey matier. 1Toe
the chloroform extroct woas ftreanted with petrolewn ether.
This latter extroot wog dried over sodiunm gsulfute anbyde
rous. The solvent was evaporelboed off, and the Lfalty sube
stence distilled under & corbon dloxide atmospucre of U.6

e lge The loweboiling frection, distilling at 145° ¢.
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wob foulk. W coaprise ell of wag distiilales denee, i 1
wee GBsuned thaed mo naphtosletion took place in tue Lole
Bian procedulos

Thae distillate, however, was bvelleved to conuist of
unchanged methyl esters of cosbor oll Lebiy eclde. These
sere btrcoted with 206 ge. of phthallie anuydride in W ce.
pyridine and refluxed on e uot plate for § hours. 7The
ptadmcﬁ, alfter remwval of pyridine was vashed witn several
trestmonte of Boiling water, followed after drying, by mew
thylabion, Preotionsl distillation wes then done, ine
iowebolling fraction was collected at U0 na HE. { cerbon
dioxide studsphere) nt 1407 C. After separste saponificas
tion, recovery, wnd Arying, ett. both smples were placed
in the vaouum desicocator. The ceids of the residue showed
s thick orystelline depopit assumed to be phthallio cold.
After rewasiing the acids 12 times more with bolling water
te remove this conteminent, the crystelline produet silll
was present in the seid ofter drying and evacuatlon to U068
r¥re Hige

Tue next procedure was the repetibion of the puthallyls
ation followed by methylation, but as before, ou astenpied
distillation, mueh phthollic anhpdride dletilled over, and
no sepoaration was effeoted.

puy next procedure wos to0 ooavry out Hider's procedure
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of methylation and acetylation af nolde purified Wy our
phithollyiation method. 7Two batohes of our recovered scid
with aoetyl volues 158.0 pad 164.4 were trested with 2 oL
uneg of acetle anhydride. The mixture was refiuxed for o
nours. Then the excess ncetic onhydride sod scetic acld
were Gistilled off om the oil bath, the pressure wus reduoced
80 Uu78 mme Hge, ond the product distilled off. It Dolled
at 153° G. A& light snsber distillate was collected, anounte
ing %o aboul helf of the origloal volume of the acid W ethe
The apparatus wes tuen reeevacusted, the proevsure won rFow
guced 0 U7 mme Hge, oné the semud Balf of toe distiilate
was ¢ollected, boiling at 147Q Ge It was believed that the
geoond Gistillste would tend to be purer. Tie separste
fractlions were @apanifiéa on toe woeter bath with GJ% polag=
piun hydroxide, the scids were regeneruded, i were wanshed
repeatecly with bolilng waters The selds were gatracted,
dried, snd preserved. Deutral eguivaleats oid agetyl vale
ues were dedermined:

weight sample Healral equivelent Theoretioal Lo

riginoleie
DidG0E g lst. Bractions 2700
05008 gue ZT0ew 299

04:6060 gnms 2nd. Freotion: 284.7
0.5180 gm. 2006406



Welght sample
U.5866 gme
VeLULY .
0.5618 gm.
0.4938 gae

Acetyl value Theoretival iox

ricinolelo
ist. froctions 340.v
4499 4%
gnde froctions 14Y.0
149.%

36 greus of puve wuld were recoversd fyon the OV graus

of crude vcid.



IV The Yoo of Other Reagentie

The purpese of the next experiment wes 40 attenpt L0
tie one or moye molegules of ricinolele acid o tae phoge
phate radicel through tue hydroxyl group througa the use of

phospacrus trichloride. The reactlons
TOCL o Clig{Clig) gCH{ 0K ) O ClamCH{ Gl ) U0 UL gwwmd
Clig{ Crig) guiiCilCligeit{ Gl Jp 00T
!
so-f-ox
¢

