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In the course of an investigation (unpublisbed) inte

the chemicsl and physico-chemioal chenges induced in wheat germ
bj ageing, it ’} waé found necessary to determine with considerable .
precisien tﬁa iodine mumbers of the fatty ,acida obtained from. -
the extracted lipeid materials. Semples of wheat geym wexre aged
at vatiouﬁ mpisture levels by means of & slow carrent of air;
samplai’ were :mw«,d‘ at intervals, the fat extracted with ether
and iodine numbers determineds Cemtrary %o expedtations the
iodine numbers of the extracted fats were found %o inea?e_ane with
time of ageing; tl}ia inorease being most marked in the case of
the sample gged at & high mﬁi-ama levele  The ounly pessidle
explanation of this apparent anemaly would be su increase im -
the fatty acid content of the fat dne‘ to hydrolytie splitting

of the glycve,r‘iéaa. This was verified experimentslly by the in- L

orease of the aold vslue of the extracted fats. The fatty acids

thna_ube;-aﬁed would temd to mask any aa‘neurnnt oxidation by
increasing the iodinme mumber, and it was therefors deemed
nel,euém to prepare sud study the ;nsalubie fatty acids ra&hsr :
thanv the mixture of acids and glyeer:l.dea constituting the ex-
traetod oils In this cennection it my be pointed eut that

van I-oen (la) bas shown the iodine numbers of the fatty aes,dn

te be more eharactariatia than that of the parent oils

In the aaz-ly stagas of this invastisatinn it became
evident that the changes were 0f a small order of mgnitndo

snd that the ea_ment;pnal methods of preparation ami iodine
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number determination were met sufficlently preoise for the purpose. -

The essential ateps in the preparation of insolauble
fatty acids are; ssponification with alcoholic alkali; removal

of aloohol by distillation; dilution of resultant soap with
water; decomposition of sosp with mineral acid in the presence
of ethe#; wadhing of ethereal solution of fatty acids with
Water until free from mineral acidj removal of water and dry=
ing of solution; filtration and removal of solvent. Customarily

only the remeval of the solvent is carried out in an inert

atmosphere, the possibilities of oxidation in the earlier stages
of the preparation being neglected,

Proliminary éxperiments made evident the fact that
some ozidation was ’ca&lng' glace, and an gpparatus was theree
fore designed and coustructed whereby the entire series of

operations could be carried out in an atmosphere of inert gas.

ABRARANUS,

The complete set-wp of the apparatus as originally
devised is illustrated in Fige 1 and is herein described with
the mpde of eperation. ﬁhis apparatus was used for one portion

oF the investigation under discussiom, bat 1t was found necessary

at & later stage to constmet ene of larger capacity, lneorporats
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10g certain moaifications making 1t cspsble of more general appli-
cation, This medified apparatus will be desoribed during the

aiscussion of the investigation mecsssitating its cemstractione

4s illustrated the set-wp eonstsﬂ of mxt:yigg and
drying trains for the hydrogen and carbun dloxide gseé. a main
reaction flask, an intermediate storage and rnvta‘ration vessel,
and & speclal distilling flask for remeval of the solvent, the
entire apparatus being so constmcted that it nay be fi;laa with

hydrogen or earbon dioxide at will,

. Hydrogen is prepared in a Kipp gemerstor from sine

end hydrochloric acid, washed with saturated sedium biearbon=
ate anlu’éiun. and dﬂea by tubdling through concentrated sulw
phuric acid, Carben dioxide under sufficient pressure is most
conveniently obtained from a oylinder of the gas. As an
analysis showed the Presence 0f 0.05% oxygen, the gas is passed
over heated copper turnings and afterwards dried by consemtrated
sulphuric aside 4 precision needle valve ¥l is omplp;q&.tar
contrel of the gas flow, aﬁp}»lammted by & moreury blow=-off

valve for pressure regulation. Both gas trains are comnected
40 & common menifeld through stoposcks V2 and V3. Stopoock V4
may 59 used a8 a vent tﬁ_ provide ’;am,_t;tim; pressure regulation
ibin e s

The main reaction flask is censtructed from a 500 oo.

round bettom Pyrex tlaskz. Zwo extra side v‘:‘;ebka are provided, om
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.:z;gtea with 2 gwund st opper end the other with interchangesble .
ground stopper and reflux condemser. This comdenser is of the
eanvérti_,hle Wost type and may be us{ad}!sx gither refiux or
direst distillation by manipulation of stopooek V6. In the
_ .seoen& and larger spparatus constmeted stopcodck Y6 is ;'aplaeea
by & nmew valve. (Pige Re) The condenser ise Aiaa ﬁraﬂdcd
with & 1iquid seal at the top sllowing for the escape of gases
while preventing the entry of airs The original mcﬁ: of the re=-
action flask is drawn déwn to provide a sleeve fit for the imer-
chanétabla small bere siphon and transfer tubes employed, and 18 ‘
slso provided with an inlet tube for imert gass 4 narrew elong-
ated ouplike depression at the bettem of the flask pexmits a sharp

separation between etherveal snd aguesus layerse

. The intermediate storsge and filtration vessel is con~
stracted from & 200 ¢cs Pyrex flask with a large tﬁbular elonga=
tiom at the bostom, the neck being altered to provide inlets®r
inert gas from the msnifold snd introduction of solution from
the main roaeti‘én flask. A sintered Pyrex (4) immersion £ilter
is ritted internelly, making connection thraugh an external
.mbber sleove with the é&atﬂlatﬂim flaske

The distillation flask is designed so that small
smounts of fatty acids may be recovered from large volwnes of
gsolvent and conveniently handled. It consists of a 100 eos

