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Je a n  3 .  B u r n e t t

AN ABSTRACT

The chroma “t o g r a p h i c  s e p a r a t i o n  of  s y n t h e t i c  m i x t u r e s  

of  pure c a l c i f e r o l  f r o m  p u r e  e r g o s t e r o l  h a s  b ee n  accom­

p l i sh e d  by u s i n g  a n  e t h e r  o r  e t h e r  -  h e x a n e  s o l v e n t  and 

an alumina or s u p e r f i l t r o l  a d s o r b e n t .  E t h e r  was f o u n d  

to  be the b e s t  s o l v e n t  a n d  e l u e n t  f o r  t h e  a c c o m p l i s h m e n t  

o f  the s e p a r a t i o n  b y  m e a n s  of  an  a lu m in a  a d s o r b e n t .

V/hen s u p e r f i l t r o l  was  u s e d  as  t h e  a d s o r b e n t ,  e t h e r  -  

hexane in  the r a t i o  o f  1 : 5  p a r t s  by volume was f o u n d  to  

be a very s a t i s f a c t o r y  s o l v e n t  f o r  th e  s e p a r a t i o n .

In o b t a i n i n g  a  c o m p l e t e  s e p a r a t i o n  o f  t h e  two 

compounds, the w e i g h t  o f  t h e  a d s o r b e n t  a n d  th e  h e i  g h t  

t o  which i t  was p a . e k e d  i n  the  c h r o m a t o g r a p h i c  t u b e  were 

ve ry  important .  a l u m i n a  gave  a v e r y  good s e p a r a t i o n  of  

t h e  two compounds ,  t h e  r e s u l t a n t  form o f  e a c h  b e i n g  pure 

and f r e e  from a n y  o t h e r  m a t e r i a l .  However,  t h e  l e n g t h ­

en ing  of the c o l u m n  a n d  t h e  r e s u l t i n g  b r o a d e r  b a n d i n g  

o f  each compound w i t h i n  t h e  column were f o u n d  to  b e  

u n d e s i r a b l e .  S u p e r f i l t r o l  gave a  v e ry  s h a r p  s e p a r a t i o n  

much more q u i c k l y  a n d  o n  a  very much s h o r t e r  co lu m n .  

However, a c o n v e r s i o n  o f  t h e  e r g o s t e r o l  i n t o  two 

i r r e l e v a n t  s u b s t a n c e s  t o o k  p lace  on  the  a d s o r b e n t  a n d ,  

w hi le  c a l c i f e r o l  a n d  e r g o s t e r o l  were  o b t a i n e d  f r e e  from
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e a c h  o t h e r ,  n e i t h e r  compound, was fo u n d  i n  t h e  e l u a t e  

c o m p l e t e l y  f r e e  f ro m  one o r  b o t h  o f  t h e  i r r e l e v a n t  

m a t e r i a l s .  Th is  o b s e r v a t i o n  lead ,  t o  a p a t t e r n  a n a l y s i s  

o f  t h e  c o n v e r s i o n  p r o d u c t s  and  a s  a r e s u l t ,  t h e  e l u a t e  

f r a c t i o n s  c o u ld  b e  a n a l y z e d  by a  s y s te m  o f  s i m u l t a n e o u s  

l i n e a r  e q u a t i o n s .  A l s o ,  t h e  c o n c e n t r a t i o n  o f  c a l c i f e r o l  

o r  e r g o s t e r o l  i n  t h e  t o t a l  e l u a t e ,  o r  any  f r a c t i o n  

t h e r e o f ,  c o u l d  be  d e t e r m i n e d  ©Xd c t l y .

The r e l a t i v e  an d  t o t a l  c o n c e n t r a t i o n s  o f  c a l c i f e r o l  

a n d  e r g o s t e r o l  i n i t i a l l y  p l a c e d  on e i t h e r  a d s o r b e n t  had  

v e r y  l i t t l e  e f f e c t  on t h e  t o t a l  c a l c i f e r o l  r e c o v e r y .  

However ,  b o t h  t h e  s e p a r a t i o n  o f  t h e  two compounds an d  

t h e  t o t a l  e r g o s t e r o l  r e c o v e r y  were  i n f l u e n c e d  c o n s i d e r a b l y  

by  t h i s  p r o p e r t y .
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INTRODUCTION

The s t u d y  o f  t h e  c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  

pure c a l c i f e r o l  ( v i t a m i n  Dp) f ro m  pure  e r g o s t e r o l  h a s  

b e e n  o f  c o n s i d e r a b l e  i n t e r e s t  i n  r e c e n t  y e a r s .  P e r h a p s  

t h r o u g h  a more c r i t i c a l  i n v e s t i g a t i o n  o f  t h i s  s e p a r a t i o n  

f u r t h e r  i n f o r m a t i o n  c an  be fo u n d  r e l a t i v e  t o  t h e  more 

complex  s e p a r a t i o n  o f  c a l c i f e r o l  f rom i r r a d i a t e d ,  

e r g o s t e r o l  o r  r e l a t e d  compounds.

In  t h e  c o u r s e  o f  a s p e c t r o o h o t o m e t r i c  i n v e s t i g a t i o n  

o f  a n  e l u a t e ,  w h ich  h a d  b ee n  o b t a i n e d  from a ch rom atogram  

i n  w h ich  t h e  a d s o r b e n t ,  s o l v e n t ,  and  e l u e n t  h a d  b e e n  

s e l e c t e d  so  as  t o  r e t a i n  t h e  e r g o s t e r o l  an d  e l u t e  o n ly  

t h e  c a l c i f e r o l ,  i t  was o b s e r v e d  t h r t  t h i s  e l u a t e  c o n t a i n e d  

a s u b s t a n c e  f o r e i g n  to  t h e  i n i t i a l  s o l u t i o n  o f  pure  

c a l c i f e r o l  and  p u r e  e r g o s t e r o l .  The p r e s e n c e  o f  t h i s  

f o r e i g n  s u b s t a n c e  i n  t h e  e l u a t e  h a s  c a u s e d  much 

s p e c u l a t i o n  and f u r t h e r  i n v e s t i g a t i o n .

C a r l s o n ^  n o t e d  t h a t  when e t n y l  a l c o h o l  and  d i e t h y l  

e t h e r  r i c h  s o l v e n t s  were  p a s s e d  t h r o u g h  a n  a d s o r p t i o n  

column c o n t a i n i n g  s u p e r f i l t r o l ,  t h e  f i l t r a t e  c o n t a i n e d  

a s u b s t a n c e ,  a p p a r e n t l y  e l u t e d  from t h e  s u p e r f i l t r o l ,  

which  gave  i t  a d e n s i t y  a p p r e c i a b l y  g r e a t e r  t h a n  

e x p e c t e d .

C o n c u r r e n t l y ,  B a k e r^ ,  u s i n g  th e  s p e c t r o p h o t o m e t e r



t o  a n a l y z e  a n  e l u a t e  which  was e x p ec te d ,  t o  c o n t a i n  o n ly  

c a l c i f e r o l ,  o b s e r v e d  t h a t  c a l c i f e r o l  an d  a n o t h e r  

s u b s t a n c e  were  p r e s e n t .  B o th  h a d  a n  a b s o r p t i o n  s p e c t r u m  

i n  t h e  u l t r a v i o l e t  r e g i o n .  He c o n c l u d e d  t h a t  t h i s  

i n t e r f e r i n g  s u b s t a n c e  was e l u t e d  f rom  th e  s u p e r f i l t r o l  

and  t h a t  a c o n s t a n t  c o r r e c t i o n  f a c t o r  f o r  i t  c o u l d  be 

o b t a i n e d  by r u n n i n g  a  b l a n k  a l o n g  w i t h  e a c h  s a m p l e .  He 

a l s o  d i d  some work w i t h  a l c o h o l i c  s o l u t i o n s  o f  p u r e  

e r g o s t e r o l  a n d  c a l c i f e r o l  an d  n o t i c e d  t h a t ,  u s i n g  

h e x a n e  -  d i e t h y l  e t h e r  -  e t h y l  a l c o h o l  a s  a  s o l v e n t  and 

e l u e n t ,  e r g o s t e r o l  was a d s o r b e d  by a c t i v a t e d  b e n t o n i t e  

c l a y  a n d  c a l c i f e r o l  p r o c e e d e d  on t h r o u g h  t h e  co lum n.  

However ,  he d i d  no q u a n t i t a t i v e  o r  e v e n  c o n c l u s i v e  

q u a l i t a t i v e  work a l o n g  t h i s  l i n e .

The s t u d y  o f  t h e  unknown s u b s t a n c e  w h ich  was 

t h o u g h t  t o  be e l u t e d  f rom  t h e  s u p e r f i l t r o l  was f u r t h e r  

c o n s i d e r e d  by  B u l l a rd -^ .  She f o u n d  t h a t  t h e  method o f  

c a r r y i n g  a c o r r e c t i o n  f a c t o r  b l a n k  a l o n g  w i t h  e a c h  

sam ple  gave  q u a n t i t a t i v e  r e s u l t s . I f  t h e  c a l c i f e r o l  

c o n c e n t r a t i o n  i n  t h e  o r i g i n a l  s o l u t i o n  was s u f f i c i e n t l y  

l a r g e ,  t h e  c o r r e c t i o n  f a c t o r  was e l i m i n a t e d  by a d e q u a t e  

d i l u t i o n  o f  t h e  r e s u l t a n t  e l u a t e . The s o l v e n t  an d  

e l u e n t  u s e d  f o r  t h i s  work was n - h e x a n e  -  d i e t h y l  e t h e r  -  

e t h y l  a l c o h o l  i n  t h e  r e l a t i o n s h i p  o f  50- 1 0 -1  r e s p e c t i v e l y  

by v o lu m e .  An e x a m i n a t i o n  o f  s e v e r a l  s i m i l a r  b i n a r y  and
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t e r n a r y  s o l v e n t s  was wade in  an a t t e m p t  to  f i n d  a

s o l v e n t  w hich  w ould  e l i m i n a t e  t h e  e l u t i o n  o f  t h i s

f o r e i g n  m a t e r i a l  f rom t h e  column an d  p e r h a p s  l e a d  t.o

an e v e n  more c o m p le te  c a l c i f e r o l  r e c o v e r y .

More r e c e n t l y ,  i n  1948,  P i n k e r t o n ^  fo u n d  th e  

t e r n a r y ' s o l v e n t  o f  h e x a n e  -  d i e t h y l  e t h e r  -  a l c o h o l  

t o  he more complex  t h a n  n e c e s s a r y .  A s a t i s f a c t o r y

s e p a r a t i o n  o f  c a l c i f e r o l  f rom e r g o s t e r o l  u s i n g  s u p e r f i l t r o l  

a s  an  a d s o r b e n t  was a c c o m p l i s h e d  by e i t h e r  a h e x a n e  -  

e t h e r  o r  b e n z e n e  -  e t h e r  s o l v e n t  i n  t h e  r a t i o  o f  5 :1  

r e s p e c t i v e l y  by v o lu m e .  E t h e r  seemed t o  be a v e ry  

i m p o r t a n t  c o n s t i t u e n t  o f  e v e r y  b i n a r y  a n d  t e r n a r y  

s o l v e n t  e x a m in e d .  No s a t i s f a c t o r y  s i n g l e  s o l v e n t  was 

f o u n d  w h ich  w ould  g i v e  t h e  d e s i r e d  s e p a r a t i o n .  In  

a d d i t i o n ,  a r a t h e r  t h o r o u g h  s t u d y  was ms.de w i t h  r e s p e c t  

t o  t h e  s e p a r a t i o n  o f  c a l c i f e r o l  from e r g o s t e r o l  u s i n g  

s u p e r f i l t r o l  a n a  t h e  b i n a r y  s o l v e n t  h ex a n e  -  e t h e r .

The e l u a t e  was c o r r e c t e d  f o r  t h e  i n t e r f e r i n g  s u b s t a n c e  

e l u t e d  f rom  th e  s u p e r f i l t r o l  by d e t e r m i n i n g  c e r t a i n  

c o n s t a n t  r a t i o s  b e tw e e n  e x t i n c t i o n  v a l u e s  a t  two 

d i f f e r e n t  wave l e n g t h s  f o r  b o t h  th e  i n t e r f e r i n g  m a t e r i a l  

and  t h e  c a l c i f e r o l .

The r a t e s  o f  m i g r a t i o n  o f  compounds on an  a d s o r b e n t

a r e  i n f l u e n c e d  by th e  p o l a r i t y  o f  t h e  s o l v e n t  a n d  e l u e n t .
5

Cnen s t u d i e d  t h e  e l u t i o n  o f  v i t a m i n  Dp and  v i t a m i n  D-̂  

f rom a n  a lu m in a  column i n  which  v i t a m i n  Dg p r e c e d e d
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v i t a m i n  when a  p o l a r  s o l v e n t  was u s e d ,  a n d  a s  t h e  

p o l a r i t y  o f  t h e  s o l v e n t  d e c r e a s e d ,  t h e  o r d e r  o f  e l u t i o n  

was r e v e r s e d .  S i m i l a r l y ,  v i t a m i n s  D c o u l d  p a r t i a l l y  

be s e p a r a t e d  f ro m  v i t a m i n  A a n d  e r g o s t e r o l  on a n  

a l u m in a  column.  U s in g  a s u p e r f i l t r o l  co lum n,  she  

fo u n d  t h a t  a  h e x a n e  -  d i e t h y l  e t h e r  s o l v e n t  gave  a 

b e t t e r  r e c o v e r y  o f  v i t a m i n s  D t h a n  d i d  a  h e x a n e  - 

d i e t h y l  e t h e r  -  e t h y l  a l c o h o l  s o l v e n t .

I t  i s  t h e  p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  t o  s t u d y  

t h e  c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  s y n t h e t i c  m i x t u r e s  

o f  p u re  c a l c i f e r o l  f rom  p u re  e r g o s t e r o l  u s i n g  a 

d i e t h y l  e t h e r  o r  d i e t h y l  e t h e r  -  h e x a n e  s o l v e n t  a n d  

a n  a l u m i n a  o r  s u p e r f i l t r o l  a d s o r b e n t  and  t o  exam ine  

t h e  i n t e r f e r i n g  m a t e r i a l  i n  t h e  e l u a t e  f ro m  a  

s u p e r f i l t r o l  co lum n.



MATERIALS AND EQUIPMENT

The c a l c i f e r o l  u s e d  i n  t h i s  s t u d y  was a p u r e  

s y n t h e t i c  c r y s t a l l i n e  v i t a m i n  Dg, e a c h  gram c o n s i d e r e d  

to  c o n t a i n  a minimum o f  4 0 , 0 0 0 , 0 0 0  U .S .P .  u n i t s .  T h i s  

was o b t a i n e d  from t h e  S p e c i a l  m a r k e t s  D i v i s i o n  o f  t h e  

W in th ro p  C h em ica l  Company, I n c . ,  New York ,  N. Y . . a n d  

was u s e d  w i t h o u t  f u r t h e r  p u r i f i c a t i o n .

A good  co m m erc ia l  g r a d e  o f  f i n e  c r y s t a l l i n e  

e r g o s t e r o l  was o b t a i n e d  f rom t h e  M o n tro se  C hem ica l  

Company, Newark, N. J .  and  was r e c r y s t a l l i z e d  f rom a 

m i x t u r e  o f  one p a r t  o f  a b s o l u t e  e t h y l  a l c o h o l  t o  two 

p a r t s  o f  b e n z e n e  by vo lu m e .  The e r g o s t e r o l  c r y s t a l s  

were f i l t e r e d  by s u c t i o n ,  washed w i t h  m e t h a n o l ,  an d  

d r y i n g  was c o m p le t e d  i n  a vacuum a t  room t e m p e r a t u r e .

I t  was n e c e s s a r y  t o  f u r t h e r  p u r i f y  a C .P .  g r a d e  

o f  a b s o l u t e  e t h y l  a l c o h o l  i n  o r d e r  t o  u s e  i t  a s  a 

s o l v e n t  f o r  t h e  c r y s t a l l i n e  fo rm s  o f  c a l c i f e r o l  and  

e r g o s t e r o l .  Twenty grams o f  p o t a s s i u m  h y d r o x i d e  a n d  

t e n  grams o f  s i l v e r  n i t r a t e  were a d d e d  t o  one l i t e r  

o f  t h e  a l c o h o l  a n d  w i t h  o c c a s i o n a l  s h a k i n g  t h i s  was 

a l l o w e d  t o  s t a n d  f o r  one w eek .  The a l c o h o l  was 

d e c a n t e d  a n d  d i s t i l l e d  f rom a l l  g l a s s  a p p a r a t u s .  The 

d i s t i l l a t e  was c o l l e c t e d  i n  100 m i l l i l i t e r  f r a c t i o n s  

and f o r  u s e  was r e q u i r e d  t o  t r a n s m i t  down to
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230 m i l l i m i c r o n s  ( t r a n s p a r e n c y  above  90 p e r  c e n t )  a s  

m e a s u re d  on t h e  s p e c t r o p h o t o m e t e r . .