Approxluontely 25 gm. of the medthyl ¢oters were mixed
with 75 ¢c. pyridine. The phogphorus trigiloride wos mixed
with an equel volume of pyridine snd placed in e resction
flesk. 7The flesk wes limersed in an loe=galt bath, o stixe
ring mechan ism was attacued, and the ester in pyridine wap
ndaed dropwise. Two Lours luter, Ov e¢, 01l water were ade
ded to decompose ¢ exvesy phospuorus tricalorlde. 20 ga.
barium garbonate were added (408 excess) %0 the reaction
mintures The mixture wos sauken Lili no furtheyry gus prepe
pure was developed, and e rewciion woad neubtrald. The pre=
eipitute wan separated by centrifugetion, the supernatant
fluid separoted, and the residue wasined tiree times with
gdioxane. The comblned wuginlnges ano original solutlen were
Aeated un tue water bath Lo remove the solvents at reduced

rrespure. The remalnlng solute {asoould be nom-nydroxylated
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fotty acid esters were wushed in waber, ealiiasted with ¢nlow
rofagm, Gried over scdlium pulfate anbydrous, and Lwae CulOoTo-
form was removed by distiilatiom. The chiemical Gouslm L&

6f the veoovered scides From Lhe preelipiv vei

welgont sanple Beutral egquivelent Thevretical for
ricinoleio
Jeklbo g 1758 294
Q.6011 gnm. ' 176Ges
Avetyl walue
0 B36E om. dlies 144
U« HAGT zm. wlael

The next trisl involved the use of butyrle anaydride.

126 gne of methylated castor il ceids were mixed witi two

parts by weight of butyrie anhydride and SV ce. pyridine,
ang tae mixture wes refluxed for seven kours oo tae bot
pinte. Then e exgess bulyric enhyaride, butyric aeid, and
rvridine were distillec off ot atwepheric prespurc wnud
finally at reduced pressure (U.0 mm. Hge) A freciion boile
ing ot 14Uel06% Cu at tuls pressure wes ¢ollected, und anodw
ther boillng et 160»162° ¢, Doth fractions were separately
gapouilied wii& 65% sodlun nydronide snd 19 ¢0. waler on

the not bate for flve Lours, after waion time tue acids
were regenerated, woshed witi weter four times, and dried

over podium gulflnte, sahydrous. The ghemical GonBtants:
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Veight sample Neutral equivalent Theoretical for
auides other than

ricinolelio
Sample 1t 0.50190 gn. PEIRY
VedbP3 me #0840 FEIoh)
Agsityl veiue
0.3830 gm. 138.5
Uehulld e Lot 0
0.4107 gm. 15043 o
gample 23 Neutral equivalent Theorcileoal for
rieinoleie
024050 gm. AR
Q4520 gm. £13.1 2498
Acetyl voalue
0.4090 gm. 16246
Q4100 gum. 149.0
0.4480 gm, 14940 14d

It iz neturally to be thought that the separation
of the riecinoleie fraction into the sevond ILraction was
noet complete, Lrom tue Blgh scetyl valug of the Lirst sone
ple.

The neutral equivslente of tne two samples were Iee
determined, oince 1t wue thought that the valuce obtelined
were due Lo a teennigel errorg

Weipght sample Heutrel equivealest  Thcoretical for
acids other than
ricinolcio
Sample L1 0.206354 gn. PN

Uaisauds e 206l.1 20w
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weight sample Neutral egulvalent Theoreticul fox

4 riginolelie
Semple 43 V.1706 ga. IO e i
J o HIDE Ema 264 .4 296

In tie next procedure, tue butyration procedure wus
repeated. Three frectione were peparated by distilliation
as folloves

The first bollilng at 176«194% C. at 1.5 mu. Hg.
The seoond bolling at 173=177° C. at 0.80 anm. Hg.
The third boiling at 170180% ¢, st 1.2 ma. Hg.

Determination of physionl cvonelm it gove agetyl values
of spproximately 1y in tie fiyst two fractions. It wop
thought that this showed the procedure o be very faulty.