Pyrex flask with a long narrow -tabuiation at the base, & side




m aasan&miag aonnactien wi%h tha filtration flask mmt
mbber sl.ae'm, and 8 s&&a arm for sue’ss.an. fl&:s ariginal neck
of the ﬂaak ia eamtriataa e pravids a aieave £it for &

Barrov tube zntradneing inert gas to the bottom 91’ tha f£lasike

The three flagks are conmested %o a commen manie
£0ld through stopcocks Vé, V7 and V8, Trensfer of nluﬁm .

betwoen the flasks is effected by gas preasuree

A steady stiaam of hydrugan is allowed to flow through
 the main resction flask dn;-iﬁg the introduction of the sample %0
be treated which may be either the oil itself or its ethereal
aelntian a8 obtaiped by sxtractiom. In the latter case the
bulk of the ether is removed by &istﬂl&tiﬁn thram stapaeex 15,
-',haa,t being spplled by means of a water bath, hydmgan passing
through the flask m the mesmwhile. The siphon tube is, of
cmu'sa. ¢losed during these vmmtiam. Alceholic alkeli il
now mnm«a without mxcrmpting the flow of gas, atepwen
8 elosed and hest a@pli.e& by means of a brine bath untn the
: .qaymgi._aataon process is complete, the cvndenser fumctioning
a8 a reflux. Stopcock VB is now opened, exsess alcohol removed
and the heating vath 'aiﬂ;déam. The contemks of the flask are
'd;i‘&ﬁeed with ﬁater, the coudenser is removed and reglaced by the
stopper and tha rate of Wugan flow imrﬂaaoa. Apmux&matny
280 cose »1' ether ave introduced and the sesp is docmnc& with

'sn excess of dilute salphurie seid. The reastion flask is
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thorsughly shalen to onsure complete decompesition of the sosp
snd to effest the transfer of the fatty acids to the ether
Any troublesone emulsions may usaslly be broken by running a
fow drops of concentrated acid down the sides of the flask er

adding more ether in the same manners

| .ﬁhewm flow is now replaced by a#é of carben

diexide, stepceck V3 being dlesed to prevent baoking up in the |
Wam traine The aqueeus layer is siphousd 9ff as svon as
cloar, the siphon beiég \;ta’xtod by gas preaeﬁre and controlled
by rabber tubing and a pincheooks The ethereal solution of |
fatty aama is now -waahéd with sucoessive portions of distilled
water until the washings are free from sulphates, the last m-

ing being drained oLe conpletslys Anbydreus sedium sulphate,
wetted with ether is imtrodused snd the flask thoroughly shaken,

stoppered and allowed s stand until dehydration is completes

Stepoocck vs is now el#saﬁ, a.gentla suction applfud.
to the alstillation ﬂask ami a rapid stream of carben aux;m
mssed shyrongh the zm&nﬂo: ax the apparatus via stepoocks ‘ﬂ
and V8 Vhen the air in the system has been thersughly swept
ous the sustion 1s shut off, stepeock V8 olesed, the stopper
rensved from the auxiliary nmk 9£ the £iltration flask and a
slow aarmt of gas from atopeack 7? is a.nnod to escspe
through this opan!nm The othenal solution is tereo& by gu .
‘wosm into the ﬁltsaaﬁ on hk by moans of the tranafesr
tube as indiaatad in’ m. 1, the transtax tu‘ba is remwaﬁ. and
the apening stoppereds
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| The salt bath under the distillation flask is now
brought to a temewatm of Va:'hmt 0%, and a light m&m
applisé by comirel of stopcock V8. Ibe pressare of éu in
the filtration flask is adjusted so that the ethereal solutien
is foroed threugh the sintored glass tuteriag disi and over
into the diatinmg naak. The nmtary pressure due t9 tha
velatiuzat.tan of the othsr temporarily forces the column sf
liquid dack ami thrangh aarofal ragulatian of nttponk k&
this action may be caused to procesd automatiocally uwatil sll
the ether has been evspwatea ané the fatty acids cammratu
in the distilling flaske

Btopovok V7 is now clesed and the Semperature of the
brine bath raleed vo within a few degress of its beiling point-
having first taken the precaution of using s film of wm
on the swface of the bath to prevent water vapor interfering
with later mipulatioﬁs. ”A, ﬂ.w stream of carbon dioxide s
bubbled through the Atvaﬂy acids frmi atepea’ék V8 to remove. the
tgaeo# of solvent and water. Suetion ﬁ‘l pf*#ppqd and the bath
allowed to cool to absut 60%, malntaining the steaa_y eurrent
of gase The éaids must not be allewed to coel %00 ‘kar; lest
aryataluzatiénwm.,‘ $t§yewk V8 is eloaéé, & gas inlet tube
withdrawm and # Eip_ﬁtta ﬂ._ﬂ'fx/a leng capillary tip inserted in
ivs places 4 quantity of the fatty acids is drawn intv the
pipette which is them removed and the acids tw‘akﬂrmd to

welghed bulbs which are immediately sealed in a fine oxygem=

gas flame. The bulbs for this purpose are freshly bdlown en
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thin-walled tubing 1 to 1s6 mme in éimtsz and abput 50 mm. long,
the diameter of the bulbs being betweon 6 and 9 m;, Theso bulbs ;’

are heated in a temperature of 1009, and are oceled and kept in

a dessicator wntil immediately before required for use. The
puldbs are immediately reweighed after sealing and stored in

stoppered Yest-tubes in a 690l dark place ungil required for hhe
fodine number determination. HExperience has shown that these
gamples may be stored for a period of at least several days witile

out appreciable change and in all probability for longer,

particularly in the case of samples of comparatively low iodine

valus. Homever, it is of cowrse yreferable to determine the

constants on the fresh sampless

The reliability of the above spparatus and procedure

was determined by a number of test rums ampleying maize, lin-

soed, perilla and extracted wheat gemm oils. Hxcellent cheoks

were secured between duplicate idine musber determinations,

The results were then compared with those on fatty ssids pre-
pared from the same oils by the various convensional methodss

