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95 percent mathyl stecrate. When & mixture of equal parts of methyl
alsate and methyl linoleate was distilled the first frestions eentained
about £0 percent methyl linadleates and the last fractiems about 57 per-
cent methyl aleats,

iisshads haasd 25 aclukilisy of aalia. A partial separation of
steeris ecid from the unsaturated asids of this group can be obtained
by any of & mumber of methods based upen the relative insclubility of
its barium-, magnesium-, leadw, or thalliuvm salt in alechel, ether, or
other salvent. With the lesd-salt ether method the stearic weid may
be contaninated with as much an 5 percent or even more of unsaturated
acids®, The solubility of lesd stesrtc, whish is low in pure ether®,
is inereased by the presenve of lead salts of unsaturated secids and,
80, the unsaturated scids are also contaninated vith stearic acid, The
use of sslts in separating individuals of the unsaturated acid group
leads to loss satiafestory results than are obtained in the seperation
of stearic acid frow unssturated acids,

ra arvatallisation asthads. This methed, which can
be applied to the free ssids or to their osters, was first reported by
Brown’ . By 1ts use Unesler end Riemenschnetder? obtained methyl
oleate which they ccnsidered to be 99 percent or better in purity. A
Jield of 296 g, of this material was obtained by 6 arystallizaticn steps
frem 701 g. of starting materia) containing 512 g. of methyl oleate,
146 g. of matlyl lincleats and 44 g. of saturated eeters. For preparing

the more wnsaturated scids this method has proved less effective,

Franksl end Brown® prepered lincleic seid which they considered pure in

about 20 pereent yleld from starting materisl comtaining 90 percent



linolele scid, Shinowsrs and Brown’ have reported & maximm concen=
trstion of 52 pereant linclenic scid oltained by crystallisetion pro-
sodures,

Chromatographis Separations Yy Cthers

Tm Sl g Rl l

listed above all show cne or more of the fallowing
limitationss (1) partial isomerisation of the acide, (2) low to sere
yields of pure asids, (3) a laborious and time-consuming teehnique,
(4) sn imapplicebility to all members of the group. This situation
has stimulated a number of imvestigations of the application of chrome~
togrephy to the isalation of the individusl asids, This werk is erite
lcally reviewsd below in the same order as its chronologicsl appearance.

KondeAl adsorbed a mixture of 0.5 g, of alele acid and 0,5 g. of
stearic acid o & colum of alumine 20 em, x 1.2 em, and developed 1t
vith 500 ml. of bensens. Om the besis of the salubllity of the lead
salts in ether he concluded that the top & en, of the column eamtained
anly aoleic avid, the next 6 em, a mixture of the twe scids snd the next
stearic anid, Fo atterpt was rade to find the
nost suitable oonditions for the ceparation and the date do not form a
basis for estimating the dogree of separation obtainsd,

Kaufuane?l has reported partial separatiems of mixtures invelving
different sombinaticns of the Cyz-ecids, He use! alumina, silics gel,
and oarbon a3 sdsordents, His puwrpose apposred to be Lo find the
relationships between degree of umsaturation, naturs of the adsorbsut,

and the adsorption sequenee of the acids rether than to obtain useful

separations, In no instanoe do his data indicate the seperation of a

pure campound,
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eluste weighed 5.2 g. end had an ledins velue of 159.5., Gf this frec-
tion, 5.0 g. vas sdecrbed on another solumn of 400 g, snd iikevwise do~
veloped vith psiroleun ether., Froa the eluste wore recovered 3.2 g of
nothyl linclsste with an fedine value of 170.4. This corresponds to a
purity of 97,7 peroent, sssuning metlyl oleate to o the ouly imparity,
and a ylald of 37 percent, based ea a 54.1 poresnt methyl linoleate
contont of the starting mixture,

Dutben® has shromstographed a mixture of 500 mg. sech of olelo=
and stoaric ssids om 40 g. of Uareo. The eclum was develeped with,
successively, 1000 ul, of 0,5 pwreent asyl alechol in Skellysclve B
710 al. of 1.0 pereent asyl alechel in Skellyselve B, and 390 =l, of
diethyl ether, 7The time rejuired for the experiment ia not stated
definitaly but it appesred to be about 2 working days. About 6L pere

perosnt or less of stearic eacid, 7The highest purity reported for
stearie acid is 94,3 percemt,
4. Santos Ruls and ¥, Sans Jumos'! sdsorded 20 g, of acids ob=

tained frow linseed oil on & 50 en, coluwn of alumins snd developed
with 150 ml, of petraleun ether, The iodine values of the eluates
fron forr sections of the colusn, starting at the top, sad the filtrate

were, respestivaly, 129, 153, 176, 182, and 125, These date give no
indication that & pure ssid bad been seperated,

In sn fovestigation of the separation of oqele~ from stesrie aoid,
asﬁﬁmgwmgsﬁig»&g#gggg
of ehenisal resction with the apids. Development with 250 zl, of bensems
of & zixture of 08,4 sg. of olelc sold and 58,6 xge of stesriec avid em

a 65 om, x 1,2 en, colum of silice over a perdcd of 3 days produced no
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pure fractica,
gggggéwﬁﬁu%ﬁgﬂag:
from stearic asid by adsorbing 1 g. of a mixture of the two soids en 10 g.
of alumina and developing with 200 ml, of benzsms in one experiment and
200 ml. of Skellysolve Fcontaining 5 percent methanel in another experi-
ment. The following iodine valuse were obtained with the material eluted
from the top, middle, and bottom sestions respectivelys experiment le
57y 54+3, 50.1) experiment 2~ 65, 56, 40,

Dutton and Beinbeld”® have examined the separation of the ethyl
ggggmﬁg. Their exparinental method involved the ad-
sarption of a mixture of 10 g, of each component of an ester pair on
700 g, of aluming end development with 1.75 percest diethyl ether in
petroleun ether, It is not possible to caleulate sither the time ro
quired for s separatiom or the recovery of an ester in any particular
fraction frem the data given., The maximm purity obtained for each
ester in the various separations is as follows: (1) ethyl stearste,
88.9 psroent--sthyl oleate, 83.7 percent; (2) ethyl cleate, 9.2 per=
cent—-pthyl linecleste, 78,2 peresnt; (3) ethyl lincleate, 83.5 percent
ethyl linolenate, 58.5 pereent.

The mos? effeetive separations seem to be those of Riemenschnelder
ot 12, They used a cclumn 6.3 om. in dismeter packed to  height of
35 om. with 455 g. of an intimete mixture of 8 parts silicic acid and 2
parts filter aid. The colum was beated, prior to the sepavation, to
70-75° for 3 hours while being flushed with sn inmxt gas. 4in elaborate
system of valves and counections was provided to permit the addition of
the solution and developing selvent without pemitiing sccees of air to
the colwmn, The methyl esters (16.1 g.) obtained frem the Cjg-acids of
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tobsceosesd oil were diserbed and developed with 15 liters of petrolewm
sther at 700 ml./br., The 13th liter of eluate contained 3,36 g. of methy]
dinaleates which was pure within the limits of sccurasy of the analytical
methods used. This fraction first appeared in the eluate after about 17
hours, 7The frooticm immediately praceding it eoutained 88 percent metiyl
linaleste, on the basis of ventsnination by methyl oleate. The fractien
immedistely fallowing it eomtained 94 percent usthyl lineleate, on the
basis of contenminetion by methyl linclenste, The 3.36 g. of pure methyl
linclente represent & recovery of sbout 27 percent caleulsted from ansglyw
mawmnwnmwmmum. Frem & siniler owe
perinent with the nethyl esters of the O,g-acids of linseed oil the two
best fractions cantained sbout 32 percemt of the methyl linelemate of
scmovhat less than 98 percent purity, This materisl first appesred in
the eluste after about 45 hours, By rechromstographing this materdsl

& net yleld of about 10 psroent of methyl linclenate with a theeretical
iodins value wvas obtainad,

Silisa gal, as vill be shown later, accelerates ccidation of
the unsaturated esters, Premmably this is also true of otber astive
sdsarbants. In view of the prolenged developmant which has generally
been found necessary in oxdsr to ebtain good separatioms 1t L3 of in-
tereat to note that, vithout differentisting betwsen its cemponents,
Taylor™ has reperted thet air is held more temacicusly by siliea gel
than 1is water. This indicstes the diffisulty of providing ccmpletely
alr-free conditicons on the ecolimn, Thus, to minimize exidation as well
as to save time, it is desivable to scmplete the development in az short
a tins as prasticable. The esters sclated by Rismenschneider et a1,
vere from mixtures in whish they oscurred as the mejor compenants, The
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acid, 0.2 percent,

Methyl saproate, The ester was prepared from Eastman-grade caproile
acid by the proeedure outlined for methyl stearate, except for the
omission of the crystallization from methanol, It was distilled and the
fraction, b.p. 149.0-149.5, collected. nso 1.4048,

Methyl myristats. The ester was prepared from Eastman-grade myristic
acid by the procedure outlined for methyl caproate and the fraction,

b.p. 137-138° at reduced pressure, collected. DI;Q 1.4368, In order to
obtain a wmiform sample for the experiment recorded in Table IX, 6 ml,

of the ester was adsorbed on 40 g. of silica gel and developed with pe-
troleun ether at 300 ml./hr. The following frastions were collescted:

(1) 178 mg., N20 1. 4372; (2) 1031 mg., N_ 1.4369; (3) 599 mg., Na L.4369;
(4) 511 mg., No© 1.4369; (5) 376 mg., By  1.4366. Material from frac-
tion 3 was used for the experiment.

Methyl oleate. Two preparations were used. (1) The ester used in
obtaining the data of Fig. 1lb and Tables I-IIl was prepared from olive
oll by the method of Wheeler and Riemmhneidaru; iodine value 85.3
(theory 85.7), thioceyanogen iodine value 85,6 (theory 85.7), HDZO 1.4522,
(2) The ester used in other experiments was purchased from the Hormel
Poundation, Austin, Mimn.; iodine value 85.4, No 1.4522.

Methyl linoleate. The ester,which was purchased from the Hormel
Poundation, had been prepared from debrominated tetrabromostearic acid.
Iodine valus 172.6 (theary 172.4),N.  1.4616.

Methyl Ainolenate, The ester, which was purchased from the Hormel
Foundation, had been prepsred from debrominated hexabromostearic asid.