| Benzoylation wos next attempted. Denzoyl cnloride
wor used as bensoylabling agent. 5 gm. of castor oil fatw
ty acide were mixed with 20U g of one normal sodiun nyde
roxide ond the mixture was kept agltated by o mecuanicul
stirring deviee. & ve. {200 ¥ exvess) of bensoyl ohloride
were added dropwiee into the mixture. Tue rvesction vessol
was in & bath ot B«6° ¢. during the addition of the bensoyle
ating asgent, w.iﬁh required 10 minutes. Ihe alxture was
dilutec with o liter of water. Lxecess sold wes odded tiild
the mixture was acid to Congo puper. A heavy white precl-
pltate formed wnloh was ovellever to be benzo lo sweld.e Tuals
was soluble in bot weter. 4 suall awount of yellow oldy
substance [loanted osn the liguld, ecbout egual Lo voiuwse to

the fatty celds sterted with., The oliy substonce wes
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waslied four times in hot water, separcted, taken up in eduyl
ether, dried over sodlua gulfate snhiydrous, sod tuae ebher
wos token off on o hot water baths. 4 selliowleh olly subse
tance, ilquid at % ¢, veousn med. The woetyl vol ue of tuae

recovered substonces

Velght sanple Acetyl velue  Theorcticul fox
ricinolieic
03964 gme Bis4
0. 3900 gn. B340 144
Neutral egulvalent
GenBl0 gme 2085
GeuliB D gm. 254 41 29

Tohe last treatment wsdertaken to separate the riclauole~
ie fraction from the other fatiy selds of casior oll ine
volved the upe of proplonic amnhydride, ciber the method pre-
viously used for the homologues of proplenic sanydride. The
wixture wng refluxed over an sir blanket on a hot plate for
elght hours. After distillation of the solvents tae produet
woe frocitionnlly distilled, «nd taree fractions were vollege

ted boillng st the following temperaturcs under the stuted

gonditionst
¥raotion Path Temp. Distllling Teup., FPressure Vel. Cole
, a , o lovted
) 4 120=188% 0. 1353*1‘&0_1_ 1 de2 mn, L Bl
: e Sdumu. a9 0O.

11 105e200° ¢, 135e158° C.
11z 200=2ua° ¢, 14u=lEl” ¢, 1 .90mn, i85 ec.
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Tue svids were regenerated by saponification folliowed
by solGlificution, washed, and dried as Lu otler procedurea,
end the physleal constanis were Jetermined. All resulis
on aldl fractlons geve velucs whlen were of sbsolutely no
significsnce end wilen lent emphasis to the gonclusion
that the sethod wee unsutliefactory. Tule experlment. fels=
minated the work on the attempted sepuration of the rigims
elel¢ Lron the other acids of un&tmr.uii.

0L the work on gustor oll digoussed up W Lale polas,
sglng. Tae firsé run enploye
ing phthallic anhydride s pathellylating agent, in walgh
the fatty scld mixture wus methylated, Shen pathnllyisted,
and baen remetaylated gave Loth neudrul cquivelens and aog=
331 values closely appronimating the tasoreticald velucs
for rieinoleic acid. This sanple was wasihed approximutely
twice o8 many tises a8 other samples.

We feel that these results Jend significence %0 tae
methylating, phthalliyleting, cnd yemelhyleting procedure
with phthellie anhydride under the conditions wuiocn we
employed. We Leel thet wilh laproved metuods of wasaing,
by mesas of waleh vwirtwclly «il of the conteninstiang
phthaliic seld may be removed, tils procedure may be exe
pected to be helpful in bringing about the quantitative
sepaution of the riclinoleic meld from the other acids

of caagtor oll.



V. Autosoxidotion of Linseed 011 and 1t Avldge~
Introauction

we next turned ouy aittenbtlion to p pltudy of the rate
of cutowoxidotion of linseed oil and its acide, largely
becouse we folt that work of this kind is importent, lite
tle lo ae yet known about it, and iﬁ ties in with tne study
we hed cerzied out up $0_tnie time. |

Ass (1) reporés the resulie of o atudy of the autow
oxidation of oils. During the eaxly stuge ol tae reavtions
he says the decresse in the lodine value is not wecoompanied
by o eorresponding ineresse in tue molecudor weight. The
welght passes through & maxinmum and then starts %o GIOPs
fle determined the nunber of oxygen atoms abaorbed per dous
ble boand. He gives the following voluess

Cod liver oilt 1+ BOm3 .97

Linseed olls 1.6 {uicertain)
Olele acic 3 G086
Olive oil 3 Weliing 80

#lis (B) studled the autosoxldation of elaldic, olew
lo, epd ptearie aclds. He paye that in o MONO=ene the OXyw
gen uptake ig negiiglble ot oxdinary sSemperatures, bat that
it is possible %o eeveliercte the omidation of slelo -nd ele
pldi~ uclds by the use of o catalyst and Increase of teme
perasture. But sbove 75° ¢. even stenrie weid is oxidiszed.

