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THE USTE (F ETHER IN THE CHRUATOGRAZIIIC SLPANATICU

OF VITAUIA Do AID EXGCGSTuRCL

The develounment of methocds for the chrunetorrasiic separation of
calciferol frum sterols was the result cf a search for a plysical-chemi-
method for the estimaticn of the vitamin D content of both fish oils and
erradiated ergostercls T. kins (1) employed a hexane-ether soluticn to
separate vitazirin A from the vitamin D in fish oils, using a column of
"Super Filtrol," which is an activeted bentonite clay. The sterols had
been removed from the sancnified «il previcusly by precioitation with
digitonine, Analysis for vitamin D vas mace by the antimony trichloerice
methoede Kingsley (2) found that the addition of a small amcunt of
ethanol to the heuane-etiier mi:ture iprecved the separaticn from vita-‘
min A. The rate of moveuent of bands devm the ccoclunn vas also increased.
e found that a mi:xture of 50 vclumes of n-hexane or Skellysolve, 10
volunes of ethyl ether(and 1 vclume of ethyl alcchol cave the best re-
sultse lNe follcved the chrumatosraphic separation from vitamin A with a
separation from the stercls on short column using a hexane-benzene so-
lutiones RBoth of these workers used the antimceny trichloride reaction
vhich is not specific for Vitamin D.

Baker (3) used the ultraviolet absorpticn spectrum of calciferol in
cdetermining the potencye. This permitted a more detailed study of the
chromatographic processe It had the disadvantage that the solvents used
dissolved s e material out of the "Super Filtrcl" which also had an
absorpticn snectrum in the ultraviolet.

lleanwhile, Carlson (L) studied the adscrption characteristics of
calciferol, ercosterol and cholester~l cn "Super Filtrol®" in various

binary solvent mixtures. iiesults snowed that when the proportion of
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alcohol in a hexane-alc-hcl soluti-n was increased, the adscorption cf
both calcifercl and erccstercl fell off ranidly. 7.ith increasing
preportions of ether in a hexane-ether solution, the adscrption decreased
less rapicdly, but ercosterol was adsoriced more than calciferol at any
fiven per cent of ether,

Rullard (%) made a survey cf the "S0-10-1" netlicd to cetervine its
efiiciency in separatins syathetic mixtures of calcifercl and ergcstercle.
She reccvered amounts of calcilerol rancing from $93-99%, Sne also investi-
gated several vinary solvent mixtures and fuund that zure etrner or an
ether-alcchol mixture also save partial chruomatu,rashic separaticnse She
concluded that only the "50-10-1" combinaticn cave satisfactory results.
in her work, corrections were mace elithier by running a blank cclwm as .
did Baker or by using a sufficiently large amount of calcifercl and
ercostercl so that tue ccrrection cculd be minimized by diluticn. The
oresence of the interferin; substance from "Super Filtrol" made accurate
cetection cof small aacunts of calcifercl difficult,.

The purpcse of the work reported in this thesis is twofolde First,
the effectis of the various solvents and binary mixtures are examined
writh the intention c¢f providing an explanation of the bancing phenciienas.
Separations from binary mixtures are stucied in order to find a more
satisfactcry solvent combination. Secund, having found a successful
mixture, a mcre quantitative method is cdeveloped for the curimati_rapiic
separation of calcifercl from synthetic mixtures of errosterol
and calciferoles Particular attention is directed toward finding a better
method of correction for the interferin-c substance from "Super Filtrol®
and toward mocre successful separations of small amcunts of the tvio ccm-

POUNCS .
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BINALRY SoLVoulsS
The Action of Binary Scolvents on "Super riltrol" Columns

Before an investigation of the chroumato; raphic behavior of ergoster-
ol and calciferol was mace, the characteristic action of the sclvents cn
"Suver Filtrol®" was cousicderede The sclvents used, sin:ly and in biunary
miztures, were n-hexane, benzene, ethyl ether, ethyl alcochol and iso-
pronyl alcchol,

The hexane used was either sastman "Hexane" (frum Petrolew)
(Practical) or was cbtained fr.m Skellysclve B, It was purified by
taking the 065-69° fraction and reanving the benzene present by chronato-
graphing on a cclumn of silica cel activated at a temperature of 225° C.
It was then redistilled, again taking the 65-09° fraction (6)e The test
cf its purity was its auility to pass light at 230 1ue on the Reciunan
Snectrophcteloneter and the absence of extinction maxima at 248 and
254 mu.

.

The benzene used was C.P. anhydrous, thiophene free,

The ether used was cdried over scodium to remove both water and alco-
hcl and was distilled froum ferrcus sulfate just befcre each operaticne.

The ethyl alcochcl used was refluxed over silver cxide, cistilled,
dried over aluiwinua anal~am and redistilled (7).