The results are given in Table le




WE IOPINE VALUE
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Wo Dried in Dried in  Hedified
011 Proosutions Surrent Vaouuws Hethoed
of G0 . Qven :

Haime 12244 122.6 12249 127.4
1217 122.8 123.6 1278

Perilla 18148 18548 18349 18640

Linseed 18149 184.2 187.1 189.3
18248 18540 18649 18946

It should behioted that the ivdine mumbers of the maise, linseed |
and perilla oils given in this table are of interest for pure I
poses of comparisen only as the samples of 0ils from which the
fatty aclds were obtained wore seversl years old and had une
- Goubtedly undergone ssme oxidations ’
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It is obvious from Table 1 that, while falr checks are
pbtalmed in duplicate determinations by the other methols the
values obtained fell comsiderably below those of the improved
method, indicating that oxidetion is taking place at some stage

during the preparation of the fatty acids.

it will be zmtad thaﬁ the mlues given mdttde ’eho Wne-
: sspaniﬁable mattar« Aa 'chia 1s a small and constant faetor. u
. Was mt éeemad meeasmy %o remove it for the mpese of the ine
“yestigation. Such remsval, 4f desired, could be readily acoomps
;. diched by extz'awinn of me Map aolution v!.th petrﬁlam ether in
’v;u*khe main reaetion £lask, remaving the maessive extracts by rafise

. dng the slphom,

It was thought that a possible source of error mot com~
'zollabld within the appavatus might resids in the likeliheed of
oxidation of the fat during the extraction. 4 search of the
literature rsvealad Bo mfamation on thia 905&‘5 and experimants
'\uera 'sheremw asndtwtea u determina detmitaly whether or not

oxidati on took placa daring pralenged extraction.

Masmema earth was samawn’ u‘imlmﬂeaé oil of
exceptionally high fatty ae;d content, éuwamﬁd asmongst four
extraction thimbles and extracted for forty-eight hours with equal
guantities of ether in sn Lmproved form of spxhelt.'m”suon
apparatus (2). Twn of the extraction flasks woere provided with
sealed-in gaé inlet tubes through which a slow stream of dry carbon

dioxide wae passed during the éntire time of extraction. At the
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‘expiration of the forty-sight hours the ether was removed from all
the f£lasks by a curremt of carboa aloxide. Sanples of the oil were

. Ammediately sesled in bulbe and their uam dumbers determined.

: %a xesaits abtaiasa and 51?@& bolow in Table No. 2 ﬁmr cenelun—
ively that no ¢hange takes place during the other extraction of fals,
the ether vapvr iteself presumsbly displacing the air sufficlently

. well to prevent contaet of the extracted fat with the oxygen of the

amwherc;

&m-aetaa uithmt apeeia‘l prceaatiam................%81&?’
8241

Extracted In & carrent of odarbon diould@escesavscvoe 0018129

Wmé vﬁrﬁiaﬁlar re:terems to the w}ma‘t gorm oil W

L cmss.aeratien. the ras&l’es of the 1nventiga’cien are given S.n

| ’Qabh 4, p.u. A few uarda af explanation may be nedessary.
: ssm sampha mre staa'ed :h: an elwerie mi’r:garatw at abw’c ?' to
| lm.maiately :snmmg %Iae esnclasun ot the original research
oan&eteé W WM@: (19).‘ It vas assumad that any changes taking
place would be retarded by the low temperature and wonld therefore
a0t be mmeiemly marked to iavalidate the resalts ef any further
investigations on the sane samples. A comparison of some of the

analytical data obtalued by Winkler st the comclusion of the

aceelerated ageing period amnd those obtained two months later would




serw’ to indicate that'my_ faprther changes ,tgking place are like-
1y to be only those arising from slow ageing, and therefore of the
pame order but of diminished magnitude.

/ |
/ i
EeSs GelloWe EeBe  CedoWe B.s. QoA: e / l
Low 610 TG 124,9 12B.8 0u046% \
Originsl = 9046  —emm 12343 128.0 0002 a.eu/

Bigh 12481 13.0 1307 1294 04068

‘ﬂ:a percentages of upozld phasphoras have all dropped and. i
as it might be expected from Winkler's report, most rapidly in the 1

high moisture level germ and least in the low meisture level, The

behaviour of the ether extracted fats during the afwaga period is
alse in complete confirmation of the hypoethesis first pi'opaaod to |

asgount for their spparently snomslous iodine numbers. Jhe ledine

numbers of the fat extracted from the low moisture level germ has

dropped daring storage. This would be sppareatly due to the faet

that, the rate of hydrelysis being so slow, the concurrent oxidae
tion of the glycerides and fatty acids has sufficed to produce a

net lowering in iodine number, In the other two semples the rate

of hydrolysis was sufficiently rapid to overbalance the effect of

concurrent oxidation, producing a netincrease in iodine number.
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Noisture  Leo. of Fat I No. of Fatty ‘& dold