.1

Henoe 1t ip necessury to stay below 76° ¢,
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He found that oledc weld plus cobelt vlicate (14) at
sumner temperatures redueced the lodine voulue in a ﬁﬁ@tt‘tiﬁkv
The produet was an oll ¢ontaninated by oleio agid.  Hence
él&iﬁic 4cld wes used. Blaidic acid iz obininable in the
eryotalline state, ond does not absorb oxygen in the ciysew
teiliae state, butl does absorv oxygen siigantly above its
melting poiat,

e mized elaidic agld in solution with cobalt elaie
dete and cireulated oxygen turough it. The results were
ned 82 good as woen the oil wae finely dispersed. Toe moed
setisfuctozy method, he found, was %o Gle perse the elaidle
acid on fine sonde-one part asid to 60 parte sand. The
anount of oxygen used wap recoyded on & dXuid.

He found tnat without tae use of o catalyss taere is
un luductlon pericd lasting i« days below 88° ¢., diseps
pecring at U° g, The period is rvedugod If jue seids are
heated o 709 G, and tnen eooled to B8Y U. Tue rate of
exidation in¢resnses with $time in the wbsense of a cutalysd.
Henoe, it le auto-cutulytle., With a catalyst as cobals, the
rate falls from the start. 20 go. of acld oxidized at 74° €.
ahbaorbs YU @@, of oxygen per hour. e found a hign iuitie
ol role of oxnidation and then o aniform rate for severel
Q0¥ S e

He found that tae smount of oxygen absorbéd was always

in excess of thot reguired for the initlal oxldaiion PYoeLEs.
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He experimentally detemrmined the anount of unoxidised soeld
remaining when the experinent stopped and o arrived al
the anount of oxygen uscd in the primary procese. =208 by
weight of oxvgen was absorbod By tw¢ oxidized part of tue
acid. If O atoms of oxygen were uged in the oxidation,
the oxygen upbake would be L74. |

Stearic scld melts et 69° €. Therefére 1t wes necess
pary to work above this temperature witia this &ci@. Tithe
out & caltalypt, stearic s¢id was foune t@ tose up only ine
slgnifiocunt amounts of oxygen, but with cobalt stearate
tue oxlidation wes considerable. There woe much differcnce
in the rate at 75% 0. and 80° ¢. But longer periods were
required., lerge amounts of water and carbon dioxide were
found wihic: suggested degradation of the chain.

Hamilton end Oloott {7) stucdled 2he asuto-oxidetion of
eleie wold, methyl oleuste, wnd oleyl aleohol. Tues believe
that one molecule of oxygen is sbsorbed at the double boad.
The nature of ithe compound is uncertalns-peroxides, aldes
nydes, aydroxlides, water and carbon dioxlde ogour,

he amount of oxygen ﬁ%aarba@ wap menpured anc the
smount of carbon ¢ioxide end water evolved mensured by the
incresse lun weight of ssearite and delydrite. Aldeaydis,
aydroxyl, acid walue, were determined by wnalysis of welghed
samples teken Lrom the origlunel gauple. Tue olele acid was

prepored from ollve oll. After suponificeilon tue @ ups
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were wushed with ether to remove unsuponiflable. The anuide
vers pubjected to o lewd salt precipitation o remeve e
ungaturated aclds. The dete were computed on o molar buelis.
Todine numbers were usod to pltudy the roar: of destruction
of double bonds. The moles of double=bonds destroyed pur
mole of eriginnl substonee and of peroxide, water, carboen
dloxide, aldehyde, hydroxide, frec ocunxboxyl, totel carboxnsl,
snd oxygen abgorption per mﬁlccuie of originel substunce
were celoulated.