The iso-preoyl alcchol used was dried over alwilnum amalram and
distillede

The solvents may be cunsidered in two classes, volar and non=pclar.
The ncn-volar 1li:uids hexane and henzene behave almest identically on
celusns of "Supsr FTiltrcl." Toth are easily desorbed by polar liquids
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and both impart a dark gray shade to the c.lwme. Then either is passed
thrcu.h a ccluan, a carker gray area or vand is fcrmed extencing from
the tope The wicdth of this band is prupcrtional to the velume of solvent
used, and its presence is c.rrelated vith the diss>lvine cut of scme
factor in the "Suner ¥Wiltrcl" which has an abscrption snectrum in the
ultraviclet, Yhen this area exlends to the butt.m of the ccluman, the
hexane (or benzene) is practically free of this material when it leaves
the tube. The aus.rpticn characteristics in tiids vand are different
frem these of the areca bhelow it, as vill be shown later,

The pular s.lveuts, ether, etiyyl alcchul and isc-proonly alcchol,
all dissolve a larye amcunt of material from the "Super Filtrcl." They
easily disnlace the nun-polar ligquids and the alcchcels will desorb ether,
Bth»1 ether pives a gray shade to the colunn between the slate-gray
imparted by benzene or hexane and the nearly white shade of the clay
vhen it is wet vith the alcch:uls or watere The shade serves as a quali-
tative index cf the poclarity of a sclvent,

All the pclar liquids observed clos up the chroaatograph colwan
to such an extent that ther are unfit for practical use unless they are
mixed with a n.n-pclar liquid,

Vhen binary mitures of etiyl or is.-pronyl alcchcl and benzene or
hexane in low alcchtl cuncentrations are placed cn a colum, an additicn-
al band is develnrea vhich is characteristic of the presence of the alco-
hcle This band ab:ears as a fine line and is usually ten or br.oan in
culure Its distence from the top ¢f the coluan is proenortional te the
vulune of solvent used and to the c.ncentration of alcchels I the con-
centration is less than two voluaes per hundred of hciane or benzene this

narrov: banc cccurs within the vide gray area characteristic cf the none=



polar solventies and is cuscureds. If the concoatration is rreater the
alcohiol line occurs in the area beluw, Its nosition in the tube for the
first 3 cm. can be accurately predicted, given the v.lune of sclvent which
lias passed and the cuncentration of the alcuihole This band plays an
ianortact ocart in the "50-10-1" nethiod of sevarction. The vilunme of
szlvent necessary to suchi this line to the buttum of the colwin is equal
to the tctal volume of the wasiiino and eluting scluticns used in that
methode

Binary nisttures of ether and hexane c¢r benzene show no such banding
phe 1.iencne. The chr-matcorash tube anears tlhie same as vihien b:inzene or
hexane alcne are used, excent that the shade is lighter,

It was found by optical analysis that thie quality as well as
guantity cf material dissclved fr.m "Super Filtrol" varied accoraing tc
the sclvent usede In the case of binary mixtures, the tyme of material
co.dng from the tube varicd throurh the inaividual rune The material in
the first nortion of eluant c¢f a hexane-etiier system vias found to te more
of the tyve which is found dissolved frum hexane aicnes In the later
portions the quantity raosidly decreased but the quality was that of the

substance which dissoclved cut of ether,

The Chrenatosrashic Behavior of Cealciferol and hrgostercl in Binary
Slutions
Preliminary surveyvs of the chr .matcrashic behavior of calcifercl
and er:oster.l in binar; sclvents vere made by Bullard (5)e All solvent
combinations secsned unsuitable except for the alrcacdy successful ternary
ccnbination of 50 voluies of heiane, 10 volwacs of etier and 1 v.lume of
alcohcle Siie reported that a separaticn could be made frca an ether-

alcounol systen, but that it was not cumnletes This cacice of sclvente

5e



has been found i.i:ractical because it clors the colun as vells She al-
so noted tiiat a system c¢f heiane and ether retained both comnounds on thie
colume lio quantitotive work was ren.rted. The procence of alcchel vas
trourht essentiate Tomitins hac drevicusly used a herane—etner mixture
to sevarate vitawin A from vitasdn D (L)e Kin-sley (2) used alcohol in
additicn mainly because it gave a sharp band which cculd be used as a
ref . reace line. He devel~oed his colums until this line reached the
bottom of the tube., This practice became standard fcr chromatoe;ra hing
erradiated ercgostercl sclutionse It was Cecided to reinvestirate tiiese
cystens, and also svstems c.ntaininsg benzene, to deter:.dine what qualities
~f the sulvent were necessary for seoaraticne Attention was devoted to
the mixtures hexane-ether and hexane-alc h.l to find ocut vwhy necative
results vere cbitained.

freu pure hexase or benzene both calcifercl and erposterol are
strensly adscrbed (4). Hence, vwhen they were chroiiat:-ra hed, both were
rencved and btanded in the tip of the tubes Here they remainec, resisting
any further eluticne. Cuabinations of benzene and hexane were fcund to
cive the same result, alth.urh they had been successiuil; used previcus-
ly in the separatiocn of ster:ls in fisn cils (2)e Luring tie runs,
calcilercl cnainged from orange to purple, while ergosterol changed from
pink to purple, incicating some chan e in the chrcacpheric groups during
develcpments If a colum was saturated with ergcusterol, that pcrticn
vhich was adsor»ed in the dark grary area mentioned before wvas purple in
color while that eicess vhich came in contact with the lower area vas
pinke This excess could be washed through a short column, but proved to
give an entirely different azbscroticn s»oectrum that that of ergostercle
The material acs rbad in tlie urer area could never be cumpletely eluteca

- LY - & - - + ) - . . -
Calcifercl or erc sternl in etnyl alconol Tormed no visible bLancs
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and passed fuickly throwh the c lumn, considerin- the extreme clos ing
efrect of these polar s.lvents uson the clay. This vas expected since
neither are adsorbed fron pure ether or pure alc.iicl (4),