A p p r o p r i a t e  am ounts  o f  sodium, h y d r o x i d e  a n d  a n h y d r o u s  

sod ium  s u l f i t e  w ere  a d d e d  to  t h e  amount  o f  a n h y d r o u s  

d i e t h y l  e t h e r  (C .P . . )  r e q u i r e d  f o r  im m e d ia te  u s e .  A f t e r  

d i s t i l l a t i o n  f rom  a n  a l l  g l a s s  a p p a r a t u s ,  t h e  e t h e r  m us t  

t r a n s m i t  down t o  230 m i l l i m i c r o n s  ( t r a n s p a r e n c y  above  

70 p e r  c e n t )  a s  m e a s u re d  on t h e  s p e c t r o p h o t o m e t e r  i n  

o r d e r  t o  be u s e a b l e . ,

S k e l l y s o l v e  B, a  c o m m e rc ia l  p r e p a r a t i o n  o f  n - h e x a n e ,  

was p u r i f i e d  by p a s s i n g  i t  t h r o u g h  a l a r g e  T s w e t t  t u b e ,

24  i n c h e s  l o n g  a n d  1 . 5  i n c h e s  i n  d i a m e t e r ,  c o n t a i n i n g  

f r e s h l y  a c t i v a t e d  s i l i c a  g e l .  The p e r c o l a t e  f r a c t i o n s  

t o  be u s e d  m ust  t r a n s m i t  down t o  230 m i l l i m i c r o n s  

( t r a n s p a r e n c y  ab o v e  96 p e r  c e n t )  a s  m e a s u re d  on  th e  

s p e c t r o p h o t o m e t e r  an d  must  show no a b s o r p t i o n  due to  

b e n z e n e .  The u s e d  s i l i c a  g e l  may be r e p u r i f i e d  and  

r e a c t i v a t e d  by w a s h in g  i t  f r e e  o f  h ex an e  w i t h  d i s t i l l e d  

w a t e r ,  a l l o w i n g  i t  t o  a i r  d r y ,  a n d  t h e n  f u r t h e r  d r y i n g  

i t  i n  a n  oven  a t  250°C.  f o r  a t  l e a s t  24 h o u r s .

The a d s o r b e n t s  u s e d  were a c t i v a t e d  a l u m in a  and  

s u p e r f i l t r o l .  The a l u m in a  was t h e  A lc o a  b r a n d ,

Grade F - 2 0 ,  m a n u f a c t u r e d  by t h e  Aluminum Ore Company,

E a s t  S t .  L o u i s ,  1 11 .  The s u p e r f i l t r o l ,  SF 6 3 , was a 

f i n e l y  d i v i d e d  a c t i v a t e d  b e n t o n i t e  c l a y  p r e p a r e d  by 

t h e  F i l t r o l  C o r p o r a t i o n ,  Los A n g e l e s ,  C a l i f .
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C h r o m a t o g r a p h ic  t u b e s  o f  d i f f e r e n t  l e n g t h s  were  

n e c e s s a r y  when u s i n g  t h e  d i f f e r e n t  a d s o r b e n t s .  F o r  t h e  

i n v e s t i g a t i o n  u s i n g  a l u m i n a ,  t h e  l e n g t h  o f  t h e  a d s o r b e n t  

c o n t a i n i n g  s e c t i o n  o f  t h e  t u b e  was a b o u t  47 c e n t i m e t e r s ;  

a n d  f o r  t h e  s t u d y  u s i n g  s u p e r f i l t r o l ,  t h e  l e n g t h  o f  t h i s  

s e c t i o n  was 17 c e n t i m e t e r s .  I n  b o t h  c a s e s ,  t h e  d i a m e t e r  

o f  t h e  s e c t i o n  o f  t h e  t u b e  w h ich  h e l d  t h e  a d s o r b e n t  was 

7 . 5  m i l l i m e t e r s  a n d  t h e  d i a m e t e r  o f  t h e  l o w e r  c o n s t r i c t e d  

p o r t i o n  o f  t h e  t u b e  was 3 .7  m i l l i m e t e r s .

When t h e  volume o f  t h e  e l u a t e  p e r  f r a c t i o n  a n d  t h e  

number o f  f r a c t i o n s  r e q u i r e d  h a d  b e e n  d e t e r m i n e d ,  t h e y  

were  c o l l e c t e d  i d e n t i c a l l y  w i t h  a  T e c h n ic o n  A u t o m a t i c  

F r a c t i o n  C o l l e c t o r  made by t h e  T e c h n ic o n  C hrom atography  

C o r p o r a t i o n ,  New Y ork ,  N. Y. The r a t e  o f  e l u t i o n  c o u ld  

b e  c o n t r o l l e d  by v a r y i n g  t h e  p r e s s u r e  a t  t h e  t o p  o f  th e  

c h r o m a t o g r a p h i c  column u s i n g  a c a r b o n  d i o x i d e  s o u r c e  an d  

a n  a d j u s t a b l e  m ercu ry  m anom ete r .

A b s o r p t i o n  m e a s u rem en ts  were  made w i t h  a Beckman 

Q u a r t z  S p e c t r o p h o t o m e t e r ,  Model DU , made by t h e  N a t i o n a l  

T e c h n i c a l  L a b o r a t o r i e s ,  S o u th  P a s a d e n a ,  C a l i f .  The 

a b s o r p t i o n  c e l l s  were  made o f  s i l i c a ,  t h e  t h i c k n e s s  o f  

e a c h  b e i n g  1 .0 0 0  ± 0 .0 0 2  c e n t i m e t e r .

A l l  c o m p u t a t i o n s  were  c a r r i e d  o u t  u s i n g  a  c o m p l e t e l y  

a u t o m a t i c  F r i d ^ n  U l t r a - m a t i c  C a l c u l a t o r  made by t h e  F r i d e n  

C a l c u l a t i n g  Machine C o . ,  I n c . ,  San  L e a n d ro ,  C a l i f .



EXPERIMENTAL PROCEDURE

From s t o c k  a l c o h o l i c  s o l u t i o n s  o f  c a l c i f e r o l  and  

e r g o s t e r o l ,  w h ich  w ere  made up f ro m  t h e  c r y s t a l l i n e  fo rms 

o f  t h e  compounds,  t h e  d e s i r e d  q u a n t i t i e s  f o r  e a c h  i n v e s t ­

i g a t i o n  were  v o l u m e t r i c a l l y  t a k e n . . The s t o c k  s o l u t i o n  o f  

c a l c i f e r o l  c o n t a i n e d  0 .0 1 7 4  gram/ 1 0 0  m i l l i l i t e r s  o f  

a b s o l u t e  e t h y l  a l c o h o l ,  a n d  t h a t  o f  e r g o s t e r o l  c o n t a i n e d  

0 . 0 2 4 4  gram/ 1 0 0  m i l l i l i t e r s  o f  a b s o l u t e  e t h y l  a l c o h o l .

H av ing  d e t e r m i n e d  t h e  amount  o f  c a l c i f e r o l  o r  

e r g o s t e r o l  o r  c o m b i n a t i o n  o f  t h e s e  t o  be  i n v e s t i g a t e d ,  

t h i s  q u a n t i t y  was t a k e n  f ro m  t h e  s t o c k  s o l u t i o n s  a n d  

u s i n g  a warm w a t e r  b a t h  was t a k e n  to  d r y n e s s  u n d e r  

r e d u c e d  p r e s s u r e .  The sam p le  was t h e n  t a k e n  up i n  t h r e e  

m i l l i l i t e r s  o f  a h ex a n e  o r  e t h e r  -  h e x a n e  s o l v e n t .

The a d s o r p t i o n  column was p r e p a r e d  by p l a c i n g  a 

s m a l l  wad o f  c o t t o n  a t  t h e  t o p  o f  t h e  c o n s t r i c t e d  p o r t i o n  

o f  t h e  c h r o m a t o g r a p h i c  t u b e  a s  a  s u p p o r t  f o r  t h e  

a d s o r b e n t .  The a l u m in a  was w e ig h e d  o u t  t o  t h e  n e a r e s t  

gram and  t h e n  w h i l e  g e n t l y  t a p p i n g  a r o u n d  t h e  s i d e s  o f  

t h e  t u b e ,  t h e  a d s o r b e n t  was i n t r o d u c e d  i n t o  t h e  t u b e , .

The h e i g h t  t o  w h ich  t h e  a lu m in a  came was t h e n  m e a s u re d .

I f  s u p e r f i l t r o l  was u s e d  a s  t h e  a d s o r b e n t ,  i t  was 

w e ig h ed  o u t  gram by gram.  A f t e r  t h e  i n t r o d u c t i o n  o f  

e a c h  gram i n t o  t h e  t u b e ,  t h e  s u p e r f i l t r o l  was v e r y



f i r m l y  packed  w i t h  t h e  a i d  o f  a  l a r g e  g l a s s  r o d  

f l a t t e n e d  on one  end t o  a d i a m e t e r  j u s t  s l i g h t l y  l e s s  

t h a n  t h a t  o f  t h e  t u b e .  The h e i g h t  o f  t h e  a d s o r b e n t  was 

th e n  m e a s u re d  t o  h e l p  i n s u r e  r e p r o d u c i b l e  h a n d  p a c k i n g .

The c h r o m a t o g r a p h i c  t u b e  was t h e n  p o s i t i o n e d  i n

t h e  f r a c t i o n a t o r .  The column was washed  w i t h  a d e f i n i t e

amount  o f  e t h e r  o r  e t h e r  -  h e x a n e  s o l u t i o n  w h ic h  was

d e t e r m i n e d  by t h e  t y p e  a n d  am oun t  o f  a d s o r b e n t .  J u s t

p r i o r  t o  t h e  l a s t  p o r t i o n  o f  wash s o l u t i o n  l e a v i n g  t h e

t o o  o f  t h e  a d s o r b e n t ,  t h e  sam p le  was i n t r o d u c e d  o n t o  t h e

columno The f r a c t i o n a t o r  was i m m e d i a t e l y  s e t  i n t o

o p e r a t i o n .  The f l a s k  w h ich  h a d  c o n t a i n e d  t h e  sample

s o l u t i o n  was t h e n  r i n s e d  w i t h  t h r e e  m i l l i l i t e r s  o f  t h e

p r e v i o u s l y  u s e d  s o l v e n t ,  and  a s  t h e  l a s t  p o r t i o n  o f  t h e

sam ple  s o l u t i o n  d i s a p p e a r e d ,, i n t o  t h e  a d s o r b e n t ,  t h i s»
r i n s e  s o l u t i o n  was a d d e d  to  t h e  co lum n.  The d e v e l o p e r ,  

h a v i n g  b e e n  p l a c e d  i n  a s e p a r a t o r y  f u n n e l  a t o p  t h e  

c h r o m a t o g r a p h i c  t u b e ,  was i n t r o d u c e d  o n t o  t h e  column a s  

t h e  r i n s e  s o l u t i o n  d i s a p p e a r e d  i n t o  t h e  a d s o r b e n t .  At 

no t im e  a f t e r  t h e  i n i t i a l  w e t t i n g  o f  t h e  a d s o r b e n t  w i t h  

t h e  wash s o l u t i o n  was t h e  t o p  o f  t h e  column e v e r  

p e r m i t t e d  t o  become d r y .  The same g l a s s  d r o p p i n g  t i p  ( a  

p i e c e  o f  t h e  f r a c t i o n a t o r )  was u s e d  f o r  a l l  e x p e r i m e n t s .  

T h i s  a s s u r e d  e l u a t e  d r o p s  o f  c o n s t a n t  s i z e .

When a s u f f i c i e n t  number  o f  f r a c t i o n s ,  h a v i n g  u s e d



45 d r o p s  =  1 f r a c t i o n  — 1 m i l l i l i t e r ,  h a d  b e en  c o l l e c t e d ,  

ea ch  was t a k e n  t o  d r y n e s s  u n d e r  r e d u c e d  p r e s s u r e  a n d  

u s i n g  a  warm w a t e r  b a t h .  I f  a r e s i d u e ,  due  to  a  s l i g h t  

e v a p o r a t i o n  o f  t h e  e l u a t e  a s  i t  c o l l e c t e d  on t h e  

d r o p p i n g  t i p ,  h a d  fo rm e d  on  t h e  t i p ,  i t  was rem oved  

w i t h  t h e  d e v e l o p e r ,  c o l l e c t e d  i n  a t e s t  t u b e ,  e v a p o r a t e d  

t o  d r y n e s s ,  an d  f u r t h e r  t r e a t e d  t h e  same way as  an y  o t h e r  

s a m p l e .  Each r e s i d u e  was v o l u m e t r i c a l l y  t a k e n  u p  i n  

f o u r  m i l l i l i t e r s  o f  h e x a n e  a n d  t h e  a b s o r p t i o n  c u r v e  of  

t h e  r e s u l t a n t  s o l u t i o n  d e t e r m i n e d  on t h e  s p e c t r o p h o ­

t o m e t e r .  A f r a c t i o n  was f u r t h e r  d i l u t e d  w i t h  h e x a n e  

when i t s  c o n c e n t r a t i o n  was t o o  g r e a t  f o r  t h e  d e t e r m i n a ­

t i o n  o f  i t s  a b s o r p t i o n  s p e c t r u m  t o  be made on t h e  most  

a c c u r a t e  p o r t i o n  of  t h e  i n s t r u m e n t .  The e x t i n c t i o n  

r e a d i n g s  were t a k e n  a t  v a r i o u s  i n t e r v a l s  o f  one to  t e n  

m i l l i m i c r o n s  d e p e n d i n g  upon  t h e  p o s i t i o n s  o f  t h e  maxima 

and  minima o f  t h e  e l u a t e  a b s o r p t i o n  s p e c t r u m .



DISCUSSION

E r g o s t e r o l  h a s  t h e  e m p i r i c a l  f o r m u l a  C2 QH4.4 O, w hich  

h a s  b e e n  e s t a b l i s h e d  by  c a r e f u l  a n a l y s i s  o f  d e r i v a t i v e s  

c o n t a i n i n g  h e t e r o  a t o m s .  C a l c i f e r o l ,  a n  i s o m e r  an d  • 

d e r i v a t i v e  o f  e r g o s t e r o l ,  a l s o  h a s  t h e  e m p i r i c a l  f o r m u l a  

CggH ^O .  However ,  t h e  s t r u c t u r a l  f o r m u l a s  o f  e r g o s t e r o l  

an d  c a l c i f e r o l  a r e  d i f f e r e n t  . E r g o s t e r o l  h a s  a n  

a n g u l a r  m e t h y l  g r o u p  b e tw e e n  r i n g s  A an d  B a t  c a r b o n  

a tom  10 an d  t h r e e  d o u b l e  b o n d s ,  one i n  t h e  s i d e  c h a i n  

b e tw e e n  c a r b o n  atoms 22 and  23 and  two c o n j u g a t e  d o u b le  

b o n d s  in  t h e  5 , 6 -  a n d  7 , 3 - p o s i t i o n s . C a l c i f e r o l  h a s  a 

m e th y le n e  g r o u p  on c a r b o n  a tom 10 an d  h e n c e  f o u r  d o u b l e  

b o n d s ,  one i n  t h e  s i d e  c h a i n  b e tw e e n  c a r b o n  a to m s  22 an d  

23 a n d  two d o u b l e  b o n d s ,  w hich  a r e  i n  c o n j u g a t i o n  w i t h  

t h e  d o u b le  b o n d  a t  t h e  7 , 8 - p o s i t i o n ,  i n  t h e  5 , 6 -  an d  

1 0 , 1 8 - p o s i t i o n s  ( s e e  F i g u r e  1 ) .
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E r g o s t e r o l  C a l c i f e r o l

F i g u r e  1 .



The p r e s e n c e  o f  f o u r  d o u b l e  b o n d s ,  t h r e e  o f  w h ich  

a r e  c o n j u g a t e ,  i n  c a l c i f e r o l  a s  com pared  t o  o n ly  t h r e e  

d o u b l e  b o n d s ,  two o f  which  a r e  c o n j u g a t e ,  i n  e r g o s t e r o l  

i n d i c a t e s  t h a t  c a l c i f e r o l  may be more p o l a r  t h a n  

e r g o s t e r o l .  S in c e  a d s o r p t i o n  t a k e s  p l a c e  m ost  r e a d i l y
Q

from  n o n - p o l a r  s o l v e n t s  , c a l c i f e r o l ,  a s  compared  w i t h  

e r g o s t e r o l ,  s h o u l d  b e  p r e f e r e n t i a l l y  an d  more s t r o n g l y  

a d s o r b e d  f rom  a n o n - p o l a r  o r  s l i g h t l y  p o l a r  s o l v e n t .  

D e s o r p t i o n ,  t h e  d i s p l a c e m e n t  o f  t h e  a d s o r b e d  s u b s t a n c e  

f rom t h e  a d s o r b e n t ,  i s  done by a n  e l u e n t  w h ich  i s  more 

p o l a r  t h a n  t h e  a d s o r b e d  s u b s t a n c e .  Thus,  e r g o s t e r o l ,  

a s  compared  w i t h  c a l c i f e r o l ,  s h o u l d  be more r a p i d l y  

d e s o r b e d  by a  s o l v e n t  more p o l a r  t h a n  i t s e l f .  However,  

t h i s  was n o t  fo u n d  t o  be t r u e  when a l u m i n a  o r  s u p e r ­

f i l t r o l  was u s e d  a s  t h e  a d s o r b e n t  an d  e t h e r  o r  e t h e r  -  

h e x a n e  was u s e d  a s  t h e  s o l v e n t  o r  e l u e n t .  P e rh a p s  t h e  

v a s t l y  d i f f e r e n t  s t e r i c  c o n f i g u r a t i o n s  o f  t h e  two 

compounds h a v e . a l t e r e d  t h e  a , n t i c i p a t e d  p o l a r  r e l a t i o n ­

s h i p s  b e tw ee n  them o r  have  made t h e  more o r  l e s s  

s t r o n g l y  a d s o r b e d  compound more a v a i l a b l e  t o ■t h e  a c t i o n  

o f  t h e  e l u e n t .  Hence ,  p o l a r i t y  may o n ly  be  a  g u id e  t o  

t h e  a c t i o n  t a k i n g  p l a c e  w i t h i n  a n  a d s o r b e n t  co lumn.

S o l v e n t s  d i f f e r  i n  p o l a r i t y  an d  a d s o r b e n t s  v a r y  

i n  a c t i v i t y .  C o n s i d e r i n g  t h e  s o l v e n t s  an d  a d s o r b e n t s  

u s e d  i n  t h i s  s t u d y ,  h e x a n e ,  e t h e r ,  a n d  a l c o h o l  i n c r e a s e
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i n  p o l a r i t y  and  a l u m i n a  i s  a l e s s  a c t i v e  a d s o r b e n t  t h a n  
9

s u p e r f i l t r o l  .

