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ABSTRACT

‘A kinetic investigation of the photochemical isomerization of
ergosterol has been carried out. The kinetic data have been obtained in
solvents with a ranges of viscosity, but fixed chemical nature, at dif-
ferent wavelengths in a stirred reaction cell.

A spectrophotometric analytical procedure based on a least-squares
curve-fitting technique has been developed, verified, and employed to
determine the requisite concentration vs. time data. A novel photometric
technique has also been developed and actinometrically caJ.:Lbrited to
make possible the absolute determination of the absorbed light intensity
a8 & function of time of irradiation. Combination of these data with
the spectrophotometric analytical 'resu;l.ts has furnished the absorbed
light intensity for each component as a function of time, making
possible the elimination of the "inner filter® effect and the use of a
new type of photochemical kineti;: oxpreaaion..

Stereochemical information and considerations of the excited states -
of the components of the irradiation mixture have been utilized to
formlate & kinetic mechanism expressed in general and in specific terms.
The general formulation is a special photochemical application of general-
- 1zed first order series and parallel reaction kinetics, and has been
shown to lead to expressions for concentrations of the components as
linear comi:.tnations of definite integrals representing the amounts of

radiation absorbed by the individual components during a given irradiation
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interval. In the specific cases of interest, thg expressions reduce to
simple linear relationships between individual concentrations and single
integrals. |

A comparison of the results of the kinetic runs with the derived
rate expressions furnishes values for the quantum yield, ¢E’ for the
conversion of ergosterol to total products, the quantum yield, ¢pT, for
the conversion of precalciferol; to.tachysterol,, and the quantum yield,
ég;, for the conversion of ergosterol to lumisterol,. The values of the
quantum yields havebeen found as functions of wavelength and viscosity.

The value of ¢E is in accord with bioassay results and the value of
¢PT supports recent data of Havinga obtained by direct irradiation of
precalciferol,. Thié agreement with the results of investigations based
on other analytical techniques substantiates both the novel photometric
technique and the validity of the analytical scheme. The results also
indicate that thq solvent effect is truly a viscosity effect and show
the direction of the viscosity dependence for ¢PT to be opposite to that
obtained for ¢g and ¢EL' In addition, an appreciable wavelength
dependence for ¢E and ¢PT’ entirely apart from imner filter effect, is
demonstrated.

An interpretation or description of the proposed mechanism ﬁas been
made with the following features: (a) the optical excited state is a
singlet state, (b) the optical excited state for ergosterol differs from
that for precalciferol,, (c) conversions occur through cross-overs of

potential energy surfaces along coordinates corresponding to internal



rotations, (d) the solvent éxerts an effect through ites viscous resist-
ance to internal rotation, and (e) the excess energy per quantum of
radiation at shorter wavelengths helps overcome the barrier to internal
rotation.

An alternative non-mechanistic interpretation has been presented
but is ruled out on the}basis of the available data.

The results of this investigation have been utilized to suggest
other studies which would help further to establish the complete

mechanism.
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I. INTRODUCTION

A kinetic study of the photochemical isomerization of ergosterol to
calciferol, is of interest,since this reaction affords the only practical
synthesis of the biologically important compound, caJ.ciferolz; From a
fundamental point of view, this reaction is representative of a very
important class of photochemical reactions of excited molecules.

Despite the expenditure of a vast amount of effort in the study of the
photochemical isomerization of ergosterol over the past thirty years, an
extensive kinetic investigation capable of quantitative treatment had

not been made until the present study. Sebrell and Harris (35) have
sumarized the results of these investigations up to the year 1952.

More recent work has been summarized by Sharpe (37). In view of the pub-
lication of these works, the historical discussion of the topic will be
limited.

The early workers in this field, i.e., A. Windaus, O. Rosenheim,

Jo Waddell, and others, established ergosterol as an important provitamin
that could be activated to calciferol, by ultraviolet irradiation. Windaus
Was one of the principal investigators and did much of the work that
Tesulted in the characterization of a mumber of the irradiation products
Of ergosterol. As a result of this early work a mechanism was proposed

in which the irradiation reactim proceeded irreversibly through the
identified intermediates as follows:

ergosterol —— lumisteroly —— tachysterol,

L, calciferol, ¥ overirradiation products.



In 1948-49 Velluz (L42) and his associates announced the character—
ization of a hitherto overlooked intermediate which they called
precalciferols. They ocbserved that the newly discovered compound was
transformed to calciferol; by a thermal reaction. An equilibrium exists
between the two compounds in which increasing temperature favors
calciferolg. Precalciferol, had escaped detection because the ®working
wp" of the irrediated provitamin or resin was quite involved and re-
mi.r‘d time during which precalciferol,; was largely converted to
calciferols.

The components of the ergosterol irradiation sequence are lsomers,
and their structural formlae showing generally accepted stereochemical
details are presented in Figure 1. The stereochemical details are quite
isportant with respect to the development of this thesis and will be
discussed in the body of the text.

The discovery of precalcifercl by Velluz and his sssociates has
stimlated a great deal of interest in this field; in the decade follow-
ing this important discovery, three groups working in Europe have mede
axtensive comtributions directly in the study of the photochemical

iscmerization of ergosterol. These groups have been under the direction

————

*For convenience, the subscript 2 will not be employed from this
Point in the text. All of the work of this investigation was performed
With ergosterol as the starting material, and consequently discussion

to this investigation will refer to the irradiatiom products
With subscript 2--i.e., the products derived from ergosterol, The
Paxrtinent chemistry of the products derived from ergosterol is identical
with that of the products derived from 7-dehydrocholesterol (swbacript 3),
Wad general discussion will be equally applicable to both the ergosterol
Md 7-dehydrocholesterocl irradiation sequences.



Figure 1. Structural Formulae of the Components of the Irradiation Mixture. 3
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of Vellnz (L2,L3,Lk, and L5), Havinga (18,19,20,27,33,3L,L6,L47,48,L9,50),
and Inhoffen (22,23,2),25,26). These groups have reported the results
of investigations on the mechanism, stereochemistry, and gemeral chemical
details of the photochemical isomerizatiom of ergosterol. In additiom
the studies of this reaction have stimlated other investigations on
related reactioms of other compounds containing similar structural
details. For example, Buchi and Yang (6) have reported their results
of photochemical isomerization of certain diemeanes. Also typical of
related work is the investigation of the irradiation of dehydroergosterol
by Barton and Kende (2). Investigations are also being made of the
reactions of the compments of the ergosterol irradiation sequence.
4 recent contribution (11) has been the elucidation of the structure of
suprasterol II, one of the over-irradiation productes of the photo-
chemical isomerization of ergosterol. Brande and Wheeler (L) have
axplored mew synthetic routes to simple amelogues that contain the
chromophores of the compoments of the ergosterol irradiation mixture.
Important comtributions with respect to smalytical procedures applicable
to this field have been made by Shaw and his sssociates (39).

Havinga and his associates have re~examined the early mechanism
Powmtulated for the photochemical isomerizatiom of ergosterol amd have
Cited evidence that refutes the original formlation of the reactiom
Seocquence. Essentially their contribution has been to demonstrate that
lumisterocl smd tachysserol are not essential intermediates in the
formation of calciferol. They have also reported--concurrently with

the results of this investigation--that precalciferol is the primary
Product of the reactim.
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Kinetic studiss of the reaction have been quite limited. Dasler
(10) had reported a kinetic study in which only the concentration of
ergosterel was followed as a function of time. More recently, resulis of
limited kinetic studies have been reported and interpreted in the light
of recent kmowledge of the reaction (33,34). However, an extensive
kinetic investigation which is capable of explaining such observations
as the wavelemgth and specific solvent effects had not been made.

Por example, in a given solvent, the short wavelengths (about 2500 A°)
favor a rapid comversiom of ergosterol and fast formation of tachysterol.
Irradiation with wavelengths at the longer wavelength limit of the
absorption band (abowt 3000 A®) results in a slower rate of conversiom

of ergostercl snd favors the formation of lumisterol. In additiom, a
specific solvent effect has been observed in which the maximum obtainable
Yield of calciferol is apparently greater in ether than in alcahol.

The major cbstacle to a successful cempletion of a kinetic study
has yeen the lack of a suitsble amalytical procedure. Recent advances
have boon made in analysis of the complex irradiation mixtures
through combination of chromstographic and colorimetric procedures (3L,39),
but it seemed desirable to find a more rapid analysis which could be
Caxried cut at time intervals during the irradiation without disturbing
the irradiation mixture. The possibility of carrying out the amalysis
atirely om the basis of wltraviolet spectrophotometry was therefare
To~axamined .

The irradistion mixture mgy comtaim the following principal com~

Pments: ergosterol, lmmisterol, tachysterol, precalciferol, and
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calciferocl, and possible over-irradiation products. Ergosterol and the
four other major components are isomers and have very similar ultra-
violet sbsorptim spectra (cf. Figure 2), complicating the utilization
of spectrophotometric techniques. Past attempts for cbtaining the
composition of the irradiation mixture, based upon the direct appli-
cation of the Beer-Lambert-Bouger Law to the ultraviolet absorption
spectra of the mixtures, failed becamse the system of five simltaneous
linear equations cbtained lacked sufficiemt independence. This failure
has gemerally been attributed to the lack of accaracy with which the
spectra of the components were known.

It appeared that it might be possible to obtain with reasonsble
ascuracy the compositions of the irradiation mixtures by applicatiom of
curve-fitting techniques to the spsctra, wtilizing the available spectral
data for the compcments. Sharpe (37) employed a curve fitting technique,
which involved a comparison of experimental absorption spectra with
Cuarves calculated om the basis of the Beer-Lambert~Bouger Law, and utiliz~
ing IBM punched card machines for performing the calculations smd
°mm3 this method proved partially successful. However, the pro-
Sedure ylelded several compositions that would equally well satisfy the

Comditions for the comparison. In addition, one of the major compoments
Of the irradiatiom mixture, precalciferol, was neglected im makimg the
Salculatims, since the existence of precalciferol in apprecisble quanti-
Slies in the irradiation mixture was not generally recognized at the

time the calowlstions were initiated. This omission has invalidated

the resmlts of the calculations, although the method appears sound.






Figure 2. Ultraviolet Absorption Spectra of the Components
of the Ergosterol Irradiation Mixture in Absolute
Ethanol (L0).
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The receat availability of more relisble spectra of the pure com-
poments (39,40), and the use of a more comvenient statistical averaging
technique 40 chtain the best least squares fit of the calounlated results
to spectrophotometric data, have now made it possible to cbtain satis-
factory snalyses of the irradiatiom mixture by purely spectrophotemstrioc
precedures. When this imvestigatiom was initiated, plans wexre mads te
prepare the compments that were mot available in order to chtain mere
acourate spectral data and to verify the smalytical procedure by sppli-
cation of the computatiomal procedure to the spectra of symthetic mix-
tures. While this work was in progress, Mr. W. H. C. Shaw of Glaxe
Laboratories, Ltd., Greenford, England, kindly furnished the mecessary
spectral data and samples of the compoments, and the preparative werk was
discomtimmed.

With the developamt of the computatiomnal amalytical procedure, it
was pessible to achisve the cbjective of this study, i.e., m extemsive
kinetic study which weuld serve as the basis for am imterpretatiom of
the photochemical isomerisatiom of ergosterol.
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II. EXPERTMENTAL

A. Preparative

1. Irradiation Procedure and Apparatus

Solwtions of ergosterol in isopropyl alcohal were subjected to
ultraviolet radiation in a flow system illustrated in Figure 3.
4 cylindrical low pressure mercury lamp was employed as the source of
radiation. The mercury lamp was placed in the center of three com-
centric oylindrical quartz chambers. Tap water was circulated through
the imer chamber-—next to the lamp--to cool the system; a copper sulfate
solution was circulated through the middle chamber to filter cut uwltra-
violet radiation and provide further cooling of the system. Adjustment
of the concemtration of the copper sulfate solution permitted a vari-
ation of the wavelength of cut-~off of the radiatiomn; this factor will be
discussed further in a succeeding paragraph. The ergosterol solmtiom
that was to be irradiated was circulated through the ocutermost chamber.
The irradiasted ergosterol solntion and the copper sulfate solntiom were
cooled by passing them through heat exchamgers through which ice water
was circulated. Centrifugal pumps were employed to ciroculate the cell
solmtion and the filter solutiom. A packing comsisting of Teflom shavings
snd 8ilicone grease was employed im the pump in the irradiatiom circuit.
With the exceptiom of the steel pump, the irradiation circuit comsisted
entirely of quarts, glass, and Teflon tubing, which was employed to join
the compments of the system.
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The capacity of the irradiation system was increased from about 500
ml. to approximately 900 ml. by the inclusion of the vessel indicated
in Figure 3. The thickness of the chamber containing the solution being
irradiated was 0.50 cm. Prior to filling the system with ergosterol sclu-
tion, nitrogen was passed through the irradiatian circuit. The solvent
was also purged with nitrogen prior to the preparation of the ergoasterol
solntion.

The course of the irradiation was followed by determination of the
ultraviolet absorption spectrum of the irradiated solution. Samples of
the cell solntion were withdrawn periodically through the sampling port,
cf. Figure 3. 4 suitable dilution was made and the spectrum determined
on a Beckman DK-2 spectrophotometer.

At the time the experimental work was started, it was believed that
radiation of wave length greater than 296 mp would favor the formation of
precalciferol ,which was the product to be prepared initially. The reasoms
for this belief will be discussed in a later section. In order to
achieve this conditiomn, the bulk of ultraviolet radiation of short wave
length was filtered out by an aqueous copper sulfate solntion of appro-
priate concentration which was chosen from the data summarized in Table I;
the absorption spectra of aqueous copper sulfate solutions were
determined at varying concentrations. The wave length at which the
percent tramsmission was reduced to 10% was considered as the lower wave
length cut~-off.
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TABLE I
ULTRAVIOLET ABSORPTION OF AQUEOUS COPPER SULFATE SOLUTIONS

Path Length = 1.00 ca.

Concentration Wave Length at Which Percemt
g€+/100 ml. water Transmission = 10,mp
20,0 318
10.0 312
6.7 309
5.0 307
2.5 298
1.25 290
0.625 279
0.312 265

2. Preparation of Irradiated Solutiom for Chromatographic Separstimm

The irrediated solntion was evaporated to dryness in a vaowwm -
evaporatiom apparatus that utilised a dry ice bath as a hest sinmk, Liguid
in the evaporator was stirred by meams of a magnetic stirrimg bar ¢o
increase the rate of evaporation and to prevent "bpwumping® of the liquid,
The teaperature of the 1iquid in the evasporator was maintained below
0° C. by the vaporisstion process.

The resin (the residwe in the evaporetor) wes dissolved in methanol--
about 25 ml. of solvemt per gram of crwde irradiatiom producte-amd
allowed to stand overmight at abous 5° C. The mixture was placed im an
ioe-salt bath for several hours; the unreacted ergosterocl was separated
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from the soluble irradiatiomn product by filtration. The filtrate was
evaporated to dryness in the vacuum evaporation apparatus described

above.

3. Chromatographic Separation and Preparation of Derivatives

The subsequent treatment of the resin was that of Shaw et al. (39).
The resin was taken up in petroleum ether and chromatographed on am
alumina column with a height of 50 cm. and diameter of 3 cm. and employing
a mixture comsisting of 6% acetons in petroleum ether (v/v) as elment.
The columm was filled with petroleum ether to a height of 4O cm, and
alumina was poured through the solvent to form a 50 cm. columm.

Alumina with an activity of III on the Brockmann scale (5,52) was
esployed in the chromatographic procedure. The activity of alwmina is
determined by its Wehavior toward binary mixtures of certain aso dyes.

A test solution consisting of Sudan red amd Sudan yellow 0.0LS w/v of
each dye=-in a solvent with a composition of 20% benzene and 80% petroleum
ether v/v, is employed in the test for Grade III activity., Tem ml. of
the test solmtion are introduced into san alumina colwmn 5 om. in lemgth
and with a dismeter of 1.5 cm. The column is developed with 20 ml, of
solvent, An activity of (rade III 1s indicated if the Sudan yellow

band, which 1s the lower band, is still held on the colmmn sbowt 3-i cm,
from the tep. The alumina employed=—-Merck Reagent Grede, marked suitsble
for chromstographic absorption——possessed. am activity of III without
further treatment.