iw Tl 220 0 1.0 1M

Original  945% 128.3 180¢2 - 11.52%

Bign 12,814 120, 12626 BA.0Mp
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The results 'v#btai;wé. from the insoluble mixed fatty asids
derived from the glyaewida# plus thos present in the free comdition
are also in entire acoord and may be explained on the basis of this
hypothesiss This assumes that considersble hydrolysis of the
glﬂarides bas taken place remulting in a progressive increase of
~ fatty acid contemt, this effect being expected to be most prenmaa
in the high moisture level where 'amationa'vmgld faver hydrelysis.
The fatty aclds obtained Zrom the glycorides would indicate the
a_ot'aal exte#’s' of "axidat#éﬂ ,51’ the fats, and wanld tharﬁi;ﬂ:ﬁ be ez~
pected to exhibit a d§exean in 1961#@ namber on againg, tiaa de- |
orease Eelng mnat pronounced under conditions fawzahla to oxida-
tien, 14 04, high meisture content, 4n examimation of the data
given in Table 4 wnl indicate that theaa expectatiana are entire-
1y fuifilied, | |

48 previsusly mmﬂ oned under the dasériptun of the
apmutus, a second larser and somgwhat modified fam has baon eau-
‘stmeted mieh proves to be more adamable. the aapaeuy ot thas
is appzeximataly four times that of the original , the main reaction
flask having an astual aayaeity of apprnﬁma'cely two litres and a
warking capacity of about 3.2,69 cas, %e Wast condenser is px-ovmad
with a mereury cut-eff ;valve, replacing stopeock V6, as illustrated
in Pig. 2» The two gas trains, ome for bydrogen and ons for carben
dioxide, have been replased by a a&trngs# e}liﬁabr.. equipped with

& needle valve mnd followed by a purifying $rsin, This ‘-‘ram is




-8~ |

«Condenser

Reaction Flask. \

) MERCURY TAINE ﬂﬂﬁ ADARPTERe
(medifications of apparatus illustrated in pige 1,)
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identicalwith that provided for the carben dioxide, the gas being

. 24ret passed over haatoé.' a@ggr::t;umiags and then tubbled through
coneentrated sulphuric ae;uda,‘ | m use of a single inert gas
simplifies the procedure and reduces the complexity of the set-up.
Stopoock V4 has been replsced with a three-way stopcock Vent,
Other miner changes have been made in various constructional
features of the appfa#étﬁs but these have no real bearing upen the
‘operation of the apparatuss |

In order to show that the results ﬁb?aimble through
the use of the ar&glnai spparatus with the two gas .trai#n are
striotly comparable with those cbtainable from the modified
spparatus employing nitrogen as the inert gas, the lodine mumbers
of the fatty acids of linseed oil prepared by the tgm methods Vm!e

compareds
COMPARISON OF PARTY ACIDS PREPARED IN
DRIGINAL AND IN MODIFIED APPARASHS,
Apparatus - Gas Trains Is Hoe of
Original apparatus Wy & By 18948
‘ = 1896
lMogdified spparatus P ' 189.8

The use of the meroury valve (Fig. 2) pemmits the dis~
tillation of glacial acetic acid, this aeid haﬂ:ag been found te

have no action even at its boiling peint upom mercury. This is




perticulerly usefal in vhe preparetion of 100F aoetio aoid from
somerotal 99,56 glactal acesis acid as reguired for keufasm's
tssoayenogen munber determiaation (12), e comerolal product

18 first refluxed on & sand bath with chromis acid 9? potassium
permanganate until &ll the rednoing agents and ampyraumats.e
impurities in gemersl bave been oxidised. m soid is then distilled
An%o a reveiving flask Sureugh om adapter gromd to fit the end of
. ¥be meroury valve. @1}3 ;umuaeo is transferred back to the re-
sotion flask, refluzed over phosphorus pentoxide, using a liquid
paraffin bath, snd finally distilled as before into a receiving
wessel, the fraction boiling between 118% and 11 9"€¥. being collect-
o, Since the scetic acld is very hygroscopic it is advissble %o
bave the receiving tiébk connested to the outer atmosphere only
f through a drying tube ?111@& wi%h sphydrous barium ’pﬁrchibr&ti
(basieci‘x’lwa), By far the largest portion of the glacisl acetie
acid pxepare&. in this menmer is found to have a boiling point of
11840%. (uncorrected) and a melting point of 16469, ~ - - =

corresponding to =n acid contalning less than De02% watere

B The farther ada'ytabﬁity ai‘ the aipparatua_‘w‘qu? '_
illustrated in its use in the preparation of linoclenis acid from
the mixed fatty acids of linseed ofl. The mixed fatty scls are
aﬂmm.éntly prepared from a fresh sample of raw linseed oil
according t0 the method given under!@peration of pparatus' peé,

_but instesd 0f evaporating 02f the ethor in the last stage the.
aelds are left in solution. The methed of brominatlon devised

by Bailey and Baldseifen (1) may be :mphm. The ethereal




nolntiaa of the fatty acids is brominated at ahm;t -1793, using &
aaluuan of bromine in glacial acetic acid (1:B)e aﬂer standing
‘overnight in the regrigerator, the bromiusted solutien is centri-
faged several times, belng washed ‘uelfl .eas,h time with codd ether.
éhe insoluble linolenic hexabromide 8o prepared is then re=-
erystallized twice £rom benzene a#d then dried in a vacuum
deasicator, The melting point of the reoryetal lized hexabromide
1] rmyaxad was found t0 be 183,000, The melting point is
perfeotly sharp. Comparing this with values found in the litera-

tares

KELPING POINE OF LINOLEN IC

HEXABROMIDE AS FOUND BY VARIOUS IN~
VESPIGATORS,

Got2ey (5) ~ 188%,
Erdmann & Bedford )7) 179°
Kimura  (13) - 1830
Lewkowitsch (14) - 165°
Smith & West {17)  179.6-180°
Found by auther = 188,00