20
Todine value 260.0 (thecry 260.4), N, 1.4711,



All melting points recorded cbove are carrected, all bolling
poiats uncorrected, Hefrastive indices were messured at 20° ¥ 0,5°
and corrected te 20,0° by the teaperature coefficlents of Mattil and
Wmmgs. hEach of the unsaturated esters wvas chrematographed and
the refractive indices of the middle fractioms, representing the bulk
of sach sasple were found to be identical with the values recorded
above,

Adsorbents. Adsorbents in Tabls I were all used as purechased,

81lica gel, (inless cthervise specified, gel of 200-325 mesh
vas used, %he gel was extracted with acetons by slow persolation through
a calusn of the gel until no more scluble material wvas obtained, i guan~
tity of acetons 20 times that of the gel wes usually found to be suffie-
cient, but the anocunt depends upen the rete of filtration, The extracted
eolumn was dried by drawing air through it, weshed with distilled water,
and aetivated by heating in thin layers of not over 0.5 om, at 175° for
18 houre, This comstitutes the moet highly astivated gel. It ves used
unlesa othervise indisated. It was found that unless the gel wes treated
10 renove the acetoms prior to avtivation a certain amount of charring
resulted. Fartially desstivated gels were jrepsred by lesving the gel
in cntact with the vepors of the desctivating agent (a closed eystem was
used with methenal) until the desired imorease is weight was obtained,

Hethods

All experiments were conducted at 20° unless otherwise noted. The
Wijs method® (30 min,) for determining iedine values vas used on all
material containing methyl linolests or methyl linclenate. Otherwise,
the Wijs-or the Nanus method® (30 min.) was used interchangeably. The
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Soushing the $ip of the buretbe bto the inside of thw neek of the flaak
and rinsing lnto the solution with (istilled waters In triplicete tie
trations the thiosulfsie ecuivalent of 20 mle of potassium iosdate anlum
tion was found to be 246488 mley 24460 mle, and 24488 nle Por sn average
velue of E40583 mle The normality wae oaleuleted %o be (25.000/2445038) x
Del or DelOT0e

KN ] gmumm”‘g Thirteen ge of sowdered, mosublimed Baler's Cebe

iséine were dissolved in 1K0 mle of Herek Sesgentwgrade slacial acetie
woid conforming 0 the Dloivommie Test by werming on the steen bathe The
golution was eooled and flltered through 8 sintered ;less filter 4o low
sure fresdom from undleselved iodinee Chlerine gas, washed suwesescively
with water an ocencentrated sulfurie seid, wee paseed iate the solution
until the heloyen ecntent wme nearly d-ubled, osre being taken to avweid
en gxoeoes of chlorines

Haawie &s::lwi.gg‘t Fowdorod lodine, 1580 ge, wms dizpolwed in 825 mle

of glecial soetie acld Wy heating on s sbonn bathe The solutlion wee
cooled, Tilbered, and te 1t wes added & sufficlent quantity «F o leb pare
oent eslution, by volume, of Bromine in slecisl soetic ameld ¢ double the
ecncantration of halogenne

Thiseyenogen #ﬁlﬁ%@m‘ lend thicoysnete was precipitated by the
sddition of en squeous solution of lead sostats o an aquesus solution
af pobtessiva thisoyenpbes The pracipiteted les. tilncpanate wns washed
and dried by the sucosssive irvetuwsnt with dlgtilled water, sleohol,
ether, air, snd phosphorus pentoxide in e desicoators A 1 percent solue
tion of bromine in sahydrous soetic seld (prepered from glaclel scetle
mold and soetlo snhypdride) was added to en excess of & 10 pereant suspsne

glon of lead thiscysnate in enhydrous scetic eolds The sxvess lesd
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with the following exceptions: a varefully controlled reaction temperas~
ture of 20° was used, a reaction time of 24 hours was used, and the po-
tassium lodide solution was added as rapidly as possibls.

Duplicate determinations of the iodine value were msde when suf-
ficient sample was svailable, Otherwise it was necessary to rely an
single determinations, In some instances, as for the data in Table V,
it was found to be advisable to uss redused quantities of resgents, The
data in this table were obtained by recovering the esters in a 20 ml,
veighing bottle, adding 1 ml, of Hanus selution and using eorrespend-
ingly redused quantities of other reagents, The detailed prosedure for
deternining the methyl oleate content of fraetions as recorded in this
teble follows, The sclute was recovered fram the eluate in a pre-
weighed 20 ml, weighing bottle by evaporation of the solvent on the
steam bath under carbem dioxide, cooling in a vasuum desioccator, weigh-
ing the residue of esters, adding 1 ml, of chloroform end 1 ml, of Hanus
‘solution end determining the iodine value with oorrespondingly redused
quantities of other reagents., The amount of methyl oleate present was
caloulated by the formula: wt. of methyl oleate in the sample = (iodine
value of sample x wt. of the sample)/(thecretical iodine value of methyl
oleate), For example, a ssmple weighing 4.3 mg. required 0,94 ml, of
0.01017 ¥ sodium thiosulfate sclution, 80 the iodine value was
(0.12692 x 0,94 x 0.01017 x 100)/0.0043 or 28.2. The methyl oleate
content of the sample was (28.2 x 4.3 ng.)/85.7 or 1.4 mg,

Refractive index, The determination was made in the following
manner, The sample was placed in an Abbe refractemeter in a 20° constant

temperature room, The prisms were washed with water whioh had coms to a

temperature equilibrium with the room and readings were taken at 20.0°
20
+ o.Sountil & constant Ky value vas obtaimed., These values were
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mleulththsvadmbqu{%me
mmumwmmmwﬁ. The correction fastor
used was 00,0004 units of refrsctive index per degree U, The composition
of & mivturs vas eslevleted os follows, wsing date from Table VI, The
H2 value of & semple veighing 13,0 ng. vas 1.4529, The value for pure
medhyl aleste was 1,4522 and for pure methyl lincleate 1,4616, There~
fore, the welght of methyl linaleste in the ssmple was (1.4529 - 1.4522)/
(14626 - 1.4522) x 13,0 ng. or 0,07 ng, It was reported as 0,1 ng,

fren solution was first prepared by dissclving 50 g, of C.P, sodiwum
hydroxide in 50 ml. of &istilled water. This sclution was protected
from the alr by a soda lime tube and held overnight after which the so~
lution was rapidly filtered through a sintered glass filter vith the
2id of suotion. An spproxisately H/10 sclution was prepaved by adding
40 g. of the concentrated salution to 5 liters of distilled water in a
storage bottle protected from the aly by & soda-lime tube and theroughly
mixing the eontents, This solution was standardised avd en spproximately
N/100 solution was prepared from it, the day of use, by diluting 25 ad.
to 250 ml, with distilled water,

atdon of KAQ acdium hydrexids saluldon. The sclution
wap otandardised with seid potassiuzs phthalate, using phenclphthalein
as the indicator, The sclution vas delivered from a burette calilrated
by the Hational Buresu of Stendards, A solution of 0,249 g. of asid
potassiun phitislate required £.53 ml, of sodium hydroxide sclution for
neutralizatien, The ncrmality was caleulated to be equal to (0,2149)/
(0.20414 = 8,53) er 0,123, In cheok determinstions, 0,2035 g, reguired
8.08 ml, of alkeld for & narmality of 0,123 and 0,2109 g, required 2,38 nl,
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o/ alimli for & normality of 0012834 55 the normality was recorded
aa UeliB4e Dilution of this sulution se desoribsd ebowve resulted
in a solutien witk & norwlity of DeD12844

Houtralisation eunviwmlents £ sssjle of stearic acid weiphing

OeGUBE ge wng dissolved in § nle of 96 percent ethancl, sontsining

B crops of & )} peareent solution of yhenoliohthalelin in the sawe solvent,
Yy waraing sn 6 stoss bathe This solutien required 1740 xde of

Delil4 E podium hydroxide solutisn to produse & falst pizk solor whiloh
wae saintelned for 10 seccude while ewirling the oantents of the flaske
Titretlion of an egual vwilww of golvent and imdlestor under the sawe
eunditions resultsd im the consumstion of Dell mle of alkalis The nat
consumpblon of nlmi wai 17628 mly The neutralisstion emuivelent wes
saleulated by the formeles neuts equive = (moe of ssmple)/(normslity

of solution x mle consumed) and found to Lo 28348s Titretion of 05086 ze
of ptearie sold resulted in & net comsumption of 1710 mle of alkamly,
sorresponding to & seutralizetion eguivelent o7 £84424 The svera:e valve
of L8440 was reported as the neutralisatlon equivelent of the selde

Stmaris polide=gontent 53;: A sam las Two methods wore ugod for dew

toraining the stearie asidegontent of 6 semples In the firet sethed,
which wag used lor et of the deteruinstione, the saanle was Litrated
ap in o determinaiion of the neutrelization equivelont, end the weight
of stearie aold esleulered by the formulms mye of fbosrie asid = mle of
gtanderd alikall conswmd X noraality of solution x Je2843e The other
mothod o-neleted of raploly titrating Lotk the blank and ‘he seuple but
uslng one more drop of sclution for the sample than wes used for the
blank end comparin . the volor of the resultast sslantions fmvedlately

after the eddition of wlkwlis This method wes used in obiainin the
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date recorded in Table 11, expsriment No, 4. The purpose of this
variation uss to obtein a maximum valus for the stearie acid which would

involve no uncertainty regarding an identical color of the end-points,

Determinstion of k-valuss, In this thesis X 1s defined as equal
to ky/k, in vileh k; is the distributien coeffiolient of the nmore strong-
1y adsorbed sclute between the adsorbent and the selution, and k, is
that of the lsas strongly adsorbed solute when the equiliberium is ese
tablished in the presencs of bLoth salutes, Three different procedures
have been employed in the determination of K-values,

First method, A petroleun ether selution of 0.86) g. of methyl
stearate and 0,859 g; of methyl oleate per 100 ml., was prepared. Three g.
of silice gel were added to 100 =), of the sclutiom contained in & 250
nl, irlenmeyer flask, Squilibrstion vas obtained by holding at20° fer
1 bour with freguent shaking, The flask ves stoppered with a glass
stopper during this period to prevent evaporation of the sclvent., The
contents of the flask were then poured into a sintered glass Euchner
funnsl and rapidly filtered with the aid of a mild sustion, The filtrate
wvas added in porticns to a weighed 25 zl. Erlenmeyer {lask and the sol-
vent vas removed on o steam bath under a ourreat ef sarben dicxide, Heat-
ing vas continued for 15 minutes after the salveat appesred to have been
all removed, 3Separate experiments had shown that this procedure ensured
a couplete removal of petroleum ether, ihen Lenszene or methyl caproate
was present this period of heating vas extended te 30 mdnutes, The flask
and Ate contents were then brought to room tempersture in s vasouum desic-
cator and welghed, The esters weighed 1,080 g, Duplicate lodins value
deterninations were 36,64 and 36,7l. The wmethyl oleate content, calou~-
lated as previously described, was found to be 0,462 g, By difference,
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the methyl stoeurate content was found to be 0,618 g. The welght of
methyl clests adserbed on the gel was 0,359 ~ 0,462 or 0,397 g, The
weight of methyl stearste adsorbed on the gel was 0,86] - 0,618 or
0e43 g0 K = lo/k. = (0.397/0.462)/ (0,243/0,618) or 2,185, In this
instance the K-velue was checked by analysis of the adsorbed esters
which were aluted with 100 ml, of 2 percent methanol in petroleum ether,
The recovered esters veighed 0,640 g, and had duplicate iodine values of
53,02 and 52,99, The methyl oleate cantent, calculated frem the lodine
mmuahm,mm:ubaﬁ.a%g.ﬁmmﬂahvl stoarate vas cale
culated ax 0,040 == 0,396 or 0.244 g, Substitution of these values in
the formula for K gave a K-value of 2,171, ‘