The column was eluted at the rate of 3-4 ml. per mimmte and 15 ml.
fractions were collected. Each fraction was checked with amtimony



trichloride reagent in order to detect the appearance of bands in the
eluent. A 0.05 ml. portion of each fraction was evaporated to dryness
and 0,5 ml, of the antimony trichloride reagent was added to the residue.
A yellowish-pink or bronze color is developed which reaches maximmm
intensity withim 30 seconds and is stable for =5 minutes. The relative
intensity of the antimomy trichloride color that is developed by the
components of the irradiation mixture (on the basis of the color of
calciferol as 100%) is as follows (39):

Antimony Trichloride

Color
Ergestercl < 1% yollow
Lamisterol < 1% yellow
Precalciferol 100% orange
Tachysterol 96-100% orange
Calciferol 100% orange

Lyness and Quackembush have reported similar cbservations with regaxrd to
the amtimonmy trichloride color (28). ,. |

Shaw et al. (39) have reported that the compoments of the irradistiom
xixture are resolved into thres bands as followss

Zixwt Band

Precalciferocl
Iamistercl

Pyrocalciferol
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Second Band

Calciferol
Tachysterol
Suprasterol

r

Third Band

Ergosterol
Isopyrocalciferol

The procedure of Mleld et al. (31) was employed for the preparatimm
of the antimony trichloride reagemt. Merck?!s reagent chloroform was
washed seven times with equal portions of distilled water and then shaken
with an excess of phosphorus pentaxide, followed by a rapid filtratiomm
through filter paper. The chloroform was distilled through a2 fractiomnat-
ing colnmn and the appropriate fractions were used to prepare the reagent.
Then 15-22 grams of antimomy trichloride (Mallinckrodt Analytical
Beagent grade) were dissolved per 100 ml, of the purified chloroform, amd
the mixture was warmed to 35-145° to facilitate rapid solmtion of the
salt. The mixture was filtered and 2.0 ml. of freshly distilled acetyl
chloride were added to every 100 ml. of the filtrate. The reagent was
stored in 100 ml. glass-stoppered dark bottles.

The ligunid of the bamd that contained precalciferocl was evaporated -
to dryness in vacwo, and the 3,5 dinitrobenzoate was prepared by reacting
the residwe with freshly prepared 3,5 dinitrocbemsoyl chloride im a solveat
comsisting of 3 parts bensems and 1 part pyridine. The reaction was
allowed to proceed at tap water temperature for about one hour, and then
the reaction flask was allowed to stand in an ice bath for four hours.
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The reaction mixture was poured into water, sodinm carbonate was added,
aad the layers were separated. The aquecus layer was extracted with
benzems, and the combined benzene extracts were added to the original
bensene layer. The benzems solution was drisd over sodinm sulfate and
evaporated to dryness in vacuo. A recrystallization solvent mixture
esployed by Vellus et al,(L42) was utilized. The crude product was dis-
solved in a solvent consisting of 3 parts sbsolute ethamol and 1 part
2-butmmame. Part of the solvemt was evaporsted in vacuo at 0° O, wmtil
orystallisatien begmm. The precipitate was filtered by suction and
washed with the cold solvent. All opersticms were carried out with the
spparstus immersed in an ice bath.

B. Kinetic Studies

1. Apparetas
The two basic types of data required for the kimetic study were the

cemcemtratioms of the componemts of the irradiation mixture as a fanotiom
of time and the amount of radiatiom sbsorbed by the sample solntiom
during the period of irradiatiom, The comcentration-time data were
dbtained by the spectrophotometric smalytical procedure described in
another section, utilizing data taken with a Beokmsn DX-2 Recording
Spectrophotcmeter. Since this is a standard commercial instrumemt, it
will not be described here. The irradiatiom of the solutiomns with momo-
chromstised light reqmired a sowrce and momochromator, and the measurements
of sheorbed light intensity durimg the irradiation required comstructiom
of a photometer designed for that purpose. These portioms of the
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apparatus will now be considered in detail. The optical components of
the apparatus are shown in Figure .

&, Source and Monochromator

The source of ultraviolet light for the irradiations of the kinetic
stady was an Hamovia Sun Burner Type SH--a medinm pressure mercury arc.
The mercury arc was used in conjunction with a Bamsch and Losb Grating
Monochromator which had a focal length of 250 millimeters, a linear
dispersim of 66 A° per millimeter and an effective aperture of f /L.k.
The grating, which was blazed for first~order in the range 2000-14000 A9,
contained 600 lines per millimeter on a surface 50 x 50 millimeters.
The slit widths were adjustable and were maintained at 1.5 aad 2.0 milli-
neters as indicated in the presentation of the data.

A quarts lens st the exit slit of the momochromator imaged tha grat-
ing at a point sbout 60 mm. in front of the monochromator housing. .
4 @uarts collecting lems was placed about 50 mm. beyond the point at
which the grating was imaged; the collecting lens possessed a focal lemgth
of sbout 50 mm. The result of this geometry was a slowly comverging beam
of radistion emsnating from the collecting lens.

b. The Photometer Section

1) Opu.ca'm- Splitting the Radiation into Sample and Reference
Besms. A quarts plate was placed in the path of the radiation at a
distance of 50 mm., beyond the collecting lems, and inclined at an angle
of about 45° to the beam. The incident besm was divided imto a bean
which was slightly reduced in intemsity snd slightly deflected from the
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original direction, and a second beam, with a fraction of the intemsity
of the incident beam, which was reflected to a direction appraximately
perpendicular to the original direction of propagation.

(2) The Sample Beam. The solution to be irradiated was contained
in a Beckman spectrophotometer quartz cell with a path lemgth of 1.00 om.
The irradiation cell was placed in the path of the major portion of the
incident beam about 16 cm. beyond the quartz plate; this placed the
irradiation cell slightly in fromt of the focal point of the beam.

The image incidemt on the front side of the cell was rectamgular in shape
with the dimensimns of 2x:0.3 mm. at a slit width of 1.50 mm., These
dimensions were increased to about 2x:0f; mm. when an exit slit width of
2.00 mm, was employed. Stirring in the irradiation cell was achieved dy
a magnetic stirrer which consisted of a coil comstructed from the fine
alloy steel wire employed for clesming hypodermic needles. The megnetic
stirrer motor was mounted bemeath an alumimm track which served as a
mounting for a cell holder of the type employed with the Beckmasm Model
DU Spectrophotometer. The solntion spectrophotometer cell was placed in
the cell holder.

The radiation that passed through the solution being irradiated was
reflected from sn alumimn front-surfaced mirror placed in the path of
the beam, about 15 cm, beyond the irradiation cell amd inclined at an
angle of 45° to the direction of propagatiom. This reflected beam was
again divided by a quartz plate placed sbomt 10 cm. from the mirror and
inclined at an angle of 45° to the new direction of the beam. The major
portion of this beam passed through the quartz plate and was absocxved by
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the walls of cover of the apparatus; the remaining portion was reflected
to a photomltiplier tube (1P28). The tube was mounted in a housing which
was equipped with sm aperture and shmtter.

(3) The Reference Beam. The radiation absorbed by the aolutim'in
measured by comparison of the intensities of the radiatiom striking the
phototube from the beam just described and from a beam which travels an
identical path except for the contente of the cell (solvent rather tham
sclxtion). The second beam originates as the reflected portiom of the
radiation which strikes the first quarts plate beyond the collecting lems,
ef, Figure 3. The reflected fractiom is agaia reflected by am alumimmm
fromt surfaced mirror placed at 45® to the directiom of the besm amd 10
ca, from the quarts plate. A Beckman spectrophotometer cell with a path
length of 1.00 cm, snd comtaining solvent is placed in the path of the
beam slightly in fromt of the focal point of the beam. The solvemt cell
is mounted in the optical path in a mammer similar to that described
sbove for the solutiom cell, The solvent beam is divided by the quarts
plate in fromt of the phototube into a reflected portion amd a tramsmitted
fraction which strikes the phototube.

(4) The Chopper. A semicircular chopper with a period of sbout five
minutes was placed in a plane perpendicular to the directiom of the
solvent and solution beams ani between solvent amd solwtiom cells amd
the plate amd mirror at C and B to alternately mask the solvent and soln-
tion beams from the detector.

411 compoments were rigidly mounted on optical benches, which in
tarn were bolted to ome ancther forming a rigid matrix. The apparatus



was covered with a bax which had been painted with a flat black paint
on both the exterior and interior sides.

(5) Principle of Operation of the Photometer. It is apparent that
the path of the solution beam, ABCD, is equivalent to that of the solvent
beam, AECD, with the exception that the latter beam traverses a cell
containing solvent only,while the solution beam traverses a cell contain-
ing solntion. Therefore the difference between the amounts of radiatiom
striking the detector from the two beams is a measure of the amount of
radiation absorbed by the solntiom.

The signal from the phototube is amplified and fed contimmously to
a recorder (the electrical compoments are described more fully im 4;
succeeding paragraph). The recorder pattern produced by the alternate
signals from the solvent and solution beams is shown in Figure 5. The
difference between the scale deflection produced by the reference beam
and that of the solvent beam at any given instant is a measure of the
rate that radiation is being sbsorbed; the area between the curves con-
necting the individual deflections provides an integration in time and
is a measure of the amount of radiation absorbed during a given interval
of time, In order to cbtain an absolute measure of the radiatiom absorbed,
it is noooéaary to relate the area betweem the curves to an absolute
amount of radistion; this was achisved by calibratiom with a chemical
actinometer as described in the next section. Two thicimesses of Monel
metal wire screen, LO mesh, were placed directly in front of the detector
to reduce the intensity of the beam striking the detector; this will
also be discussed further in the next section.
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. Figure 5
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(6) The Detector, Amplifier, and Recorder. The detector, amplifier,
and recorder systems were assembled from components of The Farrand
Electron Maltiplier Photometer and the Leeds and Northrup Electro-
Chemograph. The former comsisted of a photomltiplier tube (1P28) and a
power supply of 30 batteries of 30 volts each. The components of the
Electro-Chemograph that were utilized were a Leeds and Northrup No. 7673
Thermionic Amplifier, the Polarizing Unit, and a Leeds and Northrup
Micromax Recorder, Model S L4OOOO Series. The assembly of the components
is shown schematically in Figure 6. The output of the photomltiplier
system is passed on to the thermionic amplifier to amplify the current in
order that it may be utilized in the measuring circuit of the recorder.
The measuring circuit consists of a potentiometer which is amtomatically
balanced by means of a mechanically operated slidewire which is calibrated
for the range =4O ®0$+160 millivolts.. The recorder scale is divided imto
100 equal divisions which cover the ranges =20 to O to «80. This arrange~
ment provided for a current reversal which was useful for polarographic
determinations. PFor this work the circuitry was arranged to employ the
range O to +80. A portion of the circuitry of the Polarizer Unit was
utiliged to facilitate use of the recorder without further modificatiom..
The circuitry is shown in detail in Figure 7, and the details of operation
of the electrical components are presented in the next section.

The apparatus was employed to obtain a plot of recorder scale de-
flection vs. wave length for the mercury arc used in the irradiation
studies, cf. Figure 8. The slit width of the monochromator was set at
1.00 mm. for this determination.
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Figure 7
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Figure 7

Data and Comments
G + S (shunted) 101.9
J 0.2 (J ¢ K)
K 0.8 (J + K)
b ¢ 15000 N
Y 20000 N
S (shunted) LO.N
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Rec. position

Amplifier
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Detector, Amplifier, and Recorder Operating Procedure. Refer

to Figures 6 and 7 for the following discussion.

(a)

()

()

(d)

On the amplifier: BA. RES. switch is snapped to the IN position
and the chackﬁis pressed aiad locked in the down position. The
latter operation brings the control electrode to the potential

of its housing. BIAS INC. knob is turned in clockwise direction
as far as it will go. The FII,. INC. knob is turned a slight
distance in clockwise direction ‘to snap switches %10" and "11%

to the closed position. The instrument is allowed to warm up'
for about 30 mimites and then the FIL. INC. knob is adjusted
until the milliammeter indicates 60 milliamperes.

The current in the recorder-potentiometer circuit is standardized
by holding the CUR. BAL. switch on the Polarizer Unit in REC.
position and adjusting the rheostat S, until the galvanometer
balances.

The CUR. BAL. switch is placed in the normal position and the
galvanometer key is depressea and locked on the amplifier. Knobs
1l and 2 on the amplifier unit are adjusted until the galvanometer
is balanced. Since the check key is pressed down, the control
electrode is at the potential of the housing; thus this procedure
adjusts the electrical zero of the thermionic amplifier.

The shutter on the phototube aperture is closed and the check
key on the amplifier is released. The indicator on the recorder
should rest at zero except for a small potential due to the

dark current in the phototube. In general, adjustments for the
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dark cuarrent were not necessary, since the indicator alwgys

came to rest within 1% of maximam scale deflection of the zero,
In addition, the quantity measured in this work was the dif-
ference between two scale deflections,so that the position of
the zero was not important. However, a dark current adjustment
procedure was provided in the Farrand unit,and the adjustment
was made at the beginmning of the irradiation runs at a given
wave length.

(e) The amount of scale deflection was cantrolled by the sensitivity
dials on the Farrand unit. There were rheostats in the photo-
mltiplier circuit which controlled the fraction of the total
ouatput of the tube which was fed to the external circuits.

These dials were adjusted so that a convenient scale deflection
was obtained with the radiation of a given wave length with
distilled water in the solvent amd solntion beams. These settings
were not disturbed during the irradlation work at a given wave
length.

(£) The curremt in the potentiometer circuit was adjusted periodically

" during an irradiation run as described in (b). In addition, the
electrical zero of the amplifier was also periodically adjusted
as in (c).

2, Calibration of the Photometer

8. Principle of the Actinometric Procedure
In order to calibrate the photometer assembly, a photochemical re-
action of known quantum yield is utilized. The amount of radiation
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absorbed during a given interval of irradiation is determined from the
extent of reaction and the quantum yield. The area on the recorder chart
between the solvent and solution curves corresponding to the givem interval
of irradiation can be related to the amount of radiation absorbed, yielding
essentially a value for the mumber of quanta per unit area on the recorder
disgram. This value could be employed to compute the amount of radiation
absorbed during a given interval of irradiation of another solmtion. Such
& procedure would be valid only if the scale deflection on the recorder
were directly proportimal to the mumber of quanta striking the detector.
However, this situation did not prevail. For example, a valme for the
mber of quanta per unit area obtained from an area between scale deflec-
tims of 60 and 4O was larger than a value cbtained from an area betwsen
scale deflections of 60 and 10, The varying scale deflections were obtained
by altering the concemtration of the actinometer compound; the scale
deflection from the solvent beam remained fairly constant. It was possible
to attribute this behavior largely to a non-linearity in the response of
the photomltiplier tube with respect to the intensity of the radiatimm
reaching the detector. The variance of the munber of quanta per unit area
with scale deflection was treated empirically by a simple calibration;
a plot was made of quanta/unit area vs. the quantity, 1/2(solvenmt deflection
+ solution deflection), An appraximate linear relation was cbtaimed.

b. Camses of Non-Linearity of the Photometer

It was necessary to determine the major camse of non-linearity in order
to establish the validity of the results. Several factors could camtribute
to the observed effect: non-linear response of the phototube with respect
to incident intensity, non-linear amplification of the output of the
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phototube, and effects due to the extent of monochromaticity of the
radiation. It was the latter factor that was of greatest concern, since
the first two factors could be treated by simple calibration methods with-
out loss of validity of the results. The extemt of maonochromaticity
contributes to the observed non-linear effect through the combined effects
of dependence of phototube respomse upon wave length of the radiatiomn

and the shape of the absorption spectrum of the solmution being irradiated.
Since finite slit widths are employed, a band of radiation of varying
wave length with the nominal wave length in the center of the band is
obtained. The width of this band with respect to wave length is dependent
on the slit width and the dispersion of the monochromator. The output of
the phototube is represented by the value of a function which consists of
the product of the slit function (the intensity as a function of wave
length), the response of the phototube with respect to wave length, and
the absorption spectrum of the material being irradiated; the valme of
the integral of this function over the wave length limits of the band
represents the output of the phototube. It was necessary to establish that
the non-linear effect observed (variation of the quanta asbsorbed per unit
area with scale deflection) was not a result of a variation of the valme
of this integral with changes of any type in the absorption spectrum of
the solntion being irradiated; the sbsorptiem curve of the actinometer
compound is altered by a change in concentration. The above condition
mst prevail if the calibration is to be employed in the determination of
the mmber of quanta absorbed by a solmtion other than the actinometer
compound; in such a case the gemeral shape of the absorption curve would
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be basically different in addition to differences caused by changes in
concentration.