The bezabromide is reduced, accerding to the ‘method of
Bollett (18) using zine dust and a methyl aleoholic solution of
bydrocklorio acid. Zing dast is added in about 67% oaloulé.ted

excess to a methyl alecholic soluticn of the hexabremide in the

mein reasction vessel, The hydrochleric-aloohol solution (1:1) ie




added from a dropping ﬁmﬁél fittea through a tinfoil wrapped cork,
into one neck of the ‘ﬂask_, mhilfév & rapid siream of nitrogen is
passing over the surface of the 11@&1@1- With the cnndensai- funeéﬁ.en- :
ing as a reflux, the flask is warmed gently to increase the rate of
reduction end sllowed to stand until the evolution of hydrogen
practically ceases. The major portion of the alcehol is distilled
off and the solution is cooled to sbout 409, 4 large quantity ef
;perazide-frae ether is added. (The peroxides are apparently reduced
daring the dehydratisn of ether with metallic sodiume ) The ethereal
solution is washed thoroughly and repeatedly with freshly boiled and
oboled water until there is no silver nitrate test for ehlorideaj
The solution is dehydrated over anhydrous sodium sulphate that has
been wetted with ether defore deing introduced inte the flask,
allowing the solution to stand overnight. It is them tramsferred

+9 the filtration flask, filtered, and the aher di#t:;lled off in

the distillation flask, n&trﬁg&n be&ng lmbhle.d very sléwly to ro~ -
méve the last traces of snlvems. The acid is then removed by |
sustion into a pipette-smpoule that has been heated to 1009,

and cooled over in an atmospher of nitrogem., One end of tha‘

ampoule is immediately sealed with 2 hand bl.m-ﬁorek, the other

end belng mest conveniently closed with sealing-wax, care being
taken to leave a min&mm of space above the acid. Samples re-
guired for ivdine nusber determinations are removed in a blanket~

ing stmosphere of nitrogen as illuatratéd in Pig. 3, tfhe nitrogen
being passed in threugh the 4* side tubes

The etharaal solut lon éf the acid is water-white at

_ first but by the time the filtration stage in the process is reached
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it has become & £aint yellow. When fha fres acid is drawn into the
ampoule it is éistznct_ly yellow. 7The appearsance vf the yellow color
would seem %0 mdﬁita aatp=-pxidation and, in the opinion of Erdmann
(6)s possitly polymerization. There is always thé possibility of
oxygen absorbed on the glass causing slow oxidation though all pre-

cauntions are taken,

The iodine number of a fresbly prepared sample hgs besn
found t0 be 269.1le¢ A Very rapid change in iodine number is evident
‘@ven when t/he linolenic acid is sealed under nitrogen in the ampoule
end stored in the dark., The yollow coloration inereases marhedly' in
the first twelve hours after preparation and the iodine number drops
about six units. After this the color density does not appear ®
change sappreciably, although the iedine number drops stag&ﬂy but
more slowly.

Fresh 3%?15«!:0-&»:?9-.. 269.1
12 Brosscessossscsssiosee 26440

38 BrBececsesssonsvosesss 268.5
61 hrﬁo'dqabodooococguaeﬂ.l 2520$

These values compare very faveurably with those obtained by other

workers (Table 3}).

The density of a fresh sample of the acid detemmined a
204090, , using a Sprengel pyknometer, wes found to be 0«9081l. This
value may be: compared with those fem by other workers (pable 7). |
It would appear that the sample of linolenic acid obtained by
Erdmann (6) from what he terms 2n Linplenate is the purest sp far
prepared, despite the critidm of Goffey (5)e - |




COMPARISON OF PROPERTIES OF
LINOLENIC ACID AS DETERMINED BY VARIOUS

DIVESTIGATORS.
Theoretiocal | 2737
Hazura (9) - ' 241.8

' Hehner & HMitchell (10) 245,
Rrdmann (6) 269-278
Rellett (18] .
Present investigation 269.1

Dens3

049228

049046
0e914ls
045081

*This value for the m#ity of linolenis
acid is quoted in the Intermational ‘
| Gritical Zables, Vol. le
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During the course of this investigetion 1t was found poss

ible t9 introduce several ‘retheméma into the determination of
jodine zmmbers by the Wijs method. The chief difficulty in this
determination l1ies inm that the technigue is essentially more or less |
enpirical in matare. 411l improvements mmst lle in the line of ob-
taining more reproducible results tban have been obtained hithertc.

_ Iodine suzmbers in the litersture are frequently expressed
to the second decimal, that is, with an assumed accuracy of Oe0B%e
Sohmidt-Nielson and Qwe (16), in a ,t%amparativa investiéatié# on the
iodine numbers of fats, state that 'c,_?x,e sxperimental error in their
tests did not omeea'o.ea%. A simple calculation will demonstrate
the Qbsurd.ity of sach a claime 4n error of Oe2 mge in ?:eig‘hing a
200 mg. sample would smount to Qo1 nnits in the case of an oil hav-
ing an iodine mumber of 100.0. The experimental error in titratien
may be easily three or four times as great as this. The practice of
weighing a heavy iodine flask directly on the balsnce would ‘increase
the error due t§ a lowering of the senpitivity of the balance. It
1s rather poor chemicsl practice to weigh ssmples of one or two
hundred milligrams in a tare of elghty thousand milligrams. %This
error is minimized by the use of small sealed bulbs as previously
desoribed, which are broken under the solvent in the lodine nwnﬁ&
ﬂaak,__tm obviating possible oxidation during weighing., The