The w e t t i n g  and  w a s h in g  o f  t h e  a d s o r b e n t  column 

jpust  p r i o r  to  t h e  i n t r o d u c t i o n  o f  t h e  sam ple  s o l u t i o n  

i s  done w i t h  t h e  m ost  p o l a r  s o l v e n t  t o  be  u s e d  i n  t h e  

c o u r s e  o f  th e  i n v e s t i g a t i o n .  The sample  i s  d i s s o l v e d  i n  

a  s o l v e n t  o f  l e s s  o r  e q u a l  p o l a r i t y  an d  i n t r o d u c e d  o n to  

t h e  a d s o r b e n t .  The d e v e l o p m e n t  o f  t h e  co lumn a n d  e l u t i o n  

o f  t h e  s a m p le ,  o r  any f r a c t i o n  t h e r e o f ,  i s  c a r r i e d  o u t  

w i t h  a s o l u t i o n  o f  e q u a l  o r  g r e a t e r  p o l a r i t y  t h a n  t h a t  

p r e v i o u s l y  u s e d  a s  t h e  s o l v e n t  f o r  t h e  s a m p le .

The a b s o r p t i o n  s p e c t r a  o f  c a l c i f e r o l  and  e r g o s t e r o l
10,11

v a r y  w i t h  t h e  s o l v e n t  u s e d  . T h e r e f o r e ,  t h e

a b s o r p t i o n  s p e c t r a  o f  c a l c i f e r o l  and e r g o s t e r o l  i n  h e x a n e  

were  d e t e r m i n e d  o v e r  t h e  r a n g e  o f  230 m i l l i m i c r o n s  t o  

300 m i l l i m i c r o n s  u s i n g  t h e  s p e c t r o p h o t o m e t e r  ( F i g u r e  2 ) .  

T h ro u g h o u t  t h e  i n v e s t i g a t i o n  h e x a n e  was t h e  s o l v e n t  u s e d  

f o r  t h e  f i n a l  a n a l y s i s  b e c a u s e  o f  i t s  g r e a t  t r a n s p a r e n c y  

o v e r  t h e  u l t r a v i o l e t  r e g i o n  a n d  i t s  s t r a i g h t f o r w a r d  and  

r a p i d  method o f  p u r i f i c a t i o n .

THE USE OF ALUMINA. AS AN ADSORBENT

The s p a t i a l  c o n f i g u r a t i o n  a n d  f o r c e s  e x i s t i n g  among 

t h e  a tom s o f  c a l c i f e r o l  an d  e r g o s t e r o l  e v i d e n t l y  

n e c e s s i t a t e  t h e  u s e  o f  q u i t e  a c t i v e  a d s o r b e n t s  i n  o r d e r  

t o  o b t a i n  a c o m p le te  o r  ev en  a p a r t i a l  s e p a r a t i o n  o f  t h e



two compounds f ro m  a s i n g l e  s o l u t i o n .

Alumina  i s  o b t a i n a b l e  i n  a  v e r y  p u re  s t a t e  a n d  

i s  s u c h  t h a t  a l m o s t  a l l  o f  t h e  i r r e l e v a n t  m a t e r i a l  

r e m a i n i n g  on t h e  co m m e rc ia l  p r e p a r a t i o n  c a n  be rem oved  

by  p r e w a s h i n g  t h e  co lumn w i t h  t h e  p r o p e r  o r g a n i c  

s o l v e n t .  U s in g  v a r i o u s  amounts  o f  e t h e r ,  d e p e n d i n g  

u p o n  th e  l e n g t h  o f  t h e  column,  a s  t h e  p r ew ash  s o l v e n t ,  

t h e  i r r e l e v a n t  m a t e r i a l  i n  t h e  e l u a t e  f rom  t h e  a l u m i n a  

column can  be r e d u c e d  t o  l e s s  t h a n  0 .0 0 2  e x t i n c t i o n  

u n i t s  a t  264  m i l l i m i c r o n s .  To remove t h e  p o s s i b i l i t y  

o f  any  i n t e r f e r e n c e  f ro m  a s o l v e n t  r e s i d u e ,  t h e  s o l u t i o n  

i n  t h e  r e f e r e n c e  c e l l  was made u p  c o m p a ra b le  t o  t h e  

sam p le  s o l u t i o n  f rom t h e  co lumn.  T h a t  i s ,  i f  a one 

m i l l i l i t e r  s am p le  was t a k e n  u s i n g  e t h e r  a s  t h e  e l u e n t ,  

e v a p o r a t e d  to  d r y n e s s ,  an d  t h e  r e s i d u e  t a k e n  up i n  

h e x a n e ,  t h e n  one m i l l i l i t e r  o f  e t h e r  was e v a p o r a t e d  

t o  d r y n e s s ,  t h e  r e s i d u e  ( i f  any )  t a k e n  up  i n  t h e  same 

amount  o f  h e x a n e ,  and  t h i s  was u s e d  a s  t h e  r e f e r e n c e  

s o l u t i o n  f o r  t h a t  s a m p l e .

S in ce  t h e  e l i m i n a t i o n  o f  an y  i n t e r f e r i n g  m a t e r i a l s  

i n  t h e  f i n a l  a n a l y s i s  was q u i t e  c o m p l e t e ,  a l l  o f  t h e  

r e s u l t a n t  a b s o r p t i o n  c u r v e s  were fo u n d  t o  be e i t h e r  p u re  

c a l c i f e r o l ,  p u re  e r g o s t e r o l ,  o r  a  l i n e a r  c o m b i n a t i o n  o f  

t h e s e .  The co m b in in g  o f  L a m b e r t ' s  an d  B e e r ' s  laws  i n t o  

a s i n g l e  a b s o r t p i o n  e q u a t i o n  g i v e s

V =  l o f L i l o  1 1 1
l c
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where  k i s  t h e  e x t i n c t i o n  c o e f f i c i e n t  a t  a g i v e n  wave

l e n g t h ,  A ,  I Q i s  t h e  i n t e n s i t y  o f  t h e  t r a n s m i t t e d  l i g h t ,

I  i s  t h e  i n t e n s i t y  o f  t h e  i n c i d e n t  l i g h t ,  1 i s  t h e

t h i c k n e s s  o f  t h e  s o l u t i o n ,  a n d  c i s  t h e  c o n c e n t r a t i o n

o f  t h e  s o l u t i o n .  U s in g  t h i s  f u n d a m e n t a l  r e l a t i o n s h i p ,

t h e  a d d i t i v i t y  o f  t h e  a b s o r p t i o n  c u r v e s  o f  two o r  more

s u b s t a n c e s  i n  s o l u t i o n  i s  d e v e l o p e d  by H a r r i s  and  
12Thimann . I f  c^ a n d  c 0 a r e  t h e  unknown c o n c e n t r a t i o n s  

o f  two s u b s t a n c e s  i n  a  s o l u t i o n  o f  one c e n t i m e t e r  

t h i c k n e s s ,  k^ and  kg t h e i r  e x t i n c t i o n  c o e f f i c i e n t s  a t  

a  wave l e n g t h  A ,  k-ĵ  a n d  kg t h e i r  e x t i n c t i o n  c o e f f i c i e n t s  

a t  some o t h e r  wave l e n g t h  A 1, and  D an d  D* t h e  d e n s i t i e s ,  

l o g  ( I  / I ) ,  o f  t h e  m i x t u r e  a t  t h e  two wave l e n g t h s ,  t h e n

k l c l  + k 2 c2 = D 

an d  k i ci  + k 2 c2 = D '

kpD' -  k 'D
t h e r e f o r e  c-, =  —

k { k 2 -  kj^kg

I 1an d  Co = — ----------- =■
k., D 1 -  kjD

2 k-j^kg -  k-[kg

and  t h e  u n i t s  o f  c c a n  be d e t e r m i n e d  an d  a d j u s t e d  i n  

a c c o r d a n c e  w i t h  k .  As th e  c r i t i c a l  p o i n t s  f o r  t h e  

c a l c u l a t i o n  o f  t h e  c o n t e n t  o f  ea c h  f r a c t i o n ,  t h e  maxima 

o f  c a l c i f e r o l  a t  264 m i l l i m i c r o n s  an d  t h a t  o f  e r g o s t e r o l
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a t  281 m i l l i m i c r o n s  w ere  u s e d .  H a v in g  f o u n d  t h e  c o n t e n t  

o f  e a c h  f r a c t i o n  to  he  a  l i n e a r  c o m b i n a t i o n  o f  c a l c i f e r o l  

a n d  e r g o s t e r o l  an d  know ing  t h e  c o n c e n t r a t i o n  o f  b o t h  

compounds p l a c e d  on t h e  co lumn,  t h e  r e l a t i v e  an d  e x a c t  

am ounts  o f  e a c h  can  be com pu ted .

V a r i a t i o n  o f  E l u e n t  P o l a r i t y

As t h e  e t h e r  c o n t e n t  (by v o lu m e)  o f  t h e  e l u e n t  i s  

i n c r e a s e d , -  t h e  t o t a l  am ount  o f  b o t h  c a l c i f e r o l  and  

e r g o s t e r o l  e l u t e d  f rom  t h e  co lumn i s  s l i g h t l y  i n c r e a s e d ,  

a s  can be s e e n  f rom T a b le  I .  H ence ,  b o t h  compounds a r e  

a l i t t l e  more e a s i l y  d e s o r b e d  a s  t h e  p o l a r i t y  o f  t h e  

e l u e n t  i s  i n c r e a s e d .  C a l c i f e r o l  i s  somewhat  more 

c o m p l e t e l y  d e s o r b e d  f ro m  t h e  co lum n t h a n  i s  e r g o s t e r o l .

At  t h e  same t i m e ,  t h e  p e r c e n t  s e p a r a t i o n  o f  t h e  two 

compounds r e m a i n s  r e l a t i v e l y  c o n s t a n t .  T h e r e f o r e ,  t h e  

r a t e s  f o r  w h ich  e a c h  compound i s  a d s o r b e d - d e s o r b e d  a s  

i t  p r o g r e s s e s  downward on t h e  a d s o r b e n t  m ust  b e  p r o ­

p o r t i o n a t e l y  e q u a l  a s  t h e  p o l a r i t y  o f  t h e  s o l v e n t  

i n c r e a s e s .  S i m i l a r  p r o p e r t i e s  a r e  o b s e r v e d  when t h e  

l e n g t h  o f  t h e  a l u m in a  column i s  v a r i e d .  Hhen t h e  

column i s  7 . 8  c e n t i m e t e r s  l o n g  (by w e i g h t ,  4 g ram s)  

an d  t h e  e l u e n t  i s  composed o f  e t h e r  a n d  h e x a n e  i n  

e q u a l  p a r t s  by volume,  90% o f  t h e  c a l c i f e r o l  an d  

8 2 / 0  o f  t h e  e r g o s t e r o l  a r e  r e c o v e r e d  w h i l e  a b o u t  o f  

t h e  c a l c i f e r o l  an d  o f  t h e  e r g o s t e r o l  a r e  r e c o v e r e d
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i n  t h e  p u r e  s t a t e .  When t h e  e l u e n t  i s  p u r e  e t h e r ,

96% o f  t h e  c a l c i f e r o l  a n d  90% o f  t h e  e r g o s t e r o l  a r e  

r e c o v e r e d  w h i l e  a b o u t  3 2 % o f  t h e  c a l c i f e r o l  and  3 3 % o f  

t h e  e r g o s t e r o l  a r e  r e c o v e r e d  i n  t h e  p u r e  s t a t e  ( s e e  

F i g u r e  3 ) .  When t i ie  column i s  1 5 .6  c e n t i m e t e r s  l o n g  

(by w e i g h t ,  6 g ram s)  a n d  t h e  e l u e n t  i s  composed o f  

e t h e r  and  h ex an e  i n  t h e  r a t i o  o f  7 t o  3 p a r t s  by vo lum e ,

90% o f  t h e  c a l c i f e r o l ,  a b o u t  46% o f  which  i s  o b t a i n e d  

i n  t h e  p u r e  s t a t e ,  and  63% o f  t h e  e r g o s t e r o l ,  a b o u t  

46% o f  w h ich  i s  o b t a i n e d  i n  t h e  p u re  s t a t e ,  a r e  r e c o v e r e d .  

As t h e  e l u e n t  i s  i n c r e a s e d  t o  p u r e  e t h e r ,  94% o f  t h e  

c a l c i f e r o l ,  a b o u t  51% o f  which  i s  o b t a i n e d  i n  t h e  p u re  

s t a t e ,  and  67% o f  t h e  e r g o s t e r o l ,  a b o u t  49% o f  w h ic h  i s  

o b t a i n e d  i n  t h e  p u re  s t a t e ,  a r e  r e c o v e r e d  ( s e e  F i g u r e  4 ) .  

Thus ,  a n  i n c r e a s e  i n  t h e  l e n g t h  o f  t h e  a d s o r b e n t  column 

i n c r e a s e s  t h e  p e r c e n t  s e p a r a t i o n  o f  t h e  c a l c i f e r o l  f rom 

t h e  e r g o s t e r o l  by q u i t e  a n  a p p r e c i a b l e  am ount ,  b u t  t h i s  

i s  a c c o m p l i s h e d  a t  t h e  e x p e n s e  o f  t h e  t o t a l  amounts  o f  

c a l c i f e r o l  an d  e r g o s t e r o l  r e c o v e r e d  which  show a s l i g h t  

d e c r e a s e .

There  i s  a change  i n  t h e  r a t e  o f  e l u t i o n  o f  c a l c i f e r o l  

and  e r g o s t e r o l  when th e  p o l a r i t y  o f  t h e  e l u e n t  i s  a l t e r e d ,  

a s  would  be e x p e c t e d  ( T a b le  I I ) .  When e t h e r  i s  u s e d  a s  

t h e  e l u e n t ,  th e  c a l c i f e r o l  and  e r g o s t e r o l  a r e  e l u t e d  from 

t h e  column more t h a n  t w i c e  a s  f a s t  a s  when e t h e r  -  hex an e



i n  e q u a l  p a r t s  by vo lum e ,  i s  u s e d .  A t  t h e  same t i m e ,  

t h e  volume o f  e l u e n t  n e c e s s a r y  t o  e l u t e  t h e  c a l c i f e r o l  

and  e r g o s t e r o l  f rom  t h e  a lu m in a  i s  g r e a t l y  i n c r e a s e d  a s  

t h e  e t h e r  c o n t e n t  o f  t h e  e l u e n t  i s  d e c r e a s e d .  T h i s  

i n c r e a s e  i n  volume o f  e l u e n t  i s  a c c o m p a n ie d  by a 

b r o a d e n i n g  o f  t h e  r a n g e  i n  w hich  t h e  e l u t i o n  t a k e s  

p l a c e  a n d  a c o n c u r r e n t  i n c r e a s e  i n  t h e  number  o f  

f r a c t i o n s  c o n t a i n i n g  b o t h  c a l c i f e r o l  an d  e r g o s t e r o l .

T h is  b a n d  w i d e n i n g  d o e s  n o t  l e n d  i t s e l f  a d v a n t a g e o u s l y  

t o  a s u b s e q u e n t  s e p a r a t i o n  of  t h e  two com pounds . 

C o n s i d e r i n g  t h e  7 . 8  c e n t i m e t e r  a l u m i n a  column a n d  t h e  

u s e  o f  t h e  h e x a n e  -  e t h e r  e l u e n t ,  i n  e q u a l  p a r t s  by 

volume,  c a l c i f e r o l  a p p e a r s  and  t e r m i n a t e s  i n  f r a c t i o n  37 

and  60  r e s p e c t i v e l y , w h i l e  e r g o s t e r o l  i s  p r e s e n t  i n  

f r a c t i o n s  46 t h r o u g h  7 2 .  Hence,  t h e r e  a r e  15 f r a c t i o n s  

i n  w h ich  c a l c i f e r o l  a n d  e r g o s t e r o l  a r e  t o g e t h e r .  When 

pure  e t h e r  i s  uhe e l u e n t  u s e d ,  c a l c i f e r o l  a p p e a r s  i n  

f r a c t i o n s  15 t h r o u g h  26 an d  e r g o s t e r o l  i s  f o u n d  i n  

f r a c t i o n s  20 t h r o u g h  35•  Thus, t h e r e  a r e  o n ly  h a l f  a s  

many f r a c t i o n s  i n  w h ich  t h e  two compounds a p p e a r  s i m u l ­

t a n e o u s l y  ( F i g u r e  5 ) -  T a k in g  t h e  1 5 .6 c e n t i m e t e r  co lumn 

f o r  c o m p a r i s o n ,  h a v i n g  u s e d  t h e  e t h e r  -  h e x a n e  e l u e n t  i n  

t h e  r a t i o  o f  7 :3  p a r t s  by vo lum e ,  c a l c i f e r o l  i s  p r e s e n t  

i n  f r a c t i o n s  40 t h r o u g h  6 l  and  e r g o s t e r o l  i s  f o u n d  i n  

f r a c t i o n s  51 t h r o u g h  7 8 .  Th is  i s  an  i n t e r v a l  o f  11



f r a c t i o n s  i n  w h ich  h o t h  compounds o c c u r .  U s in g  p u r e  

e t h e r  a s  t h e  e l u e n t ,  c a l c i f e r o l  f a l l s  i n  f r a c t i o n s  29 

t h r o u g h  42 an d  e r g o s t e r o l  o c c u r s  i n  f r a c t i o n s  37 t h r o u g h  

5 6 .  T h is  i s  an  i n t e r v a l  o f  6 f r a c t i o n s  i n  w h ich  b o t h  

compounds a r e  fo u n d  ( F i g u r e  6 ) .  T h e r e f o r e ,  f o r  a 

column o f  g i v e n  l e n g t h ,  t h e  i n c r e a s e  i n  e t h e r  c o n t e n t  

o f  t h e  e l u e n t  n o t  o n l y  h a s t e n s  t h e  e l u t i o n  o f  b o t h  

c a l c i f e r o l  a n d  e r g o s t e r o l  b u t  l e s s e n s  t h e  i n t e r v a l  i n  

w h ich  b o t h  compounds a r e  e l u t e d .  F o r  a  l o n g e r  column,  

t h e  compounds a r e  e l u t e d  l a t e r ,  n a t u r a l l y ,  b u t  t h e  

i n t e r v a l  i n  which  b o t h  a p p e a r  i s  l e s s  o r  a t  l e a s t  no 

g r e a t e r  t h a n  t h a t  f o r  t h e  s h o r t e r  co lum n.

