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Jean B. Burnett

AN ABBTRACT

The chrome tosravhic separation of synthetic mixtures
of oure calciferol from pure ergosterol has been accom-
olished by using &n ether or ether - hexans solvent and
an alunina or sunerfiltrol adsorvent. Ether was found
to be the best solvent and eluent for the accomnlishiment
of the sevnaration by means of an glumnina adesorbent.
When superfiltrol was used as the adesorbent, ether -
hexane in the r’a—itio of 1:5 parts by volume was found to
be a very satisfa ctory solvent for the separation.

In obteiningz a com»nlete separation of the two
compounds, the wei znt of the adsorbent and the neight
to which 1t wvas pa& cked in the chrouwetogranshic tube were
very important. s Jumina gave a very good seperation of
the two compounds, the resultant form of each being pure
and free from any other material. However, the length-
ening of the colummn and the resulting broader banding
of each compound within the column were found to be
undesirable. Suwvperfiltrol gave a very sharp separation
much more quickly &nd on a very much saorter column.
H'owever, a convers ion of the ergosterol into two
irrelevant substarices took place on the adsorbent and,

while calciferol amd ergosterol were obtained free from
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each otner, neitner coumpound was found in the eluate
coumpletely free from one or both of the irrelevant
materials. This observation lead to a pattern analysis
of the conversion sroducte and ag a result, the eluate
fractions could be anslyzed by a system of simultaneous
linear equations. 4lso, the concentration of calciferol
or ergostercl in the total eluate, or any fraction
thereof, could be determined exactly.

The relstive and total concentrations of calciferol
and ergosterol initially placed on elther adsorbent had
very little effect on the total calciferol recovery.
However, both the separation of the two compounds and
the total ergosterol recovery were influenced considerably

by this property.
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INTRODUCTION

The study cf the chromatographic separaticn of
oure calciferol (vitamin Ds) from oure ergosterol has

pbesen of coneiderable interest in recent years. Perhaps

through a more critical investigation of this separation
Turtaer informwatioi can be found relative to ithe nore

comolex senarstlon of calciferol from irradiated
ergosterol or relsted compounds,.

In the cource of & gnectronhotometric investigation

—

ay

of an eluate, whicn had been obtained from a chromatogream

in which the adscrbent, solvent, end eluent had be

O]

n
celected 30 as to retain the ergosterol aand elute only

the calciferol, 1t was observed th.t tnis eluste contained
.2 substance foreign to the initial solution of pure
celciferol and pure srposterol. The precsence of this

for

)

ign subgtance in the eluate has caused wmuch
soneculation and furtner investigation.

Carlsonl noted thct when etayl alcohol and dlethyl
gelner ricn solvents were passed through an adsorption
column containing superfiltrol, the filtrate contained
& subctence, asparently eluted fromr the sujerfiltrol,

witlen gave 1t a dsnsity appreciably greater than




to analyze an eluate which was expected to contain only
calciferol, observed that calciferol and another
substance were present. Bothh had an absorption spectrum
in the ultraviolet region. He concluded that this
interfering substance wag eluted from the superfiltrol
and that a constant correction factor for it could be
cbtained by running a blank along with each sample. He
also did some work with alcoholic solutions of pure
ergosterol and calciferol and noticed that, using
hexane - dlethyl ether - ethyl alcohol as a solvent and
eluent, ergosterol was adsorbed by activated bentonite
clay and calciferol proceeded on through the column.
However, he dild no quantitative or even conclusive
qualitative work along this line.

Tne study of the unknown substance which was
thought to be eluted from the superfiltrol was further
considered by Bullardd. She found that the method of
carrying a correction factor blank along with each
samplebgave guantitative results. If the calciferocl
concentration in the original solution was sufficiently
large, the correction factor was eliminated by adequate
dilution of the resultant eluate. The solvent and
eluent used for this work was n-hexane - diethyl ether -
ethyl alcohol in the relationship of 50-10-1 respectively

by volume. An examination of several gimilar binary and




ternary solvente wuag made in an attempt te ind «
golvent winich would eliminate the elution of tihls
Toreign mzterial fros the column and vnerhajns lead to

an even more complete calcliferol recovery.

4 .

More recently, in 1943, Pinkerton™ found the

N

ternary colvent of hexane - dietayl ether - alcohol
to be more comilex than necessary. A szticfactory

geparation of calciferocl frow ergosterol using superiiltrol

')

adcorbent was accomplished by elther s he
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etuer or Lenzene - et olvent in the ratio of 5:l
resnectively by wolume. Ether secued to be a very
importunt constituent of every binary and ternary
sclvent examined. WNo satisfactory single solvent wus
fouhd winich would glve tne desired cepsration. In
addition, a ratner thorougn study was mede wlith respect
to the separation of calciferol frou ergosterol using
sugerfilirol and the binary solvent hexane - stier.
Tne eluzte wug corrected for the interfsring substance
eluted from the superiiltrcl by determining certain
constant ratios between extinction values at two
different wave lengths for both the interfering material
and the calciferol.

The rates of wigration of compounds on an adsorbent
are influenced by the polarity of the sclvent and eluent.

5 .

Chen” studied the elutlon of vitamin Do and vitamin Dz

from an alumina column in whicn vitemin Do preceded




vitamin D3 when a polar solvent was used, and as t?e
polarity of the solvent decreased, the order of elution
was reversed. Similarly, vitaming D could pértially
be separated from vitamin A and ergosterol on an
alumina column. Using a superfiltrol column, she
found that a hexane - diethyl ether solvent gave a
better recovery of vitaming D than did a hexane -
diethyl ether - ethyl alcohol solvent.

It 1s the purpose of this investigation to study
the chromatographic separation of gynthetic mixtures
of pure calciferol from pure ergosterol using a
diethyl ether or diethyl ether - hexane solvent and
an alumina or superfiltrol adsorbent and to examine
the interfering material in the cluate from a

superfiltrol column.




MATERIALS AND EQUIPMENT

The calciferol used in this study was a pure
synthetic crystalline vitamin Dy, each gram considered
to contain a minimum of A0,000,000 U.S.P, units. This
was obtained from the Speclal itarkets Division of the
Winthrop Chemical Company, Inc., New York, N. Y..and
waa used without further purificaticn.

A good commercial grade of fine crystalline
ergosterol was obtained from the Montrose Chemical
Company, Newark, N. J. and was recrystallized from a
mixture of one part of absolute ethyl alcohol to two
parts of benzene by volume. The ergosterol crystals
were filtered by suction, wached with methanol, and
drying wae completed in a vacuum at room temperature.

It was necescary to further purify a C.P. grade
of absolute ethyl alcohol in order to use 1t as a
golvent for the crystalline formsvof calciferol and
ergosterol. Twenty grams of potassium hydroxide and
ten grame of silver nitrate were adied to one liter
of the alcohol and with occasional shaking this was
allowed to stand for one week., The alcohol was
decanted and distilled from all glass apparatus. The
disfillate was collected in 100 mllliliter fractions

and for use wae required to tranemit down to




230 millimicrons (transparency above 90 per cent) as
measured on the spectrophotometer..

Appropriate amounts of sodium hydroxide and anhydrous
sodium sulfite were added to the amount of anhydrous
diethyl ether (C.P.) required for immediate use. After
distillation from an &ll glass apparatus, the ether must
transmit down to 230 millimicrons (transparency above
70 per cent) as measured on the spectrophotometer in
order to be useable..

Skellysolve B, a commercial preparation of n-hexane,
wae purified by passing it through a large T9wett tube,
24 inches long and 1.5 inches in diameter, containing
freshly activated silica gel., The percolate fractions
to be used must transmit down to 230 millimicronsg
(transparency above 96 per cent) as measured on the
spectrophotometer and must show no absorption due to
benzene. The used silica gel may be repurified and
reactivated by washing it free of hexane with distilled
water, allowing it to air dry, and then further drying
it in an oven at 250°C. for at least 24 hours.

The adsorbents used were activated alumina and
gsuperfiltrol. The alumlna was the Alcoa brand,

Grade F-20, manufactured by the Aluminum Ore Company,
East St. Louls, Ill. The superfiltrol, SF 63, was a
finely divided activated bentonite clay prepared by

the Filtrol Corporation, Los Angeles, Calif.




Chromatographic tubes of different lengths were
necessary when using the different adsorbents. Fof the
investigation using alumina, the length of the adsorbent
containing section of the tube was about 47 centimeters;
and for the study using superfiltrol, the length of this
section was 17 centimeters. In both cases, the diameter
of the section of the tube which held the adsorbent was
7.5 millimeters and the diameter of the lower constricﬁed
portion of the tube was 3.7 miilimeters.

When the volume of the eluate per fraction and the
number of fractions required had been determined, they
were collected ldentically with a Technicon Automatic
Fraction Collector made by the Technicon Chromatography
Corporation, New York, N. Y. The rate of elution could
be controlled by varying the pressure at the top of the
chromatographic column using a carbon dloxide source and
an adjustable mercury manometer.