Vhen calciferol or er cster.l were chr mat. rasied using a hexane
scvlution ccntainin: small amounts of eth 1l aicohol (1= vclumes/100),
both btanded in the fine alcohel line diccussed befiree. Iso-propyl alcoicl
centains a secuncary alcoiivl groud, as oo erzostercl anc caleifercl, It
vias tried next in the saie cunceutraticns, hooins that it would orevide
a more suitable oolar co.uapcnent in the solvent mi.ture. Results vere the
sane. whnen benzene was susstituted for hexane, the cclors of the bandé
develuoned in the alcohol line viere sli-hitly different. Yet both con-
vouncs coneentrated i« in that ootition. In every case, the develoning
sclution vhich passed thr.urh the coclwmn befure the line reached the
sottum of the tube was devoid of any material except the substance
dissclved from the "Suoser Filtrcle™ The portion of eluant containing
this band countained lurce ancunts of material pessessing a strons ultra-
viclet absornticn spectrume That porticn of cluant c.llected after the

banc had cumnictely passed thr:u h the column contained insipgrificant
ancunts of materiale Sudan III, which was used pruvitiusly as a marxer,
also vanded in the alcchol line, althouw h it is of an entirely cdiflerent
molecular speciese

Lot wndy was a cur:imato raghic separation inpovssible, but tie
material which cauwe torcu h the tube when elther cailcifercl or ersosiercl
vas placed ¢n the column had aprarently decoaposeds Its vultraviclet
abscrpticn spectrum oore little rescoblance to eithsr conoiunde Hovever,

in the case of croustercl, sliyht esttinction nmaxdiaa v re retained at 270

and 2Vl nue The bands furned ere all stroncly culured ana the eluant
“






was yellow ratier tian clear,
In hexane-etiuer sjysc.as, contrary to orevicus rocults, a separation
vag pussivles o baids were visible, but if very larre amcunts (Creater

S )

than 0.5 noe) ¢f crgostersl vore veed, a ci”Tuse blue srea cevelsped in

o

thie ton «f the tubes Calcifcercl came theourh the celumn in an widecomn-—
vosed furn, but the ers.stercl could never ve recuveredes Since no
relerence band avreared, it was necessary to devolop the tube bty neting
viien a certain c lume had passedes The cheice of the »rooer vi.lume will
ve Giscussed in Part II.

A benzene=ether svstem vias also found successiule The culwmn
believior was pocrer than vhen heicne vas usede The flow ¢f eluant
tircu h the tube was pr-hvititively slow and the colum develooed
fractures and air oveckels.

The greatest difficuity in usins benzene was encountered in optica
analysise The eluant had tc e evavirated te drymess and taken up in
alcchcl several tiues in crder to¢ rcaove the list traces cf benzene. If
vel;hts of calcifercl less than 0.5 1=. vwere used, the interference in
abscrotion was still toc freat to make a cuantitative extimate of the
rec.vered matorial cpticallye Larser amwunts of celcifercl permitted
sreater ¢iluticn ana the eflfects of Lenzene could te eliminated.

Discussion

It has been stated that the type -f material which comes thr.uch
the circmatosroch ciluwm, dissclved from the "Suner Filtrol," varies vith
the sclvent useds 1In the case cf a binary solvent such as hexane-ether,
the tyne of meterial varies Curine the same run, Carisen has shovin (4)
that etuyl alcohcel is seiectively adsorbed on "Suver Filircl" from
haxene-alcchel i tures vhen the ¢ ncentration cf alc.hol is less than
253 by welchte bther is vositively acsorbed Irun hesene—etier miztures

Q
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when the ethi.r c.ntent is less than 1,27 by vei, htse These chances in the
quality of meterisl leavine the tu = micht thercfore be exnectede In
making eny currection for the ontical abs.roticn of thils substance, the
veluwe of wasn scluticn used in a chromaiccoram must be kent cunstant.

This nct cnly kKeeos the amount of dissclvea naterial witnin certain limits,
but keeps the quality of the abscrpticn soectru: inifcrm,

Fnoving that ebtnuvl alechcl is guite sir.ongly aasorbed froa hexane
en "Super Filitrcl," an explunation cf the pr.seice of tiie alcohicl line
mizht be offered here, Turing the initial part of o clrometosrash using
a heitzane-alcohol nmizlure, more material would be c¢issolved froum the teop
«f the coluwan than if hexane alone were usede The alcohol content should
then cecrcase, as it is seclectively ads rbede Some of the dissolved
mnaterial wouwld tien be rede 2ited, since its solubdlity vould be in ‘reascc.
Also, any iupurity oresent vwhich is scluvle in small alcihol conco.tratios
but which is rclalively ins.luble in hexene alcne will be bancded in the
resion vhere the alcuhivl cintent begsins to decrease,

As hes been shovm by ouservaticns on both hexane-alcilicl and
benzene-alcohicl s lutions of ergustercl, calcifercl and Sudan III, lhe
bancin: cenends wyon the ~esiticn of the alcchol line, This means that
the pceoition of the Land cepends usren the velume cof wash sclution used be-
fere thie pmarticular compouwnd is placed on the ¢ :lum anc upon the alco-
hel cancentraticn of the binary mixtures This type of banding is
neculiar to systems centaining more than cne licuid in the solvent
mirctures 1hen a single s.lvent is used, the matsrial to be chromate-
irophed will initictly band abt the ton of the colua 1f it is adscrued
at alle In the soclvent hewane-alc:h.l, the most iascrtant factor in

bandins sec.as to be the :dsytion chicracteristics of the molecule
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regarded as a fwiction of chan:ing alcohcel concentration. Calcifercl and
erzostercl behave sinilarly in adscornstion uncer veryins concentraticns of
alcchel in hexane (4)e This erplains why no separation vas detected.