B ec au se  t h e r e  i s  l i t t l e  d i f f e r e n c e  i n  t h e  p e r c e n t  

s e p a r a t i o n  o f  t h e  two compounds when a n  e t h e r  -  h e x a n e  

e l u e n t  i s  u s e d  an d  s i n c e  t h e r e  i s  a d e c i d e d  i n c r e a s e  i n  

t h e  r a n g e  i n  w hich  b o t h  compounds a p p e a r  t o g e t h e r  when 

e t h e r  -  h e x a n e  i s  t h e  e l u e n t  u s e d ,  p u r e  e t h e r  was 

s e l e c t e d  a s  t h e  e l u e n t  t o  be u s e d  f o r  t h e  f u r t h e r  

i n v e s t i g a t i o n  o f  t h e  change  o f  column l e n g t h  an d  t h e  

e f f e c t  o f  t h e  change  i n  c a l c i f e r o l  and  e r g o s t e r o l  

c o n c e n t r a t i o n .

V a r i a t i o n  o f  Column Leng th

H av ing  o b s e r v e d  t h e  p o r t i o n  o f  e l u a t e  i n  w h ich  

t h e r e  i s  a n  o v e r l a p  o f  t h e  e l u t i o n  o f  c a l c i f e r o l  and  

e r g o s t e r o l  t o  be  7 and  6 f r a c t i o n s  f o r  t h e  columns o f
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7 . 8  and 1 5 .6  c e n t i m e t e r s  i n  l e n g t h  r e s p e c t i v e l y ,  i t  

seems r e a s o n a b l e  t o  i n v e s t i g a t e  co lumns o f  l o n g e r  l e n g t h  

t o  se e  i f  t h i s  s i x  f r a c t i o n  o v e r l a p  c a n  be r em o v ed .  The 

e l i m i n a t i o n  o f  a p o r t i o n  o f  t h e  e l u a t e  where c a l c i f e r o l  

a n d  e r g o s t e r o l  a r e  e l u t e d  s i m u l t a n e o u s l y  w i l l  t a k e  p l a c e  

o n l y  when t h e  r a t e  o f  a d s o r p t i o n - d e s o r p t i o n  f o r  one o f  

t h e  c o m p o u n d s . i s  more r a p i d  t h a n  t h e  r a t e  o f  w i d e n i n g  of  

t h e  r a n g e  o v e r  w h ic h  t h a t  compound i s  e l u t e d .  The 

v a r i o u s  co lum n l e n g t h s  i n v e s t i g a t e d  a r e  g i v e n  i n  T a b le  I I I  

a n d  i l l u s t r a t e d  g r a p h i c a l l y  i n  F i g u r e  7 .  As t h e  l e n g t h  

o f  t h e  column i s  i n c r e a s e d ,  t h e  number  o f  f r a c t i o n s  

c o n t a i n i n g  b o t h  compounds i s  s lo w ly  d e c r e a s e d  an d  t h e  

t o t a l  number of  f r a c t i o n s  r e q u i r e d  t o  e l u t e  e a c h  compound 

i s  i n c r e a s e d .  T h is  l a t t e r  p r o p e r t y  i s  u n f a v o r a b l e  f o r  

k e e p i n g  t h e  i n i t i a l  c a l c i f e r o l  and  e r g o s t e r o l  c o n c e n t r a ­

t i o n s ,  w h ich  a r e  i n t r o d u c e d  o n to  co lum ns  o f  l o n g e r  

l e n g t h ,  c o n s t a n t .  S i n c e  t h e  e l u a t e  becomes  l e s s  and  

l e s s  c o n c e n t r a t e d  p e r  f r a c t i o n ,  some o f  t h e  e x t i n c t i o n  

r e a d i n g s  f o r  t h e s e  d i l u t e  f r a c t i o n s  t e n d  t o  f a l l  be low 

t h e  r a n g e  o f  maximum r e l i a b i l i t y  o f  t h e  s p e c t r o p h o t o m e t e r .  

However,  when n e c e s s a r y ,  t h e  r e s u l t s  a r e  c o r r e c t e d  f o r  

t h i s  i n h e r e n t  e r r o r .  A s e p a r a t i o n  o f  c a l c i f e r o l  from 

e r g o s t e r o l  was a t t a i n e d  when t h e  column l e n g t h  was a b o u t  

4 4 . 6  c e n t i m e t e r s  (25 g r a m s ) .  The c a l c i f e r o l  i n i t i a l l y  

a p p e a r e d  i n  f r a c t i o n  66 and  t e r m i n a t e d  i n  f r a c t i o n  86



a n d  e r g o s t e r o l  was e l u t e d  i n  f r a c t i o n s  87 t h r o u g h  1 1 5 .

The r a n g e  i n  which  e r g o s t e r o l  was e l u t e d  b e i n g  8 f r a c t i o n s  

more t h a n  were  r e q u i r e d  t o  e l u t e  c a l c i f e r o l .

I t  i s  n o t  s u f f i c i e n t  j u s t  t o  hav e  o b t a i n e d  a 

s e p a r a t i o n  o f  c a l c i f e r o l  f rom  e r g o s t e r o l ,  b u t  t h e  

c o m p l e t e n e s s  o f  t h e  r e c o v e r y  o f  e a c h  compound s h o u l d  be 

c o n s i d e r e d .  F i g u r e  8 shows t h e  p e r c e n t  o f  c a l c i f e r o l  

f r e e  f rom e r g o s t e r o l  a s  compared  t o  t h e  t o t a l  p e r c e n t  o f  

c a l c i f e r o l  r e c o v e r e d  a s  t h e  l e n g t h  o f  t h e  a l u m i n a  

a d s o r b e n t  i s  c h a n g e d .  The p e r c e n t  o f  c a l c i f e r o l  e l u t e d  

f r e e  f rom  e r g o s t e r o l  i n c r e a s e s  q u i t e  r a p i d l y  up  t o  and  

i n c l u d i n g  t h e  y l . l  c e n t i m e t e r  co lum n .  I t  t h e n  t e n d s  t o  

l e v e l  o f f .  The t o t a l  p e r c e n t  o f  c a l c i f e r o l  r e c o v e r e d  

f ro m  t h e  column d e c l i n e s  v e r y  r a p i d l y  a t  f i r s t  and  t h e n  

becom es  a l m o s t  l i n e a r  b e tw e e n  t h e  7 .8  c e n t i m e t e r  and  

4A.6 c e n t i m e t e r  c o lu m n s .  The p e r c e n t  o f  e r g o s t e r o l  

f r e e  f rom c a l c i f e r o l  a s  compared  t o  t h e  t o t a l  p e r c e n t  

o f  e r g o s t e r o l  r e c o v e r e d  a s  t h e  column l e n g t h  i s  a l t e r e d  

i s  shown i n  F i g u r e  9 .  The c u r v e  showing  t h e  p e r c e n t  o f  

e r g o s t e r o l  e l u t e d  f r e e  from c a l c i f e r o l  i s  q u i t e  s i m i l a r  

t o  t h a t  f o r  t h e  co m p a ra b le  c a l c i f e r o l  c u r v e .  However ,  

t h e  p u re  e r g o s t e r o l  r e c o v e r e d  f rom  t h e  columns o f  g r e a t e r  

l e n g t h  t h a n  t h e  15*6 c e n t i m e t e r  column i n c r e a s e s  

c o n s i d e r a b l y  more s l o w l y  t h a n  d i d  t h e  pu re  c a l c i f e r o l  

r e c o v e r e d .  The t o t a l  p e r c e n t  o f  e r g o s t e r o l  r e c o v e r e d
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d e c l i n e s  more r a p i d l y  t h a n  d o e s  c a l c i f e r o l  f o r  columns 

o f  s h o r t e r  l e n g t h  and  t h e n  c o n t i n u e s  a l i n e a r  d e c l i n a t i o n ,  

more r a p i d  t h a n  c a l c i f e r o l ,  b e t w e e n  t h e  7 . 8  c e n t i m e t e r  

and  4 4 .6  c e n t i m e t e r  c o lu m n s .  C o n s i d e r i n g  th e  co lumn on 

w h ich  th e  two compounds were s e p a r a t e d ,  8 6 . 5^  o f  t h e  

c a l c i f e r o l  an d  7 6 .2% o f  t h e  e r g o s t e r o l  were  r e c o v e r e d .

I t  i s  q u i t e  p o s s i b l e  t h a t  w i t h  t h e  w i d e n i n g  o f  t h e  r a n g e  

o f  e l u t i o n  t h a t  i s  c o n c u r r e n t  w i t h  t h e  l e n g t h e n i n g  o f  

t h e  column,  t h e  c a l c u l a t e d  t o t a l  r e c o v e r i e s  o f  t h e  two 

compounds a r e  somewhat lo w e r  t h a n  t h e  a c t u a l  am oun ts  

r e c o v e r e d .  However ,  f u r t h e r  i n v e s t i g a t i o n  shows t h i s  

e r r o r  t o  be l e s s  t h a n  tw'o p e r  c e n t .

V a r i a t i o n  o f  Sample C o n c e n t r a t i o n

The e f f e c t  o f  v a r y i n g  t h e  r e l a t i v e  an d  t o t a l  

c o n c e n t r a t i o n s  o f  c a l c i f e r o l  a n d  e r g o s t e r o l  t o  be  

i n t r o d u c e d  o n to  t h e  a l u m i n a  was s t u d i e d  u s i n g  t h e  

7 - 8  c e n t i m e t e r '  ( F i g u r e  10)  and 1 5 .6 c e n t i m e t e r  

( F i g u r e  11)  co lu m n s .  R e s u l t s  f ro m  c o r r e s p o n d i n g  

i n v e s t i g a t i o n s  o f  th e  two columns o f  d i f f e r e n t  l e n g t h  

a r e  v e r y  c o m p a r a b l e .  T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  t h e  

t o t a l  p e r c e n t  r e c o v e r y  o f  each  compound; t h e  main  

c o n s i s t e n t  d i f f e r e n c e  b e i n g  t h a t  t h e  t o t a l  r e c o v e r y  f o r  

e a c h  compound i s  s l i g h t l y  g r e a t e r  when u s i n g  t h e  s h o r t e r  

co lum n.  The p a r a l l e l i s m  b e tw e e n  t h e  r e s u l t s  o b t a i n e d  

f rom  t h e  two d i f f e r e n t  l e n g t h  columns i s  l e s s  f o r  t h e



p e r c e n t  s e p a r a t i o n  o f  c a l c i f e r o l  and e r g o s t e r o l .

However ,  t h e  m os t  c o n s i s t e n t  d i s s i m i l a r i t y  i s  t h a t  t h e  

e l u t i o n  o f  each  compound when f r e e  f rom  t h e  o t h e r  i s  

c o n s i d e r a b l y  g r e a t e r  f o r  t h e  l o n g e r  co lu m n .  U s i n g  as  

a r e f e r e n c e  t h e  b a s i c  c a l c i f e r o l  ( 0 .0 0 0 2 6 0  gram p e r  

m i l l i l i t e r )  and e r g o s t e r o l  ( 0 .0 0 0 4 8 8  gram p e r  m i l l i l i t e r )  

c o n c e n t r a t i o n s  and  f o r  c o m p a r i s o n  an  e q u a l  c o n c e n t r a t i o n  

o f  c a l c i f e r o l  w i t h  a d o u b l e  q u a n t i t y  o f  e r g o s t e r o l , t h e  

s e p a r a t i o n  o f  e a c h  i s  l e s s e n e d  on t h e  l o n g e r  co lum n b u t  

t h e  s e p a r a t i o n  o f  c a l c i f e r o l  i s  i n c r e a s e d  on t h e  s h o r t e r  

co lum n .  D o u b l i n g  t h e  e r g o s t e r o l  c o n c e n t r a t i o n  and 

k e e p i n g  t h a t  o f  c a l c i f e r o l  c o n s t a n t  i n c r e a s e s  t h e  

s e p a r a t i o n  o f  c a l c i f e r o l  and d e c r e a s e s  t h a t  o f  e r g o s t e r o l  

on b o t h  co lu m n s .  When b o t h  compounds a r e  d o u b l e d ,  t h e  

c a l c i f e r o l  and e r g o s t e r o l  s e p a r a t i o n s  a r e  i n c r e a s e d  on 

t h e  s h o r t e r  co lum n  and d e c r e a s e d  on  t h e  l o n g e r  co lum n.  

K e e p in g  t h e  r e f e r e n c e  c o n c e n t r a t i o n  o f  c a l c i f e r o l  t h e  

same, c h a n g i n g  t h a t  o f  e r g o s t e r o l  t o  0 .0 0 0 9 7 6  gram p e r  

m i l l i l i t e r ,  and c o m p a r in g  t h e  r e s u l t s  f rom  t h i s  s t u d y  

w i t h  t h o s e  when c a l c i f e r o l  i s  d o u b le d  and e r g o s t e r o l  

i s  u n c h a n g e d ,  t h e  s e p a r a t i o n  o f  e a c h  compound i s  

i n c r e a s e d  on t h e  1 5 . 6  c e n t i m e t e r  co lumn and t h a t  of 

e r g o s t e r o l  i s  d e c r e a s e d  on t h e  7 . 8  c e n t i m e t e r  co lum n.  

U s in g  t h e  i m m e d i a t e l y  p r e c e d i n g  c a l c i f e r o l  and e r g o s t e r o l  

r e f e r e n c e  c o n c e n t r a t i o n s  and m aking  a c o m p a r i s o n  w i t h



t h e  r e s u l t s  o b t a i n e d  when t h e  c a l c i f e r o l  c o n c e n t r a t i o n  

i s  d o u b le d  and t h a t  o f  e r g o s t e r o l  i s  c o n s t a n t ,  t h e  

s e p a r a t i o n s  o f  b o t h  compounds a r e  i n c r e a s e d  on b o t h  

c o lu m n s .  When t h e  c o n c e n t r a t i o n  o f  c a l c i f e r o l  i s  

d o u b le d  and t h a t  o f  e r g o s t e r o l  i s  unchanged  and a 

c o m p a r i s o n  i s  made u s i n g  t h e  same amount o f  c a l c i f e r o l  

and d o u b l i n g  t h a t  o f  e r g o s t e r o l ,  t h e  c a l c i f e r o l  s e p a r a t i o n  

i s  d e c r e a s e d  w h i l e  t h e  e r g o s t e r o l  s e p a r a t i o n  i s  i n c r e a s e d  

on b o t h  c o lu m n s .  I n  g e n e r a l ,  a s  t h e  r a t i o  o f  t h e  

c o n c e n t r a t i o n  o f  e r g o s t e r o l  t o  c a l c i f e r o l  d e c r e a s e s ,  t h e  

p e r c e n t  of  c a l c i f e r o l  o b t a i n e d  f r e e  from e r g o s t e r o l  

i n c r e a s e s .  However ,  t h e  p r e v i o u s l y  s t a t e d  f a c t s  do n o t  

l e n d  t h e m s e l v e s  t o  any  o t h e r  g e n e r a l  c o n c l u s i o n s .

THE USE OF SUPERFILTROL AS AW ADSORBENT

The c o m m erc ia l  p r e p a r a t i o n  o f  s u p e r f i l t r o l ,  one o f  

t h e  most  a c t i v e  a d s o r b e n t s ,  c o n t a i n s  i m p u r i t i e s  w h ich -  

a r e  s o l u b l e  i n  t h e  o r g a n i c  s o l v e n t s  used  and  have 

a b s o r p t i o n  i n  t h e  u l t r a v i o l e t  r e g i o n  u n d e r  i n v e s t i g a t i o n .  

The m a j o r i t y  o f  t h i s  i r r e l e v a n t  m a t e r i a l  i s  removed from 

t h e  a d s o r b e n t  by p r e w a s h i n g  t h e  co lum n w i t h  t h e  p r o p e r  

o r g a n i c  s o l v e n t .  However ,  t h e s e  i m p u r i t i e s  a r e  s e e m in g ly  

n e v e r  c o m p l e t e l y  removed from t h e  s u p e r f i l t r o l  and ,  

beyond  a c e r t a i n  amount o f  p r e w a s h i n g ,  t e n d  t o  a p p r o a c h  

a r e p e t i t i o u s  c o n c e n t r a t i o n  and a b s o r p t i o n  s p e c t ru m  which  

a r e  a p p a r e n t  i n  t h e  a n a l y s i s  o f  s u c c e s s i v e  e q u i v a l e n t
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f r a c t i o n s  o f  e l u a t e .  The n e a r l y  l i n e a r  a b s o r p t i o n

s p e c t r u m  o f  t h i s  i r r e l e v a n t  s u b s t a n c e  l e n d s  i t s e l f  w e l l

t o  t h e  m a t h e m a t i c a l  t r e a t m e n t ,  o r  a m o d i f i e d  form o f  t h e
13

a n a l y s i s ,  p r e s e n t e d  by M or ton  and  S tu b b s  . T h e i r  

c o r r e c t i o n  f o r  an  i n t e r f e r i n g  s u b s t a n c e ,  which  

a c c o m p a n ie s  a compound whose a b s o r p t i o n  s p e c t r u m  i n  t h e  

p u r e  s t a t e  i s  known, i s  e n t i r e l y  g e n e r a l  and  r e l a t i v e  

t o  an y  l i n e a r  a b s o r b i n g  m a t e r i a l .