Second method. This methed, essentially a modification of the
first msthod, has refinements for minimising errors resulting from svap-
oration of the solvent during filtrstion and mechanieal retentiom of so~
lution by the gel and the filtration apparatus, The sdditionsl refine-
ments are desecribed below,

A filter tube vas construoted by sealing a sintered glass filter
plate between the ends of, and normal o the long axis of .2 stralght
glass tube provided en each end with & 24/40 standard taper ground glass
male joint, The dimensions of the finished tube were spproximately
7x 2 oem, The air in & 250 ml, Erlemmeyer flask provided vith & 24/40
ground glass female jodnt was displasced by bolling off a few mi, of

petrolews eiher oa & steas baith, Une end of the filter tubs was inserted
into the neck of & aimiler flask containing the equilibrated gel and so-
lution and then into the inverted air-freed flask, 3The relative posi-
tions of the tvo fiasks were interchanged and the air-freed flask
impedistely plunged into cold wvater, The desired filtration then took
plase vithout svaporation of the selvent, Correctiens for the salution
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which wae rotalnsd sechanically b&f the Clltretion eysten wore mede in
the following sannere Firet, completely demctivated silies gel was prow
pared by plucing 20640 ge of fully sotiveted el in & bunidore The
following wel . hts were veoorded as sdzorpilon of wmbter orooeededs

2480 ze at 16 hours, 410 -e at 22 houre, E7+70 e a6t 4 daye, amd
E797% o ot § dayee The zol bad adsorbed swisture sorresponding o

Shell peroent of i1ts welpht so thet LledU e of denctivated rel wure
equivelent 1o le00 ze of Pully sotiveted guls In ench of thrae 250 ale
flosks were pluced 128 mle of potrolewn other contuining Ded300 ze of
methyl stearnios To the firet {lssk wore added leB€ -9 2f lemetivated
silice el corresponding to e ge of fully estivated sele To the swcond
wmves added 4e0T pe and to i tihird G780 e of desstivated pel, core
reeponding 60 S8l e and te He e respeotively of astiveted rele
After equilibretion for 1 hour a* w", 86 mle of solution wre nisetted
from ssch flask without dlsturbling the pel whieh had been allswed o
gotiles The ester recowered [rom the ssuples weihed DeB4 rey

GeUBRE ey and 00882 ge respsctivelye Compared 4o an oripinel soncens
tration of 060670 ze por Z28 nley theve resulte indlosted thet tiere wes
no iree of ester from the solutlone due tu adeerption by the wle The
300 mle of soludion remeinins in onch flask were then filtered by the
srocedure ouilined abowves From the flesk contmining 186 2o of el
thore was recovered 048680 1 of ssibyl stearete whieh eurresponds 4o a
logs o7 Llef mle of sulotisn during the {1ltrations From the lassk oone
tedning 4e07 ge of pel there wes recovered 2048 ;e of methyl sizarate
whieh eorresponds to a logs of Zef mle of solutlon duriny the 7iltrations
From the Plagk rontalning, 5478 Je of gel thers was recovere’ D«L508 se

of rothyl stearate whleh gorresponde to & loms of 4a2 ple of solution



during the filtraticn, The dats can be repressnted by the fallowing
quation: loss of solution (ml,) 0,5 * 0.7 x in which x equals the
maber of grams of fully sctivated silice gel pressnt in the equili-
brated mixture, In the experiments perforuwed spoording to this method
the veight of esters recoversd from the equilibrated sdlution was cor~
rected by means of this equation, For exmmple, if 5 g. of silica gal
had besn equilidrated with 100 ml, of salution and from the filtrate
thore were recovered 96 ag. of esters, the sorrected valus vould be given
as 100 ng, The loss in flltration 0.5 al, * (0.7 u1.)(5) or 4.0 ul, of
salution, Therefors, 96 ag. recovered from 96 ml, of selutiom is equiva-
lent to 100 mg. iﬁ 100 ml, of solution,

Third method, This methed consists in passing & sclution of mixed
sstars of known eomsentrations over a comvenient weight of silioca gel in
a tubs until the adsorbate is in equilileium with the salution, ‘ibke ade
sarbent is freed as ocwxpletely as posaible fron selution Ly one of two
methods, I1f a traditicnal-type filter tube hes been used, carben dlexide
pressurs is used to force the sclution past the adserbent, If a modified
osntrifuge tube, sush as sball be desoribed iater,is used, the sdsorbent
is freod from solution Ly centrifuging, The adeerbate is then ¢ uted by
passing 100 nl, of 2 percent metbanal in petroleun ether over the gel,
The subsequent trsatment of the eluate is the same sz that applied to
the equiliberium solutions in methods 1 and 2, The quantities of adsarbemt
and of wash~salution required are indicated by the data recorded in
Tables IX end i1l, This method hes certain disadventages. It requires
large ancunts of materials end a great deal of tiae for eash detemina~
tin, It is also Lo be expested that, unless precauticus were taken to
eliainate oxygen, the nuore highly unsaturated esters wouid suffer
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kJ= 130 / 100 s0 K= (150/200) / (130/100) or 1,15,
satosranhic sepaxations, Two methods were used,

W aathd. 4 eosrse-grede sintersd glaes filter plate was
sealed inte a Pyrex tube with a 23 m:, incer diasmeter. The tube e~
tended &I om. above the filier plaste and 2 cm. below the plate, &%

this point it wes sealed onte & Jyip tube 5 cm. long with an € mm, outer
diameter and & 2 mu, inner dlameter, The lower end of the tube was
sealed with rubber tubing snd e elemp during £1lling operations. It was
then nsarliy fiiled with scivent, Sufficient anhydrcus sodium sulfate
was added to form a layer vhich extended above the nomuniform portion
of the tube, This material was wanipulated to obtain as flat a surface
as posaible, The desired amount of sdsorbent was edded and its top
surface vas likevise flattesed. 3Seversl hundred ml. of solvent were
then passed through the column for the purpose of cbtaining a more dense
packing, Another layer of snhydrous sodium sulfate, about 2 em, thiek,
wvas added, The sclution wes sdded when the solvent had drained to the
top surfese of the sodium sulfate. When the sclution, in turn, had
drained to the same position the inside of the cclumn wes rineed with a
fou mnl. of sclvent. When the rinse-solvent had drained to the same posi-
tion, solvent wes added to the cclumm until the pressure was sufficient
to produce the desired flow-rate. This rate was maintained by further
additions of soivent as required., Semples were collected in grsduates.
Second method. In this method the column was packed by centri-
fuging the adsorbent in a 20-ml. test tube, It was found, Ly using dye
solutions, that the mest uniform movement of the dyes appeared to take
place in colunns packed by this wethod. These c¢oluas are less convenient
to prepare and operate than conventional columns, but permit compariscns



with a zinimun of interference fruu variations in pecking. The test
prepared by drilling a smaell hole in the bottos of the tube,
This was covered with a elrcle of hardened filter paper whieh was held
to the tube with linen tape containing a bole intermmediate in size be-
twean the dlsmeter of the Liltsr paper and the hcle in the test tube.
The tube was packed by filling with petrdleun ether, sdding successively,
(1) sufficient anhydrous sedium sulfate to cover the constricted lower
portien of the tubs, (2) the desired welght of silica gel, and (3)
another layer of sodium sulfate, and eentrifuging at 2,000 r.p.m. for

15 te 20 minutes efter sach addition of msterial. The centrifuge pro-
vided a dlstance from the center of rotation to the bottam of the tube
of epproximately 8 in. It was often found advissble to looeen a thin
layer of vaterial and recentivifuge in order to improve the planarity of
a boundary. The packed tubs was connaeted, Ly means of & rubber stopper,
to a melal tude which, in turn, was connected to a ressrvoir of solvent,
The solvent was forced through the adsorptien tube by means of nitrogen

tube was

pressure, Eitrogen was found to te more satisfactory than earbon diexide
for this purposs, During experimonts it was found necessary et times to
interrupt the filtration in arder to changs solvents or to lower the
level of the sclvent in the edsorption tube (the solvent-level, which
tended te rise beocause of leakage arcund the stopper, must be kept at a
safe distance frozm the stopper to avold contaminating the solvemt). When,
for thls purpose, the pressure wes released dlssolved gas would cowe out
of golution and soetlimes ddsrupt the columm of adsorbent. This tendenmey
seemed 10 Yo conplderably less with nitropes than with carbon dioxide,
The pressures meeded to maintain the desired flow-rates veried from about
1 to )5 pounds, vith 1 or 2 pounds usually being sufficient, The necessary
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adsorbent and the 1iquid phase and k, that of the less strongly edsorbed
solute wvhen the equilibriuve is established in the presence of bhoth scl-
utes, K’ 1s defined as equal to ky / k, in vhich the prinmes indieate

that constanis ars caleuvlated from adsorption isotherme of single solutes,
Since a X-value of ove represents s ecndition under which no separation
would take place, a comparison of different systems can be nade nore ess-
41y by using the terms (X — 1) and (KIa-- 1).