The maximum slit width employed in this study was 2.0 mm.; since the
dispersion of the monochromator is 66A°/mm., the range of wave lengths
present in the irradiating beam is the nominal wave length + 132 A°, or
a width of 264 A°. Values of the relative intensity of the output of
the phototube were obtained from the spectral response curve for the
1P28 photomltiplier tube, and the valnes in the range of interest,
2300-3500 A%, are tsbulated in Table II.

TABLE II
SPECTRAL RESPONSE OF 1P28 PHOTOMULTIPLIER TUBE

Wave Length,Ao Relative Response
2300 72.8
2,00 - Th.2
2500 75.3
2600 76.2
2700 77.5
2800 79.5
2900 8L4.0
3000 89.0
3100 93.5
3200 96.0
3400 99.8
3500 100,0

Irradiation at a nominal wave length of 2804 A° was carried out with
a 8lit width of 2.0 mm,, which was the largest slit width employed in
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this study. The range of wave lengths present would be 2672-2936 A%;

the amount of radiation from a given wave length would decrease on

edlther side of the nominal wave length to zero at the limits. The range
of spectral response over this wave length region is approximately 77-86%
(om relative intensity scale). An estimate of the maximm possible effect
on the value of the calibration ratio-~quanta sbsorbed per unit area--as
a result of variation of spectral response with wave length is about ten
percent, However this effect is certainly much less than 10%, since this
figure is based upon a uniform intensity distribution throughout the
entire pass band of the monochromator.

¢, Experimental Verification of Non-Linearity of Fhototube Response

dlthough the sbove treatment of the spectral response data affords
same Justification for the belief that the nop-linear effect is not due
primarily t0 a variation of the value of the integral that determines
the output of the phototube, more direct experimental evidence was deemed
necessary. It was possible to attribute the nom-linear effect on the
calibration dirocuy t0 a non-linear response of the phototube with
respect to intensity of the radiatiom, by the following procedure., The
soale deflections (on the recorder) of materials whose transmittancy of
redistion was independent of wave length were determined by placing the
msterials in the solvent position of the irradiation apparstus. The
materisls utilised wers air, 95§ ethanol, a Momsl metal 4O mesh wire
soreen, and a 16 mesh Nichrome wire screen of double thickness. To further
imsure wave length independence, the wire screens were coated with a layer
of carbon black, In addition to the determination of the recorder scale



deflection, the output of the phototube was measured on a galvanometer
which intercepted the signal which was fed to the amplifier. The percent
transmission of the materials with air as a reference was also determined
in a Beckman Model IU Spectrophotometer. These latter values were com-
pared with percent transmission values obtained from the galvanometer and
recorder scale deflections. The results which were obtained at 280l A°
with a slit width of 2.0 mm, in the irradiation apparatus and 0,68 mm, in
the DU Spectrophotometer are summarized in Teble III.

TABLE III
NON-LINEARITY OF PHOTOMULTIPLIER RESPONSE

Percent Transmission, Air as

__Scale Deflection — Reference
Sample Galvanometer Rscorder U Galvanometer Recorder
Air NN 57.3 - - -
95% Ethanol L.2L Sh.l 88.2 95.5 9L.L
Monel Screen® 2.26 28.3 27.2 50.9 L9 .k
Nichrome Screen® 1.L6 18,0 13.0 32.9 31.3

ahO mesh coated with carbon black.
P16 mesh coated with carbon black.

The close agreement in the values of percent transmission calculated
from the galvanometer and recorder scale deflections prove that linearity
is not affected by the amplification. Since the transmissivities of the
wire screens and the ethancl were shown $o0 be wave length independent in
this region, the differences in percent transmission determined by the
spectrophotometer and the galvanometer or recorder scale deflections can

only be due to a non-linear response of the photomltiplier tube with
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respect to intensity of radiation., Further confirmation for this con-
clusion was afforded by the observation that when the intensity incident
on the detector is reduced by placing a wire screen directly in front of
the phototube, the ratio of quanta absorbed per unit area on-the recorder
diagram becomes almost independent of scale deflection., This observation
will be discussed further in a later section.

d. Actinometer Compounds

(1) Uranyl Oxalate. An attempt was made to utilize the well-known
nra.tvi axalate photolysis as a chemical actinometer. A solution contain-
ing a uranyl salt such as the sulfate or nitrate together with oaxalic
acid is subjected to radiation, and the amount of unreacted oxalic acid
is determined by titration with potassium permanganate. In order to
circunvent the problems associated with the purification of uranyl sulfate
or uranyl nitrate, Forbes and Heidt (13) have introduced the use of uranyl
axalate directly. The uranyl oxalate is prepared simply by mixing hot
solutions of uranyl nitrate and axalic acid, filtering the mixture, and
allowing the filtrate to stand in an ice bath., The crystals are dried
first in a vacuum desiccator and then at about 100° for several hours.
However, the uranyl oxalate actinometer was not suitable for the 'compara-
tively low levels of radiation employed in this study.

(2) Malachite Green Leucocyanide Preparation. Since the photolysis
of malachite green leucocyanide, p,p! didimethylaminotriphenylacetonitrile,
may be followed spectrophcbonetricaliy, the reaction has been utilized
as a chemical actinometer when the level of radiation has been low. The
original work on the determination of the quantum yield of this reaction
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was performed by Harris et al. (17). The results obtained by Harris were
confirmed by Calvert and Rechen (7) who also developed a more convenient
method of preparation for the compound; this method was employed to prepare
the malachite green leucocyanide that was utilized as a chemical actinometer
in this study.

A cold, saturated, aqueous solution containing 6 grams of potassium
cyanide was added to a filtered 1% aqueous solution containing 9.3 grams
of malachite green oxalate. In this work malachite green was used, but
oxalic acid was added so that the solution was equivalent to that employed
by Calvert and Rechen. The precipitate was filtered and washed with
distilled water, and dissolved in cold 1% hydrochloric acid. The solu-
tion was stirred for one hour and carefully neutralized with cold 1%
aqueous ammonia. The precipitate was filtered, washed with distilled
water, and air dried.

The crude product was dissolved in 300 ml. of acetone, and the solu-
tion was filtered; 150 ml. of methanol were added, and the solution was
acidified with several drops of acetic acid. 4About 350 ml. of solvent
were removed rapidly by distillation; the remainder was cooled, and the
crystals were filtered and washed with 10 ml. of cold methanol. The
filtrate could be saved and more product recovered.

Reduced illumination (red safe-light) was employed in all subsequent
treatment of the product. About 2 g. of the crystals were dissolved in
100 ml. of a 50% methanoleethylacetate solution; 30 ml. of methanol,

1l ml. of acetone, and several drops of glacial acetic acid were added to

the solution. About 105 ml. of the solvent mixture were removed by
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rapid distillation; the remaining sclution was cooled and the crystals
were filtered and washed with a small amount of methanol. The filtrate
may be saved for further recovery of product.

The previous step was repeated five times; the purified product had
a melting point of 177-178° C. (Calvert and Rechen reported a melting
point of 176-177° C.). The product was further characterized by its
absorption spectrum in 95% ethanol and by its behavior on photolysis.
The ultraviolet absorption spectrum determined on a Beckman DK-2
Spectrophotometer is shown in Figure 9. Ultraviolet absorption data were
also de@ermined on a Beckman DU Spectrophotometer in the range 2650-2750 A°
with a slit width of 0.62 mm. The latter data indicated a maximum at
2725 4° with a molar sbsorptivity of 42,400 which was in agreement with
data obtained from plots reported by Harris et al. (17). From the plots,
the maximum was estimated to be in the range 2670-2700 A° with a molar
sbsorptivity of 40,800.

(3) Photolysis of Malachite Green Leucocyanide. The ultraviolet
irradiation of solutions of malachite green leucocyanide--which are color-
less--yield intensely colored blue solutions; the colored ion formed is

probably a carbonium ion with the indicated structural formula.

®
o 050
|
H,C - N - CH,
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Figure 9

Ultraviolet Absorption Spectrum of Malachite Green
Leucocyanide in 95% Ethanol

-6 -1
(Concentration 9.902 x 10 moles liter
Determination on Beckman DK-2 spectrophotometer
Reference 95% Ethanol)
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The irradiations have been carried out in 95% ethanol by Harris et al.

(17) and in absolute ethanol by Calvert and Rechen (7) with similar

results. However, in both cases, the color fades unless hydrochloric acid
is added. The formation of the colored ion forms the basis for the spectro-
photometric determination of the extent of the photolysis and, consequently,
the determination of the mumber of quanta absorbed. The quantum yield

of the photolysis is 1.00 and is independent of wave length of irradiation
in the range characterized, i.e., 2480-3300 A% (7). Calvert and Rechen
claim that these results are valid with the stipulation that the light
intensities are not more than 3 x 1013 quanta/sec incident on an area of
about 0.3 sq. cm.

A calibration curve of concentration vs. absorption was prepared by
photolysis of solutions of known concentration of malachite green
leucocyanide in 95% ethanol (acidified with hydrochloric acid), cf.

Figure 10.

The procedure employed for the determination of the calibration curve
was essentially that of Calvert and Rechen| (7). Imediately prior to
irradiation, 0.16 ml. of 0.3 M. hydrochloric acid were added to 3.0 ml. of
a solution of malachite green leucocyanide in a Beckman quartz spectro-
photometer cell with a path length of 1.00 ¢m. The solution was irradiated
in the apparatus described in the preceding section employing a wave
length of 2804 A° and a slit width of 2.0 mm. The irradistion was inter-
rupted periodically to determine the absorbancy of the irradiated solution
at 6200 A° with a slit width of 0.110 mm. in a Beckman DU Spectrophotometer.

The reference cell solution employed for this determination was 95%
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Figure 10

Calibration Curve--Absorbancy of Irradiated Malachite
Green Leucocyanide in 95% Ethanol (Acidified)

(Reference 95% Ethanol (Acidified), Wavelength 6200 A°,
S1it Width 0.110 mm.)
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ethanol ecidified with hydrochloric acid. Although Calvert and Rechen
reported the maximum of the band to be at 6200 A°, it actually occurred
between 6150 and 6200 A°. Since it was more convenient to employ a wave
length that coincides with a calibrated scale division rather than inter-
polate between 6150 end 6200 AO, the value of the absorbancy at 6200 A°

was utilized in this study. Irradiation was continued until the absorbancy
of the irradiated solution was constant. This procedure was repeated for
solutions of the actinometer compound at several concentrations.

Additional values for the calibration curve were obtained by dilution of
the irradiated solutions. The results are summarized in Table IV.

The average value for the molar absorptivity is (10.67 + .09) x 10%;
the limits are the standard deviation of the data. It can be concluded
that, within the limits of experimental error, the Beer-Lambert Law is
obeyed. There is some discrepancy between the average value for the
molar absorptivity as reported by Calvert and Rechen--9.49 x 10%--and the
value obtained in this work. However, the former value is based on data
obtained from solutions of concentrations of lO-N molar or less.

It is probable that the extent of complete photolysis of malachite
green leucocyanide is less for the solutions at lower concentration and
the non-photolyzed portion is a larger fraction of the total than those
conducted at higher concentration. This explanation could account for
the discrepancy. It is assumed that the actinometer compound has been
completely converted to the irradiated compound in the calculation of the
molar absorptivity on the basis that the absorbancy of the irradiated

solution remains constant. However, at very dilute concentrations only
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TABLE IV

ABSORBANCY OF IRRADIATED MALACHITE GREZN LEUCOCYANIDZE
IN 95% ETHANOL

—- o —
———— w— —

Wave Length: 6200 A°
S1lit Width: 0.110 mm.
Reference: Acidified 95% Ethanol

Concentration Molar Absorntivity
Moles Liter~2 x 10° Absorbancy ol s

0.7920 0.085" 10.73

1.58L 0.171° 10.80

1.980 0.209 10.56

2.376 0.255" 10.73

3.961 0.422 10.65

5.941 0.629 10.59

5.941 0.631 10.62

*Obtained by dilution.

a slight fraction of the radiation is absorbed and a large period of time
of irradiation would be required to produce a detectable change in absorb-
ancy. Essentially, the argument is made that photolysis is more complete
in solutions of higher concentration if the criterion for complete
photolysis is the constancy of absorbancy with irradiation time.
For calibration purposes a least squares fit of the absorbancy data

was made employing the linear relation

A=A, ¢ €C1
where A = gbsorbancy

Ao = constant

€ = molar absorptivity
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C = concentration, moles liter ~

1 = path length (1.00 cm.).
The constants determined by this treatment were a value of 0.002 for A,
and a value of 10.578 x 10‘ for € ; these values were employed to calcu-
late the concentration of converted malachite green leucocyanide in the

actinometric determinations.

e, Calibration Results

The value of the ratio of quanta absorbed per unit area of recorder
pattern was determined as a function of average scale deflection, i.e.,
1/2 (solvent scale deflection plus solution scale deflection) at the three
irradiating wave lengths employed in this study--2537, 280, and 2967 A°.

The irradiation procedure was identical to that employed for the
determination of the absorbancy vs. concentration curve for irradiated
malachite green leucocyanide. However, only a partial photolysis of the
actinometer compound was effected; a cell containing 95% ethanol acidified
with hydrochloric acid was placed in the solvent beam, and a recorder trace
of solvent and solution beams was obtained while the irradiation was in
progress. Prior to the calibration procedure, distilled water was placed
in the cells in both the solvent and solution beams, and the mirrors and
plates were adjusted slightly so that the radiation striking the detector
from either beam yielded an equivalent scale deflection. The two beams
were equivalent to about 1%; the apparatus was not disturbed during all
irradiations at a given wave length, and the equivalence of the beams was

checked periodically.



In order to obtain measurable areas between the solvent and solution
recorder traces, it was necessary to convert appreciable amounts of the
actinometer compound to the irradiation product, which also absorbs in the
ultraviolet; an inner filter effect was obtained. In previous utilization
of this actinometer compound less than one percent was converted, and it
was possible to ignore the inner filter effect. A correction was made for
the inner filter effect by obtaining the value of the ratio of quanta
absorbed per unit area as a function of percent conversion and extrapolating
to zero percent conversion.

The irradiation of a solution of malachite green leucocyanide at a
given concentration was periodically interrupted and its absorbancy at
6200 A° was determined in the Beckman DU Spectrophotometer with a slit
width of 0.110 mm. The concentration of irradiated compound was determined
from the absorbancy measurement and the calibration data of the previous
section; a value of quanta absorbed per unit area was calculated--employing
a value of 1.00 for the quantum yield. The areas between the solvent and
solution curves were determined by means of the trapezoidal rule. This
procedure yielded a series of values for quanta absorbed per unit area and
percent conversion from which a linear extrapolation could be made to zero
percent conversion by the linear least squares procedure. These data are
summarized in Appendix I.