A few s u r v e y  i n v e s t i g a t i o n s ,  u s i n g  c a l c i f e r o l  and 

e r g o s t e r o l  i n  c o m b i n a t i o n  on s u p e r f i l t r o l  co lum ns  o f  

v a r i o u s  l e n g t h s ,  i n d i c a t e d  v e r y  p o s i t i v e l y  t h a t  an  

i r r e l e v a n t  m a t e r i a l ,  whose u l t r a v i o l e t  a b s o r p t i o n  s p e c ­

t ru m  was n o t  a t  a l l  l i n e a r ,  was a p p e a r i n g  i n  t h e  e l u a t e .  

However ,  b e c a u s e  o f  s m a l l e r  t o t a l  and r e l a t i v e  c o n c e n ­

t r a t i o n s  o f  t h e  two compounds and t h e  p r a c t i c e  o f  

t e r m i n a t i n g  t h e  d e v e lo p m e n t  o f  t h e  c h rom a tog ram  a t  t h e  

p o i n t  where  o n ly  c a l c i f e r o l  and s e e m in g ly  n o t h i n g  e l s e  

had  b e e n  e l u t e d ,  t h i s  n o n l i n e a r  i n t e r f e r i n g  s u b s t a n c e  

h a s  n o t  p r e v i o u s l y  been  o f  much c o n c e r n .  Thus ,  t h e  

M o r t o n - S tu b b s  c o r r e c t i o n  a l o n e  i s  no l o n g e r  a p p l i c a b l e ;  

and b e c a u s e  e q u i l i b r i u m  b e tw e e n  s o l u t i o n  and a d s o r b e n t  

i s  n o t  i n s t a n t a n e o u s  and from o b s e r v a t i o n  t h e  e f f e c t  o f  

d i f f u s i o n  ( n o n s h e r p  b e n d i n g )  i s  f a r  f rom n e g l i g i b l e ,  t h e  

t h e o r y  o f  c h r o m a t o g r a p h i c  a n a l y s i s  g i v e n  by W i l s o n ^ - 

o f f e r s  l i t t l e  i n f o r m a t i o n  r e l a t i v e  t o  t h e  a n a l y s i s  o f



t h e  c o n t e n t  o f  t h e  e l u a t e .  The more r e c e n t  k i n e t i c  

t h e o r y  o f  c h ro m a to g ra p h y  p r o p o s e d  by T h o m a s ^  j_s Qf  

no a i d  i n  t h e  s o l u t i o n  o f  t h e  c o m p o s i t i o n  o f  t h e  e l u a t e .  

b e c a u s e  o f  t h e  b i n a r y  compound a n d  s o l v e n t  s y s te m  u s e d  

f o r  t h i s  work.  Hence ,  a d i f f e r e n t  method o f  a n a l y s i s  

must  be  fo u n d  f o r  t h e  s e p a r a t i o n  o f  c a l c i f e r o l  f ro m  

e r g o s t e r o l  when u s i n g  s u p e r f i l t r o l  a s  t h e  a d s o r b e n t .

The e l u a t e  f rom  a 4 .6  c e n t i m e t e r  (by  w e i g h t ,  2 g ram s)  

s u p e r f i l t r o l  column on w h ich  0 .0 0 0 2 6 0  gram o f  c a l c i f e r o l  

had  i n i t i a l l y  b e e n  p l a c e d  was c a r e f u l l y  a n a l y z e d .  Each 

f r a c t i o n  was c h e c k e d  f o r  p u r i t y  by a  r a t i o  t e s t  a t  no 

l e s s  t h a n  t e n  d i f f e r e n t  wave l e n g t h s  o v e r  t h e  r a n g e  o f  

230 m i l l i m i c r o n s  t o  300 m i l l i m i c r o n s .  H a v in g  d e t e r m i n e d  

e a c h  f r a c t i o n  t o  c o n t a i n  o n ly  p u r e  c a l c i f e r o l ,  t h e  

p e r c e n t  o f  c a l c i f e r o l  r e c o v e r e d  f rom  t h e  a d s o r b e n t  was 

computed  and f o u n d  t o  be 9 7 ,6%. T h e r e f o r e ,  t h e  n o n ­

l i n e a r  i m p u r i t y  f o u n d  i n  t h e  e l u a t e  when c a l c i f e r o l  and  

e r g o s t e r o l  a r e  p l a c e d  on t h e  column t o g e t h e r  i s  n o t  

l i k e l y  t o  be due t o  a s t e r i c  o r  c h e m ic a l  change i n  t h e  

c a l c i f e r o l  c a u s e d  by i t s  c o n t a c t  w i t h  t h e  s u p e r f i l t r o l .

E r g o s t e r o l  was t h e n  i n i t i a l l y  p l a c e d  on a column 

o f  s u p e r f i l t r o l  an d  m ost  o f  t h e  e l u a t e ,  w h ic h  was 

c o l l e c t e d  f r a c t i o n w i s e ,  d i d  n o t  h a v e  an  a b s o r p t i o n  

s p e c t r u m  r e s e m b l i n g  t h a t  o f  e r g o s t e r o l  a t  a l l .  V a r y in g  

th e  e r g o s t e r o l  c o n c e n t r a t i o n  f rom  0 .0 0 0 2 4 4  gram p e r



m i l l i l i t e r  to  0 .0 0 1 9 5 2  gram p er  m i l l i l i t e r  by m u l t i p l e s  

o f  two and u s in g  a 4 . 6  c e n t im e t e r  a d so r b e n t  column, a  

v ery  c o n s i s t e n t  p a t t e r n  o f  a b s o r p t io n  cu rves  was n o te d  

a s  b e in g  e l u t e d  from th e  column in  e a ch  c a s e .  F u rth er  

i n v e s t i g a t i o n s ,  u s in g  th e s e  same c o n c e n t r a t io n s  o f  

e r g o s t e r o l  and a 2 .3  c e n t im e t e r  s u p e r f i l t r o l  column, 

gave com parable p a t t e r n s  f o r  th e  a b s o r p t io n  s p e c t r a  o f  

th e  column e l u a t e .  The c o n t e n t  o f  th e  e l u a t e  cou ld  

th en  be c l a s s i f i e d  i n t o  th r e e  d i s t i n c t  com ponents;

(1 )  a su b s ta n c e  w ith  a maximum a t  282  m i l l im ic r o n s ,

(2 )  a s u b s ta n c e  w ith  a v ery  d i s t i n c t  maximum a t  250 m i l l i ­

m ic ro n s ,  and (3 )  th e  pure e r g o s t e r o l  u n a l t e r e d .  A p p ly in g  

a r a t i o  t e s t ,  s i m i l a r  to  t h a t  u se d  p r e v io u s ly  t o  

d eterm in e  th e  p u r i t y  o f  f r a c t i o n s  c o n t a in in g  c a l c i f e r o l ,  

to  s e v e r a l  s u c c e s s i v e  e l u a t e  f r a c t i o n s  w hich  appeared

to  c o n ta in  o n ly  th e  s u b s ta n c e  w ith  a maximum a t  282 

m il l im ic r o n s  or  th e  s u b s ta n c e  w ith  a maximum a t  250 

m il l im ic r o n s ,  a v ery  c o n s i s t e n t  a b s o r p t io n  spectrum ,  

which d i f f e r e d  o n ly  in  m agnitude from f r a c t i o n  to  

f r a c t i o n ,  was found  f o r  each  o f  th e  two s u b s ta n c e s  

( s e e  F ig u re  1 2 ) .  H e n c e fo r th ,  th e  m a t e r ia l  w i t h  a 

maximum a t  282 m i l l im ic r o n s  s h a l l  be c a l l e d  su b s ta n c e  282 

and t h a t  w ith  a maximum a t  250  m i l l im ic r o n s  s h a l l  be 

c a l l e d  s u b s ta n c e  2 5 0 .  Thus, th e  n o n l in e a r  i r r e l e v a n t  

m a te r ia l  in  th e  e l u a t e  from a column o f  s u p e r f i l t r o l



i n i t i a l l y  c o n t a i n i n g  o n ly  p u r e  c a l c i f e r o l  and e r g o s t e r o l  

i s  v e r y  l i k e l y  due t o  a c o n v e r s i o n  o f  some o f  t h e  

e r g o s t e r o l ,  c a u s e d  by i t s  c o n t a c t  w i t h  t h e  a d s o r b e n t  i n  

t h e  p r e s e n c e  o f  t h e  s o l v e n t ,  i n t o  a t  l e a s t  two d i f f e r e n t  

s u b s t a n c e s .

A s u b s t a n c e  w i t h  a maximum a t  250 m i l l i m i c r o n s  was 

r e p o r t e d  by K im b a l l  , who, i n  s e p a r a t i n g  t h e  p r o d u c t s  

o f  i r r a d i a t e d  e r g o s t e r o l  c h r o m a t o g r a p h i c a l l y , n o t e d  i t s  

a p p e a r a n c e  j u s t  p r i o r  t o  t h e  e l u t i o n  o f  t h e  r e m a i n i n g  

n o n i r r a d i a t e d  e r g o s t e r o l .  At  f i r s t ,  t h e  s u b s t a n c e  was 

t h o u g h t  t o  be  t o x i s t e r o l ,  b u t  upon  c h r o m a t o g r a p h i n g  

e r g o s t e r o l  i n  t h e  a b s e n c e  o f  c a l c i f e r o l  and any  o t h e r  

p r o d u c t s  o f  i r r a d i a t i o n  and s t i l l  o b t a i n i n g  a maximum 

o f  some s u b s t a n c e  a t  250 m i l l i m i c r o n s ,  t h i s  i d e a  was 

e l i m i n a t e d  b e c a u s e  t o x i s t e r o l  p r e s u p p o s e s  t h e  p r e s e n c e  

o f  c a l c i f e r o l - ^ .  S e v e r a l  i n v e s t i g a t i o n s  were  c a r r i e d  

o u t  r e l a t i v e  t o  w h e t h e r  o r  n o t  t h e  i n t e r f e r i n g  m a t e r i a l  

c o u l d  be a p r o d u c t  f rom t h e  i r r a d i a t i o n  p r o c e s s ,  a 

r e a c t i o n  o f  t h e  e l u e n t  w i t h  t h e  a d s o r b e n t ,  a r e a c t i o n  

o f  t h e  e l u e n t  w i t h  t h e  e r g o s t e r o l ,  a n  i m p u r i t y  p r e s e n t  

i n  t h e  e r g o s t e r o l ,  o r  a r e s u l t  f rom  some d e c o m p o s i t i o n  

r e a c t i o n  o f  t h e  e r g o s t e r o l  on t h e  s u p e r f i l t r o l  column 

i t s e l f .  K im b a l l  c o n c l u d e d  t h a t  t h e  s u b s t a n c e  w i t h  a 

maximum a t  250 m i l l i m i c r o n s  c o u ld  o n ly  be f rom some 

r e a c t i o n  b e tw e e n  t h e  e r g o s t e r o l '  and t h e  a d s o r b e n t  .



C o m p u ta t io n s

H a v in g  i s o l a t e d  r e p r e s e n t a t i v e  a b s o r p t i o n  s p e c t r a  

f o r  two s u b s t a n c e s ,  w h ich  a r e  a p p a r e n t l y  o b t a i n e d  from 

a d e c o m p o s i t i o n  o f  p u r e  e r g o s t e r o l  w h ich  i s  c a u s e d  by 

c o n t a c t  w i t h  s u p e r f i l t r o l ,  t h e  a d d i t i v i t y  of t h e  

e x t i n c t i o n  c u r v e s ,  w h ich  was d i s c u s s e d  i n  d e t a i l  f o r  

two compounds when u s i n g  a n  a lu m in a  a d s o r b e n t ,  s h o u l d  

be a b l e  t o  be e x t e n d e d  t o  f o u r  s u b s t a n c e s  i n v o l v i n g  

t h e  u s e  of  a s y s t e m  o f  f o u r  s i m u l t a n e o u s  l i n e a r  

e q u a t i o n s  i n  f o u r  unkn o w n s , I f  d e v i a t i o n s  f rom t h i s  

t h e o r y  a r e  s i g n i f i c a n t  when t h e  l e n g t h  o f  t h e  s u p e r f i l t r o l  

column i s  v a r i e d ,  t h e  t o t a l  and r e l a t i v e  c o n c e n t r a t i o n s  

o f  c a l c i f e r o l  a n d  e r g o s t e r o l  i n i t i a l l y  p l a c e d  on t h e  

column a r e  v a r i e d ,  o r  t h e  r e l a t i v e  c o m p o s i t i o n  o f  th e  

e l u e n t  i s  a l t e r e d ,  t h e n  e i t h e r  t h e  a b s o r p t i o n  s p e c t r a  

f o r  t h e  p r o d u c t s  o b t a i n e d  from t h e  d e c o m p o s i t i o n  of 

e r g o s t e r o l  a r e  i n c o r r e c t  o r  e r g o s t e r o l  i n  c o m b i n a t i o n  

w i t h  c a l c i f e r o l  i s  n o t  changed  i n t o  th e  form o b s e r v e d  

when e r g o s t e r o l  was c h r o m a t o g r a p h e d  a l o n e .

The f o u r  unknowns ,  w h ich  r e p r e s e n t  each  o f  t h e  

f o u r  c o n s t a n t s  i n  t h e  s y s te m  o f  f o u r  s i m u l t a n e o u s  

l i n e a r  e q u a t i o n s ,  a r e  some form  of  a. c o n c e n t r a t i o n  

c o n s t a n t ,  w h ic h  d ep en d s  on th e  o t h e r  u n i t s  i n  u s e  i n  

t h e  e q u a t i o n s .  L e t  w, x ,  y ,  and  z be th e  unknown 

c o n c e n t r a t i o n  c o n s t a n t s  f o r  c a l c i f e r o l ,  s u b s t a n c e  282^



s u b s t a n c e  2 5 0 , a n d  e r g o s t e r o l  r e s p e c t i v e l y  i n  a s o l u t i o n  

o f  one c e n t i m e t e r  t h i c k n e s s .  L e t  a ,  b ,  c ,  a n d  d be  

t h e i r  r e s p e c t i v e  e x t i n c t i o n  c o e f f i c i e n t s  a t  a  wave 

l e n g t h  X  an d  a ' ,  b ' ,  c ' ,  an d  d '  t h e i r  r e s p e c t i v e  

e x t i n c t i o n  c o e f f i c i e n t s  a t  a  s e c o n d  wave l e n g t h  X* .

Then l e t  a " ,  b " ,  c " ,  a n d  d" be  t h e i r  r e s p e c t i v e  

e x t i n c t i o n  c o e f f i c i e n t s  a t  a t h i r d  wave l e n g t h  x "  a n d  

a ’", b'", c"* and  d H' t h e i r  r e s p e c t i v e  e x t i n c t i o n  

c o e f f i c i e n t s  a t  a f o u r t h  wave l e n g t h  A"'.  I f  D, E)1 , D", 

and  D1" a r e  t h e  r e s p e c t i v e  d e n s i t i e s ,  l o g  ( I 0/ l ) ,  o f  t h e  

m i x t u r e  o f  t h e  f o u r  s u b s t a n c e s  a t  e a c h  o f  t h e  f o u r  wave 

l e n g t h s , t h e n

a t  A  a  w + b x + c y + d  z = D

a t  a ' a ' w  + b ' x  + c ' y  + d '  z = D '

The c r i t i c a l  wave l e n g t h s  s e l e c t e d  f o r  u s e  i n  t h e  comp­

u t a t i o n  o f  w, x ,  y ,  and  z were 2 5 0 , 2o5 ,  2 6 1 ,  and  293 

m i l l i m i c r o n s .  T h e o r e t i c a l l y ,  e x t i n c t i o n  v a l u e s  o b s e r v e d  

a t  any f o u r  d i f f e r e n t  wave l e n g t h s  i n  t h e  r a n g e  o f  

i n v e s t i g a t i o n  c o u l d  be  u s e d ,  b u t  t h e  maximum a c c u r a c y  

I n  t h e  r e s u l t s  w i l l  be o b t a i n e d  by u s i n g  wave l e n g t h s  

where a  c r i t i c a l  maximum ( o r  minimum) e x t i n c t i o n  o f  

e a c h  component  i s  m ost  r e a d i l y  a l t e r e d  by a f o r e i g n

a t  X"  a "  w + b"  x + c"  y + d" z = D"

and  a t  x " 1 a ' "  w + b '"  x + c IM y + d™ z = D1"
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s u b s t a n c e .  Whenever  p o s s i b l e ,  t h e  wave l e n g t h s  s h o u l d  

b e  s p a c e d  a t  r e a s o n a b l e  i n t e r v a l s  an d  s e l e c t e d  w here  t h e  

e x t i n c t i o n  v a l u e s  h a v e  b e e n  r e a d  f rom t h e  m os t  a c c u r a t e  

s e t t i n g s  o f  t h e  s p e c t r o p h o t o m e t e r .

S o l u t i o n s  f o r  t h e  f o u r  s i m u l t a n e o u s  e q u a t i o n s  were  

f o u n d  by u s i n g  a  m e thod  o f  a d d i t i o n  a n d  s u b t r a c t i o n  

w h ich  i s  c o m p i l e d  by Dwyer^0*. F o r  n  e q u a t i o n s  i n  n 

unknowns,  whose m a t r i x  o f  c o e f f i c i e n t s  i s  n o n s y m m e t r i c ,  

t h i s  m ethod  o f  s o l u t i o n  r e q u i r e s  o n ly  rows an d

h a s  t h e  a d d i t i o n a l  a d v a n t a g e s  o f  h a v i n g  l e s s  c h a n c e  f o r  

n u m e r i c a l  e r r o r ,  l e s s  r e c o r d i n g ,  and  b e i n g  e a s i e r  t o  

c a l c u l a t e ,  more a c c u r a t e ,  l e s s  t im e  co n su m in g ,  an d  more 

com pac t  t h a n  o t h e r  methods  o f  s o l u t i o n .  When o n l y  t h r e e  

s u b s t a n c e s  w ere  p r e s e n t  i n  t h e  e l u a t e ,  t h e  s y s t e m  o f  

e q u a t i o n s  was r e d u c e d  t o  t h r e e  an d  t h e  f o u r t h  e q u a t i o n ,  

i n v o l v i n g  t h e  o b s e r v e d  d e n s i t y  f o r  t h e  m i x t u r e  a t  293 

m i l l i m i c r o n s ,  was o m i t t e d .  When o n ly  two s u b s t a n c e s  

a p p e a r e d  i n  t h e  e l u a t e ,  t h e  e q u a t i o n  i n v o l v i n g  t h e  

d e n s i t y  o b s e r v e d  a t  t h e  wave l e n g t h  s u s p e c t e d  t o  be  t h e  

l e a s t  c r i t i c a l  was e l i m i n a t e d .