Absorption measurements were made with a Beckman

Quartz Spectrophotometer, Model DU6

, made by the National
Technical Laboratories, South Pasadena, Calif. The
abgorption cells were made of silica, the thickness of
each being 1.000 + 0,002 centimeter,

All computations were carried out using a completely

sutomatic Fridén Ultra-matic Calculator made by the Fridén

Calculating iachine Co., Inc., San Leandro, Calif,




EXPERIMENTAL PROCEDURE

From stock alcoholic solutions of calciferol and
ergosterol, which were made up from the crystalline forms
of the compounds, the desired quantities for each invest-
lgation were volumetrically taken. The stock solution of
calciferol contained 0.0174 gram/100 milliliters of
absolute ethyl alcohol, and that of ergosterol contained
0.0244 gram/100 milliliters of absolute ethyl alcohol.

Having deterumined ﬁhe amount of calciferol or
ergosterol or combination of these to be investigated,
thig quantlty was taken from the stock soluﬁion§‘and
using a warm water bath was taken to dryness under
reduced pressure. Tne sample wss then taken up in threé
miliiliters of & hexane or ether - hexane solvent.

The adsorption column was prepared by placing a
small wad of cotton at the top of the constricted portion
of the chromatograohic tube as a support for the
adgorbent, The alumina was weighed out to the nearest
gram and then while gently tapping around the sides of
the tﬁbe, tﬁe adsorbent was introduced into the tube..
The height to which the alumina came was then measured.
If superfiltrol was used as the adsorbent, 1t was
welghed out gram by gram. After the introduction of

each gram into the tube, the superfiltrol was very
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firaly nacked witnh the aild of a large glass rod
flattened on one ena to a diamxeter Jjust slightly less
than thzt of the tube. The height of the adsorbent was
then measgsured to helo insure reproducible hand packing.
The chromatogranhic tuve was thén positioned in
the fractionator. The column was washed with a definite
amount of ether or ether - hexene solution which was
deterwined by the typne and émount of adsorbent. Just
prior to the last portlon of wash solution leaving the
too of the adesorbent, the samnle was introduced onto the
column. The fractionator was immnediately set into
operation. .The flask which had conteined the sample
solution was then rinsed with three milliliters of the
previously used solvent, and as the last porticn of the
samnle solutiocn disappearediinto the adsorbent, this
ringe solutlion wag added to the cclumn. The develoner,
nzving been »slaced in a separatory funnel atoo the
caromatographic tube, was introduced onto the cclumn as
the rinse solution disapoeared into the adsorbeht. Af
no time after the inltial wetting of the adsorbent with
the wash solution wus the ton of the coluwn ever
oermitted to become dry. The same glass dropping tip (a

ece of the fractionator) was used for all experiments.

Fre

o]

+,

Thig assured eluste drops of constant size.

Wnen & sufficient number of fracticns, having used




45 drops = 1 fraction = 1 milliliter, had been collected,
each was taken to dryness under reduced pressure and
using a warm water bath. If a residue, due to a slight
evaporation of the eluate ag 1t collected on the
dropping tip, had formed on the tip, it was removed

with the developer, collected in a test tube, evaporated
to dryness, and further treated the same way as any other
sample. Each residue was volumetrically taken up in
four milliliters of hexane and the absorption curve of
the resultant solution determined on the spectropho-
tometer. A fraction was further diluted with hexane
when 1ts concentration was too great for the determina-
tion of its absorption spectrum to be made on the most
accurate portion of the instrument. The extinction
readings were taken at various intervals of one to ten
millimicrons depending upon the positions of the maxiume

and winima of fhe eluate absorption spectrum,
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DISCUESICN

Ergosterol has the empirical formula CpgHy,0, which
has been established by careful analysis of derivatives
containing hetero atoms. Calciferol, an isomer and -
derivative of ergosterol, also has the empirical formula
C28H44O. However, the structural formulas of ergosterol
and calciferol are different7. Ergosterol hag an
angular methyl group between rings A and B at carbon
atom 10 and three double bonds, one in the side chaln
between carbon atoms 22 and 23 and two conjugate double
bonds in the 5,6~ and 7,8-positions. Calciferol has a
methylene group on carbon atom 10 and hence four double
bonds, one in the side chain between carbon atoms 22 and
23 and two double bonds, which are in conjugation with
the double bond at the 7,3-position, in the 5,6- and

10,18-positions (see Figure 1).

Ergosterol Calciferol

Figure 1.

-11-




The presence of four double bonds, three of which
are conjugate, in calciferol as compared to only three
double bonds, two of which are conjugate, in ergosterol
indicates that calciferol may be more polar than
ergosterol. ©Since adsorption tekes place most readily
from non-polar solvents8, calciferol, as compared with
ergosterol, should be preferentially and more strongly
adeorbed from a non-polar or slightly polar solvent.
Degsorption, the displacement of the adsorbed substance
from the adsorbent, 1s done by an eluent which is more
polar than the adsorbed substance. Thus, ergosterol,
as compared with calciferol, should be more rapildly
desorbed by & solvent more polar than itself. However,
this was not found to be true when aluﬁina or super-
filtrol wag usged és the adsorbent and ether or etner -
hexane wes used as the solvent or eluent. Perhaps the
vastly different steric configurations of the two
compounds have . altered the antlicipated polar relation-
ships between them or have made the mofé or less
strongly adsorbed ccompound more évailable to the action
of the eluent. Hence, polarity may only be a gulde to
the action taking place within an adsorbent column.

Solvents differ in polarity and adeorbents vary
in activity. Considering the solvents and adsorbents

used in this study, hexane, ether, and alcohol increase

10




in polarity and alumina is & less active adsorbent than
superfiltrolg.

The weiting and washing of the adsorbent column
?ust vrior to the introduction of the sample solution
is done with the most peclar solvent to be used in the
course of the investigation. The sample is dissolved in
a colvent of less or equal polarity and introduced onto
the adsorbent. The development of the column and elution
of the sample, or any fraction thereof, is carried out
with & solution of equal or greater polarity than that
previously used as the solvent for the sample.

The absorptioﬁ spectra of calciferol and ergosterol
vary with the solvent used lO,ll. Therefore, the
absorption spectra of calciferol znd ergosterol.in hexane
were determined over the range of 230 millimicrons to
300 millimicrons using the svectrophotometer (Figure 2).
Throughout the investigation hexane wag the solvent used
for the final analysis because of 1ts great transparency

over the ultraviolet region and its straightforward and

rapid method of purification.

THE USE OF ALUMINA AS AN ADSORBENT

The spatial configuration and forcee existing auong
the atoms of calciferol and ergosterol evidently
necessitate the use of quite active zdsorbents in order

to obtain a comolete or even a partlal geparation of the

13




two compounds from a single solution.

Alumina 1s obtainable in a very pure state and
is such that almogt all of the irrelevant material
remaining on the commercial preparation can be removed
by prewashing the column with the proper organic
solvent. Using various amounts of éther, depending
upon the length of the column, as the prewash solvent,
the irrelevant material in the eluate from the alumina
column can be reduced to less than 0.002 extinction
units at 264 millimicrons. To remove the possibility
of any interference from a solvent residue, the solution
in the reference cell was made up comparable to the
saumple solution from the coluun. That is, if a one
xilliliter sample was taken using ether as the eluent,
evaporated to dryness, and the residue taken up in
hexane, then one milliliter of ether was evaporated
to dryness, the residue (if any) taken up in the same
amount of hexane, and this was uged as the reference
solution for that sample.

Since the elimination of any interfering materials
in the final analysis was qulite complete, all of the
resultant absorption curves were found to be elther pure
calciferol, pure ergosterol, or a linear combination of
these. The combining of Lambert's and Beer's laws into
a single absortplion equation gives

k. — Loz (I,/1)
AT lc

1=




where k is the extinction coefficient at a given wave
length,<1, I, is the intensity of the transmitted light,
I is the intenelity of the incildent light, 1 is the
thickness of the solution, and c¢ is the concentration

of the solutiocn. Using this fundamentzl relationship,
the additivity of the absorption curveg of itwo or more
substances in solution ie developed by Harris and
Thimannlg. If ¢y and ¢, are the unknown concentratlons
of two substances in a solution of one centimeter
thickness, kl and k2 their extinction coefficients at

a wave length A, ki and ké thelr extinction coefficients
at some other wave length X', and D and D' the densities,

log (I,/I), of the mixture at the two wave lengths, then

klcl + k202 =D
- 1 1 — 1
and klcl + k202 =D
kD' - klD

therefore cq = 2 2

ik, - kpkj

% 1 - .}
B &lD th

and Chr =
t !
klk2 - klk

2

and the units of ¢ can be determined and adjusted in
accordance with k. As tne critical points for the
calculation of the content of each fraction, the maxima

of calciferol at 264 millimicrons and that of ergosterol

-15-




at 281 millimicrons were used. Having found the content
of each fraction to be a linear combination of calciferol
and ergosterol and knowing the concentration of both
compounds placed on the column, the relative and exact

amounts of each can be computed.