For a given irradiating wave length, the value of the ratio of quanta
absorbed per unit area (the value extrapolated to zero percent conversion)
was plotted as a function of the average scale deflection of solvent and

solution beams. The latter was measured at the midpoint of the interval
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of irradiation for which the ratio of quanta per unit area was determined.
This procedure was adopted since there was a slight variance in the value
of the scale readings as the irradiation progressed. The variance was

due to a change in absorption as the actinometer compound was converted
and to a slight change in incident intensity as the result of changes in
the mercury arc. Since the extrapolated value of the ratio-quanta absorbed
per unit area--was determined from a mnber of irradiation intervals whose
average scale deflection of the solvent and solution beams varied slightly
from interval to interval, an average value of the scale deflections of
the various intervals was employed in the plots. The relation between
the average scale deflection and quanta absorbed per unit area was linear
within the limits of experimental error, cf. Figure 11. The data were

fitted by the method of least squares to the linear relationship

2 e peqr
p req 3

where 3 . quanta absorbed per unit area on
G recorder trace

n = constant
7Y = constant
T_% = average value of scale deflection.
The detailed data are presented in Appendix I and a summary of the results

is tabulated in Table V.
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TABLE V
CALIBRATION OF DETECTOR ASSEMBLY

L7

——

——

Vave Length S1it Width A x 10-18 74 x 10-15
A mm. quanta in7? quanta inT?
2537 1.50 1.27 0.0523
280)4 2om -l 098 105’4
2967 1.50 2.80 0.268

The order of intensity of radiation striking the photomultiplier tube

with respect to wave length is 2804 > 2967 > 2537 A°. This order is the

result of the intensity of the source with respect to wave length, (cf.,

Figure 8), the slit widths, and the fact that two layers of LO mesh Monel

metal screen were placed immediately in front of the detector for the

irradiation at 2967 and 2537 A°. The order of deviation--with respect to

wave length of irradiation--of the constancy- of % for a variation of T_i

is also 280k > 2967 > 2537 A° as evidenced by the value of the slope, Y .

This is further proof that the deviation from a constant value for 2 at a
particular wave length is due to a non-linear response of the detector
with respect to intensity of the radiation striking the detector.

The data of Table V were utilized to calculate the total quanta

absorbed during an interval of irradiation of the ergosterol solutions

from the area between the solution and solvent curves recorded during the

irradiation.
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3. Irradiation Procedure

a. Preparation of Solutions

Stock solutions of ergosterol in isopropyl alcohol and in n-hexane
were prepared from a sample of purified ergosterol which was generously
furnished by W. H. C. Shaw of Glaxo Laboratories, Ltd., Greenford,
England. The stock solutions were prepared from about ten milligrams of
ergosterol (weighed to 0.1 milligram) diluted to 100 ml. with the appropriate
solvent which had been flushed with nitrogen for at least one hour immediately
before preparation of the solution. Aliquots of the stock solutions were
dilnted with several solvents to produce a series of solutions of varying
viscosity. The solutions were prepared as follows:

() 5 ml. of the isopropyl alcohol stock solution were diluted to
25 ml. with isopropyl alcochol.

(b) 5 ml. of isopropyl alcohol stock solution plus 15 ml. isopropyl
alcohol were diluted to 25 ml. with glycerol; designated as 20%
glycerol.

(c) 5 ml. of n-hexane stock solution were diluted to 25 ml. with
n-hexane.

(d) 5 ml. of n-hexane stock solution plus 15 ml. of n-hexane were
dilnted to 25 ml. with mineral oil; designated as 204 mineral oil.

(e) 5 ml. of n-hexane stock solution plus 10 ml. of n-hexane were

diluted to 25 ml. with mineral oil; designated as LOZ mineral oil.

b. The Irradiation Process
Three ml. of a given solution were placed in the Beckman spectro-

photometer cell and the cell was positioned in the irradiation apparatus.
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A cell containing solvent was placed in the other beam of the apparatus.
Stirring was effected during irradiation by the magnetic stirring device
discussed in a previous section. Irradiations were conducted in an air-
conditioned room which was maintained at about 22° C. The mercury arc was
turned on, but a shutter was placed in the beam in front of the mono-
chromator to allow the intensity of the beam to stabilize. The shutter
was then removed and the irradiation of the cell was started. The light
intensities transmitted by the solvent and solution cells were recorded
by means of the photometer arrangement described in an earlier section.
The irradiation was interrupted periodically for spectrophotometric

analysis of the solution.

c. Spectrophotometric Analysis of the Samples

The ultraviolet absorption spectra of the irradiated materials were
determined in the range 34,00-2200 2° on the Beckman DK-2 spectrophotometer;
three spectrophotometer cells were employed for the determination of the
spectra. Two cells containing solvent were utilized to balance the two
beams and to determine the zero absorption line. The cell in the sample
beam of the spectrophotometer was replaced with the cell containing the
irradiated solution, and the spectrum was determined. A small correction
(less than .0l absorbancy unit) was applied to the spectrum to correct
for thedifference in transmission of the cells used in the solvent beam.
A further correction was made for the error in calibration of the chart
paper; the wave length on the instrument indicator dial differed
(generally less than 10 A°) from the value on the chart. A corrected

calibration scale was obtained by stopping the instrument when the wave
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length indicator recorded the desired wave lengths and marking this
position on the chart paper. This scale was aligned with a reference wave
length on each spectral determination and the desired wave lengths were
marked off on the spectrum. The spectrophotometric analysis yielded the

concentrations of the components of the mixture as a function of time of

irradiation.

d. Summary of Irradiation Conditions Employed

The conditions of irradiation were as follows:

Wave Length og Irradiation S1it Width
A : mm.
2537 1.50
2804 2.00
2967 1.50

The solvents employed are summarized below:

2537 A° - one run with each of the solvents, i.e., n-hexane,
20% mineral oil, isopropyl alcohol, and 20% glycerol.

280, A° - same as 2537 A°
2961 A° - same as 2537 A° with the addition of a duplicate run
zﬁh n~hexane and an additional run with L40% mineral
. Materials and Purification Procedures
Ergosterol, Lumisterol, Calciferol. Purified samples of ergosterol,
lumisterol, and calciferol--which were generously furnished by W. H. C.
Shaw of (Glaxo Laboratories, Ltd., Greenford, England--were utilized for

the kinetic studies and for the verification of the analytical procedure.
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Isopropyl Alchol. Commercial grades of alcohol were purified by
shaking with sodium hydroxide, separating the aqueous layer and fractionally
distilling the alcohol layer. The ultraviolet absorption spectra of the
fractions were determined in the range 3,00-2200 4% in the Beckman DK-2
spectrophotometer employing distilled water as the reference. The suitable
fractions were transparent to about 2500 A° (greater than 95% transmission);
a general absorption began at 2500 Ao, but the transmission was still larger
than 80% at 2300 A°. During the latter stages of the preparative work,
Analytical Reagent Grade material was obtained from Mallinckrodt; this
material was almost as transparent as the purified alcohol é.nd was employed
without further treatment for the preparative work. However, for the
kinetic studies and the verification of the analytical procedure, it was
also purified as described above.

Ethanol. A commercial grade of 95% ethanol was refluxed for several
hours with 10 grams of silver nitrate and 1 gram of potassium hydroxide
per liter of solvent; the 1liquid was decanted and fractionally distilled.
The ultraviolet absorption spectra of the fractions were determined as
described for isopropyl alcohol; the transparency in the ultraviolet was
similar to that of isopropyl alcohol.

Glycerol. Mallinckrodt Analytical Reagent Grade glycerol was employed
without further purification. In the region 2500-3400 A°, the material
exhibits a minimm transmittancy of 75% with distilled water as reference.
A large fraction of the apparent absorption may be attributed to the dif-
ference in refractive indices of water and glycerol. Attempted vacuum

distillation of this product was not successful, as the transmittancy of
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the distilled material was lower than that of the untreated glycerol.
n-Hexane. A commercial grade of n~hexane was passed through an
activated silica gel column with an internal diameter of 4.0 cm. ard a
height of 75 cm. A flow rate of sbout 2 ml. per mimute was employed.
The silica gel was obtained from The Davison Chemical Co., Baltimore, Md.,
and was designated as a desiccant (activated) commercial grade. The
purified n-hexane was completely transparent up to 2500 4° where a general
absorption started; the transmittancy decreased to about 75-85% transmission
at 2300 A°. Distilled water was employed as a reference.
Mineral Oil. U.S.P. grade mineral oil was passed through a silica
gel column with a diameter of 4.0 cm. and a height of 110 cm. Nitrogen
was employed to apply a pressure of about 15 lbs. per sq. in (gauge); a
flow rate of about 20 ml. per hour was achieved urder these conditions.
The ultraviolet absorption spectra of the fractions were determined employing
distilled water as a reference. In the range 2500-3400 A°, the minimum
percent transmission decreased from about 854 for the first fractions to
about 70% for the later fractions. The fractions were combined and passed
through another silica gel column with a diameter of 3.0 cm. and a height
of 75 cm. A flow rate of about 20 ml. per hour was again achieved by apply-
ing pressure with nitrogen at a pressure of 15 lbs. per sq. in. (gauge).
In the ranga 2500-3400 A°, the minimm transparency of the fractions
varied from 95-90% transmission. A general absorption began at 2500 A°
and the transmittancy decreased to 20-35% transmission at 2300 A°. The

purified material did not fluoresce when subjected to ultraviolet radiation.
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Miscellaneous Materials. Solvents and other materials employed
were of C.P., Spectral Grade, or Reagent Qrade purity, and were used
without further treatment.

Stability of Irradiation Solvents. The solvents employed in the
irradiation work were examined for stability to ultraviolet radiation by
subjecting each of the solvents to radiation at 2804 A° with a slit width
of 2.00 mm. for periods of at least one hour. The ultraviolet absorption
spectra of the solvents were not altered by this treatment.

Storage and Handling Procedures. The ergosterol, lumisterol, and
calciferol which were received from W. H. C. Shaw in sealed glass ampules
were stored in a small desiccator which was refrigerated at temperatures
lower than -40° C. The necks of the ampules were cut and material was
withdrawn; nitrogen was passed through the ampule before sealing with a
tightly fitting rubber serum bottle cap. The opened ampules were
immediately placed in the desiccator and refrigerated.

Stock solutions of the materials in glass stoppered reagent bottles
were stored in a large desiccator which was refrigerated at So C.; the
desiccator was flushed with nitrogen before sealing. Solutions of ergos-
terol and lumisterol were stable for a period of at least three months
when stored under these conditions; the ultraviolet absorption spectra
were employed as the criteria of stability. Calciferol did not exhibit
this stability over the three month period; the absorbancy of the stored
solution increased gppreciably in the range 2200-2600 A°.

Spectrophotometric determinations employed for verification of the

analytical procedure were conducted on solutions which had been stored
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under the above conditions for not more than several days. The stock
solutions of ergosterol employed for the kinetic studies were stored under
the above conditions; the ultraviolet absorption spectrum was always
determined prior to each irradiation run. Dilutions for the kinetic runs
were made immediately prior to the run and the diluted solutions were not

stored.

5. Viscometry
The viscosities of the solvent and solvent mixtures were determined
with Ostwald viscometers in a thermostated bath maintained at 25 * 0.10 C.

Absolute viscosity was calculated from the two parameter equation

d
T = Rdt - SE
where T\ = absolute viscosity in centipoise

d = density of the liquid in grams cm™3

t = time of flow of liquid between calibrated
marks of the viscometer

R, S = crpiriczlly detvermined constants.
Densities of the liquids were determined with pycnometers calibrated
with distilled water. The constants, R and S, were determined empirically
by utilization of liquids of known viscosity--i.e., distilled water and
a water-glycerol mixture. The composition of the latter was determined
from its specific gravity and the composition-specific gravity data of
aqueous glycerol mixtures which have been reported by Bosart and Snoddy (3).
The viscosity data employed for the determination of the empirical

constants were those of Sheely (38).
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IITI. DISCUSSION OF PREPARATIVE WORK
A. General

The objectives of the preparative work were to obtain the components
of the irradiation mixture, to obtain preliminary kinetic data to check
the qualitative conclusions of Sharpe (37), and to acquire a familiarity
with the experimental techniques that have been employed in the investi-
gation of the photochemical isomerization of ergosterol. The components
of the irradiation mixture were desired in order to directly verify the
analytical curve fitting technique developed by Sternberg and Sharpe (37),
and to obtain the ultraviolet absorption spectra 6f the components.

It was believed that the results obtained from the analytical curve fitting
technique could be improved by more reliable spectral data. Another
objective of the preparative work was to obtain verification that there
were no specific interactions among the components of the irradiation
mixture and that the mixtures obtained obeyed the Beer-Lambert-Bouger Law.

While the preparative work was in progress, W. H. C. Shaw of Glaxo
Laboratories, Ltd., furnished us with tabulated spectral data and with
purified samples of ergosterol, lumisterol, calciferol, and precalciferol
3,5 dinitrobenzoate. The preparative work was discontimued upon receipt
of these materials and data, since the other objectives of the preparative
work had by that time been achieved. Up to the time of receipt of the
materials, the preparative runs were directed towards the preparation of

precalciferol in a pure state.
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The results obtained by Sharpe (37) indicated that precalciferol
should be most suitably prepared in hydroxylic solvents with irradiation
at comparatively long wave lengths. Although the results of Sharpe were
invalidated, with respect to quantitative interpretation, by the omission
of precalciferol from the calculations, it was believed that the quali-
tative conclusions with respect to precalciferol formation were valid.
These conclusions were also rationalized on the basis of the ultraviolet
absorption spectra of the components of the irradiation mixture and on
previously reported data. These data have been summarized by Havinga and
Bots (18) in the following manner:

Wavelength of

Irradiation, A° Product Composition
> 2840 Calciferol « lumisterol
< 2840 Calciferol « large amount of
tachysterol « small amount of
lumisterol
< 2540 Larger amounts of tachysterol +

smaller amounts of calciferol
> 2900 Reduced yields of calciferol
Although precalciferol is not listed in the above tabulation, the
indicated calciferol would actually be precalciferol if the temperature
of the irradiation mixture were maimtained at room temperature or below.
On the basis of Sharpe?s experimental results and his proposed mechanism,
& hydroxylic solvent 6f a solvent of high viscosity should suppress the
formation of lumisterol. Therefore, irradiation of ergosterol at low
temperatures with radiation of wavelength greater than 2840 A° and in a

hydroxylic solvent should yield a product consisting largely of
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precalciferol and unreacted ergosterol. It was considered necessary to
limit the extent of conversion of ergosterocl in order to minimize the
formation of overirradiation products.

In order to fulfill the wavelength requirements, the radiation of
the low pressure mercury arc was filtered by aqueous copper sulfate solu-
tions at concentrations of 5.00 grams/100 ml. water and 1.25 g./100 ml.
water; the thickness of the filter solution chamber was 0.5 cm. Under
these conditions, the more concentrated solution absorbed 90% of the
radiation of wavelength less than 2900 Ao, while the more dilute solution
absorbed 90% of the radiation of wavelength less than 2790 Ao. The more
dilute solution was employed for the later preparative runs to decrease
the reaction time and thus minimize the thermal conversion of precalciferol
to calciferol.

Since the solubility of ergosterol in 95% ethanol is quite limited,
this solvent is not suitable for the preparative work. Crude solubility
determinations were made at room temperature to find a more suitable
hydroxylic solvent. Saturated solutions of ergosterol in absolute ethanol
and in isopropyl alcohol were prepared at room temperature. The solutions
were filtered, aliquots of the filtrate wers evaporated to dryness in
vacuo, and the weights of the residues were obtained. The solubility of
ergosterol in isopropyl alcohol was found to be 10.7 grams per liter as
compared with 3.9 grams per liter found in absolute ethanol. The solu-
bildity in isopropyl alcohol is adequate and this solvent was employed in

all of the preparative work.
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B. Results

In general, observation of the ultraviolet absorption spectra of
the irradiation mixture and of the chromatographic fractions indicated
that precalci.ferc?l was the major product. On the basis of the intensity
of the antimony trichloride color produced by the fractions from the
chromatographic separation, one fairly narrow band was observed during
the early portion of the elution procedure of the methanol soluble
fraction of the irradiation product. However, during one run in which
the ergosterol solution being irradiated was not cooled efficiently, two
bands were clearly detected. The first band did not contain much product
vhile the second band contained the bulk of the material. Apparently
most of the precalciferol had been converted to calciferol during the
irradiation and the ®working up" of the resin.