F o r  0 .0 0 0 2 6 0  gram o f  c a l c i f e r o l  a n d  0 . 0 0 0 4 8 8  gram 

o f  e r g o s t e r o l  p l a c e d  on a 4 . 6  c e n t i m e t e r  column o f  

s u p e r f i l t r o l ,  t h e  s e v e n t h  f r a c t i o n  o f  e l u a t e  was s e l e c t e d  

a s  a n  i l l u s t r a t i o n  o f  t h e  a g r e e m e n t  b e tw e e n  t h e  o b s e r v e d  

a b s o r p t i o n  s p e c t r u m  an d  t h a t  c a l c u l a t e d  f rom  t h e



a ssu m p tio n  o f  th e  p r e s e n c e  o f  pure c a l c i f e r o l ,  

s u b s ta n c e  2 8 2 ,  and s u b s ta n c e  250 ( s e e  Table I V ) .  The 

c o n c e n t r a t io n  c o n s t a n t s  were found  to  be 1 .0 5 1 0  f o r  

c a l c i f e r o l ,  0 .1 3 7 3  f o r  s u b s ta n c e  2 8 2 ,  and 0 .0 0 4 6  f o r  

s u b s ta n c e  2 5 0 .  The computed e x t i n c t i o n  cu rve  h as been  

b rok en  down in t o  th e  a b s o r p t io n  due t o  c a l c i f e r o l  and 

t h a t  due to  s u b s ta n c e  282 and s u b s ta n c e  2 5 0 .  The g r a p h ic  

r e p r e s e n t a t i o n  o f  t h i s  d a ta  and a n a l y s i s  i s  g iv e n  in  

F ig u r e  1 3 .  The graphs o f  th e  o b se r v e d  and computed  

e x t i n c t i o n  c u r v e s  a r e  v e r y  n e a r ly  c o i n c i d e n t .  The 

v a r i a t i o n s  b etw een  t h e s e  two cu r v e s  a r e  w i t h in  th e  l i m i t s  

o f  e x p e r im e n ta l  e r r o r  and are  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  

The r e l a t i v e  c o m p o s it io n  o f  t h i s  f r a c t i o n  a t  28 l  m i l l i ­

m icron s i s  ab ou t 8 9 .5 $  c a l c i f e r o l ,  1 0 .4 $  s u b s ta n c e  282 ,  

and 0 .2 $  s u b s ta n c e  2 5 0 .  The c a l c i f e r o l  i n  t h i s  f r a c t i o n  

i s  2 8 . 3$  o f  th e  t o t a l  amount o f  c a l c i f e r o l  i n i t i a l l y  

p la c e d  on th e  colum n.

Assum ing th e  p r e s e n c e  o f  pure c a l c i f e r o l ,  su b s ta n c e  

2 8 2 ,  s u b s ta n c e  2 5 0 ,  and pure e r g o s t e r o l  i n  th e  f o u r t h  

f r a c t i o n  o f  th e  e l u a t e  from a 1 . 1 + c e n t im e t e r  su p e r ­

f i l t r o l  column, ah  exam ple o f  th e  marked s i m i l a r i t y  

b etw een  th e  o b se r v e d  and computed a b s o r p t io n  s p e c t r a  i s  

g iv e n  In T ab le  V. The q u a n t i t i e s  o f  c a l c i f e r o l  and  

e r g o s t e r o l  o r i g i n a l l y  p la c e d  on th e  column were th e  same 

a s  b e f o r e .  The c o n c e n t r a t io n  c o n s t a n t s  were found  to  be
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0 . 9 ^ 2 9  f o r  c a l c i f e r o l ,  0 . 2 3 2 3  f o r  s u b s t a n c e  2 8 2 ,  0 .1 3 4 6

f o r  s u b s t a n c e  250 ,  an d  0 . 6 4 4 9  f o r  e r g o s t e r o l .  The

com puted  e x t i n c t i o n  v a l u e s  h a v e  b e e n  g i v e n  s e p a r a t e l y

f o r  t h e  a b s o r p t i o n  due  t o  c a l c i f e r o l ,  t h a t  due t o

e r g o s t e r o l ,  and t h a t  due t o  s u b s t a n c e  282 and s u b s t a n c e

2 5 0 .  I n  f a c t ,  t h e  a b s o r p t i o n  s p e c t r u m  due t o  one  o r  any

c o m b i n a t i o n  o f  t h e s e  f o u r  s u b s t a n c e s  c a n  v e r y  e a s i l y  be

f o u n d .  F i g u r e  14 shows t h e  g r a p h s  o f  th e  o b s e r v e d  and

com puted  e x t i n c t i o n  c u r v e s  a r e  a g a i n  v e r y  n e a r l y

c o i n c i d e n t .  As b e f o r e ,  t h e  d e v i a t i o n s  o f  t h e  com puted

v a l u e s  f rom  t h e  o b s e r v e d  v a l u e s  a r e  n o t  s u f f i c i e n t l y

l a r g e  t o  make t h e  two c u r v e s  s i g n i f i c a n t l y  d i f f e r e n t .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h e  d i f f e r e n c e  b e tw e e n  t h e

e x t i n c t i o n  c u r v e  due  t o  t h e  p r e s e n c e  o f  o n ly  p u r e

c a l c i f e r o l  and e r g o s t e r o l ,  C u rv e  D, and t h e  o b s e r v e d

e x t i n c t i o n  c u r v e  f o r  t h e  f o u r  c o m p o n e n t s ,  Curve F .

T h e re  i s n ' t  any p o s s i b l e  c o m b i n a t i o n  o f  c a l c i f e r o l  and

e r g o s t e r o l  a l o n e  t h a t  c o u l d  g i v e  a r e s u l t a n t  a b s o r p t i o n

s p e c t r u m  w i t h  a maximum a t  262 m i l l i m i c r o n s .  T h u s ,  t h i s

e l u a t e  f r a c t i o n  m u s t  be c o n t a m i n a t e d ,  and t h e  i n t r o d u c t i o n

o f  t h e  a b s o r p t i o n  s p e c t r u m  due t o  s u b s t a n c e  282 and

s u b s t a n c e  250 seems t o  a c c o u n t  f o r  t h i s  maximum, and

o t h e r  v a r i a t i o n s , - v e r y  w e l l .  The r e l a t i v e  c o m p o s i t i o n

o f  t h i s  f r a c t i o n  a t  281 m i l l i m i c r o n s  i s  a b o u t  46.5/5
X

c a l c i f e r o l ,  1 0 .2 $  s u b s t a n c e  2 8 2 ,  3 . 2 $  s u b s t a n c e  2 5 0 , and



4-0.0$ e r g o s t e r o l .  The am oun ts  o f  c a l c i f e r o l  and 

e r g o s t e r o l ,  "based u p o n  t h e  i n i t i a l  q u a n t i t i e s  p l a c e d  on 

t h e  co lu m n ,  i n  t h i s  f r a c t i o n  a r e  2 5 . 3$ and 1 2 . 9 $  

r e s p e c t i v e l y .

A l l  o f  t h e  o b s e r v e d  and com puted  a b s o r p t i o n  c u r v e s  

a r e  i n  a t  l e a s t  a s  c l o s e  a g r e e m e n t  a s  t h e  two p r e c e d i n g  

ex am p le s  f o r  t h e  e n t i r e  i n v e s t i g a t i o n  and f o r  a l l  

f r a c t i o n s .

S i n c e  a l l  o f  t h e  c o n d i t i o n s  f o r  e a c h  g r o u p  o f  

i n v e s t i g a t i o n s  a r e  k e p t  c o n s t a n t  e x c e p t  t h e  one f o r  w h ic h  

a v a r i a t i o n  i s  b e i n g  s t u d i e d ,  an  e r r o r  i n h e r e n t  t o  t h e s e  

c o n d i t i o n s  i s  t h o u g h t  t o  r e s u l t  f rom t h e  f a c t  t h a t  a few 

( f ro m  one t o  t h r e e )  o f  t h e  i n i t i a l  and  f i n a l  f r a c t i o n s  

may be c a r r y i n g  v e r y  s m a l l  q u a n t i t i e s  o f  c a l c i f e r o l  

a n d / o r  e r g o s t e r o l  and  a r e  d i s c a r d e d  b e c a u s e  o f  v e r y  low 

e x t i n c t i o n  r e a d i n g s  a t  t h e  c r i t i c a l  p o i n t s .  F o r  -each 

f r a c t i o n  c o n c e r n e d ,  t h i s ' e r r o r  h a s  b e e n  found  t o  be l e s s  

t h a n  0 . 5 $  o f  t h e  i n i t i a l  q u a n t i t y  o f  e i t h e r  compound 

p l a c e d  on t h e  c o lu m n .

V a r i a t i o n  o f  Column P re w a sh

The c o n t e m i n e n t s  i n  t h e  c o m m e r c i a l  p r e p a r a t i o n  o f  

s u p e r f i l t r o l  a r e  rem oved  by p r e w a s h i n g  t h e  p a c k e d  co lum n 

w i t h  t h e  m o s t  p o l a r  s o l v e n t ,  d e v e l o p e r ,  o r  e l u e n t  t o  be 

u s e d  d u r i n g  t h e  i n v e s t i g a t i o n .  The q u a n t i t y  o f  e t h e r  -  

h e x a n e ,  i n  t h e  r a t i o  o f  1 :5  p a r t s  by vo lum e ,  pre'wash
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s o l u t i o n  r e q u i r e d  t o  r e d u c e  t h e s e  i m p u r i t i e s ' t o  a 

minimum and t h a t  n e c e s s a r y  t o  i n d i c a t e  p a r t i a l  d e a c t i v a ­

t i o n  o f  t h e  a d s o r b e n t  a r e  q u i t e  d i f f e r e n t .  H a v in g  fo u n d  

4 m i l l i l i t e r s  o f  t h i s  e t h e r  -  h e x a n e  s o l v e n t  t o  be  t h e  

minimum volume o f  p r e w a s h  s o l u t i o n  t h a t  would  s a t i s f a c t o ­

r i l y  f r e e  a 4 . 6  c e n t i m e t e r  s u p e r f i l t r o l  co lum n f ro m  

i m p u r i t i e s ,  p r e w a s h  s o l u t i o n s  o f  16 m i l l i l i t e r s  and  30 

m i l l i l i t e r s  o f  t h i s  same e t h e r  -  h e x a n e  c o n c e n t r a t i o n  

w ere  i n v e s t i g a t e d .  I n  e a c h  case . ,  t h e  i n i t i a l  amount 

o f  c a l c i f e r o l  p l a c e d  on t h e  a d s o r b e n t  was 0 .0 0 0 2 6 0  gram 

an d  t h a t  o f  e r g o s t e r o l  was 0 . 0 0 0 4 8 8  g ram .  As i s  e v i d e n t  

f ro m  F i g u r e  15 ,  t h e r e  i s  e s s e n t i a l l y  no d i f f e r e n c e  

b e t w e e n  t h e  r e s u l t s  o b t a i n e d  f rom  p r e w a s h i n g  t h e  

a d s o r b e n t  w i t h  4 m i l l i l i t e r s  o f  s o l v e n t  and  t h o s e  

o b t a i n e d  f ro m  h a v i n g  p r e w a s h e d  t h e  co lum n w i t h  16 

m i l l i l i t e r s  o f  s o l v e n t .  However ,  when t h e  co lumn was 

p r e w a s h e d  w i t h  30 m i l l i l i t e r s  of  s o l v e n t ,  t h e  amount  

o f  c a l c i f e r o l  r e c o v e r e d  was v e r y  s l i g h t l y  i n c r e a s e d  

w h i l e  t h e  amount o f  e r g o s t e r o l  e l u t e d  f rom  t h e  co lum n 

was q u i t e  d e c i d e d l y  i n c r e a s e d  t o  3»5%. The p r e s e n c e  of 

t h i s  q u a n t i t y  o f  e r g o s t e r o l  i n  t h e  e l u a t e  may be 

i n c i d e n t a l  b u t  i s  more l i k e l y  due t o  a s l i g h t  d e a c t i v a ­

t i o n  o f  t h e  s u p e r f i l t r o l  w h ic h  was c a u s e d  by t h e  l a r g e  

volume o f  e t h e r  -  h e x a n e  w h ic h  came i n  c o n t a c t  w i t h  i t .

T h e re  i s n ' t  any  d i f f e r e n c e  i n  t h e  p o s i t i o n  o f  t h e
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i n i t i a l  a p p e a r a n c e  o f  c a l c i f e r o l ,  s u b s t a n c e  2 8 2 ,  and 

s u b s t a n c e  250 i n  t h e  e l u a t e  f o r  t h e  t h r e e  d i f f e r e n t  

p r e w a sh  s o l u t i o n s .  However ,  t h e  f r a c t i o n s  i n  w h i c h  

t h e s e  com p o n en ts  t e r m i n a t e  v a r y  ’w i t h i n  one o r  two 

m i l l i l i t e r s  ( s e e  F i g u r e  1 6 ) .  E r g o s t e r o l  i s  f o u n d  i n  

more f r a c t i o n s  and  t e r m i n a t e s  l a t e r  f ro m  t h e  co lu m n  

w h ich  was p r e w a s h e d  w i t h  30 m i l l i l i t e r s  o f  e t h e r  -  

h e x a n e .

As would be  e x p e c t e d ,  t h e  r e l a t i v e  c o m p o s i t i o n  o f  

t h e  t o t a l  e x t i n c t i o n  f o r  e l l  f r a c t i o n s  f o r  e a c h  i n v e s t i ­

g a t i o n  d i f f e r s  o n l y  s l i g h t l y  w i t h  r e s p e c t  t o  e a c h  com­

p o n e n t  a t  281 m i l l i m i c r o n s  ( s e e  F i g u r e  1 7 ) .  E r g o s t e r o l  

h a s  t h e  m ost  v a r i a b l e  p o s i t i o n s  due t o  i t s  a p p e a r a n c e ,  

d i s a p p e a r a n c e , and r e a p p e a r a n c e  f ro m  t h e  co lu m n s  w h ich  

were  p r e w a s h e d  w i t h  4 ,  16 ,  and  30 m i l l i l i t e r s  o f  s o l v e n t  

r e s p e c t i v e l y .

V a r i a t i o n  of  E l u e n t  P o l a r i t y

F o r  t h e  s t u d i e s  r e l a t i v e  t o  t h e  v a r i a t i o n  o f  t h e  

c o m p o s i t i o n  o f  t h e  e l u e n t ,  0 . 0 0 0 2 6 0  gram o f  c a l c i f e r o l  

and  0 .0 0 0 4 8 8  gram o f  e r g o s t e r o l  w ere  i n t r o d u c e d  o n to  a

4 . 6  c e n t i m e t e r  s u p e r f i l t r o l  co lum n.  T h r e e  d i f f e r e n t  

e t h e r  -  h ex an e  c o m b i n a t i o n s  were  c o n s i d e r e d .  T h e se  w ere  

i n  t h e  r a t i o s  o f  1 : 1 ,  1 : 3 ,  and 1 : 5  p e r t s  o f  e t h e r  t o  

h e x a n e  by vo lu m e .  As t h e  r a t i o  o f  e t h e r  t o  h e x a n e  i s  

d e c r e a s e d ,  t h e  t o t a l  amount o f  c a l c i f e r o l  r e c o v e r e d  f rom



t h e  co lum n  v a r i e s  "between 99.6% arid 98 .7% .  S i m u l t a n e ­

o u s l y ,  t h e  r e c o v e r y  o f  e r g o s t e r o l  f rom  t h e  column 

d e c r e a s e s  f ro m  80.1% t o  a b o u t  1 .3%. F i g u r e  18 shows t h e  

c o n s i s t e n t l y  h i g h  r e c o v e r y  of c a l c i f e r o l ,  w h ich  seems t o  

be i n d e p e n d e n t  o f  t h e  e t h e r  c o n t e n t  o f  t h e  e l u e n t ,  and 

t h e  r a p i d  d e c l i n e  o f  t h e  e r g o s t e r o l  r e c o v e r y  a s  t h e  

p o l a r i t y  o f  t h e  e l u e n t  i s  d e c r e a s e d .  E ow ever ,  when 

100% h e x a n e  was u s e d  a s  t h e  e l u e n t ,  n e i t h e r  compound 

was d e s o r b e d  o r  r e c o v e r e d  i n  t h e  c o l l e c t i o n  o f  over- 

60 f r a c t i o n s .