Variation of Eluent Polarity

As the ether content (by volume) of the eluent is
increased; the total amount of both calciferol and
ergosterol eluted from the column is slightly increased,
as can be seen from Table I. Hence, both compounds are
a little more easily desorbed ags the polarity of the
eluent 1is increased. Calciferol is somewhat more
completely desorbed from the column than is ergosterol.
At the same time, the percent separation of the two
compounds remaing relatively constant. Therefore, the
rates for which each compound is adsorbed-desorved as
it progresses downward on the adsorbent must be pro-
portionately equal ac the polarity of the solvent
increaseg. BSimllar properties are observed when the
length of the alumina column is varied. When the
column is 7.8 centimeters long (by weight, 4 grams)
and the eluent is composed of ether and hexane 1in
equal parts by volume, 90% of the calciferol and
82% of the erzosterol are recovered wiile about 34% of

the calcifercl and 34% of tne ergosterol are recovered

-1l6=
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in the pure state. When the-eiuent is pure ether,

96% of the calciferol and'90% of the ergosterol are
recovered while about 32% of the calciferol and 33% of
the ergosterol are recovered in the pure state (see
Figure 3). ‘“hen the column is 15.6 centimeters long

(by weight, 8 grams) and the eluent is composed of

ether and hexane in the ratio of 7 to 3 parts by volume,
90% of the calciferol, about 48% of which is obtained

in the pure state, and &3% of the ergosterol, about

46% of which 1is obtained in the pure state, are recovered.
As the eluent is increased to pure ether, 94% of the
calciferol, about 51% of which is obtained in the pure
state, and 87% of the ergosterol, about 49% of which is
obtained in the pure state, are recovered (see Figure 4).

Thus, an increase 1in the length of the adsorbent column

“increases the percent separation of the calciferol from

the ergosterol by quite an appreciable amount, but this
is accomplished at the expensge of the total amounts of
calciferol and ergosterol recovered which show a slight
decrease., | |

There 1is a change in the rate of elution of calciferol
and ergosterol when the polarity of the eluent 1s altered,
as would be éxpected (Table II). When etaer is used as
the eluent, the calciferol and ergosterol are eluted from

the column more than twice ag fast as when ether - hexane
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in equal parts by volume, is used. 4t the samé time,
the volume of eluent necesgary to elute the calciferol
and ergostercl from the alumina 1c greatly 1lncreased as
the ether content of the eluent 1s decreacsed. Tals
increase in volume c¢f eluent 1s accompanied by &
broadening of the range in waich the elution takes

place and a concurrent increase in the number of
fractions containing both calcifercl and ergostercl.
This band widening does not lend itegelf advantageously
to a subséquent sevaration of the two compounds.
Considering the 7.8 centimeter alumina column and the
use of the nexane - ether eluent, in equal parts Dby
volume, calciferol apnesars and terminetes in fraction 37
and 60 respectively, while ergosterol is present in
fractions 46 through 72. Hence, there are 15 fractions
in which calciferol and ergostercl are together. When
pure ether ls tne zluent used, calcifercol appears 1in
fractions 15 through 26 and ergosterol is found in
fractions 20 through 3%. Thus, there are only half as
many fractions in which the two compounds appesr simul-
taneocugly (Figure 5). Taking the 15.5 centimeter column
for coumparison, having used the ether - hexane eluent in
tie ratio of 7?3 parts by volume, calcifsrol is precent
in fractions 40 through 61 and ergosterol is found in

fractions 51 tnrough 78. This is an intervel ol 11

~-18-




fractions in which both compounds occur. Using pure
ether as the eluent, calciferol falls in fractions 29
through 42 and ergosterol occurs in fractions 37 through
56. Tnis is an interval of 6 fractions in wnich both
compounds are found (Figure 6). Therefore, for a
column of given length, the increase in ether content
of the eluent not only hastens the elution of both
calciferocl and ergosterol but lessens the interval in
which both compounds are eluted. For a longer column,
the compounds are eluted later, naturally, but the
Interval in which both anpear is less or at least no
greater than that for the shorter column.

Because there is little difference in the percent
genaration of the two éompouﬁds when an ether - hexane
eluent is used and gince there 1is a decided increase in
the range in which both compounds appear together when
ether - hexane 1is the eluent used, pure ether was
selected as the eluent to be used for the further
investigation of the change of column lengtn and the
effect of the change in calciferol and ergosterol

concentration.

Variation of Column Lengtn
Having observed the vportion of eluate in wnich
there ig an overlap of the elution of calciferol and

ergosterol to be 7 and 6 fractions for the columng of

-19-




7.3 and 15.6 centimetere in length respectively, it

gseems reasonable to investigsate columng of longer length
to see 1f thig gix fraction overlap can be removed. The
elimination of a portion of the eluate where calciferol
and ergosterol are eluted gimultaneously will take place
only when the rate of adsorption-desorption for one of
the ccumpoundsg is more rapid than the rate of widening of
the range over which that compound 1s eluted. The
verioug column lengths investigated are glven in Tavle III
and illustrated graphically in Figure 7. As the length
of the column is increased, the number of fractions
containing both compounds is slowly decreased and the
total number of fractions required to elute each compound
1s increased. This latter property is unfavorable for
keeping the initial calciferol and ergosﬁerol concentra-
tions, which aré Introduced onto columns of longer
length, constant. Since the eluate becomes less and

less concentrated per fraction, some of the extinction
readings for these dilute fractions tend to fall below
the range of maximum reliability of the spectrophotometer.
However, when necessary, the results are corrected for
this inherent error. 4 gseparation of calciferol from
ergosterol was attained whén}the column length was about
44 .6 centimeters (23 grams). The calciferol initially

apoeared in fraction 66 and terminzted in fraction 86

-20-




and ergosterol was eluted in fractions 87 through 115,
The range in wnlch ergosterol was eluted being 8.fractions
more than were required to elute calciferol.

It is not sufficient just to have obtained a
geparation of calciferol from ergosterol, but the
completeness of the recovery of each compound should be
considered. Figure 8 shows the percent of calciferol
free from ergosterol as compared to the total percent of
calciferol recovered as the length of the alumina
adsorbent is changed. The percent bf calciferol eluted
free from ergosterol increases quite rapidly up to and
including the 31.1 centimeter column. It then tends to
level off. The total percent of calciferol recovered
from the column declines very rapidly at first and then
becomes almost linear between the 7.8 centimeter and
44,6 centimeter columns. The percent of ergosterol
free from calciferol as compared to the total percent
of ergosterol recovered as the column length 1s altered
is shown in Figure 9. The curve showing the percent of
ergosterol eluted free from calciferol 1g quite similar
to that for the comparable calciferol curve. However,
the pure ergosterol recovered from the columns of greater
length than the 15.56 centimeter column increases
considerably more slowly than did the pure calciferol

recovered. The total percent of ergosterol recovered
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declines more rapidly than does calciferol for columns
of shorter length and then continues a linear declination,
more rapnid than calciferol, between the 7.8 centimeter
and 44.6 centimeter'columns. Considering the column on
which the two couwpounds were separated, 86.5% of the
calciferol and 76.2% of the ergosterol were recovered.
It is quite pcseible that with the widening of the range
of elution that ig concurrent with the lengtuening of
the column, the calculated totsl recoveries of the two
compounds are somewhat lower than the actual amounts
recovered., However, Turther investigation shows this

error to be less than two per cent.

Variation of Sample Concentration

The effect of varying the relative and total
concentrations of celciferol and ergosterol to be
introduced onto the alumina was studied using the
7.8 centimeter (Figure 10) and 15.6 centimeter
(Figure 11) columns. Results from corresponding
investigations of the two columns of different length
are very couwpsrable. This is particularly true for the
total percent recovery of each compound; the main
consistent difference being that the total recovery for
eachh compound 1is slightly greater when using the shorter
golumn. The parallelism between the results obtained

from the two different length columns 1is less for the

~00-




percent seperation of celeciferol and ergosterol.