It vas ouserved that er;oster.:l curs wal . rashed frua hexane or ben-
zene sclutions vas retained mere stron,ly vwhen it was acsorbed in the
usoer purtion of thevcvlumn. Its culer vas blue in the upoer area, vink
in the lover recion., A cifference in o on the "Suser Filtr.l" surface
mirht acceunt for the variaticn in colore U nen Sudan IIT is adsorbed cn
"Super Filtrel! fro. hesane it is ceen blue in colur. If sadiwa cerben-
ate and a snall eancunt of water ars acced, the Sucan III ie descrbed and
returns to its n.rmal red culur, If the mixiure is tlien acidified with
HCL scluticn, the Zudan III is reacscroed and chan:ses back to blue. Yet
this oil suluble ¢ye is not normally an incicetire The proucess 1is
arparently quits rev.rsible. Tuls would indicate that "Sunor Filtroln
ncrizally presents an acid surfaces It is knovn that ercostercl is
scnsitive to the hycrceren icn, althioush there is only a eli:hit cliange
in ccler in the visible ranre. Acid causes rearranceaents of the coulble
bends in the moelecuie (8).

A comaris.n ney no be mace between the "50-10-1M method and the
separatlion fr.m a he:ane ether saluticne In the "CD-10-1" method,
ercostercl bends in the alcchol linee. Calcifercl passes throush tie
ceclum ahead of the er..sterul because of the prescnce o7 etliers This
means that the effective column lensth is decreased, since the alcuhol
line recachres the micdle cf the column befzre the cunpuunics are addede
The acvantare is thot the line forms a convenient refersznce point fer
stcenoing the devel.maent,

In a he:ane-cther chr mat ;rash, er cster.l is waiscrbed b tie tep

of the ccliun and cwes not trevel dan the tuoe very fost, The full
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length of the colwin is ennloyed in the separaticne. Arain, calcifercl
: k]

passes Lhrouzl: becavse 1t is desiried wmcre eflflcctively vy the ether,
Date o7 flow cf the elvant is sl wer, bul tiis disadvantare is reaoved
by uvsins a sherter c.dlwme The cverall runnin- tine is less, Cnaller
arounts of material ngy he seocratea, as will be shan in pPart II.

A binary system svitale for uantitative separations must p.ossess

(e}

at lcast two chirracteristicse rirst, the sesaration nust be reascnabl
cunlete en a codlwn of vractical lencthe Secund, if analysis is to be
macde opbticalliy, the material apiearine in the eluant must have an ab-
gorpvion spectrum wnchansed by its contact vith the colwm. It is
pointed oul that in all successful scharaticns, etiyl etler was th
esseatial in recdient. Syetons in vhich ether was asent did not satisfy
either .f thie zowe requirements. The results of these observations are
ccllecied in Tatle I.
Swamary

le then the n.n-oclar sclvents benzene c¢r hexane are used on a
colum of "Suoer Filtr 1," a cark rroy area is ceveloved in tie upper
pertion in vodch the acscorovion characteristics are Cifferent than thicse
in the levier recione  uwr, <ter.l and calcifer.l are very siroarly ad-
s.roed anc camst Le eluteds

alcciicl are used in combination vith

2, hen etuyl or isc-nr.ooy
hexane or benzene, an adciticnal fine line is developed in the column
vhose length from the too is pr oortional to the velume of solvent passed
anc the ccncentraticn of alcdhivls Calcifercl, ergostercl anc Sucan ITI
all band in this alcchicl line.

3. Vhen ether is used vith hexane or henzene, calciferol parses

thrcuch the coluan and ercustercl is retained, meking a sharp separation

11,
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' possible.
L4e Yhea the cabination hevane-ether-alcchal is uged, calcifercl
nasses thr.ouh the coluin due to the or seace of ether, wvhile ervostorel
bancs in the line cGue to alcchol,
5. Unless etier is »resent, the atscroti n absoroticon soectra of
calcifcrel and ergusterl are ajltered bty their conbact vith the colunm
and cannct be ideutilizde I ctlier is used, calcilercl passes thr uch

o

the colwin unaifected,

13.
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Having decicded up'n a hexane-ether mixture as the most suitable
binary solvent fcr use in the chrometorraphic scharation of Vitanin Dp
and er;ostercl, a series cf scparations vere run cn fuour symthetic
mizbtures of the two c.oaneundse Five trials were nade vith each mixture,
varyin~ the wei. .t of the szasle in each case to deteriine the linmi-
taticns of the c .lum, The an.unts of cnlcifercl recoevered frum the
curonetegrans vere determined ostically on the Jecloiun Shectroplictelo=

neter and are re>cried in Tatles II-V.

Procedure
The Chrunetore.h Tube.—— The body cf the chrau.ieiciraph tube was
macde frao ¢lass tubing havins an cutside dianeter of 10 mie A slizhit
censtriction vas placed betveen thie body <f the tube and the outlet in

crder o suoport a cetton pluge In additicn, an adantor was crnstructed
to fit the tube to a 25 ml. drienneyer flask and t» perndt partial evac-
vaticn (Fice 1)e

Pacikinge —— A cotit n slu- was placed in the tube and "Zuper Filtrel®
vas pacl=d in it Lo a deoih of 4 ca. while the tube and receiving flask
vere beinr evacuvateds A aifferential nressure of - 10 e vas used
thriouhoute The finely divided clay was scttled by ceatly tapning on the
tube with a pencil.