A particular run will be discussed in detail. A solution containing
7.67 grams of ergosterol dissolved in 900 ml. of isopropyl alcohol was
irradiated for 94 minutes. After evaporating the solvent in vacuo, the
resin wes taken up in methanol and 2.51 grams of precipitate (ergosterol)
ware separated by filtration. The ultraviolet absorption spectrum of
the filtrate was determined after suitsble dilution of a small aliquot
of the f:l.lﬁrato with methanol; the reference solution consisted of
methanol that was saturated with ergosterol at the same temperature as
the sample solution, so that the contribution of ergosterol to the
spectrum would be mllified. The reference solution was prepared Sy
filtration of a saturated solution of ergosterol in methanol (at the
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temperature of the methanol extraction of the irradiation resin) and
dilution of the filtrate with methanol in the same mamner as the sample
solution. The absorption spectrum was very similar to that of precalci-
ferol with an absorption maximm at 2600 A°. However, the extinction

1% n,? 8 the maximm had a value of only 164 based on the

coefficient, El o
total solute, while the extinction coefficient of precalciferol is equal

to 230 at 2600 A°. The discrepancy is partly due to the ergosterol

that was in solution, which acted essentially as a spectroscopically
inactive diluent,since its absorption was balanced by the ergosterol in

the reference solution.

The methanol solution was evaporated in vacuo and about 4.5 grams
of resin were recovered. The residue was taken up in the petroleum
ether-acetone mixture and chromatographed on alumina employing petroleum
ether as eluent. About 75 ml. of liquid that was first eluted was dis-
carded; this liquid gave a negative test with antimony trichloride reagent.
Ten ml. fractions were then collected at an elution rate of 3 ml./min.

The fractions were immediately immersed in an ice bath, and the antimony
trichloride rugozit test was applied to each fraction. The results of
the tests are summarised in Figure 12.

On the basis of the color test it is apparent that only one major
band is present, and this band is quickly eluted from the column. The
behavior is characteristic of precalciferol. Fractions 10-27 were combined
(the upper limit of the band was somewhat arbitrary);.ani.sheisolvent:was
evaporated in vacuo. About two grams of residue were recovered. The

remaining fractions were arbitrarily combined and solvent was evaporated

as follows:
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Residue H=covered

Fracy.uis {Approximate)
28-47 2 grams
48-87 . grams
88-135 .3 grams

Weighed amounts of the crude residues were dissolved in isopropyl
alcohol,and the ultraviolet absorption spectra were determined with
isopropyl alcohol as the reference on the Beckman DK-2 Spectrophotometer.
The Specw of the "precalciferol band} fractions 10-27, was quite
similar to that of precalciferol; the absorption maximm was at 2615 A°
with 1% equal to 202 as compared to a value of 230 for precalciferol

cm
(maximam. at. 2600. 4°). The discrepancy could reasonsbly be attributed to

small amounts of less absorbing contaminant, since the crude resins were
employed for the spectral determination.

The spectrum of fractions 28-47 was quite similar to that of fractions
10-27, and it is reasonable to conclude that fractions 10-47 consisted
largely of precalciferol. The spectrum of fractions L8-87 indicated that
this portion consisted essentially of a mixture of precalciferol and
calciferol; it should be noted that these fractions contained a very
small amount of solute (about .4 grams). Ergosterol was clearly indicated
by the spectrum of fractions 88-135 (maxima were obtained at about 2950,
2820, 2720, and 2620 A®), although an additional maximum at sbout 2520 A°
indicated the presence of other irradiation products.

The above analysis confirms the belief that the prescribed conditions
of irradiation should produce precalciferol relatively free of other

irradiation products.



About 0.8 grams of the 3,5 dinitrobenzoate of precalciferol were
prepared from the residue of fractions 10-27. The procedure of Velluz
et al. (42), as described in the experimental section, was utilized.
The preparative experimental work was discontimed at this point since
W. H. C. Shaw furnished complete spectral data and purified samples of

the required materials.
C. Miscellaneous Observations

1. Stability of the Irradiation Mixture

The ultraviolet absorption spectra of samples withdrawn at intervals
from the irradiation apparatus were determined after storage for six days
at 5° C. and compared with the spectra determined immediately at the time
of withdrawal from the system. These data were obtained for the run that
was described in detail in the preceding section and are summarized in
Table VI.

The absorption spectrum of ergosterol (zero time of irradiation) does
not change significantly during the storage period. However, the absorb-
ancy of the stored irradiation mixtures consistently increases during
storage. The change in absorbancy may be attributed to a slow thermal
conversion of precalciferol to calciferol, since the absorption spectrum

of the latter is more intense than that of precalciferol, cf. Figure 2.



TABLE VI

STABILITY OF THE IRRADIATION MIXTURES
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Concentration of Irradiation Mixture 0.0026 g./100 ml.

Time of Irradiation Wave%ength Absorbancy
(Minutes) A S 0
0 29,0 L2k 420
2900 .383 .378
2820 <172 769
2765 .612 .605
2715 727 .730
2635 .503 197
26 2930 .358 340
2900 -347 .328
2820 636 615
2765 .5L3 .520
2710 632 612
2630 .89 460
62 2920 .278 .259
2820 .98 -L63
2765 N 113
2710 516 475
2630 26 390
9L 2920 279 .263
2810 .500 -L6s
2765 69 -1432
2710 533 Lok
2630 - .428 <391

S = After storage for 6 days at 5° c.

O = Immediately after withdrawal from irradiation system
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2. Yellow Component of Irradiation Froduct

The irradiated ergosterol solution sometimes took on a yellow color.
Ergosterol itself becomes slightly yellow on standing. It has not been
ascertained whether the yellow color is an oxidative degradation product
or an irradiation product. This component appeared as a yellow band on
the alumina chromatographic column and was eluted off the column during
the last portion of the precalciferol band and the first portion of the
calciferol band. These yellow chromatographic fractions were combined,
the solvent was evaporated in vacuo, and a weighed amount of the residue
was dissolved in isopropyl alcohol, and the ultraviolet absorption spectra
was determined in the range 5000 to 2300 A°. Isopropyl alcohol was
employed as a reference and the percent transmittancy scale of the
Beckman DK-2 spectrophotometer was utilized.

The absorption due to the yellow component begins at about 5000 2° )
and appears to reach a maximm at about 3300 4°. However, the components
of the irradiation mixture start to absorb in this region and the maximum
of the yellow component is masked since the latter is probsably present
a8 a minor constituent of the mixture. The value of the extinction co-
efficient, E® , at 3300 A° calculated on the basis of total solute is

cm’
about 5.

D. Verification of Beer-Lambert-Bouger Law

Since the analytical method employed in the kinetic studies utilizes
the Beer-Lambert-Bouger Law, it was first necessary to establish the

@pplicability of this law to the ergosterol irradiation mixture.
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The linearity of absorbancy vs. concentration for single components has

been established for several components of the irradiation mixture
(21,51). Because of the possibility of specific interactions among com-
ponents, it was deemed necessary to obtain verification of the applicabil-
ity of this law to solutions containing mixtures of th.e components. This
further verification was obtained in two additional respects:

(1) for irradiation mixtures, the linearity of the absorbancy

vs. overall concentration of the entire mixture was
established, and

(2) for synthetic mixtures prepared from pure components, the

additivity of absorbancies of the pure components to give

the absorbancy of the mixture was verified.
The latter verification will be discussed in the next section; spectral
data obtained during the preparative runs were utilized for (1). _

The spectra of the irradiated solutions were ‘determined periodically
during the irradiation; in addition, several dilutions were made of the
irradiated solutions and their spectra were determined. Plots of absorb-
ancy at various wavelengths (in the region 3000-2300 A°) were obtained
from these spectra. A linear relationship was found between absorbancy
and overall concentration of the irradiation mixture. The standard
deviation from linearity was found to be only + 0.012 absorbancy units.
This value was obtained on the basis that the plots were constrained to
pass through the origin; the standard deviation was calculated from
71 experimental values which comprised 19 separate plots. The absorbancies

of the samples employed covered the complete range from about .025 t;o 1.50.
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IV. SPECTROPHOTOMETRIC ANALYSIS OF MULTICOMPONENT SYSTEMS USING
' THE LEAST SQUARES MATRIX METHOD

Because of the general applicability of the least squares matrix
method to spectrophotometric data, the method will first be presented in

general form, and then applied to the ergosterol irradiation system.
A. Least-Squares Treatment--Matrix Method

The calculation of concentrations of n components in spectrophoto-
metric analyses has been generally regarded as a process of solving a
set of n simltaneous linear equations (obtained by selecting absorbancies
at n wavelengths) in the n unknowns (concentrations). As n becomes large,
this method exhibits great sensitivity to small errors in the experimental
data. &n alternative viewpoint is to regard the calculation as a curve-
fitting process, in which the experimental absorbancy curve is to be
matched, as well as possible, by an absorbancy curve calculated by combin-
ing the extinction curves of the individual components with selected
weighting factors (the concentrations); the best possible matching is to
be determined by the usual least squares criterion. The curve fitting
may be based on any desired mumber of wavelengths greater than n, and
may be performed in a mumber of different ways. One method of curve
fitting is to prepare a library of calculated curves for different compo-
sitions and select from the library the calculated curve most nearly
matching the experimental curve. 'The same goal can be achieved, however,
by an analytic method which can be conveniently developed in terms of a

matrix notation. The application of the matrix analytic method to
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spectral data was suggested by Professor Richard H. Schwendeman.
The treatment presented here assumes applicability of the Beer-
Lambert-Bouger Law to the absorption spectrum of the system. For a system

of n components, then, the absorbancy A; at wavelength /\i is given by

n

Ay = Z ajjcsb (Iv-1)
J=1

where aj4 is the absorptivity of component j at wavelength A i, ¢j is the
concentration of component J, and b is the cell thickness, usually in cm.
The units of all of these quantities must be compatible, such that if cj
is the molar concentration, ajj will be the molar absorptivity,while if
cy is the concentration of component j in gm./100 ml. of solutian, ajjy
will be the absorptivity of a 1% (w./v.) solution, usually designated :m.'

Since the cell thickness is usually constant in an experimental

application, it is convenient to work with

n
D{ = === ajjc (Iv-2)

vhere Dy 1s then the absorbancy per unit length of cell. In practice it
sometimes proves convenient to work with equations of the form of (IV-2)
in which the symbols Dy, 844, and cy represent functions derived from the
absorbancies per unit length, the absorptivities, and the concentrations;
the relationships which follow apply to the mathematical form of equation
(IV-2) and are not restricted to the usual definitions of the symbols.

If data are available at m different wavelengths, /\1, Ag e o oy

/\m: equation (IV-2) becomes a set of m simltaneous linear equations.
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Such equations can be written in matrix notation as

D = ac (Iv-3)

where the underlined symbols represent the matrices appearing in expanded

form as

r — - o
DJ 837 @33 833 eece 83n Cy
D, Q37 8z3 « ¢'e o Aapn Co
Dj 837 + e+ « e agp Ca
. = e e e e e . (Iv-L)
LD“‘_ Laml 8mz e e e e amn_ °n |

Note that in the matrices it is not required that m = nr-that is,the
mmber of wavelengths need not be the same as the munber of components.
However, if m = n, the matrix a is square and has an inversé g.-i (unless
its characteristic determinant is equal to zero). If the matrix a is

known and non-singular, its inverse can be found (30), and we can obtain

Inol

P Dm=atacg (Iv-5)

or

c=82D (Iv-6)

which is the solution for the concentrations (knowledge of the matrix ¢

implies knowledge of each of its elements, the concentrations of the
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individual components). This is the usual method of treatment of spectro-
photometric data.

If m < n (fewer wavelengths than components) no solutions for the
¢ matrix can be obtained (fewer equations than unknowns). However, if
m > n (more wavelengths observed than the nmumber of components), we have
more equations than unknowns and can obtain a variety of solutions for
the ¢ matrix by using different sets of equations. In the presence of
experimental errors in both the a and D matrices, it will not ordinarily
be possible to satisfy equation (IV-3) or (IV-4) exactly. However, it is

possible to obtain the matrix ¢ which will minimize the quantity

m
2 1 2
A e > (@f -y (IV-7)
i=1
where the Dy come from the experimental absorbancies and the D;L are
values computed using equation (IV-3) with the a matrix and the ¢ matrix
2
obtained. 2\~ is the sum of the squares of the individual deviations.

Equation (7) can also be written in matrix notation as

A a @D (@ -D) (Iv-8)

in which the matrix @) is the transpose of the matrix (D! - D)--i.e.,
it is obtained from the original matrix merely by interchange of rows

and colums. A\ y is a single mumber, so is not underlined in the matrix
equation (IV-8). Selection of £ to minimize Aa is the familiar least

squares criterion for obtaining the best set of concentration values,
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and can be seen to correspond to obtaining the closest fit of a calcu-
lated absorbancy curve to the experimental absorbancy curve.

It can be shown (12) that the least squares criterion is satisfied
by solving equation (IV-3) in the following mammer. First, multiply both
sides of (IV-3) by the transpose of the matrix a (generally non-square).
Then

D=3 ac (Iv-9)

1o

The matrix 3@ a will be a square matrix, with dimensions n x n, since it
results from mltiplication of the n x m matrix @ by the m x n matrix a.
The matrix @ D will be n x 1 since it results from mltiplication of the
n x m matrix '§ by the m x 1 matrix D. The mltiplication by the transpose
matrix to obtain the best least squares fit is a consequence of the form
of equation (IV-8), in which A? is itself a product of a matrix with its
transpose.

The matrix equation (IV-9) may be regarded as a new set of n siml-
taneous linear equations in the n unknown concentrations. This may be
solved by the usual methods of solution of simltaneous linear equations,
where the mumber of equations is equal to the mumber of unknowns.
Unfortunately, the solution of a set of simultaneous linear equations would
be necessary for each sample analyzed if equation (IV-9) were to be used.
The matrix inversion method described below requires a more difficult
operation than solving a set of simultaneous linear equations, but the
difficult step needs to be performed only once, and the result can be

used in all subsequent analyses.



Ay
Ve

ran

[

s

Al

”
<8



71

Since the square matrix’é/ a will (if non-singular) have an inverse,
both sides of equation (IV-9) may be multiplied by this inverse, (J a)~2.

Then
(a)e=c (1v-10)

This is the solution to the matrix equation (IV-3), for it prescribes how
to obtain from it the concentrations ¢ best satisfying (by the least
squares criterion) the experimental data. It is convenient to define a
new matrix, M, by

— -1
M= (Ta) 7

(Iv-11)

where M is an n x m matrix which can be obtained directly, by suitable
computations, from the known matrix a. M will be a matrix character-
istic of the system studied and the wavelengths selected, and will facili-

tate calculation of the concentrations ¢ by

c=MD (Iv-12)

The individual concentrations then are given by

m
cy = Z’ Mij Dy (Iv-13)
J=1

in which each concentration is expressible as a linear combination of

the absorbancy values at the set of wavelengths selected.
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B. Application of the Method to the Ergosterol
Irradiation System

1. Procedure

The matrix method was applied to solutions of known composition and
the calculated values of the concentrations of the components were compared
to the true values. The applicability of the Beer-Lambert-Bouger Law was
verified further with respect to the additivity of the absorbancies of
the components in a mixture.

Solutions of known composition consisting of ergosterol, lumisterol,
and calciferol in varying proportions were prepared from the pure com-
ponents employing purified isopropyl alcohol as the solvent. Stock solu-
tions of each of the components were prepared as follows: about ten milli-
grams of material were weighed to 0.1 of a milligram and diluted to 100
ml. The solutions were then prepared by dilution of aliquots of the
stock solutions--employing 1, 2, 3, and 5 ml. volumetric pipets--to 25 ml.

The ultraviolet absorption spectra of the synthetic mixtures and of
the pure components were determined employing the Beckman Model DK-2
Spectrophotometer and a path length of 1.00 cm. In general, the spectra
of the pure components in isopropyl alcohol were in good agreement with

values reported by Shaw, Jefferies, and Holt (39,40).