weight of these bulbs 1s of the same order of magnitude as the
sample itself,
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Another spurce of eIrror nnt gensrally roeagnized is the
effeot of the low viscosity of Wijs solution when used in an ardimry
pipéttes ZEsperience bhas shown }that the delivery time “ theplpettie
mst be considerably increased in order %o obtain reproducidble re-
s‘ults’.j Harked improvement can be effected by ihe use of a Bureau
of Standards pipette delivering ite comtents in fxom 30 o 40 seoonds,
but still greater accuracy may ﬁé,attaineé. by a drainage time in
excess of 60 seconds. fre variation of Wijs solution delivery (ahi
sorms of §/10 svdiun thiosulphate solution) has Deen detormiued for
auoh a pipette and is less than 0.06 cos. The extent of wvariation
in delivery for a Bureau of Stmdarda pipette ia of a simﬁ.lar ordex
and for an ordinary laboratory pipette dn exfsasa of ed.z acs. Gale

cnlated for a mle weight of 309 ngse and an iad&m walae of 100,0
the possidle error using even the mpravea slow del ivery p&pette may
be as high as 0.6 units, if we allow the maximan deviation 6 both.
the blank determina'ﬁim and the aetaal_‘m-“

m:s solution cannot be pipetted in the oréimry manner
without excessive sslivation, resulting in dilutien of suscessive
portions, Furthazfmore. as the pipette empties, moist air is drawn
in and due t0 the extreme hygroscopicity of glacial mcetic acid
 ¢he moisture '15 rapidly absorbed by the thin film of Wijs selutien
. 3eft on the wells of the pipette. This results in farther dilutien
 of the solution. 4n examination of the literature has revealed a

' considerable number of sutomatic and semi-sutomatic pipettes

specially deu:lgnad for the acourate delivary of Wijs sa‘lntien. With-
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0Bt exception these dovices 1acoperate a stopoock Yhrough whidh
the ‘mlut,lan mt flowe” The sattig,aatgw lubrication of a stop-

~ eock under such conditions is a practicsl. lmpossibility.

In order to obviate the above difficulties the appara-
tus illustrated in Fig. 4 was constructed. The measuring pipette
and its attached drying tube, containing snhydrous calcium chleride
" are rigidly attached to a stand, thereby eliminating temperature
differences due to handlings, To prevent checking of air into the
pipette daring adjustment the tip is made with s 3.ohg parallel bere

being tapered on the ocutside only smd the axtéemit“y bevelled by

grinding.

The Wijs solution is stored in an amber glass two liter
bottle. Tramsfer of the solution to the pipette is accomplished
a8 illustrated by mesns of a cup fitting saugly outo = stepper on
the discharge tube of the pipette; this oup is attached to a narrew
tabe reaching almost to the bettem of the stock bottle and capable
of vertical movement through a sliding sleeve. In operation the
oup is brought directly under the pipette, raised, fitted tightly
to the stopper snd Wijs solution forcpd‘ up by means of air presm-a.-
The compressed aié is conveniently furnished by a. rabber balb and
is dried by passing over anhydrous barium perchlorate (Desicchlora)
in a drying tube. When the pipette is filled, the stopceck is

closed and the cup lowereds Adjustment to the calibration mark

ie then effected by means of the stopcocke Iu order to facilitate
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this ’adéaﬁmnt 'tahgvs;‘evépeaok bas & 'v* géoovei filed on e side of
one end of the bere, and a fine bore csmpillary tube fixzed at the
end of the drying tube. @réns:ter of the Wijs solution Mthe

ipdine mamber flask is then effected by swinging the stock bottle
to one side, swinging the flask into place under the pipette and
delivering by opening the stopcock. Sultable rotating supperte

are arranged for both the stock bottle and the iodine number flasks.
In gddition to increasing the accuracy of the detem;natien.' this
aepparatus is more convenient and rapid in umse than many apparently

simpler methods,

4n attempt was made %0 adapt: eleotrometric titration
motheds to iodine number determinatiom, but as a result eof the
experience so galned it is not believed that there is any material
gain in aceuracy. While electremstric metheéds may be empleyed teo
inoresse the accuracy of the titwati,mv through the more facile use
of dilute solutions, in this case the additional accuracy so gained
is offset by the faot that 'baoh-ﬂtratia# is required 1f a con=
venient set-up is to be used, mt is, a measured excess of |
thissulphate selution is added to the iedime flask and the extent
of the excess determined by 'back-titration' with lodime solution.
However, thia mothod of 'bagi~titration' wae found useful in the
tnvestigation on the effest of témpéiam on iodine Vvsluse

The set~up used 4s a modification of that described by
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 Boulk and Bawden (8) and was devised by Kassmer, Hunze amd