The values in Table I were caleulated on the basis of an arbitrary
value of 100 assigned to standard silieca gel at esch point on its (1)~
consentration ourve (Fig. 1, curve 1b) which aorresponded to the concen~
tration of combined esters in the scolution equilibrated with the adsorbent,
The K-values of silieca gel, as will be showm, vary inversely with the con~
centration of combined esters in solution end inversely with the ratic of
the etncentration of methyl oleate to that of methyl stearate, Singe, in
general, ssch of the other sdsorbents showed less adsorptive capscity as
woll a2 a smaller K-value than did eflioa gel, the valuss reccrded here
show szaller differences in K-values than would be obtained by direot
comparisons of the separations obtained Ly adding equal welghts of each
adsorbent to aliguots of the aclution and greater differences than would
be obtained in separstiouns in which the ejuilibrated selutions contained
identical concentratiocns of each eoter, Eaeh of the carbons sdsorted
methyl stearate more stromgly thax methyl oleste, while each of the other
adsorbents preferentially edsorbed methyl oleate. Un the basis of these
dats the cholce of an sdgorbent seemed to lie between one of the alumines
and standard silice gel. It was found thet a considerable proportion of
esters adsorbed on slumina could not be removed whereas adsorption on
pilicn gel vme completely reversible, as shown in Table II,



TARLE )

Adscrbent Relative (K-_-& Jwinlue

Standard silion gel 100
mwmmwa siliecs gal
5ilieie aoid (Herek)
Alumioa (Pioher)

4luaine (Brocimann )
Wm oxide

cm‘ﬁ charcoal
Yood eharcoal
Fuehar

Horit-i, neuiyal

~ERRICEERE

(a) Relative (K - 1)-valuss deterained at 20° in the systex:
nethyl oleste~msihyl stearaie-petrclevn ether-adacrbent,



TABLE 11
&
KEVERSIEILITY CP ADSCRPTION OH 3ILICA GEL
b
Experimant Vol. of wesh-st:lution Hothyl oleste in
sdsorbed osters
Ho, ml, %
1 0 ——
l 25 12.4
3 300 21.3
1 A0 22,5
1 360 22,8
2 4] 100.0
1 300 3.1
2 400 23.0

(a) Bouilitrius composition of adsorbed esters obtainsd by washing
silica gel (2 g.) with a petroleum ether sclution of 0.21 g. of methyl
oleate and 1,86 g. of methyl stearate per 100 ml, of solution; tesp.
20%; flow-rate, 60 ml,/hr,

Sb) Exporiment (1), no initial adsorbate on siliea gel; experiment
{(2), 0.2 g. of methyl cleate adsorbed per g. of silice gel prier to
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TAZLE II11
RELATIOHSHIP OF (K - 1)-VALUES TC ESUILIBRIUM CONCENTRATION CF ESYTERS

Concne of methyl oleate Conen, of methy) stearate (B -~ 1}

3./200 B, mg. /100 nl,
#48 856 1.16%
18,7 157,3 1.96Y

(2) Esah eyuilibrium was establisbed by washing 2 g. of siliea gel
gﬁh%ﬁ. of s petrolewn sther solution of mixed esters at 20° at
8l./hr,

(k) The e3ailibrium was established by washing 2 g, of silies gel,
Lirst with 15 ml., of the solution used in the preceding experiment,
and then with 800 ml. of the seme sclution diluted with petroleum
ethor to the recorded concentration,
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9.7656 0.43%

be shoun to coeur vhen &= 3.192 x ¢, or, alternatively,
243063 22.522)
vhen ﬂz= 01 /3.1% .

A econcentration of & wmg./100 ml., as vas obtained for methyl cleate
in its separation from methyl stearate (see Table V), would require a
ey /o, squilibrius retio of about 2 x 1017, uhile 1t is realised that
the date cannot be used 1o extrapolate to such en extent with eny ex-

pectation of mccuracy in the result, it is, perhaps, justifiable to con-

clude that the limiting retioc is large enough to permit the isclation of
vhat would nornally be considered pure methyl ocleate,

It is of interest to exanine the effect of an additional compoment
on the separability of methyl stearate from methyl oleste, In Fig. 1,
the data are etrietly comparable only within each section, The experi~
ments recorded in the two sectima were made at different times and with
different materials end concestrations. Fartial desetivation with water,
as is genorally kaowm, loweraz the adsorptive eapecity of the gel, In
addition, it desrsases the selectivity of the gel ss shown by lower
KE-values, and in proporiion to the amcunt of adsorbed water., The seame
effect 12 shown Uy methanal, Each of these substances is held more strong-
ly by the sdaorbent ther is either methyl stearate or methyl oleate, With
a viev to finding the effect of en additive which is adeorbed more strong-
iy then petraloum ether, but less strongly than either of the esters,
bensene was iuvestigated, It proved to be too locsely held en the gel to
porait reproducible results when used in the same manner sz water or
zethenocl, Curve 5b shows its depressing effect on the K~values whan used
as the salvent, This corresponds to the greatest “deactivation” of the
gel possible with bensens., Smaller concentrations of benzene also lower



2.0 ‘

(Ib) o

—0
o (2b) o 5 . . B

o o o
(5b) o——o 5 (4b) 0—0———0—0

0]
2.0
(1a)
O\O
(20)°\\.\°
o
1.0 — (3q) C. —
0 | | ]

200 500 1,000 1,500
EQUILIBRIUM CONGENTRATION OF ESTERS, (MG./100 ML.)

Fig. 1.--Effect of partial deactivation on (K-1)-values in the system: silica gel-
methyl oleate-methyl stearate-solvent.

Curve No. Solvent Adsorbent
la petroleum ether fully activated silica gel
2a " i silica gel deactivated with 1.4% water
3a " " silica gel extracted with hydrochloric acid

and reactivated

1b " " fully activated silica gel

2b " " silica gel deactivated with 4.0% water

3b " " silica gel deactivated with 12.0% water

4b " " silica gel deactivated with 12.0% methanol

5b benzene fully activated silica gel
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the K-~values as seen in Table IV, Curve 3a in Fig., 1 was obtained with
a gel which had been pretreated with 30 percent hydrochlarie asld and
ecould uot be restored to its orlginal estivity., The partial lsactiva-
tion is likely dus to adscrbed chlorides and represente the effect of
a very strongly held additive,

In Tsble IV, the (K'~ 1)-values were caloulatsd froz the data shown
in Fig. 2, x{mk;mmrmmmommm&m
ester as was used in calculating the correapending (X -~ 1)-valuzs in the
pressding columm. The significasce of the (K - 1)-valuss will be dis-
cussed in the section on amplified shromstographic separatiome, The
(K = 1)walues, using bensene~petrcleun sther ss solvent, were taken
from those points on the (i - 1)-concentratien curve correspending to
the same concentrations of eombined esters as were used in caloulating
the eorresponding (K - 1)- valuss determined in petroleum ether, It is
to be noted that, in contrast to the trend found with methyl etamvate
and methyl cleate, with both the methyl lincleate-methyl cleato combi-
netion and the methyl linclenate-methyl lincleate combination and in
both petroleus other alcoe and cosbined with bensens, the (K - 1)-values
increase vith an ingrease in the ratioc of the mcre highly adsorbed- to
the less highly sdserbed selute., The snalytical probleas invelved with
the more highly unsatursted esters and their greater susceptibility to
oxidation with the resultant imtroduction of en additional species with
& strong affinity for the adsorbent oombine to lower the ssoursey of the
E-values, particularly in comparisen vith those of methyl aleate and
sethyl stearats determined by the washing-method used in obtaining the
data of Tables II snd 111, It is falt, therefore, that pending confirmatory

dats, this trend should be seospted vith ressrvation. The trend, as re-
corded hare, indicates no limit to the enrichnent of the more strongly
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Coneentration of sater

193
352

Yo lincleats le oleate

19
175
364

54
175
316

nethyl
linclenate

165
354

50
165

373
235
9

40
238
434

Hethyl
lincleate pottelsm ctm

223
408

347
223

TAbLE IV

K=-1

% vensens-97%
petroleun ether

1,10
0,85
0.55

0.75
0.85
0.9

1.04
0.83

ﬁ.%
1.4

s BBTE-FPAIRS URDER VARIOUS ﬁiﬁﬁf‘i‘lﬁma

solution
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Petroleuwn ether~ Fetrolewn ebtber Fetrolewm
bengene solution

X-1 k-1
ether soln,
1.73 1.0%
1.12 0.25
0,88 0.d2
1.5% 4,32
1.12 0425
0.7 ("‘“)ﬂtw
1.59 0.84
1.33 0.37
0.92 Ge23
1.15 4ok
1,23 0.37
2,03 {‘“)QO&
1,40 0.35
0.85 8.16
1.28 537
1,40 0.35

{a) The first group under sach ester-pair 1llustrates the sffect of
consentration ¢n thelr separablility, vith the ratic of the two ssters
relatively constant -~ the sesond group, the effect of their vatio with

concentration relatively constant,



MG. ADSORBED PER GM. OF ADSORBENT

D
(@)

200

120

@
o

| 1

L

O 100 200 300 400

500

EQUILIBRIUM CONCENTRATION OF ESTER, {(MG./IOOML.)

Fig. 2.--Adsorption isotherms at 20° C.

petroleum ether-ester.

(1) methyl linolenate
(2) methyl linoleate
(3) methyl oleate

(4) methyl stearate

in the system:

silica gel-
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sdsorbed solute but a limit, de erdent on ite eonsentratiocn, to the
surichment of the less stringly sdeorbed solutes As before, this
liniting ratis would be large sucugh that whet wuld nomaelly Le
eongidered pure golute could v separateds The siznificance »f thege
trevwds will be é‘&mwmd furthor iu the sestion on snplified oliroe
metooraphie separationne

The tempereture effect on Fevelues war found to be smallse Lompared
with an arbitrary (F » 1ljewslue of 100 at 26° the value st m"’ wae
107 and amt Xﬂ wal 1lls Helsiive © astual sepsrations thie trend would
be sppesed by an expeoted decresse in ovlumn elfleclency at lower
tonperatures s

Phrse Swi show the exvecoted relationehips betwesn the separation
sehleoved end :;urkimlnwiw, flowerato, wnd adsorbentesclute retios It
is nobtwworthy, &8 shown in Flose 4 and 5, thab, a8 conditionz ars sade
pore favorabls, the seperstions Laprove rapldly at first but culakly
reach & pleteas from which but little further improvessut is obésined.
A retionsligation of this observation will be stbeapted in the meotion
on ampllified chromsto raphlio separationss

Fige & shows the extent tu which o taparation dep-nde »n the
relative asmpunte of ssch solute presents & the ratlo of gtesaric seild
to methyl cleats s inereased the latter has t: trawl over e greater
lsn. th of eclunn tefore 1t osan ssparate from the onre stronsly adeariod
Bltesric aoclde

It hes veen geperelly ssmeed that betier sepsretisns can be obitelned
when the predevelopment sdesorption le mmde from :iilubte= rebther than
soncentrated golutionss This view is supported by the relmtionahip

shour: in this thesle betwesen Zevelues and selute concentrations Fige 7



CONCENTRATION OF SOLUTE iN ELUATE (MG./25ML))
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o X
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N
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VOLUME OF ELUATE, (ML.)
Fig. 3--Relationship of particle-size to separation.
Curve No.  Wt. of Si0y Particle size Flow-rate Wt. of Wt. of
gm. mesh ml./hr. methyl oleate stearic acid
mg. mg.
1 1.400 200-325 170 13.8 78.2

2 1.400 12-200 160 13.8 78.2



CONCENTRATION OF SOLUTE IN ELUATE (MG./25ML.)
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(o} 100 200 300 400 500 600
VOLUME OF ELUATE (ML.)
Fig. 4.--Relationship of flow-rate to separation.
Curve No.  Wt. of SiQg Particle size Flow-rate Wt. 0{ Wt. of
gm. mesh ml. /hr. methyl oleate  Stearic acid
mg. mg.
1 1.400 200-325 78 13.8 78.2
2 . 170 " "
3 " 280 " "



CONCENTRATION OF SOLUTE IN ELUATE, (MG./25 ML.)
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Fig. 5.--Relationship of adsorbent-solute ratio to separation.