The Solvente == A nizzture of five v.luaes of hexane and one volume

of etiier vwas mace up just vef.rc each series of separsticns. The sclvents

L.
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Fig. 1l.-- Deteil of Chromatograph Tube and
the Adavtor used to Permit Evacuation of the Receiving
Flask.
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were purified as described in Part I, UThe ethier had bLeon dictilled th
sane deye. This mirilure vias uvsed in vashine the c.oluwn, develonin, the
chrouate;rom and aeldn all ditutione of the saiiplce.

The Sawles — A Inmun nivturs of crpostercl and caleifercl was wace
ud from stick sclutiing of the coauwmounds and evancrated to dryness, using
tile aspirators The resicue vas dissclved in a kinown veluae of the henane-
ether mi turee Five diluticns vwere nacde ud sc that the veight of cal-
cifercl to be »niaced ¢n the coluwin voulc be conteined in cne na

“ashin: andé teveioments = The culuun was vashed vith 8 mle of
sulvent, neasured wilhi a nivette and acded t. the t.o ol the tube.s This
oortiwn was then discarded and the sa..nle ivture, in cne nle. of solvent,
vas bléccd cn the c:lume Just bef re the tube bLoelon to dry cut, 11 e
of scdvent vere added as a devel.per, The 12 nl. of =zluant, c mteining
the rec.vered calciler.Ll and s.me cisculved waterial Tr om the "Super
Fisttrol," vas then oronarcd £.r ootical anal sise

acvreaecnt o8 the Gec vered Calcifer.l. —=- The etuant was

<}

Gotical :
evaycrated tu crrmess by waradn, the flask in a water bath and evacuating
wvith an acg:irat re 7The rosicue vias iasneciately taken us in a knovn
velune of a»sclute alechel and a ¢iluticn was made so thiat the extinction
vould be in the range of 0.5. For weistits of calcifercl Lelow 0,05 i
the resicue was c¢issolved in culy 4 ml, cf alcchol and no dilution was
wecdes A comnlete eriine ‘1vn curve vas tiien mace Ifrom 230 to 300 nu. on
the ZRecknan S»oectrooshcteloneler at intervals of 2 mue Particular care
vas talen in nakin reacin s at 230, 254 and ¢Ul., wiich vere usad in
later calculati.ns,.

Control oons to Detoernine the Claracteristics of the CZulstiaice

Dissclved from "3uwper Filtrol." —- Usino the swmie »rocecirs, a series

1E,.



of blank chronat. rass vere made and the extincticn vail-es at 230 and 204
mu. viere Ceter-.ined., These are rcnorted in Table VIe In addition, the
ratic E26u/E230 vas calculateds This velue is of yreater use in :aking
corrections then the individual ertinction values at 234 mu.

Colcvilaticnse —— The extincil.n ;E calecileredl at 254 mu. vas
correctecd for the "Suoer Filtr 1M i veits still orecent by use of the
f.orovla

E(CalcifercL at 2.4 :v.) =

S(total at 264 mus ) = 0,513 E(tctal at 230 nu.)
0.731

vnere 0.513 is the avirared value Egéh/323o for the material from the

"Suner Filtrol" and U731 is 1 = 0.513x0,525. The value E230/326h fer

catcifervl is U.525.

1

The vei-Lt of calelfercl wac then Zound by the Toromdda

el-nt of Colcifercl in e m 10 wD
B(15, lcu.)

where E is the erceincticn of calcifer .l in thie rec.vered s«dution and D
is the cilutien foctore The E(L3, 1 cme ) for the catcilerol used vias

Lés at 264 mu. .
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Chronatoerrastdc Sceraraticons of o Jdture of 49.45 Calciferol and 50.63

Lr;-csterol

Tricl

1. 24 30 ll»o 5.

teight of Carciior .l
in nee placed on 0.4292 0.0858L4  0,04292 0.,02861 0,02146
cclumnn
Veirht of Droosters
in ns. placed on 0.4390 0.0073 060439 0.,02927 0,02295
column
(Both are dissolved
‘in 1 ml. of herange
ether mivture)
1le of alcchol in
viiich recovery frua L0
column was dissolved
Unccrrected extinetion
of reccvery at 264 mu. 0.546 0.5
Uncorrected extinction
of rec.very at 230 mu. 0.3335 0354 0.L12 0.252 0.193
Corrected e:tinction
of recovery at 28¢4 nue 0,510 0.505 0.452 0.3L45 0.254L
‘eiht cof Carcifer.l
recov red, in my. 0.4L36 0.0063 0.0L412 0.0296 0.0217
Per cent of Calcirferol
rec:cvered 1C1.6 103.5 95.9 103.L 101.1

w
=
=
=

50 0.563 0.357 0.257

Avera, e Per Cent ilecuvery IT.ur Pive Trials 100,50

17.



TaoLE IIT

Chroratorravhic Secarations of a .Aiviure of 59.47 Calciferol and LO.6%

1.