A l t h o u g h  t h e  r e c o v e r y  of  e a c h  compound i s  im p o r ­

t a n t ,  t h e  s e p a r a t i o n  o f  t h e  two compounds i s  a l s o  v e ry  

i m p o r t a n t .  The i n i t i a l  and t e r m i n a l  f r a c t i o n s  i n  which  

e a c h  o f  t h e  f o u r  com p o n en ts  a r e  fo und  a r e  shown i n  

F i g u r e  19 f o r  e a c h  e l u e n t  v a r i a t i o n .  When t h e  e l u e n t  i s  

composed o f  e t h e r  and h e x a n e  i n  e q u a l  p a r t s  by v o lu m e ,  

t h e  e l u t i o n  o f  a l l  f o u r  s u b s t a n c e s  b e g i n s  and ends  q u i t e  

q u i c k l y ,  b u t  t h e r e  a r e  no f r a c t i o n s  i n  which any one 

s u b s t a n c e  i s  found a l o n e .  As t h e  p o l a r i t y  o f  t h e  e l u e n t  

i s  d e c r e a s e d ,  t h e  volume i n  w h ic h  t h e  e l u t i o n  o f  a l l  

com ponen ts  t a k e s  p l a c e  i s  i n c r e a s e d .  When t h e  e t h e r  -  

h e x a n e  e l u e n t  r a t i o  i s  1 : 3 ,  t h e  f i r s t  t h r e e  f r a c t i o n s  

a r e  f r e e  o f  s u b s t a n c e  2 8 2 .  Very  l i t t l e  e r g o s t e r o l  i s  

e l u t e d  f rom  t h e  a d s o r b e n t  when e t h e r  -  h e x a n e  i n  t h e  

r a t i o  o f  1 : 5  i s  u s e d  a s  t h e  e l u e n t ,  a s  was m e n t io n e d
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p r e v i o u s l y .  T h i s  s m a l l  p e r c e n t a g e  o f  e r g o s t e r o l  i s  

f o u n d  o n ly  i n  t h e  l a s t  two f r a c t i o n s ;  and  h e n c e ,  a l l  p r e ­

c e d i n g  f r a c t i o n s  c o n t a i n  c a l c i f e r o l  f r e e  f ro m  e r g o s t e r o l .  

U n f o r t u n a t e l y , t h e  d e c o m p o s i t i o n  p r o d u c t s  o f  e r g o s t e r o l  

a r e  f o u n d  i n  e a c h  f r a c t i o n .

When t h e  e l u e n t  i s  e t h e r  -  h e x a n e ,  1 : 1 ,  r e l a t i v e l y  

l i t t l e  o f  t h e  e x t i n c t i o n  v a l u e  f o r  t h e  t o t a l  e l u a t e  f o r  

each  i n v e s t i g a t i o n  i s  d e v o t e d  t o  s u b s t a n c e  282 and 

s u b s t a n c e  250 a t  281 m i l l i m i c r o n s ,  h o w e v e r ,  a s  t h e  

p o l a r i t y  of  t h e  e l u e n t  i s  d e c r e a s e d ,  s u b s t a n c e  250 and 

e s p e c i a l l y  s u b s t a n c e  282 o b t a i n  more and more p r o m i n e n c e  

i n  t h e  c o m p o s i t i o n  o f  t h e  e l u a t e .  At  t h e  same t i m e ,  t h e  

p o s i t i o n  o f  e r g o s t e r o l  d e c r e a s e s  t o  a l m o s t  z e r o ,  a s  would  

be e x p e c t e d ,  s i n c e  i t s  d e s o r p t i o n  i s  t e n d i n g  t o  z e r o ,  and  

t h e  g a i n  i n  p o s i t i o n  o f  c a l c i f e r o l  i s  p r o b a b l y  a t  t h e  

e x p e n s e  o f  e r g o s t e r o l  ( F i g u r e  2 0 ) .  I t  i s  q u i t e  e v i d e n t  

t h a t  t h e  r e l a t i v e  e t h e r  -  h e x a n e  c o n t e n t  o f  t h e  e l u e n t  

h a s  a d i r e c t  i n f l u e n c e  on t h e  c o n v e r s i o n  o f  e r g o s t e r o l  

i n t o  s u b s t a n c e  282 and  s u b s t a n c e  2 5 0 .  T h i s  c o n v e r s i o n  . 

must  a l s o  r e s u l t  i n  p a r t  f rom t h e  vo lum e o f  e l u e n t  

n e c e s s a r y  t o  e l u t e  t h e  compounds f ro m  t h e  co lum n  a n d / o r  

t h e  l e n g t h  o f  t im e  an d  s u b s e q u e n t  a d s o r b e n t - a d s o r b a t e -  

e l u e n t  c o n t a c t .

V a r i a t i o n  o f  Column L e n g th

By c h a n g in g  t h e  amount  o f  s u p e r f i l t r o l  p l a c e d  i n  a
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ch rom atograp h ic  tu be  o f  c o n s ta n t  d ia m e te r ,  th e  h e i g h t  to  

which th e  a d s o r b e n t  w i l l  r i s e  i s  v a r i a b l e .  In f a c t ,  f o r  

a l l  p r a c t i c a l  p u r p o se s ,  th e  v a r i a t i o n  i n  h e i g h t  i s  a  

l i n e a r  f u n c t i o n  o f  th e  w e ig h t .  S in c e  p r e v io u s  work has  

shown an a lm o s t  com p le te  s e p a r a t io n  o f  c a l c i f e r o l  from  

e r g o s t e r o l  u s in g  a 4 .6  c e n t im e t e r  column, columns o f  

b o th  s h o r t e r  and lo n g e r  le n g t h s  were s t u d i e d .  The e l u e n t  

ch o sen  f o r  t h i s  work was e t h e r  -  hexane i n  th e  r a t i o  o f  

1 : 5  p a r t s  by volum e, and th e  amounts o f  c a l c i f e r o l  and 

e r g o s t e r o l  i n i t i a l l y  p la c e d  onto  each  column o f  su p e r ­

f i l t r o l  were 0 .0 0 0 2 6 0  gram and 0 .0 0 0 4 8 8  gram r e s p e c t i v e l y .  

The p a t t e r n s  r e s u l t i n g  from t h i s  work a r e  v ery  c l e a r l y  

shown in  F ig u r e s  2 1 - 3 0 .  Each f i g u r e  i s  composed so as  

to  p r e s e n t  th e  a b s o r p t io n  s p e c t r a  o f  s e v e r a l  r e s i d u e s . .  

Each r e s id u e  i s  from a f r a c t i o n  o f  the same number and 

from a column o f  d i f f e r e n t  l e n g t h .  The l e n g t h  o f  t h e s e  

columns vary  from 1 . 1 + c e n t im e t e r s  (1 /2  gram) to  7 . 0  

c e n t im e t e r s  (3 grams) i n  i n t e r v a l s  o f  a b o u t  1 .2  c e n t i ­

m eters  ( l / 2  gram ). In a l l  c a s e s ,  the  e x t i n c t i o n  v a lu e s  

a r e  t h o s e  f o r  w hich  each  f r a c t i o n  r e s id u e  was v o lu m e t-  

r i c a l l y  ta k e n  up i n  4 m i l l i l i t e r s  o f  h e x a n e .  The f i r s t  

f r a c t i o n  f o r  ea ch  run i s  not g iv e n  b ecau se  none o f  th e  

s u b s ta n c e s  were e l u t e d  i n  any i n v e s t i g a t i o n .  For th e  

columns o f  s h o r t e r  l e n g t h s ,  1 . 1 + c e n t im e t e r s  and 2 . 3  

c e n t im e t e r s ,  th e  c a l c i f e r o l  i s  e l u t e d  q u i t e  q u ic k ly



i n  t h e  f i r s t  few f r a c t i o n s .  I n  f a c t ,  m os t  o f  t h e  

c a l c i f e r o l ,  w h ic h  i s  f r e e  f rom  e r g o s t e r o l ,  i s  e l u t e d  

b e f o r e  t h e  e l u t i o n  o f  t h e  c a l c i f e r o l  f rom  t h e  l o n g e r  

co lum ns  i s  e v e n  s t a r t e d  ( s e e  F i g u r e s  2 1 - 2 3 ) .  As t h e  

e l u t i o n  o f  t h e  s h o r t e r  columns t e n d s  t o  c o m p l e t i o n ,  t h e  

d i s t o r t i o n  o f  t h e  c a l c i f e r o l  c u r v e  t o  t h a t  o f  e r g o s t e r o l  

and s u b s t a n c e  250 i s  v e r y  e v i d e n t  ( F i g u r e s  2 4 - 2 7 ) .  

S u b s t a n c e  250 seems t o  g a i n  i n  p r o m in e n c e  and t h e n  t a p e r  

b ac k  t o  an  a b s o r p t i o n  s p e c t r u m  s i m i l a r  t o  t h a t  o f  p u r e  

e r g o s t e r o l ,  a s  can  b e  s e e n  i n  F i g u r e s  2 5 - 2 9 .  F o r  t h e  

l o n g e r  c o lu m n s ,  5 . 8  c e n t i m e t e r s  and 7 . 0  c e n t i m e t e r s ,  

t h e r e  i s  l i t t l e  v i s u a l  e v i d e n c e  of  any v e ry  p r o m i n e n t  

q u a n t i t y  o f  c a l c i f e r o l  i n  t h e  e l u a t e  b e f o r e  t h e  s i x t h  

f r a c t i o n ,  F i g u r e  2 5 .  P r i o r  t o  t h i s  f r a c t i o n  t h e  

m a j o r i t y  o f  t h e  e l u a t e  a p p e a r s  t o  b e  composed o f  

s u b s t a n c e  2 8 2 .  C a l c i f e r o l  i s  e l u t e d  v e r y  h e a v i l y  f rom 

t h e s e  l o n g e r  co lum ns  i n  f r a c t i o n s  7 - 9 .  L e s s e r  am ounts  

o f  c a l c i f e r o l  end t h e  b e g i n n i n g  o f  a s l i g h t  d i s t o r t i o n  

of  t h e  c a l c i f e r o l  c u r v e  a r e  e v i d e n t  i n  F i g u r e  2 9 .  The 

a b s o r p t i o n  s p e c t r a  f o r  t h e  r e m a i n i n g  f r a c t i o n s  e l u t e d  

f rom  t h e  7 . 0  c e n t i m e t e r  co lum n  a r e  shown i n  F i g u r e  30 .

A l a r g e r  e x t i n c t i o n  s c a l e  i s  u s e d  f o r  t h i s  g r a p h  i n  

o r d e r  t o  show t h e  d i s t o r t i o n  more c l e a r l y .  A l t h o u g h  

t h e  c o n t r i b u t i o n ,  i n  t e r m s  o f  c o n c e n t r a t i o n ,  o f  s u b s t a n c e  

250 t o  t h e  r e s u l t a n t  a b s o r p t i o n  s p e c t r a  may be s m a l l ,  i t s
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p r e s e n c e  I s  v e r y  e v i d e n t .  As th e  e l u t i o n  o f  s u b s ta n c e  

250  t e n d s  to  c o m p le t io n ,  th e  s p e c t r a l  p a t t e r n s ,  w hich  

may be p a r t i a l l y  due to  some i m p u t i t i e s  s t i l l  b e in g  

r e l e a s e d  from th e  a d s o r b e n t ,  have  a te n d e n c y  to  r e t u r n  

to  n e a r l y  l i n e a r  s p e c t r a .  The e l u a t e  f r a c t i o n s  from th e  

columns o f  in t e r m e d ia t e  l e n g t h s ,  3 . 4 + c e n t im e t e r s  and

4 .6  c e n t i m e t e r s ,  f o l l o w  p a t t e r n s  b etw een  t h o s e  f o r  th e  

s h o r t e r  and l o n g e r  column l e n g t h s .

A c o m p i la t io n  o f  th e  t o t a l  r e c o v e r y  o f  c a l c i r f e r o l  

and e r g o s t e r o l  from e a c h  column o f  d i f f e r e n t  l e n g t h  i s  

shown i n  F ig u r e  31* For each  column, th e  c a l c i f e r o l  

r e c o v e r y ,  s e e m in g ly  in d e p e n d e n t  o f  th e  column l e n g t h ,  i s  

c o n s i s t e n t l y  ab ove  9 8 ^ .  On th e  o t h e r  hand, th e  e r g o s t e r o l  

r e c o v e r y  d e c l i n e s  s t e a d i l y  from 2 8 . 7^ from th e  1 . 1 + c e n t i ­

m eter column t o  0 . 0 % from th e  5 .8  c e n t im e t e r  column. 

E r g o s t e r o l  i s  a b s e n t  from th e  e l u a t e  from th e  7 . 0  c e n t i ­

m eter column a l s o .

R e g a r d le s s  o f  th e  f a c t  t h a t  s e v e r a l - o f  th e  cu rv es  

in  th e  f i g u r e s  f o r  th e  su r v e y  o f  th e  v a r io u s  column 

l e n g t h s  appear to  c o n t a in  o n ly  pure c a l c i f e r o l ,  f u r t h e r  

m ath em atica l i n v e s t i g a t i o n  show6 a lm o s t  a l l  o f  th e s e  

f r a c t i o n s  to  be  co n ta m in a ted  w ith  v a r y in g  p o r t io n s  o f  

s u b s ta n c e  282 and s u b s ta n c e  2 5 0 .  F ig u re  32 p r e s e n t s  in  

a compact form th e  i n i t i a l  and te r m in a l  f r a c t i o n s  in  

which ea ch  o f  th e  components a p p ea rs  f o r  ea ch  ru n . As

- 4 1 -



t h e  l e n g t h  o f  t h e  co lum n i s  i n c r e a s e d ,  t h e  number  o f  

f r a c t i o n s  r e q u i r e d  t o  f r e e  t h e  s u p e r f i l t r o l  o f  i t s  

c o n t e n t s  i s  i n c r e a s e d .  T h i s  i n c r e a s e  i s  n o t  n e a r l y  a s  

g r e a t ,  h o w e v e r ,  a s  i t  was  when a lu m in a  was u s e d  a s  t h e  

a d s o r b e n t .  F o r  a n  i n c r e a s e  i n  t h e  l e n g t h  o f  t h e  s u p e r ­

f i l t r o l  co lum n,  e a c h  com ponen t  i s  d e l a y e d  i n  i t s  i n i t i a l  

a p p e a r a n c e  and t e r m i n a t e s  two o r  t h r e e  f r a c t i o n s  l a t e r  

t h a n  f o r  t h e  i m m e d i a t e l y  p r e c e d i n g  s h o r t e r  c o lu m n .  

S u b s t a n c e  282 and  s u b s t a n c e  250 accompany o r  p r e c e d e  t h e  

e l u t i o n  o f  c a l c i f e r o l .  As th e  co lumn i s  l e n g t h e n e d ,  

t h e s e  two i n t e r f e r i n g  s u b s t a n c e s  p r e c e d e  t h e  c a l c i f e r o l  

by an  e v e r  i n c r e a s i n g  number  of  f r a c t i o n s .  T h e re  a r e  

no f r a c t i o n s  w h ich  a r e  f r e e  f rom e i t h e r  c a l c i f e r o l  o r  

e r g o s t e r o l  t h a t  a r e  a l s o  f r e e  f rom  b o t h  s u b s t a n c e  282 

and s u b s t a n c e  2 5 0 .

S u b s t a n c e  282 and s u b s t a n c e  250 c a n n o t  be a n a l y z e d  

on a t o t a l  p e r c e n t  r e c o v e r y  b a s i s  s u c h  a s  t h a t  u s e d  

p r e v i o u s l y  f o r  c a l c i f e r o l  and e r g o s t e r o l  ( s e e  F i g u r e  5 1 ) .  

T h i s  would  r e q u i r e  a k n o w ledge  o f  t h e  amount o f  e r g o s t e r o l  

r e t a i n e d  on  t h e  co lum n ,  i n  t h e  c o n v e r t e d  and u n c o n v e r t e d  

fo r m s ,  a s . w e l l  a s  some a d d i t i o n a l  i n f o r m a t i o n  a b o u t  t h e  

two p r o d u c t s  o f  c o n v e r s i o n .  However ,  th e  r e l a t i v e  

c o m p o s i t i o n  o f  e a c h  c o m p l e t e  r u n ,  o r  any  f r a c t i o n  t h e r e o f ,  

f o r  any d e f i n e d  wave l e n g t h ,  s a y  281 m i l l i m i c r o n s ,  can  

be com puted  ( F i g u r e  3 3 ) •  S i n c e  t h e  amount of e r g o s t e r o l
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e l u t e d  f ro m  t h e  co lum n ae  t h e  l e n g t h  i s  i n c r e a s e d  goes  

t o  z e r o ,  t h e  r e l a t i v e  p o s i t i o n  o f  e r g o s t e r o l  i n  t h e  

c o m p o s i t i o n  o f  t h e  e l u a t e  w i l l  go t o  z e r o .  H ence ,  w i t h  

an  i n c r e a s e  i n  co lum n l e n g t h ,  c a l c i f e r o l ,  s u b s t a n c e  282,  

a n d  s u b s t a n c e  250 s h o u l d  be p r e s e n t  i n  t h e  r e l a t i v e  

c o m p o s i t i o n  o f  t h e  e l u a t e  t o  a  g r e a t e r  d e g r e e .  The 

e x t i n c t i o n  v a l u e s  f o r  t h e  e l u a t e  f o r  e a c h  r u n  d e c r e a s e  

s l i g h t l y  a n d  t h e  c o n c e n t r a t i o n  c o n s t a n t s  f o r  s u b s t a n c e  

2o2 and  s u b s t a n c e  2p0  i n c r e a s e  s l i g h t l y  as  t n e  l e n g t h  o f  

t h e  column i s  i n c r e a s e d .  H ence ,  t h e  c o n v e r s i o n  of  

e r g o s t e r o l  i n t o  t h e s e  two co m ponen ts  a p p e a r s  t o  be a 

f u n c t i o n  o f  t h e  co lum n l e n g t h .  However ,  f o r  co lum ns  o f  

l e n g t h  g r e a t e r  t h a n  4 . 6  c e n t i m e t e r s ,  f rom  w h ich  

e r g o s t e r o l  i s  no l o n g e r  e l u t e d ,  t h e  e x t i n c t i o n  v a l u e s  

an d  c o n c e n t r a t i o n  c o n s t a n t s  t e n d  t o  become c o n s t a n t .  

T h e r e f o r e ,  t h e  c o n v e r s i o n  o f  e r g o s t e r o l  must  be a 

f u n c t i o n  o f  t h e  l e n g t h  o f  t h e  column a n d  t n e  amount  o f  

p u r e  e r g o s t e r o l  a v a i l a b l e  f o r  d e s o r p t i o n  a n d / o r  e l u t i o n  

f ro m  t h e  c o lu m n , .