Ghatfield (11)e The apparatus is uni@me ia its application of
the vacuum tuba to provide both amplificstion and a Very precise
snd convenient indication of ths md—paint. A diagram of the
“hookeup" is given in Fige Bo Shunted slectrodes are used, pere
mitung ouly a very low potential difference between the eluetrodn
this potential differemce remaining constant up $o the equivalence
pofnt. To attain this end, #o low & potentisl (10 to 16 millivelts)
is used between the eleotrpdes that the back eleotromptive foros
.of polarization balanses it and no current flowse. Under thess Gon-
ditions this electrometric titration spparatus may be empleyed in
all veas‘os where a sharp tremsition from the p'alarizétion of at
least one clectrede to the complete depelerization of beth coincides
with the end of the resction. The grid current of ReC.4. 2014
yaoumz tube is empioyed in pelarizing the bimetallic platimum
elestrodes. FPart of the grid eurrent, which is necessarily very
amsll, is shunted around the eleotredes. When the electrodes have

been placed in the solution to be titrated and the resistance R

adjusted so that the gelvenometer reads zero, the poluts M and N

_are at the same potentisle  During the course of a titration the
_emrremis in the various cireuits will remain unchanged as long as
. the potentisl difference betwsen F and ¢ remains constant, A% the

 equivalence point there is e sharp change in the potentia) differ-

ence between F and C due to the depolarization of the cathode by

the £irst trace of ema‘a iodines This produces a eorresponding

¢hange in the pesitive yetential mressed on the grid, eauaang '
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relatively lerge change in the filement plate currént, whick ums
balanses the system. M end § are no longer at the same potential

' and the gelvemmeter defleots. In actasl practice we £ind a

gradusl deflestion frist %o ome side of the seele snd then at the
equivalence pbmt‘. & sudden deflestion to the other sides

s method is remarksble in that the different variaies
may be varied over a wide range without vitiating the rogults, 1t
was found most convenlent to use a shunt of about 35,000 ohms be-
tween the electrodes. Inm a personsl commnication the suthors ad-
vised that instead of usizg a single rhesstat of 5000 ohms, it was
found more convenient to use three variable resistances in series -

one of 5000 ohms, one of 250 ohms, and another of about 50 chms,
However, in this work a large disl reéiatance—bnx in series sz.t}hA &

50 obm rheostat was employed.

Vigereus snd very afﬂqﬂm stirring is partieularly

eosential in this titration sinse there are present tws fmmiseible

solvents of gquite different densities. 4n air-driven siirm ot ke
type devised by tho Esstmen Eedak Laboratories has been adopted; inm
order to minimize vidration and to prevent the exhaust alr from |
blowing inté the reastion flask the shaft is made in two sections
Jemdby a rabber e’éuming with the lewer portion of the shaft
sleeved through a glass tube. The arrangencmt 0f the eleStrodes

in relation t0 the stirver is indicsted in Pig. B. Sinee it is
impossible to it the eleotrode and stirring unit into the osn~

ventional fodize flask, 250 06, widewmouth reagent bottles mith
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stoppers regroand with fine emery were emplsyed. These Wers found
%0 be quite satisfactory when the usual preceution was taken of
ranning .x.a solution around the rim. |

A aom@arznn of the remﬂts ebtamd wm a serzea of blanks
of WiJs solution wonld show no appmiable dif ference between the
results obtainable by the ordinary methods of titration and the

slectromotrio:

mw_.wm

Solutions used  ¥/20 Thiosulphate ¥/10 thiosulphate
K/20 1odine selun. g

05993 gus, 1odine 05994 gms. iodine

045996 046997
0.6997 ' 045999

ive. 045996 guse iedine 4ve0.5997 gus, lodine

We also n#te here in confirmstion of other workers that the eleotro-
metrie emd-point is very glightly in advance of the starch a#d-paint .
The appraach of the end~-point in the eléetrmtxio_ method is ine
transitory

diaatad by tha/straw-yanou color of the selutione

In eonclusion them, we find that even with iae;h-titxaﬂ on
the umtzm‘&uc methed wonld se¢m to he fully éa accurate a§ the
sonventional due %o the use of the more dilute solutions, - Doubt-
lesdly if the rest uf the technique ecould bo move highly refined i
might be advissble for very acourate werk o use X/60 solutiens, in

which event this method of titration would be very useful. Anether

possible use that bhas not been investigated is in the micre-deter-




minatien of iodine mige_.a.‘ 1% does not sppear likely, however,
fh‘aé an oimf’wmwié me thod will evor #ind ganerai applicati on
in this particular deteminmstion since the apparatus is necessarily
elaberate, and the other amafimental errors 8o great in comparisenm,

| Zhis method will be refsrzed to agaim.

The necessity of varying awla weight in accordance with
the iodine mumber of an 0l is an esta‘bnmd procedure, 4 set
renge of ssmple weight is nma:lly specified, being for drying oile
Oel t0 042 grams, for ame&mm‘oiis about 0e2B grams and for
fats about 0.6 grams. In a private commmication He No Broeldesby
{3) drew attemtion %o ﬂm marked veriation in fodine mber of
highly fmsaturated eile wiﬁh'change in sample weight. This varda-
tion is mach greater than appears te be genafraﬁly sppreciated and
promised to become a factor of comsidersble importance in this
work, due to the faot that the sample weight could not be cone
véaiwtly aeuuollaé within narrew limits. The metbod of plott=
ing ledine mumbers againet sanple welght was therefore tried.

Extremely interesting results were obtained as zﬁn.ummd in
Figoe 6, 7, 8 and 9¢ | |
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From these graphs it &s evident that there is a narrew

range of sample weight in which the iodine number is constant

and below or above thiuéﬁiﬁé varies sbruptly. This range varies

not only for different #ni,"Sut also for the same o0il in differ-

ent stages of oxidation and thus the usaal method of a_ssignigg ]
dofinite sample weights to broad groups of fats and oils cannot | |
give reliable or cansistent results. It would sppear that the

oniy methed of aemu'_ihg aeéurate values for the ilodine nuimber of

a givén oil or fat is to make a series of determinations using

varying sample weights, plotting the results as mdieated and

selecting the true values from the flat portion of the curve.