However, the most consistent dissimilarity is thet the
elution of each compound when free from the other is
considerably grester for the longer column. Using es

a reference the basgic celciferol (0.000260 grém per
milliliter) eand ergostercl (0.000488 grsm per milliliter)
concentrations sand for compsrison gn equel concentrstion
of celcifercl with 2 double quantity of ergosterol, the
separation of each is lessened on the longer column but
the sepsration of cslciferol is increased on the shorter
column. Doubling the ergosterol concentration and
keeping thest of caslciferol constent incresses the
seperation of calciferol and decreases that of ergosterol
on both columns. - ¥When both compounds sre doubled, the
calciferol and ergosterol separstions sre increessed on
the shorter column snd decressed on the‘longer.column.
Keeping the reference concentration of celciferol the
seme, chenging thet of ergosterol to 0.,000976 grem per
milliliter, and compering the results from this study
with those when celciferol is doubled and ergosterol

is unchanged, the separstion of each compound is
increased on the 15.6 centimeter column gnd thet of
érgosterol is decregsed on the 7.8 centimeter column.
Using the immediestely preceding cslciferol and ergosterol

reference concentretions end meking o comperison with
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the results obtasined when the cezlciferol concentration
is doubled and that of ergosterol is constant, the
separations of both compounds sre increased on both
columns. When the concentreation of celciferol is

doubled end thet of ergosterol 1g unchanged 2nd s
compariscn is made using the same amount of calciferocl
and doubling that of ergosterol, thre ceglciferol sepsration
is decreased while the ergosterol sepsrestion is increessed
on both columns. In general, as the retio of the
concentration of ergosterol to calciferol decreases, the
percent of calciferol obtained free from ergosterol
increases. However, the previously stated facts do not

lend themselves to any other genersl conclusions,

TEE USE OF SUPERFILTROL AS AN ADSCRBENT

The commerciel prepsrstion of superfiltrol, one of
the most sctive sdsorbents, conteins impurities which -
eare soluble 1n the orgeniec solvents used and have
sbsorption in the ultregviolet region under investigstion.
The me jority of this irrelevent meterisl is removed from
the sdsorbent by prewashing the column with the proper
organic solvent., However, these impurities are seemingly
never completely removed from the superfiltrol end,
beyond a certain smount of prewashing, tend to epprosch
8 repetitious concentrstion end sbsorption spectrum which

are spperent in the enalysis of successive equivelent
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fractions of eluste. The nearly linear asbsorption
spectrum of this irrelevant substsnce lends itself well
to the methemstical treatment, or o modified form of the
eanelysis, presented by lorton and StubbslB. Their
correction for an interfering substence, which

" accompsnies g compound whose absorption Spédtrum in the
pure stete is known, is entirely genersl and relstive

to sny linear gbsorbing meterial.

A few survey investigations, using calciferol and
ergosterol in combinetion on superfiltrol columns of
various lengths, indicated very positively thet en
irrelevant materisl, whose ultraviolet sbsorption spec-
trum was not at 211 linesr, was appesring in the eluste.
However, becguse of smaller total and relative concen-
traﬁions of the two compounds and the prectice of
terminating the development of the chromatogram at the
point where only calciferol and seemingly nothing else
hed been eluted, this nonlinear interfering substence
has not previously been of much concern. Thus, the
Morton-Stubbs correction 2lone is no longer applicable;
and because equilibrium between solution and edsorbent
is not instantsneous and from observation the effect of
diffusion (nonsherp behding) is far from negligible, the
theory of chrcmatogfaphic anslysis given by Wilson14

offers little informetion relestive to the anslysis of
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the content of the eluate. The wmore recent kinetic
theory of chromatography proposed by Thome g2 ig of

no aid in the solution of the composition of the eluate.
becauge of the binary compound and sgolvent system used
for this work. Hence, a different method of analysis
must be found for the separation of calciferol fron
ergosterol when using guperfiltirol as the adsorbent.

The eluate frow a 4.6 centimeter (by welznt, 2 grams)
superfiltrol column on which 0.000260 gram of calciferol
had initially been vlaced was carefully analyzed. Each
fraction was checked for purity by a ratio test at no
less than ten different wave lengths over the range of
230 millimicrong to 300 millimicrons. Having determined
eacn fraction to contain only pure calciferol, the
percent of calciferol recovered from the adsorbent was
computed and found to be 97.5%. Therefore; the non-
linear inmpurity found in the eluate when calciferol and
ergosterol are nlaced on'the column together ig not
likely to be due to a steric or chemical change in the
calciferol caused by its contact with the superfiltrol.

Ergosterol was then initially »laced on a coluan
of superfiltrol and most of the eluate, which was
collected fractionwise, did not have an absorption
spectrum resembling that of ergosgérol at all, Verying

the ergosterol concentration from 0,000244 gram per
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milliliter to 0.001952 gram per milliliter by muitiples
of two and using a 4.6 centimeter adsorbent column, a
very consistent pattern of absorption curves was noted

as belng eluted from the column in each case. Further
investigatiohs, using these same concentrations of
efgosterol and a 2.3 centimeter superfiltrol column,

gave comparable patterns for the absorption spectra of
the column eluate. The content of the eluate could

then be classified into three distinet components:

(1) a substance with a maximum at 282 millimicrons,

(2) a substance with a véry distinct maximum at 250 milli-
microns, and (3) the pure ergosterol unaltered. Applying
a ratio test, similar to that used previously to
determiﬁe the pﬁrity of fractions containing calciferol,
tb several successive eluate fractions which appeared |
to contain only the substance with a maximum at 282
millimicrons or the substance with a maximum at 250

millimicrons, a very consistent absorption spectrum,

whlch differed only in magnitude from fraction to

fraction, was found for each of the two substances

(see Figure 12). Henceforth, the material with a

maximum at 282 millimicrons shall be called substance 282
and that with a maximum at 250 millimlicrons shall be
called substance 250. Thus, the nonlinear irrelevant

material in the eluate from a column of superfiltrol
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initislly conteining only pure celciferol and ergosterol
is very likely due to e conversion of some of the
ergosterol, caused by i1ts contsct with the adsorbent inv
the presence of the solvent, into et least two different'
substances,

A substence with 2 meximum gt 250 millimicrons was
reported by Kimballls, who, in seperating the products
of irrsdisted ergosterol chromatographically, noted its
gappesrgnce just prior td the elution of the remsining
nonirradiated ergosterocl. At firet, the substance was
thought to be toxisterol, but upon chromatographing
ergosterol in the sbsence of calciferol and sny other
products of irradistion gznd still obteining & maximum
of some substance st 250 millimicrons, this ideag was
eliminaeted because toxisterol presupposes the pfesence
of calciferoll?, Seversl investigations were carried
out relative to whether or not the interfering msterial
could be a product from the irrsdistion process,va
regction of the eluent with the adsofbent, a reection
of the eluent with the'eréosterol,van impurity present
in the ergosterol, or o result from some decomposition
reaction of the ergosterol on the superfiltrol column
itself. Kimball concluded thet the substance with s
maximum et 250 millimicrons could only be from some

reaction between the ergosterol end the adsorbent.
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Computations

Having isoleted representative esbsorption spectrs
for two substances, which are apparently obtained from
g decomposition of pure ergosterdél which is ceused by
contact with superfiltrol, the additivity of the
extinctlon curves, which was dliscussed in detgil for
two compounds when using sn szlumina edsorbent, should
be gble to be extended to four substences involving
the use of & system of four simultesneous linear
equations in four unknowns. If devietions from this
theory ere significent when the length of the superfiltrol
column is varied, the total and relstive concentrations
of calciferol and ergosterol initislly pleced on the
column sre veried, or the reletive composition of the
eluent is gltered, then either the ebsorption spectrs
for the products obteined from the decomposition of
ergosterol are incorrect or ergosterol in combination
with celciferol is not chenged into the form observed
when ergosterol was bhrometographed alone,

The four unknowns, which represent each of the

four constents in the system of four simultsneous

lineer equetions, are some form of a concentretion
constant, which depends on the other units in use in
the equetions. Let w, x, y, end z be the unknown f

concentration constents for celciferol, substence 282,
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substance 250, and ergosterol respectively in & solutlon
of one centimeter thickness. Let a, b, ¢, and d be
thelr respective extinction coefficients at a wave
length X and a', b', ¢', and 4' their respective
extinction coefficients at a second wave length A'.

Then let a", ", c¢", and 4" be their respective

extinction coefficients at a third wave length A" and
a", ", e¢" and d"' their respective extinction
coefficients at a fourth wave length A". If D, D', D",
and D" are the respective densities, log (I,/I), of the

mixture of the four substances at each of the four wave

lengths, then

at A a4 w+b xXxX+c y+d z=D
Qt )\l aI 1 t 1 — 1
a w+b x+c¢c y+d4d z=2D
at A" - a"w+ D" x+c"y+4a" z = D"
and a.tu }\"l al" w o+ 'b"l X + clliy + d"' 7, = D"‘

The critical wave lengths selected for use in the coump=-
utation of w, x, y, and z were 250, 265, 281, and 293
millimicrons. Theoretically, extinction values observed
at any four different wave lengths in phe range of
investigation could be uged, but the maximum accuracy

in the results will.be obtained by using wave lengths
where & critical meximum {or minimum) extinction of

each component is most readily altered by a foreign
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substance. Whenever possible, the wave lengths should
be spaced at reasonable intervals and selected where the
extinction values have been read froh the most accurate
settings of the spectrophotometer,

Solutions for the four simultaneous equatibns were
found by using a method of addition and subtraction
which 1s compiled by Dwyer18. For n equaﬁions inn
unknowns, wnose matrix of coefficients ig nonsymmetric,
this method of solution requires only QL%E;EEl rows and
has the additional advantages of having less chance for
numerical error, less recording, and belng easier to
calculate, more accurate, less time consuming, and more
compact than other methods of solution. When only three
substances were present in the eluate, the syétem of
equations was reduced to three and the fourth equation,
involving the observed density for the mixture at 293
millimicrons, was owitted. When only two gubstances
appeared in the éluate, the equation involving the
density observed at the wave length suspected to be the
least critical was eliminated.