Helther dibydroxystearic nor oxidomolele wclid abgorbed
any sppreciable amoc bt of oxygen ln the experiment. The
iodine number wes the same ia pamples of runcid olelc seld
before and after removel of peroxides. Comparipon of ithe
reoctione showed that olele scid, metuyl oleute, enc oleyl
nicoho)l did not resct Just ollike. Oleyl sleohol abeorbe
five atons of oxygen per melecule. O0Oleic aeid wnd methyl
elevte absorb four whboms pei noleculeés Motuyl oloate snd
pleyl alookol produce two times as much peroxide as olelc
acld, Oleic ocid liberates two $o four iimes that livoraw
ted by oleyl sleohol or methyl cleate.

There may De & reaction beblween & formed poroxide
group and the free carboxyl pgroup of olele acld in whien
agarboxyl i deptroyed and hydroxyl formed. They beliewe
tnet oldehydeg are translent producte.

They found sthat carbon dloxide production ogours

throughodt. The rotio of curbon dioxlde per mole dous
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ble bond deebroyed ilnerceges ap e oxidation proqccds.
It wes et nopt only U0 molecule per molecule double
bond destroyed, nOwever.

The porellelisn between tue double bond desiroyed,
water formed, and the peroxides suggested t¢ then that one
moleonle of uneatursied ¢ompound rencite with two molecules
of oxygen to glve one molecule of water and o peroxides

containing group.



¥i. The Anto=oxidation of lLinseea Gil

anéd the Aclides of Lingeed 011

Our experiments consisied of sllowing in one case
lingeed o0il, in the other tue acide obtained b,y tie sa-
ponification of the oil to auto=oxidize at o fimed tem=
perature Uy paussing o steady strsam of air tarough the rebadw
tion tube contalsing the oll or asclds. At definite inters
vale after starting the procedure, approximntely ten gram
samples 0f the oll or acide wers withdrown from the roage
tion tube, The samples taken during the run of the oil
were sapmmified with 6U% potaspliam hpdroxide, the Iree
ascides were regenerated, washed with vater sgeveral times,
dried over modium gulfate, anhydrous, cnd preserved in
thée ¢old. Camples of tue delerminmation iun on the free
scids were washed and dried directly., The rate of autos
oxidetlion wer followed by lodine walue, neudtral equivalont
volue, and acetyl value delerminations run on tae meterield
uged ay the ocutset and on asch sanple withdrawn,.

The spparatus consisted of a large (approximutely
‘whree gollon) copper vestel with an outer water jaoket of
eoprer, In this was fmmersed o tudbe approxisctely 16" long
ond 2" in diemeter filled aboul 1/0 with glause w09l and wp

o

o

bis level with distililed watar., The reaction tube was

of 12 lengtit snd 1{* dianeter, This was imnersed in tae
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bath sbout 2% beyond the upper level of tue oll or acids.
A gloss Sube, comneeted with & soures of alr under siight,
fized pressure passed through n rubber stopper o witain 1
em. of the bottonm of the first tube. A second gless tube
oonnected e top of the rirst tube with the reactlon tube.
The gless tubing conncoting the twe tubes ren %o within
one ¢m. of the bottom of the reaction tube. A third plece
of glass tubing permitted egress of air from the reaction
tube through the rubber stopper. Both tubes were well
stoppered. The Tirst {weter-contalning) tube wue used as
& husidifier.

The beth was kept at & constant tespereture by an
tngenlous thermostatic devige e upe of walch wes exe
pleined in Sclence mogosine, It was cpeebled by anobuey
laboratory worker for use in hig project, snd we sabscquente
iy made use of $he some epparatus. It consiste of a glase
bulb of approximetely 10 om. diameter wiaica is lmmersed
in the bath. This bulb conneceds with a vﬁxtiﬁaxly*ﬁiréeted
piece of glass tublng which ig sealed Dy o meroury tIap.