Teizht of Calcifercl  0,L292
in nmge placed on
colunn
Velpint of _rgoster:l
in rge. placed cn 0.2927
column
(Botlh are dissclved
in 1 mle ¢f hexone=-
ether mixture)
:le of alcchol in
vhich recover; from Lo
cclumn was dissolved
Uncorrected extincticn
cf recevery at 204 mue 0,530
Uncerrected extiaction
of recovery at 230 0,315
Corrected exxtinction
of recovery at 204 nue 0,505
hWwedleob of Calcifercol

recovered in mce 0.132
Per cent of Calcifersl
rec vered 100.6

Averace Per cent Hecovery for Five Sannles

srioosterocl

2

0.0858L

0.0532)

0.5125
0.330
0,147
0.0503

93.6

3. e

0,0L292  0,021L46

0.02927  0.,1hLd4

0.539 0.2955
0.3515 0.2155
0.451 0.2533
0.0420 0.02166

978 100.9

$9.40

Se

0.01073

0.00732

0.1725
0.150

0.1307
0.0112

10461



TA3LL IV

Chromuto-rashic Seszrations of a [dxture of 75.15 “olcifarol and 24.97%

-

Uricterol

1. Ce

Veight of Calcifercl
in m;;. placed on
colum

Wwei it of Drioos.crel

)
Co

1

S

0.4292 04

C

in nr. vlaced on 0.1420 0,022

Cclunn
(Buth are cissulved
in 1 nl. of exauc-
etier mi-ture)
!1le of alcchel in
vhich recovery froaa Lo 8
colwan wvas cissolved
Uncorrected e:xtincticn

of recowvery ab 204 nu.e 0,524 0.507
Uac.rrected ertinciion

of rceovery at 230 . 0,301 0,307
Cirrccted etinctirn

“f recovery at 28l mue 0,500 0,479

Vieichit of Calcifercl

rec.vered in rive 0.433 0.0.19
Per centv ¢l Caicifoered

reccvered 1005 054

Averare Per cent Reccvery for Five Samoles

13.

Trial

3e

e

0.0L292 0,026

0.012

0.,00710

L

0.0215

10043

99442

S

0.01273

0,003

n

0.177
0.158
0.121
0.0112

104 el

5



hrooato reshic Sescravions of a [dwture of 90,370 Cal

Yeirht of sroustercl
in wge. Hlaced cn
c:lum
(3cth are dissolved
in 1 nl, cf heane=
ether mixlure)

1ile of aicshicl in
vhich rcecoviry fron
clumn was cissilved

Uncurrected exl nction
cf recovery at 206l i

Uncorrected evinction
cf rec.very at 230..u.

Currected e:rlinctin
¢f recovery at 254 u.

welint of Calcilersol
recovered 1n Mo

Per cent of Calcifer .l
recovered

Lverace Per

(@]
[Q]

rt Recuvory

Taldia V

orresterol

0.04333

2. 3e

0.0.524 0.02y

0.00997  0.00433

0,500 04557
0.302 0.30l
0.483 0.523
0,025

9C.2

for Five Sanles

20

ciforcl and 9.73

)-l-o

00216

0.0u2,;2

0.2555
0.1715

0.2702

100,16

Se

0.01073

0.00121



Labinctien
at 216 nu.
Lxoiaction
at 230 .

Zp6/ 5230

-a al

mxtinction Chiaracteris

o
[N
(¢}
6]
C
Fy
L2
I
"
ct
£
e}
o

Lissotved froa "Tooer filir.1n

1, 2. 30 )-1-0

o roslovest 0,032 0,045 0.03L5 0.0705

of rasidue 0.053 0.0u9 0,051 0.135

Av.ra e Egéh/523o 0.513

*Sammle cu

gicts of residue from 12 al. of eluant fruom a Llank

coluin dissolved in b4 nile o etiyl alcchol,

21.



Mmooy Y YT
TisLs VIT

Azsorntion valves Jrr Catcifer L Zecovered fromoa Jiviore of L9.40

]

',_.Y

N B s T ke A - - T N P
Calcilewrcl and BO.00 srcecoersl and C.orrecica Voles

Vave Lensth =tinetin of  Correctin Coirocted B a/26L T an/294
in nue Totel Lesicduest Sxlincticn

fer Pure
Calciferct

230 0.199 -0.0353 0.135 0.521 1.225
232 0.155 —0,031 0.13L 04523 0.5U5
23k 0,105 =0,059 0.137 0.5L0 0.573
236 0.177 -2.055 0.1.2 04560 0.0U5
238 04203 -0.051 0.152 0.553y Ve &5
2L0 0.207 -0.047 0.120 0.63V 04652
242 0.213 -0.,045 0.153 0.662 0.715
2.l 0.221 -0.0l, 0.177 0.697 06750
2L6 0.233 -0.043 0.190 0.743 0.757
248 0.2!.0 -0.0,2 04197 - 0750 0,019
250 042U3 -0.UL1 0.207 0.015 04352
252 0.255 -0.033 0.217 0.U55 0.5
274 0.263 -0.033 0.225 0.u.6 0.9

256 0.259 -0.037 0.232 0.914 J.940
25 0.275 -2.036 0.23Y 0.9L1 0.905
260 0,220 -0.035 0.245 0.9¢5 0.953
202 0,265 -0.034 0.251 0.9¢9 0.956
26k 0.237 -0,033 0.254 1,000 L4000
256 V6235 -0.032 0.253 0,950 Vel