Averaging the results of a number of determinations, particulerly

if the sample welghts vary widely, is bound to give an erronecus

figare, as it is inevitable that the lower values included will be

gut of the true range.

It will be moted that the flat portion of the curve
exnibvits a decided shift to the left with increasing degree of
ungaturation. This 1§ understandable since the greater the degree
of unseturation of the sample, the less will be required in order
that the same excess of Wijs solution be present. The opinien 1s
" offered that 8 quantitative study of this phenomenon would be of
interest since it is believed that it bears some interpretable
relationship to the relative amounts of the different unsatursteda cids

present and alse to thelr degree of pxidations




In & private communication ﬁ. Ne Brocklesby (%) outlined
a method for determining io&ine m&én 1;1 whﬂich the rnetioﬁ is
allewed to proceed at a t,mérature ocpneiderably belew normal room
temperature. Since & search of the literature has furnished no

 evidence of any previous work on this, it has beea thought advie-

able to find the effect of temperature on the action of Wijs solutien,

A constant-temperatwre bath, ospable of holding within
'i'ﬁ.z'b..,qgi employed for temperatures of 30%, imd 50%. Since the
heating bulbs of the bath emit a considersble quantity ef light,
it was thought necessary to provide for the abserpiion of the
actinic rays which are known t0 effect the action of Wijs re-
agent. Bensepuwrpurin was found to suit the requirements since the
golution in water exhibits high absorption inm the blme and green
portions of the spectrum and alsp because it forms a lake tha |
has an additional screening effect. The bath was kept well cover-
‘od %o prevent the entry of extsrnsl light. 4 bath of small 1ce
ohips at their melting peint, Le0ey 09g,, was employed to provide
a low constant temperature witheut the use of a thermostatic
regulators This bath was well lagged and the ice supply replenish-

ed a8 pocasion demanded.

Reagent bottles (250 ocs. capacity) were used rather tha
the conventionsl iodine mumber flasks since it Was desired to make
a simultaneous test of the electremetric titration method (deve),

and also bedause they are more easily kept immersed. The bottles




wore supported in the bath on fiat trays and kept im plase by

moesns of rinss e: yerfszataﬁ.ﬁs‘tgl.

Bince a8 ziﬁsh time lag a8 paasﬂls was desired the’
carbon tétﬂaﬂﬁrid@ was ngatta& into the bettles about 16
minutes in advence and breaght 1o .ﬁha réqﬂix"eé‘ temperature be«
' }fbre the 0il or the Wije solution was addeds It was considered
ngithor advisble nor nocessary to bring the m‘- éaluti‘a'a te -
the tomperat\u'a of the reaatien. xn any awﬁt the apecu'ie hoat
ot Wijs snlutzan 1s qaito 19: - approximwly 8.59 - 80 t‘mt tha |

tmnpea-atura lag would not be very mrimd. :

A% the comclusien of ‘the thirty mimute resctien peried
sllowed the bottles were removed from the bath, the reduired
amount of potassium isdids splution added and this jmmeddately
~201lowed by 100 eoss of §/20 sodivm $hiesulphate spluticn mm
& Buresu of Standards pipette.  This precsution was pszﬁmlarly 3
secessary in working at a temperature of 50°C. in srder t» provent
the loss of ledive as vepors It is not necessary to Feliew this
with any additional waters m exosss 92 thiosnlphate was then
tityated back with ¥/20 lodine solution, weing the elestremetris |
‘methed previsusly desorided. In this work the elsctzometric methed
gyhlded exesllent results and was well worth the slight additional | 1

time required for the adjustnent g,

The resalts of a series of determinations using linseed
oil ere best considered a!"rm gn ¢xamination of the 4sethemmals -

- obtained om plotting sample weight against iodine number. The -
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resction at 0°¢, would sppear to cousist of addition alone, 10

matter what the excess may bes In fact, as was also found in |

Figs. 6, 7 and 8, too great « excess soems to inhibit even
addition, Working ét 309C, there is a definite chauge in the
direction of the curve igéieatiug e region of sample weight in
wh:loh' addition is miked; and this is followed abmiptly by |
substitution reactions on the addidon of & larger excess of re=
sgent. At 50°0. the range for addition is very limited and
indefinite, grading into simultemeous sddition snd substitutiom.

¥hile a aiftéme in temperatuye ceuses only & slight
difference in the final result, it has a marked effect on the
excess of Wijs solution requirved. From the standpoint that a
wider range 0f sample weight is desirable, working at low tempera-

tures is therefore to be preferreds




1, An apparatus has been constructed and a teeiaﬁiqub devised
for the prspwatim of fatty aci&u meaytible to exiaatian, the
entive series of oparaticnn ’aaing yerfaxmed m nu inert atmuphera.

2 | Mnolenm soid of high purity bas heen preyarad thrangh

the ase of this ap*pmm.,

8 A study bas been made of the technique of iodine number
determination snd improvements have been suggested. In this
conuection a new pipette for the uniform delivery of Wijs solutioen

has been construdted.

4o BMectrometric titration methods have been applied to

jodine number determinations.

Be The offect of semple weight on lodine nambexr has been

, studied and found to be of more imputame than generally consider-

ods A graphical method of Anterpreting iodine numbers bas been

adoptad.

6o | The effect 0f temperature ¢n the relatiouship bofﬁwaian
isﬁine:namber end semple weight has been studied. It has been
gound that the lower the temperatuze at which the reaction proceeds
the greater the latitude in sample weight ellewabdle. At low

~ temperatures gubstitution of holegen would appear te be inhibited

end, though only in the presense of a large excess of halegenizing

agént, addition as welle
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