Curve No. We. of Si0g Particle Flow-rate Wt. of Wt. of
gm. size ml./hr. methyl oleate stearic acid
mesh mg. mg.
1 1.800 200-325 187 13.8 78.2
2 1.600 " 154 " "
3 1.400 " 170 " "
4 1.000 " 178 " "



CONCENTRATION OF SOLUTE IN ELUATE (MG./25ML.)
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Fig. 6.--Belationship of component-ratio to separatiom.

Curve No. Wt. of Si02 Particle Flow-rate We. of We. of
gm. size ml./hr. methyl oleate stearic acid
mesh mg. mg.
1 1.000 200-325 125 46.0 46.0
2 " " 178 13.8 78.2
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CONCENTRATION OF SOLUTE IN ELUATE, (MG./25ML.)
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Fig. 7.--Belationship of solute-concentration to separation.

(1) Predevelopment adsorption from a solution of 46 mg. of methyl oleate and 46 mg. of stearic acid
in 15 ml. of 3% benzene in petroleum ether. Development with same solvent.

(2) Predevelopment adsorption from a solution of 46 mg. of methyl oleate and 46 mg. of stearic acid
in 500 ml. of 3% benzene in petroleum ether. Development with same solvent.



CONCENTRATION OF SOLUTE IN ELUATE, (MG./25ML.)
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Figure 8.--Comparison of methods of separating different quantities of solutes with separation-time constant.

Curve No. Wt. of Wt. of Wt. of Length of
methyl oleate stearic acid Si02 Si02 column Flow-rate
mg. mg. gm. cm. ml./hr.
1 46 46 1.000 1.1 125
2 92 92 2.000 2.3 255
3 138 138 3.000 1.0 360
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he colusn end the wall of the tube diffusion toward the tube would
not result in edgorption with the result that the eolute would mowe
wore rapidly than in the interiors Thie effset would booome relatively
lexa lmportant with a decresse in the ratio of lenpgth o dikmoters
Copditions § and € are based on the fMindings that after & certaln degree
o«f separation has been aschiewsd, the eadditionsl time required with more
edgorbent oF & slewer flowerate bwoorws lses and lees rewarding in
tores of more offective seperationse Condition 7 lwe been discuesed
aboves

Tables VeVil show the results obtained in separations of the esters.
The refrective index was uesd a8 the eriterion l'or judping the aprearance
of B Ture seter in the eluatve The soouwrssy obtelned by this method oan
enly be econjectured but 1t ie esorwicersd lilkely that the ecrvent refrece
tive lndex of a single fraction representa & purity of 08100 nercent
while the correct velue for s series of frections represcnte A Hurity
considerably nearer the upner limit, particulsrly for the ronterninal
rembers of the seriess Lot Hoe 1%, Teble ¥, ripregents the only instance
of & singzle {rection with & correct refrective lndoxms Analysis, by detere
mimation of the icdine walvwe, indlemnbtes & purity of $0e7 percente Thiz
deviastion from 100 pereent very nesrly repregsnts the probable error in
the detersination so that this frsotion can be Judged to have & purity
of (Dube100 percents In the followin, swewery of the results obbalined
in these separebions, wee of the term Ypure ester® is maie within the
linitations indiceted abowee Tn the separation of swthyl cleats from
mpthyl stearate, 71 percent of the Pormer and 60 pereont of the latter
wag obbeined pures The flret appsarence in the sluste sf' the mores stronge

1y sdsorbed solube,; rethyl cleate, in & pure sondition, cesurred S8
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TALs ¥
DEFALATION OF HETHY, STRARATZ FROs vBIHIL G gg®

Lot ¥al. “ Wt. of esters »m«l&?aiﬂ g‘ht of He Wt of He
eluate stearate cigate
NER =, g #l, 0,00017 ¥ =g, B
%28203
1l 300 49,8 000 4%9.8 0.0
2 1% 18,5 000 18.5 0.0
3 75 14.7 0,00 14,7 0.0
4 "8 11.2 047 16,5 G.7
5 75 Geb Dbl 8.9 Ua7
6 Vs Te5 C.65 6,5 1.0
7 5 6.7 0.4 5.8 Go¥
8 75 548 .50 5.1 0.7
9 75 49 0.5% 40 Go8
10 i) F Ce94 2.9 1k
u 1C< £.3 1,36 3.5 240
iz s 3.2 1.12 1.5 17
13 Vi3 3.3 1,37 1,2 2ol
20
Hy,
14 75 3.5 1.4495 1.2 243
15 5 3.7 14502 1.0 2o
16 110 6.8 1.4504 1.6 5.2
17 o 8.9 1.4506 1.2 ba'P
18 100 6.7 14517 044 6.3
19° 50 99.2 1.4522 0.3% 98,9

(a) 138.3 mg, of nethyl stearate plus 139,1 mg. of methyl cieate
were disgalved in 20 nl, wmmmmmwma.m&
silica gel. Development with the same solvent at 20 Jhr,

(b) Sensene sdded to colimm,

(¢) Caleulated from an Sodine value of 8.4,



TAELE VI
&
SEPARENIGH OF HMETUY. CLRBATE FROM METRYL LINGLEATR

esluats elnh nmm
NQ. ﬂ* wt Baze w’ m..
1, lm 0‘1& Mgt Masae L A
2 Fies 147 1.4522 14,7 0.0
3 100 41.8 14522 41.8 0.0
4 100 32,7 1.4522 3.7 2.0
5 100 2344 1.4522 2344 0,0
b 100 2041 1.4526 19,2 0.9
7 o 13,0 1.4529 12,0 1.0
g m %3 JJ&: l?‘ & épﬁ
9 200 19.6 1.4569 2.8 9.8
10 200 14e6 . 144579 5,7 8.9
1 300 a,.0 1.4589 5.6 15.4
32 309 %04 19‘6‘92 - ont 3"?«3
12 300 25.7 l.4616 0.0 5.7
4% 300 38,1 1.4616 0.0 38,1
15 300 30,3 1.4616 0.0 30.3
i6 3% idy s 14020 e w————

{a) 204,93 ag. of weihyl olesle plus 191.3 mg. of methyl linoleate
vare dissolved in 20 nl, of petwcieun other end adoorbed on 4.00 g. of
silion gel {column ves 4&@ en. X 1.3 o2, ). Davelopment with 2 benzens
in petroleun ether at 20° st 500 ml,./hr.

(b} ﬂ GREancviavion ﬁr BNEANe

in the salvent wae izereazed to 3.



49
TAKLE VII
SIPARKTION OF METHYL LISCLEATE FuCH METHYL LINCLENATE®
Lot V@i. W Wt. of esters Mﬂi‘ Wt,. (#' e wt. of re

eluate lincleate  linclenate
20
Ng. . g % BE. g
2 100 b 14615 7.2 0.0
3 1080 4046 1.4606 40.6 0.0
4 10 n.7 1.4616 n.7 0.0
5 isy 23.7 1.4616 23,7 .0
6 100 7. 1.4619 172 Cub
7 i00 14,6 14630 12.5 Zed
8 100 11,6 1.4640 8.7 2%
9 200 2.4 14660 1.6 C.8
10 200 18,0 L.4872 75 1¢.5
11 300 4.8 144687 6.5 18,3
12 30 0.4 1.4697 4e7 28.7
13 300 30,0 1.4711 0.0 3.0
i4 3 28,8 1.4 0.0 8.8
i 400 35.0 1.4711 0.0 35.0
16 300 Dol 1,471 8,0 23
},? m ‘.. A —o—- rr— 2 oa——

(a} 202.2 mg, of methyl lincleste plus 199.3 ng. of methyl linclenate
wre dissolved in 20 nl, of petroleun ethar and adsorbed om 4.00 g. of
siliea gol (oolumn 4.8 om, X 1.3 om,), Development with 47 hensene in
petroleum ether at 20° at 500 zl,/hr,



hours from the start of' the expariosnte Ia “he seceration of vethyl
sleate from msthyl lincleete, 08 percent of the lormwr and 49 percent
aof the latter waz reccversd purce The pures mothyl linsleste svvnsred
in the oluste within & houres In the separation of nethyl linoleate
from wethyl linolenate, 61 poresnt of the forswr and Bé jercest of the
latter wee cbtalosd pures ure sethyl linclensts sppsared in the »luate
within 4 houres

Purther improvemsnt in the sopearstions ococuld be expocted Crom the
following =odifiontions of ths sroeedures whiech were used in obbteining
the above resultss Nome of thase veguires & more effective adecrhentw
sclvent conbinstion than sillen selepstroleun sthers The use of oxyrene
free silica gel should ree:lt in an inproved recovery of the mesturated
estere Tahle VITT ehowe the extent 4o whish the unzaturaled entsrs ere
oxidized when in contaet wiik rilien pele The Jdate concernins =wthyl
lincleate ehow that the esters mcovered from the eguilibrated solution
teve retained thelr full ensaturations This zust result frov 8 vory
gtron; aPfinity of the oxfdired suvelice for the adeorbente The pmotioal
result of thls behavior ig thet the vxidetion decreases the yisld of
snters, but the oxidized estores tesd Yo remaln on the columm rather then
to appesr in the elunte &s o conteninente Jore effective s:paretions
sould sles be sxpected by the vse of colloidel eilien pel pavked by mesng
aof hicher contrifussl spesds, by the vese of oolumne with & roeter ratle
of lenyth te diameter end, proebubly, Ly the omlgsion of bangens {rom the
gulvent uged %o develop the vnenlureted opbterse The omistlion of henzene
for this purpose would reculre & reduction in the quantity of edesrbent
in order o kpen the experinental tlre the savee Thisy in farn, woold

rocuire She uee of narroswr fubes & calntalin the eame ratio ~f o0lomn



TABLE VII1

DETERICRATION OF BSTERS OF 31LICA GHE.