A gless Dend rides on the mercury. %itain tuis tube is @
gmaller tube the end of whiea is completely sbut 0L waen

tne glass beud, riding on the mercury is pressed ageinet @ ac
opening in the end of tae inner tube. City gao enters f{rom
the jet by rubber tubing into the outer tublag ebove tLC mere
eury sesl. A tiny pore is mede in the inper tabe permitiing

o very smell emount of clty ges to enter toe inner tube wion
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the besd is compremsesed by %the mercury, persmiiting o very
tiny Flams to gontinue, the inner tube belny conneeted by
ruvuer tublng Yo the gos Durner under e gonptant tems
perafure bath, The end of the inner tube ol the outlet

is seuled into tue outer tube, eepling the system alr
tight. Yhen tue mercury senl lo broken, sily ges entering
tue outer tubing all pasees loto tue inaer tublog ond thus
te the burner, which tuen burns brightly, heaiting toe
gonstent temperature bath. Tue seal Le Bet W Just
poMpress tne bead, and out down fhe gos flowing o ihe
barner ot the temperature ot which the bata iz to be held.
when the temperature fallp appronlmately i dogree O be=
low %ile optiomas, due %0 contraction ol ‘i.ai(f[.unﬁa in the
Balb tue seal ls broken, and the burner b‘wms more brighte
1y. vhen the tempe rature exceeds the optimun by «pvro=
ximately ¢ degree C., Lue seal compresses ¢ besd againat
the end of the imner tube, and the burner flame beocones
very Low, @armitﬁkng tae beth to cool very silgatiy. In
this munner, through the additional use of an electric
stirring meochine, tue temperature of tie bats was xepi

gonstont within toe limite whiobh will be disoussed below.
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The soetyl and neutrul egulvelent wol ues were run
as in the earlier work,. The lodine welue wes done age
eording $o the method of Rogpenmund and Ruinhels, as modi=
fied by Yasuds (15). The reagent used im pyridine sulfaie
dibromide. Mecsured guantities are run inte glags=stoppered
fiasks contelning spproxlusitély 80 mg. ol tae pample
welgaed o vl mgs The recction ls peradited to go on at
room tenperature for S minutes, ofter waleh tue bromide
in the excens reagent 1z nede to xnmcﬁ with potogsiun
 fodide sdded in excess (6 co. of 108 solution) liberate
ing an equivulent guantity of lodine which is determined
by standord thlosulfate. From this by subtraciion from
tie average of triplicate blank titretions, tae iodine
velue is determined. The soeuracy of the method was firet
shown By running the determinations on triplicate sa ples
of elive oll in which experimente wvanlues {or ollve oil
lying withln the limits of the thvoreticnl were deternined.
The original workers found that the exeess of balogen used
hed ne effect on tue walues obteined when wﬁrhinu.ﬁttn the
svids of linseed oil. Up to 13307 excess nad no witoward
ofieet,.

In the firpt run, the se¢ide of linseed oll, prepaered
in the same way ss the ccids of auatér oll boad been proe
pored wore studied.s 75 ocv. of the conbined selup were
ploced in the reaction tube. The both ves meintelined at

S5uU=B19 ¢, Banmples were buken at L,u,8,4,0,06,7,8,10, 13,



24, 54 hours after oxidation was started.

40

The aly pussed

tarough the humldifier tube and renction tube &i tae same

fixed yote thfoughout the experiment.

T™he pecond run congistcd of tue pane &reatmmag of &

200 go. sample 06f lingeed oil.

O+ throughout, snd the air flowed throughothe

snd reaghion ftube ot the sone fixed rzates It

ed to make the rate identigal in the two runs
the bubbles of ody entering the reactlon tube

time,

the following resultss

Ho.
Hyg.

0
1

2

10

LINSEID OIL ACIDBwwsOxidized at 50° C.

332.3
33249
331.3
238.1
358.7
3208
311.6
309 .7

318,9

88,3
344 44
5335
341.2
329.2
340.5
316.7
51044
309,0

Heutral equivalent Average

32048
38,7
33444
35947
35340
81540
31442
31.0.1
31549

Avetyl Velue

4e6 Dok

2eG  Beb
La7 84
1.9 2,0
Led  Ha9
BT EoU
B0 4od

47.8 847

e

et
246
2.0
2.2
3.4

481 44T 40,0

The buth was kept at bH0=52°
hunidifier
was attenmpt=
by countling

per anit

The constoents deternined on the swaples fuien suowed

Average

440
2.6
241
241
1.9
2.3
348
43,0
44.8
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Ho. Beoulral Lguivelent Average Aoetyl wvalue AVerage
Hige
13 294,35 2906.6 206.6 000 67.6 Gled
24 265.6 B34 48 B44.3 11044 120.8 1ike8 115H.7
32 227  209.6  201.2 162.56 188.0 160,35
Bunber Todine Value AVRTELE v
Houxg
D 166.5 168.2 , 16744
i 136.7 1213 11740 L26.6
2 14847 145.8 14T 09