%The residue frim an wri inal 0.02100 e of ceicifcr 1l ves

diss.lvec in a t Ul £ 4 wl. of ethyl alce .2,



Tooobe VI (CUUUTLLL)

wave leagtn  wctlineti.an of  Correction Corrected B A/28L L a/20L
in mu. Totol Zecidues Lutinetion
for Pure
Calcifercl
238 04220 ~0.032 04243 0.976 0.575
270 0.275 -0.031 Je24h 0.961 0.9L0
272 04255 -J.030 0.235 0,925 0,906
274 0,273 =0.029 0.224 0.575 0.355
275 0. 210 -0.029 0.211 0.031 De799
273 0.225 =0.023 0.197 0.776 0.733
250 0,202 -0,027 0.1801 0.713 0.475
232 0419 -0.027 0,157 U.053 0.603
204 0.175 -0.026 0.149 0.507 0.537
236 0.156 -J.02h 0.132 0.£20 0.472
233 0.140 -0.023 O.117 0.1161 0.407
250 0.124 -0.,022 0.102 9.402 Ve3L5
292 0.108 -0.021 0.043 0.3ub 0.293
294 0.095 -0.020 0.975 0.295 0.242
296 0,052 -0.019 0.063 0.248 0.126
298 0.070 -2.017 0.053 0,203 0.153
300 0.040 -0.016 0.0ukL 0.173 0,125

The resicue fr:om an oririnal 0.,02145 me. of culcifercl was dissclved
in a total of L4 mle of ethiyl alc hol,

23,



£XT/INCTION OF MATERIAL IN SML. OF £+0OH

S

.
~—
w

=
S

.
(=3
(v,

230 240 250 260 270 280 2390 300
WAVE LENGTH IN M.

Fig. 2.-- Bxtinction Curves of (1) Totel Residue
in 12 ml. of Eluant from a Chromatographic Separation
of a NMixture of 49.4% Calciferol - 50.6% Ergosterol
and Contnining 0.02146 mg. of Calciferol, (2) Substance
Dissolved from "Super Filtrol" =nd (3) Corrected
Calciferol Recovery Curve.

Extinction values are for the total solids
dissolved in 4 ml. of ethyl alcohol.
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23Q 240 250 260 270 280 290 Joo
WAVE LENGTH IN MM.

Fig. 3.-- Comparison of a corrected cmlciferol
recovery curve (1) witr tre =2dsorpition curve of nure
cerlceiferol (2). The celciterol was recovered from a
49.4% c=21lciferol - 50.6% erpsosterol mixture.



TARLD VIIT
A Ccnarisen of the Lrtinction Values for the Curotnnce
Licsolvec fro.a "Suoer Filtrcd" as Colceulited o the Correcticn rforawda

n 45

anc the Velues Doiected frow the Dilutien

Lilution Facwer L0 8 i L N In

lice of Calciferol 014292 0.0058 0.04292  0.02561 0,021L6 0.01072
Placed cn Colwnn
Lxbtinction at 254 .au. ©f the Sutstance
Per cent . lcifercl Lissilived from "Suter Filirci" froa IForacda
in dxture
LS 0.036  0.045 0.06L 0.041 0.033

594 0,025 0.0425 0.043 0.,0422 0,042
75.1 0.015 0,025 0,034 0.035 0.0L6
90.3 0.012 0.028% 0,034 0,029 00345
Brtincticn at 204 mue of the Substonce
Carculated from the pverssed Slank
Determinaticns anc the [ilutien
Blank Tetcr.dnatisns  V.00L 0.013  0.036  0.03 0.036 0,036

Centaining Mo
Calcifercl

o)
-
=
=
=

Dilution Factor L0

2.



m

The Colwmn, -- The a.cunt of "Cuvner Tiltrcol" used vas measwred by
the length of the c.lua ratner tian by vel hte A cueck sucwed that the
wel Lits of Super Filtr.l in c.luwwms nacked t. the sane length ¢id nct

~r .

very Ly nore tlan 55 and that the viriatlicons in the rosuvlis ortained vere
in no way cor.elated with the variaticns in wei-lite A lencth of Leine vas
zed as a curauidses Sherter colwm lengths ¢id not ~ive cuanlete
senaration, while lon er len ths recudred not ouly an increase in tne
velunes of wash anc cevelooing sciutiens used ovt unduly increased tie
runing tines. The rote of flov throurh the coluwan vas c.usicerably
slover at the end of a run as clcg;ins increascds
The ‘.ash Solutioun, —- The voluae cf vash sclution was fixed at 8 nl.,

vhiich vas sufficient to dissclve cut west of the substance frun "Super
Filtrol" vwhich interferes vith cptical analiysis. After this vaolume had
passed the amownt cf this material cripped sharnly and reained almost
constante  Alth ou b nore vashing miiht have renwved an additionad asount,

1
v

he cained viould be cf

5]
9]
@

tne zovantares to t by a rreatly increased vilue
¢f solutien and an incrcese in runnin. time.

Tie bl tin: Volwe. —— It was found that altor the saaple in the
initial nle had becn devel-ved vith 11 ml. nmore, all but a small fracticn
of thie colciferdl had pasced intoe the receiving flasike After this voluze,
lar:e aacunts cf er;usterclt(or a m.cificaticn) started to cuue througi.
Thiat the chuice vas satisfactury is indicated by the fact that the
avera;e calcifer.l reo:very for 20 runs vas 99.575. An icea of the
ourity, and hence sharvness of the seoaraticn, may be obteined from
Fige 34, which comp.res the abscrption curve cf caicifercl recovered

=] )

from a mizture of U9.4°5 caleifercl and 50.07 erccetercl anc the ab-

25.



sorpticn curve of nure calcifercl,

Anzlysis, == Tue eluant was evanoeratec cuisletely t. criness befcre
investiraticn of the ats.rpli n curve because its eciact velwae vas act
kaan (due to evadr ra ien losses)s Furtier, solutions c.ontairine ether
are not suitable for ontical work Lecause ol thelr tendencyr te ferm ner-
crrides con stancine, Alc-hol vias ueed at this sta~e biecause it was easier
vty pwrify and could be rce verede

Correctioa I .or the Oubgstence froa Mouner Filtral." ——- The ertincticn

cffect =f the et risl ¢

W]
9]

dved fr m "Suocr Filtrol™ vas teo great Lo be

minisdzed by ciitvbione This s.lutiin to the sriblen is wnly ocssible

vhen vhe ¢ te be analyzed hes a very strong o tinetlon or is Hrosen.