Ester Tize of contact iodine value of ester
by, theary sdsorbate soluvtion
nothyl cleste ® 2 85,7 83,9, 83.6 83,9, 8.0
methyl lincleste 2 172.5 169,6, 170.0 172,8, 173.4
mothyl lincleate 22 172,5 153,35, 154.2 172.6, 172.5
wothyl linclenated 2 200,46  255.0, 255.4 s

(#) The lodine value of the eater, which was conteminsted with mothyl
M,W%ﬂ.

(b) The experizent vas conducted under conditions which led to nearly
conplete aisarption,



ny

lencth to dlexeters IF thw fubes were provided with sintered glase

fFilter plates, the use of parrowsr tubes would require Ll her pressures

to =mintaln the seme [lowerstes This svquense of requiresentes illustrates
the neturs of the mechenieal chen:es in desiyn and cpertticon whish would
be indlested as necessary for & mere optimm procedure then that employed
by the authore It is to be expected, howsver, that separetions under
apbimin conditlons would #%ill be lese satisfastory thean sould be obtained
by the method which shall be referred o es saplifled chromate;rashie
gaparatinngs This opethed, whieh recuires the use of a suitable thipd

godute, is discussed in the nent seoblons
The Convept of Amplified Chromato. paphic Zsparationg

Lebwab snd mmﬁ* heve roported Lnstencen of ineressed swosrebility
of imorpanie ione in the presence of 8 third lon whieh s sdaorhed
botwess theme btrain®l has steted wiat similar effects have beeu oboerved
in separations of sxtrects of plant and saninel materialos ‘i‘imlim&,
in & dlspussion of his wethod of displecemant chromats repiy, stated
that each sone of solube represents s pure zaitoriale This conclusion
seene to be bused sn hip premise, siteted in the termineloepzy wsed in
this thesis, that when teo sclutwe ere competing for the seme adecrption
site, K must alwaye have o velue grester then one, regardless of how
ganll the soncentratisn eof 4w lese reeadlly sdsorbed golute hes beoonse
In thie eonmeotion, he revernisad the exlstence of evetere in which the
less strongly sdserbed selute gould not be completely displsceds In
1o meme DRper, &r & logleal extensien of thees views, he su;rested
that the contijvous somes should be separable by the inelupicn, in the
semple, »f solutes with intersediste adscrption effinitiese ¥e has

pince implemented this surestion by the use of such solutes in separsiions



of snine aclide aml w&%ﬁm&mg; The new procedure, nessd "serrier
displecesont chrompbosraphy™, lms been applied by Holman to the ssparation
of smtureted fatty aoids®®, The date of Yolwen, howsver, show a
sontinusus elution of acide lostead ¢f the wxpenind seldefres arecass
Eynze and Tig013usP have mentioned the possibility thet some ghenonens
shesrved in the elution of adeorptisn colusns with susseseively 4ifferent
saolvents micht be interpreted se resultlng from thie type of displecemente
The follewlins discussion, whick leeds to the sesw oonslusion
reparding the effect «f mn luterwedistsly sdsorbed solute in normsl
ohromptoprazhy s was veuched by Tiselius for displecemont chromatoprephy,
ig independent of ey theoretical eonsiderstiens regsrdiag $he adsvrotion
provssss It i baped on & guantitetive study of the adsovpblion ouw

sffielents of the U, » esterse The wwpliiyviny effeet is dexonsireted

14
with en setereppir for which thees ecefficients had been deteruined
et o studled guantitatively with s sclute-palr whote severeblilivy
on eoluane hed previsusly been studied extensivelys The presentation
of the ecsespt is fellowed by & briel somparissn of Ghe waplifiving
offect in normale and in dieplacenent chromeiosrapiye

In FMloe P the eclid lines repressnut s eompleted shromsto rephie
separation af two compounds under ideel coluwm conditions such thet no
interasl wizing has taken plase, the flowwrate has been uniform throughe
out the column and each unid wolww of solution has passed cver the same
effeotive mane of adecrbents The wertlesl freants wwed to represent the
elution surves confora to the theory of mwa&a?wg .

Puring the separation the movensnt of eaoh solubte in mimedwsolute
ponos on the coluan hes Lesn soverned by the relstionghive found for i

wvaluesy in the soned where pure gelubtes have separates by those for ¥~



CONCENTRATION OF SOLUTE IN ELUATE (INCREASE—*)

B

\
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(1,

\\(2)

VOLUME OF ELUATE (INCREASE—»)

Fig. 9.--Bepresentation of the concept of amplified chromatographic separations.
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valuegs By referring to Teble IV 1t is seen that if the trewds noted for
Feyplues in the swthyl stoersteemetihyl vieate aysten hmve prevailed, area
A repregents & pure comprund, while eree B represents ocvspound B eontemine
ated with sxll socunts of A but IY alse can be asonsidered purese If the
trovds noted for the other sster prire have prewvsiled, those relationships
are reverseds If compounds 4 and B have shown Bewvelues which are londepande
ent of the A/B retic, then there is » lizdtation pleved ou the purity
with which sither ¢an be obtaineds The precticsl result is theat under
ary of the thres pessiblilities both 4 snd B would normelly he sonsideved
waree Separation of the tsil of A from the hesd of B must then precossd
aocording to the relationships found for K evaluess Hefereuce to Table IV
showe the ;rest dependenge o7 m\éwg&a on the relative csnesctration of
$he two solutess In contrast to Sevaluowe, m\&.«wgﬁ shew & reversal st 4
motiyl clonte to mebtbyl stearate ratlc of leeas then § end et & swthyl
linolests to methyl oleate ratlc of less than 4e¢ Agmin referring o Fige
fay, it bevomes apperent that the tall of A caunnot draw eway [rom the Lesd
of 83 1t oan only deeresss to that comsentration for whioh £ -1 sa BEFON
In & nonideal conlumm, sonundform movement of the msolubes in difTerent
vortical sectiong of the coliumn would resuld in the plans of separation
of the solutes iu emch of these sections eppeering in the eluate at dife
forent btimes with & resulisnt remizxing of the solubsss This effect is
reprosonted by the dotved lines in Plge $Re Mn i “wvnluas hawe boen found
te vary lnversely with somcentration of & #olute, the relative ooncentre=
tiong of B end A at thelr corvon boundery and the sres of wixed g2lutes
will aleoc wary with conoontreticone With dilute saolubions of soumpounds
heving large w\éwﬁgu the ratio of B o 4 &t the ewawn boundary gould
bovome lerpge encugh that the seperation would he considered osompletee

/ , .
tiowswer, with ¥ wvsluee of the sapnlitude found for the estere stndied in
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hpen established by sepsrate egullibria with esch «f the cther ssters
to have en intermedlete alfinity for eilien rele Its refrastive index,
148367 at 207 lies below that of betk mathyl stearste, leb445 (eale
ouleted from its velue st 40°), end that of methyl oleete, 14622,
and se the sppearance of this refrsctive ivdex in recovered solute
sannct result {rom any mlzturs «f the thres sstevss Prior 4o its vee in
the exyeriment, the methyl myrietate wae chrommtoprayied and & swrple
shogen from the 2iddle of & geries having thieo sane refrective inmdexe
The resulte sre plven Iln Table IX, whish showe that ower 1000 wmle of
eluste comtesining only methyl wyristate were collected botween the lest
penple contalining methyl stesrate and the first one contsining methyl
nlentes This deswnstrates the “apreading® effest of eclute ©, but does
net plve acy cusntitetive information about the separations Betiyl
saprogbe, which oan be volatilised on & ebean bath, wes soneidered,
o the besle of trends noted with the hisher saturated setors, ep likely
o be adeorbed brtween retlyyl cleonte wnd stoarie acide The results
ohtpined with a solution of there three eospounds sre reccrded in
Table Xe Again it is noted thet s =iddle mons free from either solute
& or B sz been chtaineds Howewer, o signiflesnt amount of A heg
resmained apsocisted with Be

Table XI records the results obtained by sdesrring a sixture of
mathy! cloate ent stoaric asid on the eclumn, verrying sut & predevslope
mant with controlled smounts of nethyl esproste in petrelsum sbher and
sontinging the development with the solvent slones The recoversd methyl
oleats was shown to be frae from methyl esprosts, ¥ o0 1e8048, by ite
gorrect valug of ww@ 1o4828s The tests for contemination by steerie ecid

woire nede By rapldly titrating B mle of B& porcont othenol with O«01804 N
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TAR.E 1

AMPLITISD SEPARMTICH OF WETHYL CLBATE FRCM STEARIC ACID WITH METHYL
Chisidli, &5 THIAD GALUTE ADDED TC ZTIUTION FRIGR TO DEVELCPMENTS

Lot Jolvent Vol, i Wty of solute Wt, of centaminant
cluate
“z.@t E,’ &i gﬁ
e cleste etorrie S»%_
i pat, ether 500 53 0.0
M o Wm‘w % Qa@
3 f 500 59 0.0
& " 500 1 0.0
4 w 500 3 0.0
6 " 1200 2 8,0

stearic aold e oleate®

7 3% HOAo in pet. ether 100 0 0.0
9 » 100 % 6.7
Ao # 100 53 0.0
11 ” 100 3 Ced
iz ® 100 & 0.1
i3 " 100 i 0.1

{a) 202,7 sg. of stearic seid plus 211.1 mg, of methyl cleate plus
1.9954 g. of methyl caproate were dissclved in 100 3l. of petrolewm ether,
adsorbed on 24 g. of silies gel and developed at 30° gt 350 =1,/hr,

{b) Deterningd by maintenssee of color of neutralized aleobolie
phenalphtbalein solution when added to combined lote 1-6,

{0) letermined by addition of sach sample to 1 21, of Wils zoln.
(30 ain,) and t4tration with 0,0201 ¥ thicsulfste soln,



€

TAELE X1

AMPLIFIED SERARATICR OF nETHIL CLEATE PRON STEARIC ACID WITH REXEL
CAPURATE AS THIRD BCLUTE APDED TC DBVELOFING SGLVENT

Expt, Lot Vol. of eluate  Wt, of Me cleate Contaminatiom by

stesrie avid
N e R ml, B %
18 i 500 55,8
2 500 40.6 < 0.1
3 500 043
P 1 500 730 < 0,1
2 500 25,3
3 500 .0
3¢ i 500 96.1 < 0.1
2 500 4e2
3 500 Oeld
4 i 1000 10046 < 0.7
P 500 G0
3 500 0.0

(a) 102.8 wg, of methyl oloate plus 104.2 mg. of stearie scid,
dissolved in 100 wml. of petraleun ether, were adsorbed om 1:,0 g. of
siliem gel. iredevelopment with 200 al, of C.5 methyl caproste in
the same sclvent and development with petroleum ether at 25% at 350 mi./hr.