LAGE LSBed 1837 1379
101.3 181.4 léd.l b RAINY)

3

4

§ 16147 148,83 1456.8 14845
6  1565.4 14642 139.1 146.9
8  141.8 15446 134.2 13444
10 110,68 119.8 123.9 119.6

13 13%.2 12041 13041
24 1097 99,6 106.9 10841
32 90.2 94.9 100.5 98,6

It 4o to Be polnted ocut thal the neutrel cquivalend,
acetyd, and lodine values remeincd pxuu&&ﬁa&ly constent
during the first 6-8 hours of oxidetion. Subseguent to
that, the neutral equivelent sturted abruptly to reduce,
sugpestive of dissolution of the molecules AL the some
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time, the avetyl value started to rise rapidly, which
puggests thet the molesule was beeonlng hydrosglated

a8 Lt wes being broken up. The iodine walue dropped

ab & rapld rate at the same time, suowing e comparaw

ble deercase im unssturation as the Llnorease In hydrow
Xylation gwntinu-d' This set of conditions prevalled as
llong o8 we carried out the experiment. From thls run we
conslude that at tuil temperature, the oll is slow in
sterting auto~oxidation, but once under way, Lt progrese
ses rapidly, and ie charscterised by o dlasclution of
the moleoule (falling neutral eguivelent), hydroxylation
{inorecsing acetyl value}, wnd decrease in unsaturation
{deoreose in fodinesrilom).
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LIFSLID Ollew=Oxidized al 49-53° Q.

Roe NDoutral equivelent Average Apelyl walue  Average

Hre.
0 199.9 202.4 [sapon. wal) 6.6 T« 6.8 6.0
3  a57.0  26B.3 261.1 20,7 18.8 17.6 19.0
8 365.0 25649 209 49 8Be.1 BES 80.0
20 277.8 270.0 277.6 F4.0 T8.7 78,3 703
24 271.2  276.1 2130 98.7 9649 7.0
89 BBE.0 479.0 - RAL.O
33 2721 273.8 27844
46 a76.6  277.3 272.4  100,0 99.6 00.8 90.8
50 oy £ X 5y TS 873.3 108.8 113.2 100,7 110,09
a7 $96.2 36849 291 .1 T6.0 78.6 T6.4
HOe
HTB, Yodine Value Average
0 169.6 173,28 170.0  171.8
5 158.7 26,8 160.1
8 129.3 182.1 127.8 10,0
=0 160.6 161 .0 181.9

2% 188.7 184,28 160.4 162.7
B9 175.9 170.8 173.9 173.0
S 180.1 171.0 175.0 176.6
45 179.4 176.7 178.0 176,.0
80 176,06 169.0 170.2 172.5
67 175.2 175.0 1744
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This reaction wes ceriied on for &0 hours longer
than the Ilret one. It will be noled that the reage
tlon gtarted more abruptly, wltn o repld drop in tac
lodine value end rige in the acetyl value. ALfter
ﬁigﬁt‘neumﬂ. nowever, the iodine value started to rise
ageln, indicative of iverensed unsaturation, and at
the same tlme the aoetyl value dropped correspondingly.
After Z9 nours the lodine value, aceldyl vol ue and
neutral eguivalent remained stotionaxy, folliowed by &
glight rise in acetyl value and drop in iodine and neute
rol eqga lvalent wvelues after 49 hours, and o terminal
lowering of the seetyl walue and rise of the neutral
equivalent and lodine valw o

In thie zun, after the laitisl oxidation, taere
was very little change of the molecule us is indisuated

by She slight and gorresponding changes in wll three

ichenicel ovongtents., It is to be concluded, Lt sceuna,

that in these two series, tue eclds were siower o
start suto-oxidatlon, but, once slorted, continued
progressively, wheread the oil slarted more abruptiy,
pad then soon prectigelly all eutow-onlduticn Secacd.
This terminsted our work on hyaroaylated fatiy

neids,
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