For 0.000260 gram of calciferol and 0.000488 gram
of ergosterol placed on a 4.5 centimeter column of
superfiltrol, the seventh frection of elﬁate was selected
as an illustration of the agreement between the observed

absorption spectrum and that calculated from the
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aséumption of the presence of pure calciferol,
‘substance 282, and substance 250 (see Table IV). The
concentration constants were found to be 1.0510 for
calciferol, 0.1373 for substance 282, and 0.0046 for
substance 250, The computed extinction curve has been
broken down into the absorption due to calciferol and
that due to substance 282 and substance 250. The graphic
representation of this data and analysis ls given 1n
Flgure 13. The graphs of the observed and computed
extinction curves are very nearly colncident. The
variations between these two curves are within the limits
of experimental error and are not significantly different.
The relative composition of this fraction at 281 milli-
microné ig about 89.5% calciferol, 10.4% substance 282,
and 0.2% substance 250. The calciferol in this fraction
ie 28.%% of the total amount of calcifercl initially
placed on the column.

Assuming the presence of pure calciferol, substance
282, substance 250, and pure ergosterol in the fourth
fraction of the eluate from a 1.1% centimeter super-
filtrol column, an example of the marked similarlty
between the observed and computed absorption spectra ls
given in Table V. The quantities of calciferol and
ergosterol origlnally placed on the column were‘the game

as before. The concentration constants were found to be




0.9429 for calciferol, 0.2323 for substance 282, 0,1346
for substence 250, and 0,6449 for ergosterocl. The
computed extinction values have been given sepsretely
for the absorption due to celciferol, thet due to
ergosterol, snd that due to substance 282 egnd substance
250, In fact, the absorption spectrum due to one or any
combination of these four substances cen very easily be
found. Figure 14 shows the grephs of the observed snd
computed extinction curves ere agsin very neerly
coincident. As before, the devietions of the computed
values from the observed velues are not sufficiently
large to meke the two curves significantly different.

It is interesting to note the difference between the
extinction curve due to the presence of only pure
celciferol and ergosterol, Curve D, snd the observed
extinction curve for the four components, Curve F.

There isn't any possible combinetion of calciferol and
ergosterol glone that could give a resultsnt ebsorption
spectrum with ¢ meximum st 262 millimicrons. Thus, this
eluste fresction ﬁust be éontamin9ted, and the introduction
of the sbsorption spectrum due to substence 2382 and
substasnce 250 seems to account for this msximum, and
other verietions,\yery well. The relestive composition
of this frection ot 281 millimicrons is sbout 46.5%

™~
calciferol, 10.2% substance 282, 3,2% substance 250, and
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40.0% ergosterol. The amounts of celciferol end
ergosterol, based upon the initisl guentities pleced on
the column, in this fraction are 25.3% and 12.9%
respectively.

All of the observed and computed absorption curVes
are in a2t lesst as close sgreement as the two preceding
exemples for the entire investigstion and for gll
frections,

Since 211 of the cohditions for each group of
investigetions are kept constant except the one for which
a varlistion is being studied, an error inherent to these
conditions is thought to result from the fezct thet a few
(from one to three) of the initisl 2nd finsl frections
may be carrying very small quantities of celciferol
and/or ergosterol and are discarded because of very low
extinction reedings at the criticel points. For esch
frsction concerned, this error has been found to be less
then 0.5% of the initigl guentity of either compound

placed on the column.

Varietion of Column Prewssh

The contaminents in the commercisl prepsrstion of
_superfiltrol aré removed by preweshing the packed column
"with the most poler solvent, developer, or eluent to be
used during the investigetion. The quantity of ether -

hexane, in the ratio of 1:5 psrts by volume, prewash
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s8olution reguired to reduce these impurities to e
minimum and that necessary to indicsate paftial deactive-
tion of the adsorbent are quite different. Heving found
4 milliliters of this ether - hexane solvent to be the
minimum volume of prewesh solution thet would setisfecto-
rily free a 4.6 centimeter superfiltrol column from
impurities, prewssh solutions of 16 milliliters snd 30
milliliters of thils same ether - hexesne concentration
were investigeted. In'each cagse, the initial amount

of celciferol plsced on the sdsorbent was 0.000260 gram
and thet of ergosterol was 0.000488 grem. As is evident
from Figure 15, there is essentially no difference
between the results obtained from prewashing the
adsorbent with 4 milliliters of solvent and those
.obtained froﬁ having prewashed the'column with 16
milliliters of solvent., However, when the column was
prewashed with 30 milliliters of solvent, the emount

of calciferol recovered was very slightly incregzsed
while the emount of ergosterol eluted from the column
wos quite decidedly incressed to 3.5%. The presence of
this guantity of ergosterol in the eluste may be
incidental but is more likely due to o slight desctive-
tion of the superfiltrol which was cesused by the large
volume of ether - hexane which ceme in contect with 1t.

There isn't eny difference in the position of the
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initial appesrence of celciferol, substence 282, snd
substance 250 in the eluste for the three different
prewesh solutions. However, the frections in which
thése components terminate very within one or two
milliliters (see Figure 16). Ergosterol is found in
more frections and terminates lester from the column
which wes prewasshed with 30 milliliters of ether =
hexane.

As would be expected, the relstive composition of
the totel extinction for 211 fractions for each investi-
gation differs only slightly with respect to esch com-
ponent st 281 millimicrons (cee Figure 17). Ergosterol
has the most variegble positions due to its sppesrence,
diseppresrence, and reappesrance from the columns which
were preweshed witn 4, 16, and 30 milliliters of solvent

respectively.

Veriation of Eluent Polerity

For the studies relative to the veristion of the
composition of the eluent, 0.000260 grém of celciferol
snd 0.000488 gram of ergosterol were introduced onto g
4,6 centimeter sunerfiltrol column. Three dif ferent
ether - hexene combinstions were considered. These were
in the retios of 1:1, 1:3, end 1:5 perts of ether to
hexene by volume. 2As the retio of ether to hexene 1s

decreased, the totel emount of celciferol recovered from
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the column varies between 99.6% and 98.7%. Simultane-
ously, the recovery of ergosterol from the column
decreases from 80.1% to about 1.3%. Figure 18 shows the
consistently high recovery of calciferol, which seems to
be independent of the ether content of the eluent, a2nd
the repld decline of the ergosterol recovery as the
polerity of the eluent is decreased. EHowever, when

100% hexene wes used es the eluent, neither compound

was desorbed or recovered in the collection of over

60 fractions.

Although the recovery of esch compound is impor-
tent, the sepsrstion of the two compounds is elso very
important. The initisl and terminel frections in which
each of the four components are found ere shown in
Figure 19 for eech eluent veristion. When the eluent is
composed of ether and hexane in equel perts by volume,
the elution of 211 four substences begins end ends cquite
guickly, but thereAere no fractions in Which'any one
substence is found eslone. As the polerity of the eluent
is decreesed, the volume in which the elution of 511
components takes place is incressed. Yhen the ether -
‘hexsne eluent retio is 1:3, the first three frsctions
ere free of substence 282, Very little ergosterol is
eluted from the sdsorbent when ether - hexsane in the

ratio of 1:5 is used as the eluent, as wes mentioned




previously. This small percentege of ergosterol is

found only in the last two frections; and hence, 2ll pre-
ceding fragctions contein calciferol free from ergosterol.
Unfortunately, the decomposition products of ergosterol
eare found in eech'fraction.

Wihen the eluent is ether - hexane, 1l:1, reletively
little of the extinctlion velue for the totel eluate for
each investigation is devoted to substance 282 and
substence 250 gt 281 millimicrons. However, as the
polarity of the eluent 18 decreased, substance 250 and
especislly substence 282 obtain more and more prominence
in the composition of the eluate. At the seme time, the
position of ergosterol decresses to slmost zero, as would
be expected, since its desorption is tending to zero, end
the gein in position of celeiferol is probsbly st the
expense of ergosterol (Figure 20); It is guite evident
thet the reletive ether - hexene content of the eluent
hes a direct influence on the conversion of ergosterol
into substence 282 and substence 250.. This coﬁversion-_
must eiso resdlt in pert from the volume of eluent
necessary to elute the compounds from the column end/or
the length of time 2nd subseguent sdsorbent-zdsorbate-

eluent contect.