(o) Samep solute and adsorbent a2 in (a). Fredevelopment with 300 wi,
ef 0.5 methyl eaproate ia petroleum ether and developmant with potroleun
ether at 28° at 350 ml,/tw,

(e) Zams sclute and sdsorbent es in (a), Predevelopment with 500 =l,
of i}.g§§ eaproate in petroleum ether and development with petrcieun ether
!.t ﬁs l?: M; ”3»‘ .

(ﬁ} 102.2 mg. of methyl ﬂ““, 100.9 mg, of stearie ‘Biﬁ’ and 12,0 g,
of silice gel were used, Fredevelopment with 1000 ml, of 0,25% sethyl
m’&?};ﬁ petroleum ether. Develogment with petroleum ether at 25° at
400 mi./hr,

(@) Determined by titratica of the combined lota of each experiment,
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ot the 5/4 loterfece, o smnller Eevnlue at this boundery would resuld
in move imtermizing of A sod Be The less strengly sdsorbed type of
third solute would b expscted %o interfere with the sepmration in mixed
golute gonos beeeuss of szmller Feweluss vesulting from its presenceos
receuse of & leck of K'=date, & bezis for Jud ing ite effsct at the
B/ interface sust swmit furtber ezpsrineatal worke

In comparing saxplified shrusptcgrephle separations with those
sbtained by earrier dleplscarent ohrongtosraply 1t ean be sald thet in
oach type the separetion of the tail of A frae the hesd of § is initlated
by the presence of C wiieh permite the mwvement of both € relative to B
and of A relative t0 C o prodseed aseording to the relstionships found
for fwenluese Thersaiter; the situstion is differeants In onrvier
digplasoment chrumntopraphy the benefielal effeot f € on the severatisn
‘s restrioted o 1ts wmalobersncs of Fewvnlue conditionse M amplified
ehromatosraphic separations the rrester concentration of € et the A/
boundary then at the B/ boundary produces an ®awplifisd® =ovenment of
& relative 4. B, benvce the ude of this word in desoribing the sroveoBse
The dubta rooordsd ia Teble X indicate the "auplifying® affect of € mamy be
lerge and, therefore, impordant in effeetlny stherwise $ifYisuld sepurationss
This effeot nokes 1t essential that solute C be added to the volimm alter
the addition of A and Be The prectice i cerrier displscenend
ehvomabo rarhy 18 to adé A, B, todl C slunltensously Yo Ghe colusne Even
in this sethod 1% would sppesr that in diffisuly separations, in which
larze cuantities of Cp relstive to & and B, wire regulred, the addition
=0 € gubeequent to A and B mlight prove sdventagsous, slthourh not ag
vegsential a8 in anplified ehrometocraphie separetiongs

The oomenst of menmmplified ¢lromatozrephie seeratinns, pressnted



sarlior ia thie geetlon, conbelue en implicatlion vhe suther would 1like
o stresey nerely, the extrave apse of prolonsed developuent a8 & monns
of preatly lnevsasing the pereentee vields of purs solutess T8 would
sppear thet o every syeten there iz ex sptisom ‘eveloments This vould
gery Lo be that recwired for produslng & degres of separatlon =hiich oen
be bmppowed caly fhrow b lovering the goncentratisns of the s:luies ed
pA ,&gf & intearfeceoe At this olnt e sore econvsioal procsdure would

e o fsalate the nlred suluies snd rechiremetlo raph Leve
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AFPERDIX 1

KEY TU BAPERIMENTAL WETHUDS

Reference

Table I

Table 11

iakle 111

Jable IV

Table V

Table V1

Table VI1I

Table IX

Table X

Table XI

Fig., 1, eurves 1b-5b
surves la~3a

Pig.

Fig,
Pig.
Fig.
Fig.
Fig.
Fig, 8

~3 W R

First K~value method

Third E-value method of sguilibretion
Third Kwvalue method

Second K-walue method

Second chromatographic method

Second chromatographble method

Tirst ehrmtogr@:!e mothod
First E-value method
Seaond K-valus method

Second K-valus methed without anmlysis
Second chromatographis method
Second chromatographle method
Second chromatographle method
Second chromatographie method
Second chramatographie method
Second chromatographice method



PEIMARY BAPLATHY BYAL DATA

87

Baulilivraisd Solne
Bstere

sge  iodine walve

Y FTeTy BVe8

saforence Adsorbent seiginal Selation
Tebis Type #bs o cleabte ve stsarate
Hoe g A Hge
1 standerd 810, Geme date se for Plge 1, surve 1b
® jdghetanps 810, el e 7 BI7 o8
" giliole moid Tl #50 o0 40743
* slumine (Pisher) 100 847 o8 502 o
* alumins {Erockeann) Ve TTTeR G2 e8
* mmgnesiun oxide 1640 5380 8172
® Daras Teld BES.8 T9Te8
¥ goensnut charcokl  Ge0 Y7 Blied
* wood sharooal 7 33848 ToTeR
® Fachar Tl AB8 8 7972
® Horited, weutral Tal G68e1 1139 P8

Refersnve Bxperimet

Tavle Boe

g

T 2 2B RS ¥

Referencs

Table

Hoe

2 2P B 2 € $pw

Tale of waashesolution

wnle
)

Bgullibrated Solutien

e cloate

mge/100 mle

848
548
18
a7
1847
1naY

b Stesrate

mye/100 nle

866
868

1878
1878

16743
18743

B8l 538

280  BoeV

820 BYe0, H7e0
1180 488, 42t
460 %#gw &h@
830  dial, 48el
BBl 484D, 484D
TES  GGely 40a7
THO  43ad, 4548

Mdporbed estors

fodine »nlue

AN

1084
18,82
18682
19482
Ay )
16470
1588

Meorbate

fodine valus

Glell
Etiglh
20409
£0s11
28423
#BE a0



alarenne

Table

2z e a2 g

® %A% RER T IR

APPEDTE T (gomr

FRIMANY BAPLLDMETAL LATA

Orkgioml Solution

e clente Me stesrsts Colvent

HEe

10248
S5 49
§00«8
102 40
50«8

e linolenate ¥

ng»

28840
4TDeS

Fhe¥
30543
BB ob
15143

Mo linoleats

nge

8762
2546
48548

7ol
48667

971
2Bl
48547

71
48547

e

LiGe petroloun ether
SO0 "

B0 40 »

B »

Yol "

e limclente

L)

28led ®

48887 "
48647 »

28748 pute sthwrebonsons
4708 ¥

47948 #

Yo slente

e

10820 potroleun ether
bote, "

8067 b

B0 eT .

10240 ®

10240 pate sthep-boensene
K3 ¥ ) ®

E0D 8 ®

EuGeB »

102 40 ®

TYEUED)

&6

Equilibrated Lolution

Eaters
ne ivdine value
T2ef BG4t
42847 Blel, Z8Bsd
618e1  6ual, 40e8
427 46 10 o802
48087 TOwly Tled
388a2 R0Ge0y Z09e9
Tef o} 21241, E2l4ef
J5de8 18548, 18544
40649 21248
BT 8 E1Ee2
42242 18644

G540 11349
41348 10EaE, 10E.8
T35 98 12848, 11540
42048 20, UEsT
402 41 15600, 1033
Bled 11847
40641 120eby 1207
#1140 12841, 1284
§4C9 H7aby 577
REE o 150el, 185 e8



teference Adeoirbent

Floe Curve e

Kow G
L

el

Tl

£ el
Seatd
LY
Ee76
2e81
Bell
Eel?
T BB
2eftl
BeP3

T R
o

i
b

Tedl
1540
1248
e

2o

3o

440

240

340

wQQ
% ol

% 2 X W LT 2 8 2 8B 2 OFT 2 % C %T R Z 8 Z S F T E L L

wg#ggk##gtﬂgﬂﬁﬁg%iﬁgﬁﬁ@

FE

FRDAY

Yo e ¥ ¥
faRER s X I3

Lo R 4 RES g R
F.&?M% S5 v @.Ma.

dpiziual Golne

{c

g

e oleute He stearate

846

bt H

918

45147
481e7T
431a7
456040
45D
&50D
Gl
&5l
S5 o0
L AT )
480 &

Mg

8 1
53 |
484
9]
B8
BB
Q0B
o8
@08
b=l 1
bro
808
POE
PUE
9038
$38 od
wamn&
473004
45T o8&
457 o8
4573
57 o8
Loy %1
407 o
457 48
& o8

T4l Y

kY. ...;&m«zw,

i

AT

PR N Rt
R T e ERs v

Yguilibrated Solne Adsorbate

e

1060
890
50

n&mm

Tan

618
1487
1511
1058
10
1691

1398
1241
{68
811
618
541
380
247
81

481
Bex

baters

fodine walue nge

kv

EttelT
SBel, Gled
J6e7, 36s8
0aly 4DeE
BYoTH
8769, EVa9
ETely 3746
dlel, 1146
40a7, 4048
dleliy 410t
»u.*m # %Ni«m
&3 Qﬁﬁ §5a7
35495
29 458
2EeH8
BBW50
SEell
2028
BHeid
B WAl

Egtors
840 61l EHeO
1080 #0e0, $9e0
152G 4%el, 4740
512 B2 oiy [Eek
8l .wwnﬂv 5le8
102 d0el, 402
1178 4Bell, 450
279 4843
540 ABefE
- “i-.!.t.
S L



a6 letence Adsurient alodnel Solutdon Sguilloruied Selubfen
Fige turve e ahe of sxlep “ie ol pater
Boe e qe Be e

i lelii Bl 5%
" 1a000 141 a8 15 o7

. 505 a2 15ez
. 815k L7 o
: 50685 51oes
& Y7el 7oy

14 o8 e T
281 w% 12v o8
LT A EOY 0D
EhG Y el

2 ab Ded

‘ Y72l 15 o8
Yol L5 103
100 M4 5aT 17788
j e & 522 EFC a0
1a200 30 W P
1000 Li¥eD) Thad
12500 KA RISy 1588
L0 #3040 EE0eD
1030 HEY e BTGB

£ 8 ¥ 2 € 5 282

® % =

-
3

2% 33 28 a
2 2 24 2 BB BEr 2

]
S



#aforonce

APPBUDIE 1T (CoNyINUED)

PRIBARY MEPEETRUTAL DAYA

Bluate®

71

Fige Curve ot Yolume Welght of solute Titretion, O4U22388 ¥ benE

Bue

T %2 %2 3R 2 R SE TS TSI E RS REES SRR AR LER R RE R EN

Ese

8 2 %2 % 3 R 2 oW T T T2 LM QRSB RERERS T ERED RS PR LR Ep

(a)