~in relacively lerre ¢uantitiess In this case, hi h ¢ilutiun vwas not

neesinle since the awovunt of coleifercl nresent vas ver, snall.

Tve wetiieds of correcti.n are availables PPirst, the avera.ed

.

extinction values ab 2oy mue for e blank runs may ve subtracted from
tlie values for the total extinetion at 204 .., taking intc cuasideraticn
the diluticsn fact.re 3Sec 2iCy the extinctions cof thie sosluticn at two
c¢if ferent viave len-ti:s neyry be found and the entincti-n cf the calciferol
alone caltculated by solvins; twe linecar equaticns simltianeouslys This

involves the ceteruinaticen of certain c nstant ratics betveen extincticn
values at two diffsrent vave lon tis £ r bith calciTercl and the inter-
foring, malerial (Tobic VI).

The latter or oced re vas ad.oted for i, veas . ns. First, in soite

cf carefully duslicated riuns -n tlanx s.lutions, tlic extinction value

4 —
Lil aday

e

of the residue from "Cup.ur filtr.i" ccula not be r »rcuced v

eat accurazc, aad no acceptal.le average could be founcde (n the other

H

hand, the value of the ratic of extinctivns at 23U and 234 mue vas fairly

25,



constant, This vas Lecause thne ancunts of matorial cissolved [r o the

m

cclumn varied, but the ingd o0 maiorial was nocesserily the same in
each case, It coil als. be chimn that vericti-ps in the value of tiis

ratic &s uscd in tire Jominvle c¢o not cause as larse variaticns in the

resulte By using this moti . d, the licits of error vere reduced,

The seccns reasen for £o1lovin- this srocedure in calculation was
that uiie eriincticn effect of tine interfering: substonce vas correlated
vithh the ascunt of c-lcifzer.l pasced tlr.uh the colinin (Table VIII).
The cata shuan that for the lor, or ancunts of caleifercl (vwhich require
dilution bef.re analysis) lie correction wnich shculc be mace for the
interforing suistaince is much ¢reater tiian veould crdinarily be exnected
at the dilutiin uveeds Thus for 0.42Y nmr. of catcifer.l recuvered and
cissolved in 4J ml. of ethyl alc hcl the correcticn shouvlc be ab ut
-0,004s Calcutatins =i tiat the actuzl correciticon thich sheuld ve
made ranges fr.- 0.0L2 to 0.036. It is as if ihe calcifer 1l carried
alene vith it s:ine of thie material in sxcess <f the aasunt vhich vould
sreinarily come tihiromds the ¢ lwan in a c¢ontr.1 ruin,

Puritys =- It vas impossiovle to deter ine to vhat erxtent errostersl
still c.ntasinated the calcifer 1l after its separation, The nzture of
the substance viilch cee throuvgh the ¢ luin after the calcifercl, and
which was cdue to ergustercl, c.ula not be deteraineds Hovever, it vas
observed tnat its avs.raticn soectrws still had a retative maxinum at
2C1 mu. Tohe ertent of the sejaraticn may be judred by the alscrpticn

A

curves fcr reccevered calcifercl and »ure calcifcrcl comnared in Table
VII and Fi;. 3. outinction ratics (the ex.incticn at any narticuler vave

lencth diviced by the extinction at 26u mu.) are plobted rather taan the

actual extinction valves, accircding to the methiod of (ser (9)e Alth.owh

27.
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there is s me sli Lt dncrezse in the curve tet een 204 and 300 mu., there

is no sirnificant rice at 201 nmu. Tids exam:le indicetes a oo sesaration

~ A
L

even in the cilficulb cace in ruicin the ri inal rd.ture coniained conly

4

L4S.0% catcifercls, T ith miztures ¢ atainin | saoller por ceubs of

er; voter sl, the £li nt distortion in the rc:ion berond 204 mu.

cinminishes.

Sumnnary

D

A metnocd nas heen tested for the ciuroasto rashic seoeration of

calcifercl awd erccoter-l on "Suner Piltrol" usins a hextane-etuner scl-

ution, The avera o yield of calciferol for the tventy senarations tried

vias 99.87%e. The [four spynthietic nitures used cuntoined L9.4, 59.b,

1y

TCel 2nd 90,37 cascifercl, wuLraninaticn of the averare recoveries for

each o the feur i tures shi~s thet the ccluin ;ave the same quanti-
tative results re;ardless of the ancunt ol oryostercl presente The
quality of the rec.vered »r cuct was better viien the ner cent erg.stercl
in the miwture vias smalle Am unts of calcifer:l senarated by the colum

reaared Sroaa Q.4 to 0.0L nige Tiie snaller colwan used enanled the separation

«f sucn suall quantities and also decreased thie amcunt of material usede
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