Varistion of Column Length

By chenging the smount of superfiltrol pleced 1in &
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chromatographic tube of constant diameter, the height to
which the adsorbent will rise is variable. 1In fact, for
all practical purposes, the variation in height is a
linear\function of the weight. ©Since previous work has
shown an almost complete separation of calciferocl from
ergosterol using & 4.6 centimeter column, éolumns of
both shorter and longer lengths were studied. The eluent
chosen for this work was ether - hexane in the ratio of
1:5 parts by volume, and the amcunts of calciferol and
ergosterol initially placed onto each column of super-
filtrol were 0,000260 gram and 0.000488 gram respectively.
The @atterns resulting from this work are very clearly
shown in Figures 21-30, Each filgure is composed so as
to present the absorption spectra of several residues..
Each residue is from a fraction of the same number and
from a column of different length. The length of these
columns vary from 1.1% centimeters (1/2 gram) to 7.0
centimeters (3 grams) in intervale of about 1.2 centi-
meters (1/2 gram). In all cases, the extinction values
are those for which each fraction residue wasg volumet-
rically taken up in 4 milliliters of hexane. The first
fraction for each run is not given because none of the
substances were eluted in any investigation. For the
columns of shorter lengths, 1.1% centimeters and 2.3

centimeters, the calciferol 1s eluted quite quickly




in the Tirst few frections, In fact, most of the
cslciferol, which is free from ergosterol, is eluted
before the elution of the calcifefol from the longer
columns 1s even sterted (see Figures 21-23). As the
elution of the shorter cclumns tends to completion, the
distortion of the ceglciferol curve to that of ergosterol
and substance 250 is very evident (Figures 24-27).
Substance 250 seems to gein in prominence and then tasper
back to an absorption spectrum similsr to thzt of pure
ergosterol, as-can be seen in Figures 25-29, For the
longer columns, 5.8 centimeters and 7.0 centimeters,
there is little visuel evidence of eany very prominent
guantity of cslciferol in the eluete beforé the sixth
fraction, Figure 25. Prior to this fractlon the
ﬁajority of the eluaste appears to be composed of
substance 282, Calciferol is eluted very heavily from
these longer columns in fractions 7-9. Lesser smounts
of calciferol end the beginning of a slight distortion
of the calciferol curve are evident in Figure 29, The
absorpticn spectra for the remaihing_fractions eluted
from the 7.0 centimeter column are shown in Figure 30.

A larger extindtion scéle is used for this graph in
order to show the distortion more cleerly. Although

the contribution, in terms of concentration, of substence

250 to the resultant absorption spectrs msy be smell, its
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presence l1ls very evident. As the elution of substance
250 tends to completion, the spectral patterns, which
may be partially due to some imputities still being
released from the adsorbent, have a tendency to return
to nearly linear spectra. The eluate fractions from the
columns of intermediate lengths, 3.4% centimeters and
4.6 centimeters, follow patterns between those for the
shorter and longer column lengths.

A compllation of the total recovery of calciferol
and ergosterol from each column of different length is
shown in Figure 31, For each column, the calciferol
recovery, seemingly independent of the column length, is
consistently above 98%. On the other hand, the ergosterol
recovery declines steadily from 28.7% from the 1.1% centi-
meter column to 0.0% from the 5.8 centimeter column.
Ergosterol is absent from the eluate from the 7.0 centi-
meter column also,. '

Regardless of the fact that several-of the curves
in the figures for the survey of the various column
lengths appear to contain only pure calciferol, further
mathematical investigation shnows almost all of these
fractions to be contaminated with varying portions of
subetance 282 and substance 250. Figure 32 presents in
a compact form the initial and terminal fractions in

which each of the components appears for each run. As

il




the length of the column is increased, the number of
fractions required to free the superfiltfol of its
contents is incressed. This increase is not nesrly gs
great, however, as it was when elumins was used as the
sdsorbent. For an incresse in the length of the super-
filtrol column, esch component is delsyed in its initial
appearance gnd terminates two or three fractions leoter
than for the immedistely preceding shorter column.
Substence 282 and substance 250 sgccompany or precede the
elution of celciferol. As the column is lengthened,
these two interfering substences precede the calciferol
by en ever increasing number of fraections. There are

no fractions which are free from either calciferol or
ergosterol thet sre also free from both substance 282
and substsnce 250,

Substan&e 282 and substance 250 cannot be enslyzed
on a totel percent recovery basis such 28 that used
previously for celciferol snd ergosterol (see Figure 31).
This would require o knowledge of the amount of ergosterol
reteined on the column, in the converted end unconverted
forms, as well 2s some additional informetion about the
two products of conversion. However, the reletive
composition of each complete run, or sny frection thereof,
for gny defined wave length, say 281 millimicrons, cen

be computed (Figure 33). Since the smount of ergosterol
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gluted from the column as the length 1s increacsed goes
to zero, tne relative position of srgosterol ‘in tne
ccmposition of the eluate will go to zero. Hence, with
en increase in cclumn lengtn, calciferol, substance 232,

angd substance 250 should be present in the relativ

o

composition of the eluate to a greatsr degree The
extincition values for the eluate for each run decrease

entration constantes for substance
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the column 1s increased. Hence, the conversion of

ergocsterol into tnese two comnonents appears to be a

=

unction of the column length. However, for coluang of

rom wnichn

]

lengtn greater than 4.6 centiaeters,
ergositercl is no longer eluted, the extinctlon values
and concentration conestante tend to becoue constant.
Thérefore, tiie conversicon of ergosterol must be a

4

unction of the length of the column and tne amount of

b

oure ergosterol available for desorption and/or Qlution
frqm tne coluuan.. ’
Variation of Szmple Concentration

To study tihe effect of the change cf concentration
updn tne separation of celciferol from ergosterol, two
different lengthh columns of superfiltrdl contelining

various guantities of each comocund were investigated.

Tre column of 2.3 centimeters in lengtn was selected for

j




further study opecause there nad definitely been proven
(by & previous inVestigation) tnzt some unconverted
ergosterol nad been eluted from 1t. Tne effect of
halving end doubling the i1nitial gquantity of ergosterol
(0.000486 gram) and keeping that of celeiferol (0,0002860
gram) constant was studied (see Figufe 34), The total
calciferol recovery remeined adove 29% until the run in
wiich tne amount of ergosterol was doubled. Here the

celciferol recovery dropped to zpout 93%. Tnis sudden

™

deciine in recovery can rrobably be attripbuted to some
molecular entanzlement between tne calcifer

ol
ergosterol 2t the surface of the superiilirol pazrticles
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for each run at 281 millimicrons is in agreement with

the fact that the quantity of eluted ergosterol increases
as the ratio of ergosterol to calciferol 1is increased.
Simultaneously, the contribution of substance 232 and
substance 250 to the total extinction value 1g greater.
This is to be expected since these two substancss are a
result of a conversion of some of the ergosterol. The
contribution of calciferol to the total absorntion
gpectrum will naturally decline,

As a comparison for the azbove work, & similar survey

A8

was made on a column of 4.6 centimeters in length. Tnis
length of column was selected because there was very
little ergosterol eluted from it s deterusined from a
orevious study in wnich the initial amounts of calciferol
and ergosterol were 0,000260 gram and 0.000488 gram
respectively. For this study the gquantity of ergosterol
wag halved, doubled, and guadrupled while that of
calciferol was held counstant. As the original guantity
of ergosterol on the column is increased from 0.000244
gram to 0,001952 gram, the total calciferol recovery
decreases from 100% to 93% (see Figure 37). This
decrease 1s almost linear, depending on the metnod of
grapning. In comparison, the ergosterol recovery
increases from 0% to 13%. This 1s somewhat more signif-

icant than the percentages seem 1o indicate since the




amount of ergosterol recovered increases from 0.000000
grem to 0.000006 grem to 0.0U0020 grem to 0.000263% gram
for initial quantities of ergosterol of 0.000244 grem,
0.000488 grem, 0,000976 gram, snd 0.001956 gram respec-
tively.

The position of the initisl =ppearence of the four
components in the eluete 1s very comparable to thet for
the 2.5 centimeter column., However, the terminetion of
‘the elution of each compqnent is somewhat more varisble
(see Figure 38). A4s compered to the 2.3 centimeter
column, the volume of eluent reguired to free the column
of the constituénts will be greeter because of the
increase in column length. Perhaps the earlier terminas-
tion of the constituents from the columh donteining
0.000485 grem of ergosterol as compered to the column
containing 0.000244 grsm of ergosterol can pertielly be
attributed to the esrlier elution of substence 282 end
substance 250. The eerlier sppresrance of ergosterol
from the column containing 0.000976 grem of ergosterol
ig quite in line with the psrellel situstion for the
2.3 centimeter column. The return of ergosterol to a
leter initisl eppeefence from the column which contained
0.001952 gram of ergosterol is guite likely due to the
large quentity of ergosterol which haes forced the

conversion products to'appear still eerlier snd retained
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calciferol for &z later fraction. The increased banding
ie undoubtedly due to the increase in ergosterol concen-
tretion.