Hoe mls BEw
1l B Gal
4 ® 080
% : oy
& 5
5 * Dal
& " L& Py
T ® Ged
8 o 1.2
1] # 1.8

10 . Yub

b4 1 " leb

¥ ® le6

18 : 16

14 ;

15 = 100

16 u 1vé

17 : leé

18 i

1 1et

29 hd 1ad

£1 : o8

22 1@

28 *® 18

24 : 148
: . =
3 " N
& o -
B » Eel
€ " Sel
7 " fel
g8 " 47
# ® L 15 |

1o hd Fel

11 : - % §

12 16

15 " 148

14 w 149

15 o ]

The solutes were adsurbed ane developsd with 5% bensene in

patroleun ether, Flgse 8 ~ Be

ule

000
3400
s s
0«0
4 %5 ]
I O
O«03
(00
300
a0
Deli?
Py
eld
el ?
Del2
QW28
Del
Dedb
Qedh
GaS6
Gali®
D7
0488
Gelb
e
-~
A
‘-
(B8
Oetl
D87
Q488
D77
Uadtd
o
Oul6
D87
Qal7
Dol



78

AFVEIDIE XY (CUNYIRUEDL)

PRIMASY EXCERIPLHTAL TATA

heference Eluste™

Fige Curve 17:1 Velume “eight of solute Tivration, 001238 ¥ Haill

Hoe Yoe %oe mle 2w mle

3 2 18 28 1a8 [ %7}
» . 17 “ 1a8 OeB4
a L. 18 w ﬂ‘& ﬂvig
. B 19 " 1B De81
" hd 20 . 1e8 (e38
4 1 1 28 Oel D30
. h 2 » 00 030
" " 3 * Qe Del00
* . 4 . ) Ol
= " m » m.w% »U'@_@
" » 8 . De2 0400
» " ? » Oeb 0830
® " 8 " Oe8 Del0
e . g " 17 Oe08
. » 10 * 240 0408
- & 11 ® Zal a8
» o 12 " Lle% QoY
" " 138 ® 1% Jell
b " 14 » 1.8 Deld
. w 15 . 148 Oel

" & 16 * 17 Qe
® " 17 " o8 Dol
. " 18 " P Geld
bl " 1z » 1eb D438
. d 20 o 1ef? Db
" » 21 » 240 D458
" " g2 a 1e8 0468
" " 23 » o0 GebT
» " 24 " le¥ Oei6
« . 3] . 242 Debll
" £ == same deta 88 lor Pige 8, ocurve ls

» 3 1 28 — J—

b bl & ® —— ——

b fud . b — ——

had b * " L] Lo

" 8 b ® Bl Gald



g
L4501
14 4
311
3%t
T
Ltk ¢
1w
%%
10
G
80%0
Co*o
00*0
o
o0rG
0o
oG*0

g0
e
28%0
220
R0
1#*0
S0
g
8.%C
960
8a%0
o8*o

2o

¥L%0
444

sy

oy P 11 » a
t‘% o gg » »
8% . 1z . o
o'y ® o2 u »
*% - 41 5 ™
ﬂ‘¥' Y ﬁt FY %
g*% " A 4 u »
g‘@ [ ﬁt - ]
"& " Q! o [ 3
41 " »" » »
9' ! ™ ﬁt & ]
t‘g " ﬁ Y ]
”3 - tt L] »
a3 ® ot ® "
a2 - 8 @ ™
9”! ] g B »
g0 - & n "
o0 08 ] 1 b
a1 " 0 " "
1 % 81 » 4
?.t o %! @ %
ﬁ‘t - lﬂt “» E 3
FA 4 - £ 4 L “
g%t " 14 " »
g. 2 ) *t - "
g*2 " 44 » »
5‘3 " M “* L]
Q‘“ﬁ »n t! @ ]
g*e » 1451 - ™
9‘3 M 8 # #
ﬁ*’ Y g [ ]
I"' W & » “
i*% a2 9 % ¥
k" squ soy soy  op

HOBE B §EIT000 'WATIRGATY  egnioN Jo quijew  ewmep Q0] AmD TR

24

“ﬁ%‘!ﬁ BuLeLRI

YLO¥ TVAN R AWV NS

(QEONIINOD) IY fIgud av



AFPENDIR L (¢ ATINUED)

PRIMARY LRPROIM WTAL LATA

Referrnge Elunte®

74

Ploe Curve  Tot  Volume Welpht of solute Titration, 0401238 R Kavll

Yo

2 3% 22 92 28 9 2% 3 2R ST 2 LS ER ST TES IR LET DI R X AN

4 % 2 8 ¥ T N X 2 2 TR TS L AT LR T T XY R BRI RRYS R SN

¥ow

Hoe nls BZe
1 4.4 e
2 » Dl
3 ® Qe
4 ® Oel
& * 13 Py
6 e D0
7 . Dl
8 : D0

0 o

11 : Ol

1z Dol

12 : Oa?

140

i; ® 12

¢ # 1a3

ir " X%

13 " 18

18 : sl

20 ’ % |

21 » 1ed

44 g 1

2 . 12

24 : 12

A st

27 * 1sb

28 hd 1e8

29 * 17

0 : %

51 2o

2 » LeB

.41 » Eel

54 . o2

&6 Eod

36 : 28

2T 28

i " £e2

we game date ne for Floe &, ourve le

rade

00
G400
OO0
0800
G000
030
0800
Cel0
G
2400
0400
2000
Ool10
2400
00
De0
Cell
350
2400
0a08
0008
Dol
s M
el
Oel®
Oe2d
%4 |
De3E
Oed2
Db
(ol
Vel
a0
e85
Cat)
0860
Oe60
04859



AFFEEBIE TY (€ WTINDED)

PRIEAY BXPeveIMeBTeL LATA

Hplerense ﬁwg@iﬁ

Flge Curva 1ot VYolume  Welght of solute  Titration, 0.01ES8 ¥ Heol

Hoe Hoe Hoe wle B . sle

& 4 1 28 Oed 0w0l
» " ¢ v lé2 L Py A
» " 8 " Bel Guil
» . & » T 140€
e " 8 " Ba? e
» R ¢ " 4ob O#TH
. ® 4 ® 549 Dot
. ® 8 ® B8 DebY
" -3 ﬁ 3 ” .w mw ‘g
8 1 1 » el 040D
bad ® 2 b $a7 Gel)
" & 8 » 1243 O30
- * 4 * Bel 000
" . 6 " Gl s
hd h 1 ® dol O
» bt 7 ® Sal 0400
d ® B ® 28 D400
® ® 9 * le8 D00
. # 16 " 1.8 5400
" * 11 " 1+ D400
. ® 12 . 1% § el
b # i3 . le} 0407
" " 14 - 18 0420
. " 18 . 1e7 Oedt
® " 16 . 2ol GBS
o * 17 ® Ee8 Gebl
* » 18 » Red OebS
b " 19 ® 2eb OeliB
» ® 20 # Zeb 0wl
. ” 23 » . OetiS
.... " g2 = 22 Ly I

2 we gaoe dutn ae for Plie 6y curve 4.

-3

1 == spee dete ue for Fizs 6, surw le



Referense

Figs Curve lat

How

& %2 ¢ 32 %5 8 B B

2 8 % 85 5 323 2 % X ¥ 2 F TS ELT RS

s

T T T E S 2 RS BN

4 2 8% 5 3 %2 2 3P R X T R T

i
-1
MR s SEREENEBREo

Tolume Helcht of solute

Hoe

APVENLTE 11 (QUETIRURD)

FEIMA Y BERRERIVHTAL DATR

wle nye

de8
445
4e¥
L T4
Gk
Be®
L
Geb
Be2
248
247

&

S 2 &9 TR X 52 SR

 Flze 8, surve 1o
' Oed
1748
4o
1840
1043

Sﬁl!ﬂlllﬁl‘ﬂﬂ‘#!z!!gg
o
S

mle

Do}
148

Qe
1.10

1a38
lel?
lelé
isl8

76

Tieration, OWIES8 B el



AP EMUIE YU (CuNTINEED)

PLIRAIY RAFY IMONT L LATA

heferonte Flunte®

Fige Curve lot Voluse THolght of eslute Titrabion, 001888 8§ Bal

Bee Hoe Borw mle Bnge ole

8 3 1 75 Beb 0422

. » 2 * Gal 020

b " 3 ° Ried Nalf

“ b 4 » 2449 0Oel2

- " B » 1tel Del0

» " 8 " 1ie8 0208

" - 7 " 108 Oeld

" b B “ Bab 0wl

" . g . Te2 Oel6

" -  14) " 6ab Oe07

" " il " &a? DelO

» " i2 ® Golk Jel)

» » 13 " Seb Gald

" » 14 " LTS | Del8

" " 18 ® L8 De2B

» " 16 o S OedlR

" " 17 b Sol a7

" b 18 » Helh Gu88

" b 18 " 448 187

?%f”ub Tanpe ﬁiﬁs Srd-inal Solution Eguilivrsted Bolution

pese Hee He vleste He stearats Haters Annlysis

Hos OO L nge nge Hige todine velue

§7 g Ta0 Blid o8 B804 0000 5600, 36490
14 440 86641 854 49 83040 34495, 28404

" 26 Ged 86060 B2 o0 68040 33570

{b) The Swveluss csloulated from these deata wore eonpersd with those
sorreepending to the saow conventratiows in ¥Fi;, 1, eurve lbe The ratlos
#0 obtained wers sesh civided by that for 25° and multiplied by 100 ¢o
obtain the rolative values reporied on paze 37,



T8

R s s 2 g
EL TR e o

L ELETT e s et o F Tt o P e dn g
HRATHENA IO AL TR OVADY HE

bguations (1) anc (£), pere 50, were derived s followse By dividing
& Froundlioh equation, o= Ko for solute (1) by that for soluts (2),
the general equaticn, oy /o= %0, Y/ 0y, 18 chimineds
m /g = K (0,/8,), by dofinitien
o 1= xé%& - ﬁfﬂzi - yé
Substitubting Yewaluse oceleulsted Cron Table 177,

(a) 2are = x(oee'? = )/ (sl V) nnes = Yor x + 240826 =

2eU3EE 5 w ZeH206 T 240804 ¥
(b) 2e88= x(2675 = )7 (267" " VU5 064288 = 205 x+ Ba1m67 —
321967 8 = 242710 248718 ¥
(e £e96= w(167e8 % 7 #)1/18074 % “ Y35 00AT18 = l0p x + Rade6T —
241067 & — 1e2718T 1a2718 ¥

The three oonsiants ln couvetimme (1) end (2] ere chtalned from the

gnlution of the abowe three slouliscesus equati nge