2. Verification of the Beer-Lambert-Bouger Law
In addition to the verification for irradiation mixtures as described
in the preparative section, the applicability of the Beer-Lambert-Bouger

Law was verified for synthetic mixtures prepared from pure components;
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the additivity of absorbancies of the pure components to give the absorb-
ancy of the mixture was verified.

The spectra of synthetic mixtures of known compositions were compared
with absorbancies calculated from the spectra of the individual components
and the composition of the solution to establish the additivity of absorb-
ancies of the pure components. This comparison was made at intervals of
five millimicrons in the wavelength range 230 to 300 millimicrons and a
standard deviation, S.D., was calculated for each synthetic mixture. The

standard deviation was calculated on the following basis:

S.Dum (Absorbancy of Mixture-Calculated Absorbancy)?
[y ¥ i ] n (Iv-lh)

where n is the mumber of wavelengths at which the comparisons were made.
The values of the absorbancies of the solutions were about 0.45 to 0.70!
at the maxima. The data are presented in Table VII.

The data verify the additivity of absorbancies of components in a
mixture within the limits of experimental error. It was believed that
deviations from the Beer-Lambert-Bouger Law would be most likely to occur
in solutions containing calciferol and lumisterol, since these compounds
form a crystalline molecular addition compound--i.e., the old Vitamin D,.
However, the data indicate the absence of such an interaction in solution,

at least at the c.oncentrations employed .

3. Specific Modifications of the Method for the System Studied
In the ergosterol irradiation system, all four of the products are

isomeric, so that the initial concentration of starting material (ergosterol)
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TABLE VII

VERTFICATION OF THE BEER-LAMBERT-BOUGER LAW--ADDITIVITY OF ABSORBANCIES
OF PURE COMPONENTS IN SYNTHETIC MIXTURES

Composition of Solution s.n.*
_ (g. per 100 ml. of solution) Absorbancy
Ergosterol Lumisterol Calciferol Units
0.001380 0.000LLY 0 + 0.006
0.000920 0.000888 0 + 0.009
0.000460 0.001332 0 + 0.009
0.001380 0 0.000392 * 0.005
0.000920 0] 0.00078L + 0.005
0.000,60 0] 0.001176 *+ 0.008
0 0.0004LY 0.001176 *+ 0.008
o] 0.000888 0.00078L + 0.010
0 0.001332 0.000392 * 0.007
0.001380 0.0004L4LL 0.000392 + 0.015
Q.000920 0.000888 0.000784 * 0.006
#*
S.D. = (Absorbancy of Mixture - Calculated Absorbancy)?

n
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is always the total concentraticn of the five species present in the

system. Designating ergosterol as component 1, we have

5 5
Clo = ng Cj=cy+ 21_4 c5 (Iv-15)
J=1 J=2
or
o 5
c,=cy - ZEjJ cj (IV-16)
j=2

Substitution of the value for c, from equation (IV-16) into equation

(IV-1) gives

5 5
Ay =aj; c;° b - ajb g cy + E ajjesb (IV-17)
=2 j=2
or
. 5
Ay = aj;c; b e E (233 - aiy) cy b (Iv-18)
j=2

Because of the practical difficulty in making dilute solutions
accurately up to known concentration by weighing, it is convenient to
normalize the results to put them on the basis of the initially observed
ergosterol concentration, as determined spectrophotometrically. Equation
(IV-18) is therefore divided by equétion (IV-19), which applies to the

initial condition, before irradiation.

4:° = aj; ¢, b (Iv-19)
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The division gives

o
By, & uTta S ()
A? S—— e‘il Cg
2 j' 2
or
= 1 - E vy d (Iv-21)
i j=2 C1

Equation (IV-21) is put into the form of equation (IV-2) by defining

p; = M. (IV-22)
Aio
Eij = -2l - (IV-23)
aj,
and
com= S1 o S (IV-24)
J clo T

P

j=1
CJ is seen to be the fraction of component j in the irradiation products.

Then
5

Dy = Z Eij Cy (IV-25)

j=2
When m wavelengths are considered, we obtain a set of m simltaneous
equations in the four unknown concentrations. The resultant set of

equations has the matrix form of equation (IV-3)

D=EC (Iv-26)
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The best values for the concentrations by the least squares criterion are

then given by equation (IV-10) or (IV-12), which here have the form

¢ = EB ED (1v-27)
or

=MD (IV-28)
with

¥ = ERTE (Iv-29)

The matrix M can now be calculated from available data on the absorptivi-
ties of the components at whatever set of wavelengths is selected for the
analysis. This calculation requires setting up the E matrix, elements of
which are defined by equation (IV-23), multiplying this matrix by its
transéose'gf, obtained by interchanging the rows and columns of E, and then
finding the inverse (_'Ejvg)-l, of the square product matrix, E E. The matrix
inversion is the only tedious step, and here involves inversion of a 4 x L
matrix. When the inverse matrix, @’ g)"l, is obtained, it is to be mlti-

plied by Eto give the desired M matrix.

L. Calculations of the Matrix M = [(EE)” El.

The data used were those of Shéw et al. (39,40) and are tabulated in
Table VIII.

The matrix inversion was performed for several different combinations
of wavelengths in an attempt to find the matrix [(_ﬁ: E)-l E] = M which
would give the best results in the calculation oi-’ the compositions of
synthetic mixtures. The following choices of wavelength were carried

through the matrix inversion: (continued on p. 81)
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ULTRAVIQLET ABSORPTION OF ERGOSTEROL AND IRRADIATION PRODUCTS
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)\,g Ergosterol Lumisterol Tachysterol Calciferol Precalciferol

£ Values in Absolute Ethanol

lcm

2300
2320
2340
2350
2360
2370
2380

24,00
24,20
2LLo
2450
24,60
2470
21,80
2490

2500
2510
2520
2530
2540
2550
2560
2570
2580
2590

2600
2610
2620
2630
26L0
2650
2660
2663
2670
2680
2690

Lh.7

L5.2

51.4

32.3
33.1
3k4.8

37.7

L.k
L6.L
53.0
60.4
69.5

80.3

96.9
107.6

121.3
128.3
136.2

152.4

169.7

184.3
189.0
194.9
200.2
2% o3
207.5

218.5

136

172

229
258 .2

303
320.0

396

L51.5
169 .6
Lok

525
551
583.6
590

27
260

282
298

324
339

361
377

399
412
L3k

u39.5
LL5

463
L70
L72.3
L74 .0
L75
473.8

Lé9

156

154

169

189

210

217

225
226.7

230

227.3
225.8
22l

220.5

21L.9

Contimed



TABLE VIII - Contimued

79

o
)\.,A Ergosterol Lumisterol Tachysterol Calciferol Precalciferol

2700
2710
2715
2720
2730
2740
2750
2760
2770
2780
2790

2800
2810
2820
2830
2839
28L40
2850
2860
2870
2880
2890
2895

2900
2910
2912
2920
2930
2935
290
2950
2960
2980

3000
3010
3030
3050
3070
3100
3125
3150

281.5
290.2
290.5
289 02
280.0
265.5
252.7
245.6
2,47 00
258.4
272.2

288.2
301.5
306.0
296.4
275.5
271.7
24,0.3
209.0

165.9
157.7
157.2

158 03
162.9
164.0
168.4
172.6
174.0
173.6
167.0
148.4

89.3

L2.5
29 08
8.2

2.6
0.8

232.3
235.6
237.0
238.0
236.4
233.1
231.0
226.9
22l .7
223.7
223.7

223.7
222.5
219.3
213.5
203.7
202.5

177.9
152.4

137.2
133.3

125.8
121.3

112.8
110.1

92.3
69.1

L6.L

Nw e k;

0
.1
3
9

602
609
611
614
620
631

668

718
737

LS
72
728

679.5
677

631
617
609
608
608

608
607
606
599

572.5
561

L81
386

307

177

118

98
82

L58
Lh7.1
Ll

L12
397.5
38L

353

3Lo
306.0
290
275.5
273.9
258

227
210.1

188.7
181

164.0
153.5

134.6

119
107.7

70

38
18

207
199.5
197.1

182
176 .8

158.8
152

137.2
12l4.2
123 -6
117.
98.1

89.0
86

79
74.3

66.0

58.5
53.2

37.5

22
12.5

The above values were obtained from large scale plots drawn from tabu-
lated data that were kindly furnished by Shaw (LO), and were used for

the calculation of the matrix M in cases 1-L.

Contimued



TABLE VIII - Contimed

o)
)\ s& Ergosterol Lumisterol Tachysterol Calciferol Precalciferol
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2500
2600
2650
2700
2750
2800
2850
2900

97.0
186.0
213.0
276.0
257.5
282 05
250 .0
159.0

95.0
170.0
200.0
231.0
228.5
22).5
189.0
133.5

225.0
394.0
Lg2.5
601.0
655.0
7L3.0
657.5
607.0

399.0
L61.0
L75.0
459 .0
408.0
340.0
257.5
182.5

209.0
230.0
223.0
208.0
181.0
153.0
118.0

85.0

The values listed above were obtained from enlarged plots of the figures

presented in the paper by Shaw et al. (39) and were utilized for the

calculation of the matrix M in Case (0).
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(0) Bight wavelengths - 2500, 2600, 2650, 2700, 2750, 2800, 2850,
and 2900 £. Data for this case were taken directly from
enlarged plots of the figures from Shaw et al. (39). For Cases
1-4, data were taken from large scale plots drawn from tabulated
data furnished by Shaw (L0).

(1) Twelve wavelengths at intervals of 4O X from 2520 to 2960 .

(2) Twelve wavelengths including the maxima and minima of the
components of the mixture, i.e., 2500, 2600, 2630, 2650, 2715, .
2720, 2760, 2790, 2800, 2820, 2895, and 2935 . |

(3) Twelve wavelengths including points of intersection of the
ergosterol curve with those of the other components and maxima
and minima of the other components, i.e., 2500, 2550, 2600,
2650, 2663, 2720, 2790, 2800, 2820, 2839, 2895, and 3000 £.

(4) Twelve wavelengths including the maxima and minima of ergosterol
and points of intersection of the ergosterol absorption curve
with curves of the other components, i.e., 2500, 2550, 2630,
2663, 2715, 2760, 2820, 2839, 2895, 2912, 2935, and 3000 %.

The matrices M and the determinants (E E)™ are presented in

Table IX.*

S. Applicability of the Calculated Matrices
The calculated matrices M were checked by applying them to spectral

data obtained on synthetic mixtures consisting of ergosterol, lumisterol,

*‘rhe matrix inversions were, with the exception of case (0), carried out
on the MISTIC Computer at Michigan State University; the author is
indebted to Miss Susann Brimmer for carrying out the calculations on the
computer.
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and calciferol in isopropyl alcohol in varying proportions. These were
the same solutions employed to verify the Beer-Lambert-Bouger Law. Bach
of the matrices described above was applied to six synthetic mixtures,
and the calculated compositions were compared with the known values for
the composition. The application of the matrices M to spectral data of
the synthetic mixtures requires the value Ag '(cf. Equations IV-19 to
IV-25); this is the value of the absorbancy of an ergosterol solution of
concentration equivalent to the sum of the concentrations of the mdiv:idua'l.
components of the given synthetic mixture. A value of Ag_ was calculated
from the sum of the concentrations of the given synthetic mixture and the
%:m values for ergosterol that were furnished by Shaw et al., cf. Table
VIII. The results are summarized in Table X.

It is to be noted that although all five components were not present
in the synthetic mixtures, the matrix M was calcuiated from ultraviolet
absorption data for the five components. Therefore, compositions for
components at zero concentration also serve to establish the validity of
the computational procedure.

An %over all* standard deviation defined as

ZZ[( Calculated fraction of _ (known fraction of component 2
¢ i - component i in mixture) i in mixture) ]

+
30

--where the index i refers to a summation over the five components, ¢ refers
to a sumation over the six mixtures and the value 30 is the total mmber
of "determinations®--was employed as a basis for selecting the best matrix

M. The values for the standard deviation are given in Table XI.
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TABLE X

CALCULATED COMF CSITIONS QF SYNTHETIC MIXTURES
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Matrix M
Calculated Known
Component Percent Composition of Synthetic Mixture Percent
(0) (1; (2) (3) () Composition
Mixture 1
Lumisterol 80.5 T79.3 83.4 80.0 81.3 T7.3
Tachysterol -0 09 -0 ou "0 02 -O 07 "0 08 0
Precalciferol -8.1 -5.7 -7.2 -7.8 -8.3 0
Calciferol 26.7 25.7 25.7 26.2 26.44 22.7
Ergosterol 1.7 1.2 -1.7 2.3 1.4 0
Mixture 2
Lumisterol 61.0 56.4 Lyn 60.1 50.9 53.1
Tachysterol 2.5 -2.1 2.0 -L.4 -3.9 0
Precalciferol =-7.1 -4.9 -4.0 -12.6 -7.7 0
Calciferol 50.0 L9 .4 L8.1 52.1 50.1 L6.9
Ergosterol -1.1 1.2 0.5 3.9 10.5 0
Mixture 3
Iumisterol Ls.3 32.6 35.0 51.4 33.0 27.4h
Tachysterol -1 07 0.l -0 08 "2 02 -1 05 0
mc&lciferol -15 ol "'h 03 "8 07 -18 01 -10 a).,l O
Calciferol 80.2 76.5 77.0 81.3 78.2 72.6
Ergosterol -8.7 -5.0 -2.6 =12.4 0.7 o
Mixture ’;l
Lumisterol 73.9 78.8 82.5 84.3 81.8 4.3
Tachysterol -2.2 -1.0 -1.1 -1.1 -1.0 0
Precalciferol -8.2 -6.5 -8.2 -9.1 -8.0 0
Calciferol 3.0 2.1 2.2 2.6 2.2 0
Ergosterol 33.5 26.5 2.6 23.2 25.0 25.7
Mixture 5
Lumisterol L2.2 53.8 50.2 L7.6 50.2 L9.1
Tachysterol -0.7 -1.6 -0.8 -0.5 -0.6 0
Precalciferol 1.0 -4.5 -2.2 -0.4 -1.5 0
Calciferol -0 05 2 ol '005 ‘003 002 O
Ergosterol 58 .0 50 ] 53 03 53 03 51 07 50 09
Mixture 6
Lumisterol 8.3 31.6 31.1 24.6 31.2 24.3
Tachysterol -1.7 -0.6 -0.7 -0.1 -0.5 0
Precalciferol =-2.7 -9.1 -7.6 -L.9 -7.5 0
Calciferol 1.9 3.2 3.0 1.8 2.9 0
Ergosterol 94.3 75.0 4.2 78.7 73.9 75.7
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TABLE XI

STANDARD DEVIATIONS OBTAINED FOR EACH M MATRIX

(Standard deviation in percent of
Matrix M component in mixture)

7.7
+3.8
L.
7.7
L.9

= w N o
+ I+

The results demonstrate the effectiveness of employing a larger
mmber of wavelengths, (i.e., utilizing more experimental data), since
with the exception of the results obtained from matrix 3, the results
obtained from the matrices based on twelve wavelengths were superior to
those obtained from the eight wavelength matrix. Of the twelve wavelength
matrices, matrix 1--which was based on equally spaced wavelength inter-
vals-~yielded the best results.

It was originally believed that more significant information would
be obtained by use of wavelengths at which the absorptivities of other
components intersected that of ergosterol, since at these intersections
the difference from the initial ergosterol absorption is attributable
entirely to the non-intersecting components. However, matrices 3 and L,
which were based on the intersection points (plus other wavelengths)
ylelded results inferior to those obtained from matrix 1 (equal wave-
length intervals) and matrix 2 (based on the maxima and minima of

components). Apparently, any advantage gained by the elimination of a
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given component at the paint of intersection with the ergosterol curve
was offset by the zero value introduced into the calculations.

Matrix 1, which was based on equal intervals of wavelength in the
significant region of the spectrum was selected as the matrix capable of
yielding the best results on the basis of the above comparison. This
matrix was applied to five more synthetic mixtures to further establish
the validity of the procedure. Results obtained with matrix O are also
included for comparison purposes and the results are presented in
Table XII.