The relative compogition of the totality of each
run at 281 miliimicrons is shown in Figure 39. The
pattern for each component 1s almost identical to that
for the comparable conditions on the snorter column,
Hence, as the ratio of the amount of ergosterol to
calciferol is incressed, ergosterol, substance 282, and
cubstance 250 increacse wnhile calciferol decreases in

prominence in the relative compositicon of the eluate.
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SUMMARY

The separatlon of calciferol frow ergosterol using
an ether or etner - nexane solvent and an alumina or
superfilirol adsorbent has been presented; Ether was
" found to be the best solvent aend eluent for the accom-
plishment of the separation by means of an alumina
adeorbent. 'nen superfilirol was used as the adsorbent,
etner - hexane in the ratio of 1:5 parte by volume was
found to be a very satisfactory solvent for the separa-
tion.

In obtaining & complete separuwtion of the two
compoundeg, the welgnt of the adsorbent and the helght
to wnlecn it was vacked in the chromatographic tube were
very important. Alumina gave & very good seoarat;on of
the two comvounds, the resultant forn of each being pure
ard free from any other material. Howsver, the length-
ening of the column and the resulting broader banding
of eacn compound within the column were Tound to De
undesirable. Superfiltrol gave =z very sharp separation
muchn more gquickly and on a very imuch suorter coluin.
However, a conversion of the ergosterol into two
irrslevant substances took place on the adsorbent and,
wnile calciferol and ergosterol were obutained free from

each other, nelther compound was found in the eluate
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observation lead to a pattern anslysis
of tne conversgion »roducts and as a result, the eluate
fractions could be analyzed by a system of sizultaneous
linear eguations. Also, the concentration of calciferol
or ergogterol in the total éluate, or any rfraction
thereof, could be determined exactly.

The relative and total concentrations of calciferol
and ergosterol initlally placed on either adsorberit had
very little effect on the total calciferol recovery.

the two comnounds and

~

However, both the sepzration o
the total ergosterol recovery were influenced considerably

by tnlis property.
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TABLE I

Fig. Alumina Eluent Recovery
Ether Hexane Cal, free Erg. free Total Total
from Erg. from Cal. Cal, Erg.
(cm.) (parts by vol.) (%) (%) (%) (%)

3 7.8 50 50 - 34.0 3.2 90.3 81.5

70 30 3le5 3746 93.p  85.2

' 80 20 33,8 28.8 k.7 88.0
A

¢ 100 0 32,0 32,1 96.2  90.1

in 15.6 70 30 L8.L 45.7 90.1 82.9

80 20 L7.1 .7 92.8 85.2

100 0 51.6 49.0 9.3 87.2

Initial calciferol concentration: 0.000260 g./ml.
Initial ergosterol concentration: 0.000488 g./ml.




TABLE II

Fige Alumina Eluent Eluate Fractions
: Ether Hexane Initial Initial Final Final Containing
_ Fraction . Fraction Fractlon Fraction Cal. Erg. Cal,
Containing Containing Contsining Contalning Only Only and
Calciferol | Ergosterol Calciferol &Ergosterol Erg.
(cma) (parts by vol.) (number) (number)
5 7.8 50 50 37 L6 60 72 9 12 15
& 70 30 2l 20 Lo 50 6 10 11
N :
' 80 20 19 25 22 L1 6 9 8
100 0 15 20 26 35 5 9 7
6 15.6 70 30 Lo 51 61 78 11 17 11
80 20 3k b3 51 65 9 1
100 0 29 37 L2 56 8 1l

Initial calciferol concentration: 0.000260 g./ml.
Initial ergosterol concentration: 0.000488 g./ml.




TapLE TIIIX

Pig. Alumina ' Eluate Fractions
Initial Initial Final Final Contalning

Fraction Fraction Fraction Fraction Cal. Erg. Cal.
Containing Contalning Contalining Contalning Only Only and
Calciferol Ergosterol Calciferol Ergosterol Erg.

(ge.) (cme) (number) (number)
7 2 3.9 9 12 19 2l 3 5 8
}% 7.8 15 20 26 35 5 9 [
! 8 15.6 29 37 L2 56 8 1l 6
16 31.1 49 63 _ 65 86 i 21 Z
22  Le.7 6l 8Ly 8Ly 110 20 26 1

23 il.6 66 87 86 115 21 29 0

Eluent: Dlethyl ether
Initial calciferol concentration: 0.000260 g./ml.
Initial ergosterol concentration: 0.000488 g./ml.




Superfiltrol: 4.5 centimeters

Initial calciferol concentration: 0,000250 g./ul.
Initial srgosterol concentratizn: 0.000488 g./ul.
Fraction: #7

Wave Length Extinction

(m mu) Correction Calciferol Computed  Cbserved
220 0.038 0.462 0.500 0.520
240 0.038 0.522 0.630 0.6%2
250-- 0.040 0.735 0.776 0.776
260 0.043 0.845 0.888 0.893
262 0.045 0.858 0.903 0.906
264 0.046 0.662 0.908 0.909
265 0.047 0.861 : 0.908 0.908
266 0.048 - 0.854 0.902 0.904
270 0.054 0.812 0.866 0.866
271 0.055 0.795 0.350 0.852
272 0.055 0.777 0.832 0.835
276 0.057 0.688 0.745 0.741
280 0.063 . 0.577 0.640 0.636
281 0.0565 0.545 0.610 0.610
282 0.0565 0.515 0.581 0.580
289 0.053. ‘0.524 0.377 0.3380
293 0.049 0.2%0 . 0.280 0.282
300 0.033 0.111 0.145 0.150

w = 1.0510 y = 0.0046
x = 0,1373
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TAaBLE V

Superfiltrol: 1.1" centimeters

Initial calciferol concentration: 0.000260 g./ml.
Initial ergosterol concentration: 0.000453 g./ml.
Fraction: #4

Wave Length Extinction
(m mu) Correction Calciferol Ergosterol Computed Observed
230 0,217 O.414 0.075 Q.707 0.720
240 0.263 0.531 0.081 0.876 0.872
250 0.315 0.5661 0.144 1:120 1.120
260 0.2562 0.758 0.272 1.292 1.294
262 0.250 0.770 0.283 1.303 1.300
264 0.229 0.773 0.286 1.238 1.288
255 0.214 0.772 0.2956 1.282 1.282
266 0.200 0.766 0.310 1.276 1.278
270 0.153 0.729 0.397 1.279~ 1.278
271 ' 0.146 0.714 0.%938 ~1.258 1.260
272 0.13%9 0.697 0.389 | 1.225 1.224
276 0.130 0.618 0.339 1.086 1.086
280 0.140 0.518 0.410 1.06& 1.068
281 0.142 0.489 0.421 1.052 1.052
282 @,142 0.463 0.416 1.021 1.018
289 0.113 0.290 0.221 0.623 0.620
293 0.106  0.206 0.244 0.556 0.556
300 0,072 0.100 0.050 0.221 0.230
w = 0.9429 y = 0.1346
x = 0.2323 z = 0.6449

~5h=




Extinction

1.0
OBL 4 oo
/A/4/’O/O/ 0000006,
O \
osr e
04| /
B
AW\

0.2 /o/)

b o—4
0.0

230 240 250 260 270 280 290

Waove Length (millimicrons)
Figure 2. Absorption spectra of calciferol and ergosterol in hexane.