An %overall" standard deviation was calculated for matrices O and 1
utilizing the data for eleven mixtures or 55 determinations. The values

for the standard deviation ars:

(Standard Deviation in Percent

Matrix M of Component in Mixture)
(0) 7.6
(1) 4.0

These results are comparable to those obtained by the use of the values
from only six mixtures. In addition, a standard deviation for individual

components defined as

E , (Calculated fraction of component _ Known fraction of 2
c in mixture component in mixture)

I+

1

--where the index ¢ refers to a summation over the eleven mixtures for a
given component--was calculated for matrices O and 1. The data are

sunmarized in Table XIII.
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TABLE XII

CALCULATED COMPOSITIONS OF SYNTHETIC MIXTURES

Component Calculated

Percent Composition
Matrix M Lumisterol Tachysterol Precalciferol Calciferol - Ergosterol

Mixture 7
True Comp. 0 0 0 22.1 17.9
(0) -8.9 -0.6 1.7 22.3 85.6
(1) 8.2 -1.0 -5.7 25.1 3.4
Mixture 8
True Comp. o] 0 0 46.0 54.0
(0) lc8 -102 "’408 h859 5502
(1) 0.9 -0.5 . =3.2 L8.L 5L4.5
Mixture 9
True Comp. 0 o] 0] 71.9 28.1
(0) 14.3 -2.4 -13.0 79.1 22.1
(1) hol "105 "6 h 770h 26.5
Mixture 10
True Comp. 34.3 (o] 0 30.2 35.5
50; 22 02 '3 .0 -6 -9 3’-‘ 03 53 oh
1 37.2 -1.8 -T7.7 34.3 37.9
re 1l
[ ] . 20.0 0 0 17.7 6203
(0; lhoB -203 -602 1900 7502
1506 "008 "'3-1 1706 7008

(1
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TABLE XIII
STANDARD DEVIATION OF INDIVIDUAL COMPONENTS

Matrix M
Standard Deviation in Percent

Component of Component in Mixture
(0) (1)

Lumisterol + 10.3 +L4.8
Tachysterol + 1.9 +1.2
Precalciferol + 8.0 +5.8
Calciferol + 4.0 * 3.2
Exgosterol + 10.1 + 3.4

The data presented in Table XIII demonstrate further the improvement
e ffected by the utilization of data from a large mumber of wavelengths.
A =3 one would expect, higher deviations were obtained for lumisterol,
pxrecalciferol, and ergosterol than for tachysterol and calciferol,since
tXae absorption curves of the former are quite similar. It would not be
r<asonable to attribute the low deviation obtained for tachysterol to
thae absence of tachysterol in the synthetic mixtures, since precalciferol
V& s also absent and it shows a high deviation which may more reasonably
be attributed to similarity in spectra.

Matrix 1--the twelve wavelength matrix which was based on equally

Sp&aced wavelength intervals--was employed in the kinetic studies.
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V. IRRADIATION RESULTS
A. Application of the Matrix Method to Sharpe'!'s Data

Neglect of precalciferol as a component of the irradiation mixture
in the original treatment of Sharpe!'s data invalidated the results of
his calculations. The matrix methoé, employing matrix (0), was applied
to Sharpe!s data to obtain further verification for the computational
analyticai procedure on actual irradiation mixtures and to re-evaluate
the irradiation data. Matrix (O) is based on absorbancy data at the same
wavelengths employed by Sharpe in his curve fitting treatment. Several
calculations were also made from the utilization of matrix (1), but the
results were inferior to those obtained with matrix (0) since it was
necessary to use interpolated values of the absorbancy data. Sharpe
had not reported absorbancy data at wavelengths which coincided with
the wavelengths employed by matrix (1).

Compositions were calculated as functions of time of irradiation
from Sharpe's .data for irradiated solutions at five wavelengths of
irradistion--2537, 2654, 280k, 2967, and 3132 A°--and employing four
solvents--n-hexane, cyclohexane, diethyl ether, and 95% ethanol. The
source and monochromator employed by Sharpe w;re identical to the com-
ponents employed in this investigation; a slit width of 2.50 mm. was
used for all his irradiation runs. The thickness of the irradiation
cell was 0.57 mm. and the initial concentrations of ergosterol were

approximately equal in the various solvents (about 0.02 gm./100 ml.,
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so that the absorbancy was roughly 0.3 at 2710 A°). The results are
reported as welght percentages and are summarized in Tables XIVa-XIVe.
Plots of concentration vs. time were made for the recalculated c@m
sitions, cf. Figures 13a-1 to 13e-l.

Any evaluation of the recalculated results was necessarily limited
to qualitative interpretation because of the absence of sufficient
actinometric data and the high standard deviation of the results obtained
with matrix (0). The application of the matrix method to Sharpe's data
demonstrated that the computational procedure could be applied té) actual
irradiation mixtures as well as synthetic mixtures. Reasonable values
were obtained for the decay of ergosterol and build-up of irradiation
products. The compositions obtained by the matrix method are in general
accord with other analyses of irradiation mixtures as will be discussed
below.

Negative values which consistently became more negative with increas-
ing irradiation time were obtained for the concentration of calciferol.
However, the differences between the negative concentrations of calciferol
and a value of zero were generally less than the value of the standard
deviation for calciferol, except for irradiation mixtures for which the
percent conversion of ergosterol was quite high. The consistent growth
of negative values might be attributed to the formation of a spectro-
scopically active substance which was neglected in the matrix formulation.
It is evident from the results that under Sharpe's experimental conditions »
ergosterol was converted at a rapid rate and ovez;-irradiation products

may have been formed; his use of very thin unstirred cells would tend to
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TABLE XIVa

COMPOSITION OF IRRADIATION MIXTURES--2537 A°
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Time, Calculated Composition, Percent
Min. E L T P D
Ethyl Ether--Run Code 211
5 7605 50’4 2.8 1502 -1.0
10 60.6 L.9 8.4 26.1 -3.5
20 38 00 1)-‘ Oh 19 Oh 3,4 07 -6 ah
30 23 09 lhol 27 07 hhol "9 .8
954 Ethanol--Run Code 221
s 81.8 -3.6 L.1 19.3 -1.7
10 61.5 3.6 12.1 25.5 -2.7
20 hs. 008 27 03 3102 -ho6
” 29 02 608 39 -7 29 03 "5 ol
hs ls.h 7 08 52 .6 32 oh -802
60 7.7 10.5 58.6 33.0 -9.8
90 609 302 63 00 ).1002 -13 03
n-Hexane--Run Code 231
5 7‘4 08 509 3 -8 18 oh "3 .0
10 58 01 606 11.0 27 08 "3 oh
20 32 05 10 -h 23 o8 39 09 -606
30 23.3 1.6 30.1 58.6 -13.5
Cyclohexane--Run Code 241
5 79.9 5.4 1.4 1.2 -0.9
10 66 oh 608 7 oh 20 09 -1 oh
20 5007 203 18 09 32 07 "h 06
30 36 09 '003 27 0)4 h3 08 -8 ol

*Glossa.ry of Symbols in Table: E = Ergosterol; L = Lumisterol; T =

‘Tachysterol; P = Precalciferol; D = Calciferol (Vitamin D,).



TABLE XIVb
COMPOSITION OF IRRADIATION MIXTURES--265L A°

—

Calculated Composition, Per cent

E L T P

EBBw

88bn

Ethyl Ether--Run Code 311

71.8 4.5 3.5 22.9
Sk.l 5.5 11.5 31.2
29.3 17.6 19.2 39.8
17.7 11.8 38.0 38.1
5.8 29.0 23.8 L40.1
25! Ethanol--Run Code 321
73.0 2.5 1.0 21.8
Sh.l 5.5 n.s 31.2
28.0 5.5 26.7 39.8
17.7 11.8 38.0 38.1
n-Hexane--Run Code 331
68.7 6.5 1.3 22.3
5.5 .1 11.8 31.2
20.)4 18.7 24.9 L40.7
15.5 2.1 30.8 63.9
Cyclohexane--Run Code gg;
76 05 0 06 3 Oh 21 02
59 ‘8 2 '8 9 '7 29 09
39.5 0.8 22.9 1.4
30-8 ‘1002 32 02 5609




TABLE XIVc

COMPOSITION OF IRRADIATION MIXTURES--280) A°

9k

Calculated Composition, Percent

Time, - osition, Percent
Min. E L T P D
Ethyl Ether--Run Code 411
5 83.1 -0.3 1.0 15.5 0.8
10 79 08 "'3 98 -3 oh 28 ol -007
20 5002 -006 9 05 h3 02 "2 02
30 33 02 3.0 1508 5008 -2 .8
& 1209 "1 09 28 oh 67 .0 -6 oh
95% Bthanol--Run Code 421
5 8ly.ls -0.2 0.9 16.6 -0.8
10 7002 1.0 3o1 2608 '1-1
20 142o3 13 03 806 37 03 "106
30 36 09 5.6 13 06 )-I»606 -2 07
& 1603 909 25 os 51 '9 "3 06
90 9.3 L.0 34.8 57.5 -5.6
120 6 oh 0 .0 m 02 60.2.1 ‘7 .0
n-Hexane--Run Code 131
5 81.8 1.9 0.6 16.2 -0.5
10 63.5 6.9 3.1 27.2 -0.7
20 ho 09 11 03 9 ol 39 06 -1 .0
30 26 oh ll 07 15 o7 Ll.a 03 -2 ol
& 11 .O 'l .0 27 06 69 03 -5 o9
Cyclohexane--Run Code LLi1
82.0 6.2 0.1 10.9 0.8
10 68.1 8.2 2.0 - 21.3 0.4
20 h8 0)4 8.7 ?03 36-6 "'1 ol
30 33 00 ]-0 06 13 ol l‘h a? "1 oh
60 1602 108 2507 &09 "hos
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TABLE XIVd

Calculated Composition, Percent

Ethyl Ether--Run Code 511

COMPOSITION OF IRRADIATION MIXTURES--2967 A°

Time,

Min.

aIogwnor
ownr =t 3h5n
R R R ;
FINQET QR QAW
R A =g o X- o XVo)
1.1;1)MM#DMW,DnU

wm Nt~ 0NONO 3
e o o o o o o o

~0O m
°F3eg g

OV AN N NN
* o o e o o e o

D.AunDQUquJIO\u
J~ ~ !

9.6

8L4.L
80.7
55.2
L3.3
31.9
16.6
15.1

-L.9
-4.0
-3.5
L.7
"2 ol
2
‘l .0

n-Hexane--Run Code 531

954 Ethanol--Run Code 521

88.0
77k
59.5
38.7
29 .7
18 -9
10.1

20
30
90

Nadgidey
FYCYFINT

10.5
22.5
32.3
L2.1
53.8
65.2
74.0
83.5

O+ OO -0 0~
L] L] L ] L] L] L] L ] L]
O NSO MO O O\

s kalula
S~ IN00O0~0W\n
L] . L] [} e L] L] °

@ @
S2A2R1”d®°
VR oy 7@
@ 3
2RI~

Cyclohexane--Run Code 54l

-2 .6
3.6

-1.0
-1.0
"h o)-l
-5.1
-6.9

-0.8

1.2
2L.0
37.6
L8.4
59.2
65.7
70.8
78 Ol

INO®-ITOOVON
L] . L] L] L] L] L] L]

SNIoagnad

QRN
O M~ 3

9.5

85.9
71.3
57.3
39.1
22.0
16 05
10.2




TABLE XIVe

COMPOSITION OF IRRADIATION MIXTURES--3132 A°

Time, Calculated Composition, Percent

Min. E L T P

Ethyl Ether--Run Code 611

10 9.1 L.2 0.0 2.6
30 96.4 -3.1 0.2 9.3
60 85.3 L.l 0.4 1.4
120 73.3 9.3 -0.4 25.0
95% Ethanol--Run Code 621
5 101.6 -4.5 0.1l 3.4
20 96 -5 —0 -8 00)4 )4.7
60 86.5 -3.2 6.8 11.4
90 88.4 -3.5 1.5 15.4
120 83.9 =2.7 2.1 18.7
180 78.8 -2.5 2.6 23.9
21,0 72.0 -1.3 3.5 29.5
300 67.2 1.8 3.2 31.1
360 64.1 -1.2 L.l 38.1
hBO 59 -9 -3 05 hos h6 .1
n-Hexane--Run Code 631
15 93.5 3.8 0.3 3.0
30 94.8 -0.6 0.3 7.0
60 86.4 2.1 Q.7 13.8
90 81.7 1.8 0.9 20.0
120 77.1 1.5 1.2 26.2
180 65.3 3.7 2.1 38.6
Cyclohexane--Run Code 641
5 98.8 0.5 -0.1 1.3
10 97.3 1.8 -0.4 1.2
20 95.1 1.0 0.0 L.8
30 95.2 0.3 -0.3 5.5
us 92.7 -0.1 -0.1 8.9
60 89.5 -0.2 0.7 13.7
90 80.2 3.5 1.0 19.0
120 79 .6 -0.8 1.3 24.6
150 70.7 3.0 1.9 30.9
180 68.4 0.2 2.6 36.7
2140 7.6 2.7 3.2 L7.7
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maximize over-irradiation effects. However, regardless of the cause of
the build up of apparent negative concentrations, the occurrence of such
values does not detract from the validity of the results, since the
negative values were generally less than the value of the standard
deviation except for very high percentages of conversion of ergosterol.
Small negative values were also obtained for tachysterol in a few in-
stances. In all such cases the concentration of the component was
considered to be zero.

A remarkable result indicated by the calculations is that calciferol
is not formed in appreciable quantities during the irradiation, although
precalciferol is always the predominant product, except in some instances
of high percentage conversion of ergosterol. The other products of the
irradiation mixture, tachysterol and lumisterol, are formed in minor
amounts and their relative abundancies are dependent on the conditions of
irradiation. It would appear that nature has designed a reaction, which
is remarkably free of major side reactions, to produce the desired physio-
logically active material, calciferol.

The absence of calciferol in irradiation mixtures which have been
formed at room temperature may be attributed to the slowness of the thermal
conversion of precalciferol to calciferol at room temperature. This
observation with respect to calciferol formation substantiates the hypothe-
8is that calciferol is not a primary photochemical product of the irradi-
ation of ergosterol. Further substantiation of this hypothesis is afforded
by evidence reported by Havinga and co-workers (47); they have observed

that calciferol was not formed during irradiation of ergosterol at -180° c.
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At this low temperature, the thermal reaction undoubtedly would have
been suppressed.

The recalculated Sharpe data are also in accord with compositions
of irradiation mixtures which have been reported by Havinga's group (33,3L).
In more limited kinetic studies, they have irradiated ergosterol in
ethanol at 2537 A°. The concentrations of ergosterol, tachysterol, and
precalciferol were obtained as functions of time of irradiation.

Ergosterol was determined by digitonin precipitation; tachysterol and
precalciferol were determined by the antimony trichloride colorimetric
procedure (29). They have reported that ergosterol is converted to precalci-
ferol in a yield of 85% and the remainder of the conversion product consists
of tachysterol. In addition they report that irradiation of precalciferol
results in the formation of tachysterol in almost quantitative yield.

The latter observation is in accord with Sharpe's data obtained at low
irradiating wavelength, i.e., 2537 and 265 A°, in which tachysterol was
obtained in relatively high abundance during the latter stages of the
irradiation, after a build up of precalciferol had occurred.

The compositions of the irradiation mixtures obtained by the applica-
tion of the matrix method of spectral data are also in general accord with
data reported by Shaw and co-workers (39 ),which were obtained by application
of the antimony trichloride colorimetric procedure and a direct spectro-
photometric technique to the chromatographic fractions of irradiation mix-
tures. They chromatographed the irradiated mixture on alumina employing

the procedure described in the experimental section.
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Qualitative conclusions have been drawn with respect to the effect
of wavelength of irradiation and solvent on the relative abundances of
the products of the reaction and the rate of disappearance of starting
material. Since lumisterol was formed only in minor amounts and the
standard deviation for lumisterol was * 10.3%, it was not possible to
determine the effect of solvent and wavelength on lumisterol formation with
any degree of certainty, except in the case of long wavelength irradiation--
i.e., 2967 4°-- when appreciable amounts of the compound were formed.
Because of the above consideration and the scatter of the calculated
lumisterol concentration, plots of concentration vs. time were only drawn
for lumisterol when appreciable amounts of the compound were found or when
the scatter was not present.