A-Calciferol (0.0000175 g./ml)
B —Ergosterol (0 0000244 g./ml)
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Figure 3. Recovery of calciferol and ergosterol from o 7.8 centimeter alumina column.
A—Pure calciferol
8—FPure ergosterol
C—Total calciferol
D— Total ergosterol
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Figure 4, Recovery of calciferol ond ergosterol from a

15.6 centimeter alumina column.
A-Pure calciferol

B—~Pure ergosterol
C—Total calciferol
D~Total ergosterol




100

80

60

40

Eluote Froction (number)

i/
i
|

|

bo\\‘

20
\
0
50 Ether 60 70 80 90 [[¢l¢]
50 Hexane 40 30 20 10 )

Eluent (percent by volume)

Figure 5. Elution of calciferol ana ergosterol from a 7.8 centimeter alumina column.
A—Initial fraction containing calciferol
B—tnitigl fraction containing ergosterol
C—Final froction contalning calcifero!
D —Final fraction containing ergosterol
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Figure 6. Elution of caiciferol ond ergosterol from o 5.6 centimeter alumina column.
A~ Initial fraction containing colciferol
B—Initia! fraction containing ergosterol
C—Final fraction containing calciferol
D-Fina! fraction containing ergosterol
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Figure 7. Elution of calciferol and ergosterol using a pure ether eluent,
A—Initial fraction containing colciferol :
B- initial fraction containing ergosterol
C—Final froction containing calciferol
D—Final froction containing ergosterol

50




100
'*0-\
[—8==0
80 o
;E A
% 60|
@
2
>
H
3
240
«
20 f
[0}
o] 10 20 30 40 50
Column Length (centimeters)
Figure 8. Recovery of colciferol using o pure ether eluent.
A—Pure calciferol
B—Total calciferol
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Figure 9. Recovery of ergosterol using a pure ether eluent,
A—Pure ergosterol
B-Total ergosterol
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Figure 10. Recovery of calciferol ond ergostero! from a 7.8 centimeter alumino column.
A<Pure calciferol
B —Pure ergosterol
C —Total colciferol
D —Total ergosterol
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Figure 11. Recovery of caiciferol and ergosterol from o 156 centimeter alumino column.
A~Pure calciferol
B—Pure ergosterol
C —Total calciferol
D —Tota!l ergosterol
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Figure 12. Absorption spectro of substance 282 and substonce 250 in hexane.
A~ Substance 282
B —Substance 250
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Figure 13. Seventh fraction of eluate from @ 4.6 centimeter superfiltrol column.
A-Computed absorption spectro due to substonce 282 and substonce 250
B-Computed obsorption spectra due to pure calciferol
C—Resultant computed absorption spectra- curve A + curve B (0O)
D~—Observed absorption spectra in hexaone (¢)
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Figure 14. Fourth froction of eiuate from a LI% centimeter superfiltrol column,
A—-Computed aobsorption spectra due to substance 282 and substonce 250
B-Computed absorption spectra due to pure caiciferol
C—Computed absorption spectro due to pure ergosterol
D—Computed absorption spectra due to pure calciferol and pure ergosterol —

curve B + curve C
E—Resultant computed absorption spectra—curve A+ curve B+ curve ¢ (O)
F-Observed absorption spectra in hexane ()
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Figure 15. Recovery of calciferol and ergosterol from a 4.6 centimetfer
superfiltrol column.
A-Total calciferol
B-Total ergosterol
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Figure 6. Elution of calciferol, substance 282, substance 250, ond ergosterol from

a 4.6 centimeter superfiltrol column.

W-Initial fraction contoining calciferol

X —~Initial froction conteining substance 282

Y —initial fraction containing substonce 250

Z-Initial fraction containing ergosterol

w-Final fraction containing calciferof

x —Final fraction containing substance 282

y—Final froction containing substance 250

z-Finat fraction containing ergosterol
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Figure (7. Relative composition of total eluate from a 4.6 centimeter superfiltrol
column at 28I miltimicrons.
A-Calciferol
B-Substance 282
C-Substance 250
D~-Ergosterol
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Figure 1B. Recovery of cealciferol and ergosterol from a 4.6 centimeter
" superfiitrol column.
A-Total calciferol
B8-Total ergosterol
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Figure 19. Elution of calciferol, substance 282, substance 250, and ergosterot
from a 4.6 centimeter superfiltrol column.
W-Initiol fraction containing colciferol
X~Initial fraction contoining substonce 282
Y —Initial froction containing substance 250
Z—Initial fraction containing ergosterol
w—Final fraction containing calciferol
x—Final fraction containing substance 282
y—Final froction containing substance 250
z—Final fraction containing ergosterol
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Figure 20. Relative composition of totol eluate from a 4.6 centimeter
superfiltrol column at 28| millimicrons.
A~ Calciferol
B8—Substance 282
C~—Substance 250
D —Ergosterol
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Figure 2I. Absorption spei:tra of second fraction of eluate in hexone.

A= LI* centimeter superfiltrol column
B—2.3 centimeter superfiltrol column
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Figure 22. Absorption spectra of third fraction of eluate in hexane.

A—{.1t centimeter superfilirol column
B—2.3 centimeter superfiltrol column
C~—3.4%centimeter superfiltrol column
D~4,6 centimeter superfiltrol column
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Figure 23. Absorption spectra of fourth fraction of eluate In hexane,
A-Li*centimeter superfiltral column
B—2.3 centimeter superfiltrol column
C-34% centimeter  superfiltrol column
D~4.6 cenfimeter superfiitrol column
E—5.8 centimeter superfiitrol column
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Figure 24. Absorption spectra of fifth fraction of eluate in hexane.

A=1I* centimeter
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Figure 25. Absorption spectra of sixth fraction of eluate in hexane.
A-|.I* centimeter superfiltrol column
B-23 centimeter superfiltrol column
C-34%*centimeter superfiltrol column
D—-4.6 centimeter superfiltroi column
E-5.8 centimeter superfiltrol column
F=7.0 centimeter superfiltrol column
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Figure 26, Absorption- spectra of seventh fraction of eluate in hexane.
A-)1* centimeter superfiltrol column
8-23 centimeter superfiltrol column
C-34* centimeter superfiltrol column
D-4.6 centimeter superfiltrol column
E~5.8 centimeter superfiltrol column
F~7.0 centimeter superfiltrol column
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Figure 27 Absorption spectra of eighth fraction of eluate in hexane.
B-23 centimeter superfiltrol column
C-3.4% centimeter superfiltrol column
D—4.6 centimeter superfiltrol column
E~5.8 centimeter superfiltrol column
F-7.0 centimeter superfiltrol column
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Figure 28. Absorption spectra of ninth fraction of eluate in hexone.
B-23 centimeter superfiltrol column
C~34% centimeter superfiltrol column
D—4.6 centimeter superfiitrol column
£-5.8 centimeter superfiltrol column
F—-70 centimeter superfiltrol column
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Figure 29. Absorption spectra of tenth fraction of eluate in hexane.
C—3.4% centimeter superfiltrol column '
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E-58 centimeter superfiltrol column
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_Figure 30. Absorption spectra of eluate in hexone from a 7.0 centimeter

superfiltrol column.

A~ Eleventh fraction

B-Twelfth fraction

C-Thirteenth froction

D~Fourteenth froction

E—Fifteenth fraction

F —Sixteenth fraction

G —Seventeenth fraction

H-~Eighteenth fraction
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Figure 32. Elution of calciferol, 282, subs? 250, and ergosterol
using an ether-hexane, 1:5, eluent.
W-Initial froction containing calciferol
X ~Initial fraction containing substonce 282
Y—Initia! froction containing substonce 250
Z~initial fraction containing ergosterol
w—Final fraction containing calciferol
x—Final froction containing substance 282
y—Fina! fraction containing substance 2350
z~—Final fraction contcining ergosterol
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Figure 33, Relotive composition of fotol eluate using an ether-hexane, 1'5, eluent
at 281 millimicrons.

A-—Calcifero!
B-Substance 282
C-~Substance 250
D—Ergosterol
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Figure 34. Recovery of calciferol and ergosterol from a 2.3 centimeter
superfiltrol column.
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Figure 35, Elution of colciferol, subst 282, substance 250, ond ergosteroi
from a 2.3 centimeter superfiltrol column.
W=initial froction containing calciferol
X~—Initial fraction containing substance 282

Y- Initial fraction
Z-initial froction

containing substance 250
containing ergosterol

w-'Final fraction containing colcifero!
x—Final fraction containing substance 282
y-Final fraction containing substance 250
z~Final fraction containing ergosterol
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Figure 36. Relotive composition of totol eluate from o 2.3 centimeter
superfiltrol column at 281 millimicrons.
A~ Calgiferol
B - Substonce 282
C—Substance 250
D-Ergosterol
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Figure 37. Recovery of coiciferol ond ergosterol from o 4.6 centimeter
superfiltrol column.
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B-Total ergosterol
20
Py *yz
E 15
5 eyz
£ ewXxy WX oX
ewxy2z
8 0 vz ewZ
s
S 2
s
g |
g 5 w—
& TWXY W W
XY XY
XY
o] — —— __l
Colciferol  2.60 2.60 2.60 2.60
Ergosterol 2.44 4.88 9.76 19.52

Concentration X 104 (grams per milliliter)

Figure 38, Elution of caiciferol, substance 282, substonce 250, and ergosterol
from a 4.6 centimeter superfiltrol column.
W-Initial fraction containing calciferol
X—initial fraction containing substance 282
Y-—Initial fraction contoining substance 250
Z-Initial fraction containing ergosterol
w—Final fraction containing caiciferol
x—Final fraction containing substonce 282
y—Final fraction containing substance 250
z—-Finol fraction containing ergosterot
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Figure 39. Relative composition of total eluate from o 4.6 centimeter
superfiltrol column at 28! mitlimicrons.
A— Calciferol
B ~ Substance 282
C - Substonce 250
D - Ergosterol
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