In order to facilitate the deduction of solvent and wavelength effect,
comparison of the compositions of the irradiated solutions were made at
50% conversion of ergosterol. The results are summarized in Tables XV and
IVI.

In general, for a given wavelength of irradiation (with the exception
of the very longest wavelength of 3132 Ao) the reaction proceeds most
rapidly in n-hexane. It is not possible to draw further conclusions. from
the data of Table XV, since the time for 50% conversion does not vary sig-
nificantly for the other solvents. Precalciferol abundance was relatively
independent of solvent at a given wavelength of irradiation, with the
exception of irradiation at 2967 A° 3 there is a particularly large difference
between the amounts of precalciferol in 95% ethanol (L47.5%) and in n-hexane



TABLE XV

SOLVENT EFFECT ON RATE OF DISAPPEARANCE OF ERGOSTEROL

Wavelength Relative Time for 50% Convers ion
Solvent 2537 AC  265h 2° 2804 &° 2967 A° 3132 ACTF
Diethyl Ether 1.00 1.00 1.00 1.00 1.00
954 Ethanol 1.25 1.04 0.87 1.06 2.54
n-Hexane 0.89 0.76 0.74 0.63 1.10
Cyclohexane 1.36 1.21 0.87 0.91 1.23

*Based on a value of 1.00 for the 50% conversion of ergosterol in
diethyl ether at the given wavelength.

**Time for 0% conversion; extrapolated in some cases.

(28.2%). At the shorter wavelengths of irradiation, 2537 and 2654 A°,
the formation of tachysterol is clearly greater in 95% ethanol and cyclo-
hexsne than in diethyl ether or n-hexane. The latter distinction is not
as discernible at the longer wavelengths. Because of the limitations of
the analytical data with respect to the concentration of lumisterol, the
effect of sqlvent on the abundance of this component cannot be deduced
with & ressonable degres of certainty. However it should be noted that
lumisterol was formed in significant amounts only in n-hexane and diethyl
ether.

The detailed interpretation of these results will be presented in a
later section. However, it should be pointed out that, as reported by
Sharpe (37), the solvent effect appears to correlate with solvent viscosity.
The viscosities of the solvents employed in Sharpe's work are listed on
p- 112 (53) '



TABLE XVI

SOLVENT AND WAVELENGTH EFFECT ON PRODUCT COMPOSITION

Wavelength Composition, Percent*
Product 2537 A° 2654 A° 2804 A° 2967 A° 3132 A°

Diethyl Ether

L 9 05 7 t.O - - -

T ll -9 ll 03 10 05 6 .0 -

P 31.2 32.1 L3.9 38.0 L2.4L
255 Ethanol

L -- 5.2 - - -

T 22.2 13.1 7.2 8.6 5.9

) 4 30.5 32.0 36.2 L7.5 L3.7
n-Hexane

L - 12.0 9.8 17.2 --

T 13.7 10.7 7.8 L.0 2.2

P 31.1 2955 34.5 28.2 L3.0
Cyclohexane

L - - - - -

T 17.0 15.6 6.9 6.0 3.0

) 4 31.7 35.9 33.9 LO.5 L45.0

*Compos%tion at 50% conversion of ergosterol except for irradiations at
3132 A" in which case the compositions are given for LO% conversion of
ergosterol.



Temp (e)rat.ure s Vis cos ity,
Solvent C. Centipoise
Diethyl ether 25 0.222
n-Hexane 25 0.294
Cyclohexane 17 1.02
95% Ethanol 25 2.35

The rate of disappea.rance of ergosterol was generally most rapid in
n-hexane and in diethyl ether, solvents of low viscosity; however, the
data are not consistent for diethyl ether, showing good agreement at
2537, 2654, and 3132 A°., but slower disappearance of ergosterol than

in higher viscosity solvents at 280) and 2967 A°. Lumisterol was formed
in significant quantities only in the solvents of low viscosity, n-hexane
and diethyl ether, while tachysterol abundance was greatest in solvents
of high viscosity, cyclohexane and 95% ethanol. Attributing the solvent
effect in Sharpe's results exclusively to viscosity is open to criticism,
however, since t.l;e solvents used also differed structurally. Functional
groups such as the hydroxyl group of ethanol may have caused certain
specific effects by interaction with the components of the irradiation
mixture.

The observed wavelength effect can be attributed largely to the
relative wavelength variations of the absorption spectra of the components,
leading to operation of the "inner-filter effect.® This effect can be
evaluated and the results compared independently of it by means of quantum
Yield calculations based on a kinetic study, as reported in a later

section of the present work.
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B. Irradiation Results--Kinetic Study

The present investigation of the photochemical isomerization of
ergosterol was undertaken to obtain data from which a quantitative kinetic
analysis could be made. Sharpe'!s recalculated results were utilized in
the planning of this experimentil. work. Before presentation of the
quantitative treatment, the results of this investigation will be dis-
cussed in a qualitative mamer. _

Sharpe's results indicated the occurrence of a solvent effect which
might be at’;ributed to the viscosity of the solvents, but the observed
effect could also be attributed to a specific polar interaction, since
the solvent of highest viscosity, 95% ethanol, was also a polar solvent.
Still another possible explanation of the solvent effect in Sharpe's
results is that the use of thin, unstirred cells may have led to a_diffusion
controlled process, in which the same molecules tended to remain in the
more intense portion of the beam to undergo successive radiational changes.
This would lead to greater tachysterol build-up in more viscous solvents,
where the initially formed precalciferol would absorb another quantum of
light to undergo the next step without diffusing out of the mostv intense
portion of the beam. It was noted by Sharpe, however, that the solvent
effect can not be attributed solely to such factors, since it has been
observed by other investigators irradiating refluxing solutians.

The uncertainty of interpretation of the solvent effect was resolved
in this study by employing structurally similar solvents to obtain a
variation of viscosity, and by carrying out the kinetic studies in stirred



cells of 1.0 cm. thickness. Under Sharpe's conditions of irradiation, the
reaction proceeded rapidly and the probal;ility of occurrence of over-
ixrradiation products was increased. The rate of the reaction was decreased
in this study by employing narrower slit widths and a larger volume of
solution in the cell. The use of narrow slit widths also increased the
degree of monochromaticity of the radiation, which yielded more definitive
results on the effect of wavelength.

Concentrations of the irradiation mixtures of the current study were
calculated by applization of matrix (1) to the ultraviolet absorption
spectra of the irradiated mixtures.® The data are presented in Tables
XVIIa-XVIIc, and in Figures llia~1l to lic-5. The results are expressed
as welght percentages; although results are presented to the third decimal
place, the figures do not possess this significance. It was convenient
in the computational work to carry out the calculations as presented in
the tables; the values employed in the kinetic calculations are those
tabulated. Results were appropriately rounded off at later stages of the
calculations.

The application of matrix (1) to the data of this investigation
yielded results quite similar to those obtained by application of matrix
(0) to Sharpe's data. However, in the calculations based on the present
study, the consistent growth of negative values for calciferol was not
observed. The negative values that were obtained were generally of
smaller magnitude, and the values were more uniformly scattered about the

zero concentration level.

* .
The absorbancies of the irradiated solutions are tabulated in Appendix II.
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TABLE XVIIa

COMPOSTTION OF IRRADIATION MIXTURES--KINETIC STUDY--2537 A°
(S1lit Width 1.50 mm.)

mn—
——

Time, — Calculated Composition, Percent N
Min. E L T P D
Isopropyl alcohol--Run No. III-10
Initial Conc. of Ergosterol 0.00242 gms./100 ml.
20 92.518 2.555 0.710 5.310 -1.093
90 80.430 L.645 2.499 14.917 -2.491
185 Th.233 1.012 5.487 20.797 -1.529
305 58.802 5.413 11.356 25.8L45 -1.416
365 55.186 3.072 14.752 29.136 -2.146
L10 48.88L 5.585 17.386 30.789 -2.6LL
20% Glycerol--Run No. III-1L
Initial Conc. of Ergosterol 0.00242 gms./100 ml.
Lo 90.805 1.559 1.071 7.413 -0.848
60 89.843 -2.774 1.876 12.476 -1.421
90 85 o?& -1 ol& 2 0356 13 0819 -0 0709
180 76 0395 -0 0550 5 ‘WS 20 0269 "1 .209
n-Hexane--Run II1I-22
Initial Conc. of Ergosterol 0.00216 gms./100 ml.
20 92.476 5.222 -0.372 2.730 -0.056
).‘0 90 cu.‘é 3 . 69)4 -0 0309 7 0587 '1 ohls
90 84.206 2.250 1.038 15.087 -2.581
120 81.904 1.932 1.479 17.369 -2.684
185 74 .562 1.782 3.702 23.528 -3.574
330 57.742 L.101 10.164 33.520 -5.527
k2o 47.752 5.205 15.261 38.395 -6.613

Continued



TABLE XVIIa - Contimed
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ﬁ.l.,
Min.

Calculated Co.

e——

L

mposition, Percent
T )4 D

——

20% Mineral 0il--Run III-18

Initial Conc. of Ergosterol 0.00216 gms./100 ml.

20
4o
60

90
120

185
2u0
330
Lol

95.71h
93.773
88.661
85.753
80.078
75.397
67.822
60.247
51.300

0.6L46
-1 0388
0.707
-0.977
2.106
-4 .9L8
-3.711
'h 0)426
"0 o72h

-0.313
0.535
0.832
1.716
2.315
5.540
8.209

12.623

15.911

5.616

9.007
12.188
15.633
17.472
27.194
32,255
38.753
L4O.742

-1 0“3
-1.927
"2 0388
"2 0125
‘1 0971
'3 0183
=L .5LS
=7.197
‘7 0229




TABLE XVIIb

COMPOSITION OF IRRADIATION MIXTURES--KINETIC STUDY--280L A°
(S1it Width 2.00 mm.)

17

Time, Calculated Composition, Percent
Min. E L T P D
Isopropyl alcohol--Run No. II-1)
Initial Conc. of Ergosterol 0.002)2 gms./100 ml.
b 93.156 0.819 0.558 7.650 -2.183
29 91.051 -1.402 0.519 11.431 =-1.499
L9 8L .698 0.330 0.016 15.733 -0.777
58 78.528 0.540 1.580 21.143 -1.791
88 71.398 -2.315 3.470 30.422 -2.975
18 67.989 -5.637 5.L55 3L4.206 -2.013
213 51.396 -7.070 10..,88 L7 .010 -1.824
273 39.782 -3.31 1L.946 50.547 -1.961
318 35.7L9 -1.816 16.993 51.190 -2.116
20% Glycerol--Run No. II-9
Initial Conc. of Ergosterol 0.00242 gms./100 ml.
15 92.806 -0.852 1.234 9.848 -3.036
30 8L.627 2.646 0.763 13.389 -1.425
L5 83.653 -1.52} 1.177 18.370 -1.676
60 72.629 3.918 2.523 23.402 -2.472
90 73.372 -3.753 3.082 28.794 -1.495
120 65.843 -2.474L 3.702 33.350 -0.421
150 58.432 -4.218 6.550 40.633 -1.397
240 L5.L490 -6.4L68 12.943 50.592 -2.557
305 38.730 -9.038 16.038 53.372 0.898
365 38.157 -10.959 16.384 58.533 -2.115
n-Hexane--Run No. II-18
Initial Conc. of Ergosterol 0.00216 gms./100 ml.
15 97 0185 -2 00314 "0 061)4 5 .3,46 0 0117
30 88.917 1.5L4 -0.545 0.930 9.154
Ls 7L .76k 9.5LL 0.188 9.041 6.L463
60 77.792 L.196 -0.12); 11.434 6.702
90 62.559 7.958 -0.863 23.678 6.668
120 60.39L -3.172 L.665 32.671 5.u42
150 55.042 =-3.733 6.082 37.508 5.101
230 38.240 -1.817 11.101 L3.566 8.910
290 25.970 2.070 16.062 Lu8.776 7.122
350 19.289 1.341 19.L464 SkL.257 5.649

Contimed
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TABLE XVIIb - Continued

Time, Calculated Composition, Percent
Min. E L T P D

20% Mineral 0il--Run No. II-2)
Initial Conc. of Ergcsterol 0.00216 gms./100 ml.

15 89.968 2.373 1.146 7.983 -1.470
59 77.892 -4.912 2.952 26.548 -2.480
89 6L4.939 1.697 3.940 31.883 -2.459
119 60.600 -2.315 5.382 39.6L47 -3.314
189 48.133 -3.337 9.552 48.174 ~2.522
249 L2.924 -7.962 13.781 56.338 -5.081

324 26.249 L.237 17.833 56.L47 -4 .766
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COMPOSITION OF IRRADIATION MIXTURES--KINETIC STUDY--2967 A°
(S1it Width 1.50 mm.)

Time, Calculated Composition, Percent —
Min. E L T P D
Isopropyl Alcohol--Run No. II-61
Initial Conc. of Ergosterol 0.002)2 gms./100 ml.
30 92.485 -0.650 0.975 9.628 -2.438
60 89.6L0 2.887 0.705 1.487 -1.945
90 79 .750 3.513 0.274 16.641 -0.178
120 75.518 1.523 1.419 23.60L -2.064
285 5L4.086 -1.956 6.274 L3.817 -2.221
375 41.699 2.297 8.760 18.916 -1.672
20% Glycerol--Run No. II-64
Initial Conc. of Ergosterol 0.00242 gms./100 ml.
30 89.691 0.768 1.247 10.16, -1.870
60 86.890 -2.749 2.073 16.771 -2.985
90 82.933 -4.071 2.115 22.010 -2.987
200 64.931 -2.935 L.536 35.245 =1.777
290 53.780 -2.720 T.397 L3.926 -2.383
n-Hexane--Run No. II-53
Initial Conc. of Ergosterol 0.00216 gms./100 ml.
120 73.855 L.3L0 1.500 2L.L41 -4.109
180 62.840 8.127 2.1469 29.151 -2.587
270 50.034 10.450 L.847 36.812 -2.143
330 LO.798 14.638 6.58, LO.258 -2.278
375 39.796 9.8LL 7.980 LL.781 -2.401
n-Hexane--Run No. II-67
Initial Conc. of Ergosterol 0.00216 gms./100 ml.
330, L3.939 10.3L5 6.290 38.071 1.355
330 132 0368 12 Oh92 6 ch37 39 016).‘ hadad
375* L40.993 6.132 7.88L LL.270 0.721
375 LO.394 7.988 7.932 LL.526 -
L35 33.783 9.886 8.985 L5.822 1.52)
L9s 25.432 14.613 10.558 L7.177 2.220
560 22.626 11.469 11.863 g2.ully 1.598

*Average compositions, II-53, II-67.
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TARLE XVIIc - Continued

Time, Calculated Composition, Percent
Min. E L T P D

20% Mineral 0il--Run II-57
Initial Conc. of Ergosterol 0.00216 gms./100 ml.

30 9L .1l1 3.175 -0.7l1 6.156 -2.731
60 89.528 -1.719 -0.036 14 .872 -2.6U45
90 80.134 2.733 0.858 19.742 -3.467
120 74 .658 2.309 1.167 2,.582 -2.716
180 63.755 3.703 2.989 32.896 -3.343
285 51.076 3.018 6.074 L3.9L9 -4.117
1,20 37.184 3.567 10.21} 54.019 -4 .98

LOZ Mineral 0il--Run No. II-70
Initial Conc. of Brgosterol 0.00216 ems./100 ml.

31 89.956 1.897 0.834 8.554 -1.241
61 80.954 3.2L46 1.572 16.735 -2.547
91 76 .026 3.596 1.709 20.071 -1.402
121 73.00) -0.409 2.591 26.917 -2.103
211 56.920 2.22) 5.139 38.126 -2.409
301 L46.318 0.950 8.205 L7.5L9 -3.022

391 36.658 3.322 10.61) 51.809 -2.403
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