V a r i a t i o n  o f  Sample C o n c e n t r a t i o n

To s t u d y  t h e  e f f e c t  o f  t h e  change  o f  ' c o n c e n t r a t i o n  

upon  t h e  s e p a r a t i o n  o f  c a l c i f e r o l  f rom  e r g o s t e r o l ,  two 

d i f f e r e n t  l e n g t h  co lum ns  o f  s u p e r f i l t r o l  c o n t a i n i n g  

v a r i o u s  q u a n t i t i e s  o f  e a c h  compound were  i n v e s t i g a t e d .. 

The column o f  2 . 3  c e n t i m e t e r s  i n  l e n g t h  was s e l e c t e d  f o r
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f u r t h e r  s t u d y  "because t h e r e  h a d  d e f i n i t e l y  b e e n  p r o v e n  

(by a p r e v i o u s  i n v e s t i g a t i o n )  t h a t  some u n c o n v e r t e d  

e r g o s t e r o l  h ad  b e e n  e l u t e d  f rom  i t .  The e f f e c t  o f  

h a l v i n g  a n d  d o u b l i n g  t h e  i n i t i a l  q u a n t i t y  o f  e r g o s t e r o l  

( 0 .0 0 0 4 5 5  gram) a n d  k e e p i n g  t h a t  o f  c a l c i f e r o l  ( 0 .0 0 0 2 6 0  

g ram) c o n s t a n t  was s t u d i e d  ( s e e  F i g u r e  3 4 ) .  The t o t a l  

c a l c i f e r o l  r e c o v e r y  r e m a i n e d  ab o v e  99% u n t i l  t h e  r u n  in.  

w h ic h  t h e  amount o f  e r g o s t e r o l  was d o u b l e d .  Here  t h e  

c a l c i f e r o l  r e c o v e r y  d r o p p e d  t o  a b o u t  9~5%. T h i s  s u d d e n  

d e c l i n e  i n  r e c o v e r y  c a n  p r o b a b l y  be a t t r i b u t e d  t o  some 

m o l e c u l a r  e n t a n g l e m e n t  b e t w e e n  t h e  c a l c i f e r o l  an d  

e r g o s t e r o l  a t  t h e  s u r f a c e  o f  t h e  s u p e r f i l t r o l  p a r t i c l e s  

s i n c e  t h e  e r g o s t e r o l  was i n i t i a l l y  p r e s e n t  i n  a  r e l a t i v e l y  

l a r g e  a m o u n t .  Trie t o t a l  r e c o v e r y  ( i n  p e r c e n t )  o f  

e r g o s t e r o l  i s  somewhat more v a r i a b l e .  However,  t h e  

a c t u a l  g a i n  i n  am ount  o f  p u re  e r g o s t e r o l  e l u t e d  f rom 

t h e  column i n c r e a s e s  s t e a d i l y  f ro m  0 .0 0 0 0 5 5  g r a n  t o  

0 .0 0 0 0 7 5  gram t o  0 .0 0 0 1 5 9  gram f o r  q u a n t i t i e s  i n i t i a l l y  

p l a c e d  on th e  co lumn o f  0 .0 0 0 2 4 4  gram, 0 .0 0 0 4 5 8  gram, 

a n d  0 .0 0 0 9 7 6  gram r e s p e c t i v e l y .

A e  t h e  e r g o s t e r o l  c o n c e n t r a t i o n  i s  i n c r e a s e d ,  t h e  

f o u r  c o n s t i t u e n t s  a p p e a r  i n  t h e  e l u a t e  a l i t t l e  e a r l i e r  

a n d  t e r m i n a t e  s l i g h t l y  l a t e r  ( F i g u r e  3 5 ) .  Thus,  t h e  

volume o f  e l u e n t  n e c e s s a r y  f o r  t h e i r  e l u t i o n  i s  g r e a t e r .

The r e l a t i v e  c o m p o s i t i o n  ( F i g u r e  3o)  of  t h e  e l u a t e
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f o r  e a c h  r u n  a t  281  m i l l i m i c r o n s  i s  i n  a g r e e m e n t  w i t h  

t h e  f a c t  t h a t  t h e  q u a n t i t y  o f  e l u t e d  e r g o s t e r o l  i n c r e a s e s  

a s  t h e  r a t i o  o f  e r g o s t e r o l  t o  c a l c i f e r o l  i s  i n c r e a s e d .  

S i m u l t a n e o u s l y ,  t h e  c o n t r i b u t i o n  o f  s u b s t a n c e  282 and  

s u b s t a n c e  250  t o  t h e  t o t a l  e x t i n c t i o n  v a l u e  i s  g r e a t e r .  

T h i s  i s  t o  be e x p e c t e d  s i n c e  t h e s e  two s u b s t a n c e s  a r e  a 

r e s u l t  o f  a c o n v e r s i o n  o f  some o f  t h e  e r g o s t e r o l .  The 

c o n t r i b u t i o n  o f  c a l c i f e r o l  t o  t h e  t o t a l  a b s o r p t i o n  

s p e c t r u m  w i l l  n a t u r a l l y  d e c l i n e .

As a c o m p a r i s o n  f o r  t h e  above  work ,  a s i m i l a r  s u r v e y  

was made on a co lumn o f  4 . 6  c e n t i m e t e r s  i n  l e n g t h .  T h i s  

l e n g t h  o f  co lumn was s e l e c t e d  b e c a u s e  t h e r e  was v e r y  

l i t t l e  e r g o s t e r o l  e l u t e d  f rom  i t  olS G. e t e r m i n e d  f ro m  a 

p r e v i o u s  s t u d y  i n  w h ich  t h e  i n i t i a l  am o u n ts  o f  c a l c i f e r o l  

and  e r g o s t e r o l  were  0 .0 0 0 2 6 0  gram an d  0 .0 0 0 4 8 8  gram 

r e s p e c t i v e l y .  F o r  t h i s  s t u d y  t h e  q u a n t i t y  o f  e r g o s t e r o l  

was h a l v e d ,  d o u b l e d ,  a n d  q u a d r u p l e d  w h i l e  t h a t  o f  

c a l c i f e r o l  was h e l d  c o n s t a n t .  As t h e  o r i g i n a l  q u a n t i t y  

o f  e r g o s t e r o l  on t h e  co lumn i s  i n c r e a s e d  f rom 0 .0 0 0 2 4 4  

gram t o  0 .0 0 1 9 5 2  gram,  t h e  t o t a l  c a l c i f e r o l  r e c o v e r y  

d e c r e a s e s  f rom  100^  t o  93^  ( s e e  F i g u r e  3 7 ) .  T h i s  

d e c r e a s e  i s  a l m o s t  l i n e a r ,  d e p e n d i n g  on t h e  method  of  

g r a p h i n g .  I n  c o m p a r i s o n ,  t h e  e r g o s t e r o l  r e c o v e r y  

i n c r e a s e s  f rom  0% t o  13 $ .  T h i s  i s  somewhat more s i g n i f ­

i c a n t  t h a n  t h e  p e r c e n t a g e s  seem t o  i n d i c a t e  s i n c e  th e



amount  o f  e r g o s t e r o l  r e c o v e r e d  i n c r e a s e s  f ro m  0 .0 0 0 0 0 0  

gram t o  0 .0 0 0 0 0 6  gram t o  0 .0 u 0 0 2 0  gram t o  0 . 0 0 0 2 6 3  gram 

f o r  i n i t i a l  q u a n t i t i e s  o f  e r g o s t e r o l  o f  0 . 0 0 0 2 4 4  gram, 

0 .0 0 0 4 8 8  gram, 0 .0 0 0 9 7 6  gram,  end 0 .0 0 1 9 5 6  gram r e s p e c ­

t i v e l y  .

The p o s i t i o n  o f  t h e  i n i t i a l  a p p e a r a n c e  o f  t h e  f o u r  

co m ponen ts  i n  t h e  e l u a t e  i s  v e r y  c o m p a r a b l e  t o  t h a t  f o r  

t h e  2 . 3  c e n t i m e t e r  c o lu m n .  However ,  t h e  t e r m i n a t i o n  o f  

t h e  e l u t i o n  o f  e a c h  com ponen t  i s  somewhat  more v a r i a b l e  

( s e e  F i g u r e  3 8 ) .  As com pared  t o  t h e  2 . 3  c e n t i m e t e r  

co lum n,  t h e  vo lum e o f  e l u e n t  r e q u i r e d  t o  f r e e  t h e  co lum n 

o f  t h e  c o n s t i t u e n t s  w i l l  be  g r e a t e r  b e c a u s e  o f  t h e  

i n c r e a s e  i n  co lu m n  l e n g t h .  P e r h a p s  t h e  e a r l i e r  t e r m i n a ­

t i o n  o f  t h e  c o n s t i t u e n t s  f rom t h e  co lu m n  c o n t a i n i n g  

0 .0 0 0 4 8 8  gram o f  e r g o s t e r o l  as  com pared  t o  t h e  co lumn 

c o n t a i n i n g  0 .0 0 0 2 4 4  gram o f  e r g o s t e r o l  c a n  p a r t i a l l y  be 

a t t r i b u t e d  t o  t h e  e a r l i e r  e l u t i o n  o f  s u b s t a n c e  282 end 

s u b s t a n c e  2 5 0 .  The e a r l i e r  a p p e a r a n c e  of e r g o s t e r o l  

from t h e  co lum n c o n t a i n i n g  0 .0 0 0 9 7 6  gram of  e r g o s t e r o l  

i s  q u i t e  i n  l i n e  w i t h  t h e  p a r a l l e l  s i t u a t i o n  f o r  t h e  

2 . 3  c e n t i m e t e r  co lum n .  The r e t u r n  o f  e r g o s t e r o l  t o  a 

l a t e r  i n i t i a l  a p p e a r a n c e  f rom  t h e  co lum n w h ic h  c o n t a i n e d  

0 .0 0 1 9 5 2  gram o f  e r g o s t e r o l  i s  q u i t e  l i k e l y  due to  t h e  

l a r g e  q u a n t i t y  o f  e r g o s t e r o l  w h ich  h a s  f o r c e d  t h e  

c o n v e r s i o n  p r o d u c t s  t o  a p p e a r  s t i l l  e a r l i e r  and r e t a i n e d
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c a l c i f e r o l  f o r  a l a t e r  f r a c t i o n .  The i n c r e a s e d  b a n d i n g  

i s  u n d o u b t e d l y  due t o  t h e  i n c r e a s e  i n  e r g o s t e r o l  c o n c e n ­

t r a t i o n  .

The r e l a t i v e  c o m p o s i t i o n  o f  t h e  t o t a l i t y  o f  e a c h  

r u n  a t  261 m i l l i m i c r o n s  i s  shown i n  F i g u r e  39 .  The 

p a t t e r n  f o r  e a c h  com ponen t  i s  a l m o s t  i d e n t i c a l  t o  t h a t  

f o r  t h e  c o m p a r a b le  c o n d i t i o n s  on t h e  s h o r t e r  co lu m n .  

Hence,  a s  t h e  r a t i o  o f  t h e  am oun t  o f  e r g o s t e r o l  t o  

c a l c i f e r o l  i s  i n c r e a s e d ,  e r g o s t e r o l ,  s u b s t a n c e  2&2, an d  

s u b s t a n c e  250 i n c r e a s e  w h i l e  c a l c i f e r o l  d e c r e a s e s  i n  

p ro m in e n c e  i n  t h e  r e l a t i v e  c o m p o s i t i o n  o f  t h e  e l u a t e .



SUMMARY

The s e p a r a t i o n  o f  c a l c i f e r o l  f ro m  e r g o s t e r o l  u s i n g  

a n  e t h e r  o r  e t h e r  -  h e x a n e  s o l v e n t  a n d  a n  a l u m i n a  o r  

s u p e r f i l t r o l  a d s o r b e n t  h a s  b e e n  p r e s e n t e d .  E t h e r  was 

f o u n d  t o  b e  t h e  b e s t  s o l v e n t  a n d  e l u e n t  f o r  t h e  accom ­

p l i s h m e n t  o f  t h e  s e p a r a t i o n  by means o f  an  a l u m in a  

a d s o r b e n t .  When s u p e r f i l t r o l  was u s e d  a s  t h e  a d s o r b e n t ,  

e t h e r  -  h e x a n e  i n  t h e  r a t i o  o f  1 : 5  p a r t s  by volume was 

f o u n d  t o  be a v e r y  s a t i s f a c t o r y  s o l v e n t  f o r  t h e  s e p a r a ­

t i o n .

In  o b t a i n i n g  a c o m p le t e  s e p a r a t i o n  o f  t h e  two 

compounds,  t h e  w e i g h t  o f  t h e  a d s o r b e n t  an d  t h e  h e i g h t  

t o  w h ich  i t  was p a ck e d  i n  t h e  c h r o m a t o g r a p h i c  t u b e  were  

v e r y  i m p o r t a n t .  A lum ina  gave  a v e r y  good s e p a r a t i o n  o f  

t h e  two compounds,  t h e  r e s u l t a n t  f o r n  o f  e a c h  b e i n g  p u re  

a n d  f r e e  f rom  any  o t h e r  m a t e r i a l .  However ,  t h e  l e n g t h ­

e n i n g  o f  t h e  column a n d  t h e  r e s u l t i n g  b r o a d e r  b a n d i n g  

o f  e a c h  compound w i t h i n  t h e  column were  f o u n d  t o  be 

u n d e s i r a b l e .  S u p e r f i l t r o l  gave a v e r y  s h a r p  s e p a r a t i o n  

much more q u i c k l y  a n d  on a v e r y  much s h o r t e r  co lu m n .  

However ,  a  c o n v e r s i o n  o f  t h e  e r g o s t e r o l  i n t o  two 

i r r e l e v a n t  s u b s t a n c e s  t o o k  p l a c e  on t h e  a d s o r b e n t  a n d ,  

w h i l e  c a l c i f e r o l  an d  e r g o s t e r o l  were o b t a i n e d  f r e e  f rom 

e a c h  o t h e r ,  n e i t h e r  compound was f o u n d  i n  t h e  e l u a t e



c o m p l e t e l y  f r e e  f ro m  one o r  b o t h  of  t h e  i r r e l e v a n t  

m a t e r i a l s .  Th is  o b s e r v a t i o n  l e a d  to  a p a t t e r n  a n a l y s i s  

o f  t h e  c o n v e r s i o n  p r o d u c t s  a n d  a s  a r e s u l t ,  t h e  e l u a t e  

f r a c t i o n s  c o u l d  be a n a l y z e d  by  a  s y s te m  o f  s i m u l t a n e o u s  

l i n e a r  e q u a t i o n s .  A l s o ,  t h e  c o n c e n t r a t i o n  of  c a l c i f e r o l  

o r  e r g o s t e r o l  i n  t h e  t o t a l  e l u a t e ,  o r  any  f r a c t i o n  

t h e r e o f ,  c o u l d  be d e t e r m i n e d  e x a c t l y .

The r e l a t i v e  a n d  t o t a l  c o n c e n t r a t i o n s  o f  c a l c i f e r o l  

a n d  e r g o s t e r o l  i n i t i a l l y  p l a c e d  on e i t h e r  a d s o r b e n t  had  

v e r y  l i t t l e  e f f e c t  on  t h e  t o t a l  c a l c i f e r o l  r e c o v e r y .  

However ,  b o t h  t h e  s e p a r a t i o n  o f  t h e  two compounds an d  

t h e  t o t a l  e r g o s t e r o l  r e c o v e r y  were  i n f l u e n c e d  c o n s i d e r a b l y  

by t h i s  p r o p e r t y .



TABLE I

ivr
01

F i g . Alumina E lu e n t R ecovery

( cm .)

E th er

(p a r t s

Hexane 

by v o l . )

C a l .  f r e e  
from E rg .  

{ % )

E rg . f r e e  
from C a l .  

( % )

T o t a l  
C a l .
{ % )

T o t a l
E rg .
{ % )

7 .8 ^0 50 3 4 . 0 31+.2 9 0 .3 8 1 . 5

70 50 34-5 3 7 .6 9 3 .4 8 5 . 2

80 20 3 3 .8 3 8 . 8 9 4 .7 8 8 .0

100 0 3 2 . i | 3 3 .1 9 6 . 2 9 0 . 1

1 5 .6 70 30 48.1+ 1+5.7 9 0 . 1 8 2 . 9

80 20 1+7 . 1 1+4.7 9 2 . 8 8 5 . 2

100 0 5 1 .6 4 9 . 0 9 4 .3 8 7 . 2

I n i t i a l  c a l c i f e r o l  c o n c e n t r a t io n :  0 .0 0 0 2 6 0  g . / m l .
I n i t i a l  e r g o s t e r o l  c o n c e n t r a t io n :  0 .0 0 0 4 8 8  g . / m l .



TABLE I I

' i g . Alumina

(cm .)

E lu e n t  
E th er  Hexane

(p a r t s  by v o l . )

I n i t i a l
F r a c t io n
C o n ta in in g
C a l c i f e r o l

E lu a te  
I n i t i a l  F in a l  
F r a c t io n  F r a c t io n  
C o n ta in in g  C o n ta in in g  
E r g o s t e r o l  C a l c i f e r o l  

(number)

F in a l
F r a c t io n
C o n ta in in g
E r g o s t e r o l

F r a c t io n s  
C o n ta in in g  

C a l .  E r g .  Cal 
Only Only and 

Erg
(number)

7 .8 50 50 37 46 6o 72 9 12 15

70 30 24 30 4o 50 6 10 11

8o 20 19 25 32 4 i 6 9 8

100 0 15 20 26 35 5 9 7

6 I 5 .6 70 30 4o 51 6 l 78 l i 17 l l

8o 20 34 43 51 65 9 14  9

100 0 29 37 42 56 8 14 6

I n i t i a l  c a l c i f e r o l  c o n c e n t r a t io n :  0 .0 0 0 2 6 0  g . / m l .  
I n i t i a l  e r g o s t e r o l  c o n c e n t r a t io n :  0.000[j.88 g . / m l .



TABLE I I I

F i g .  A l u m i n a
I n i t i a l  
F r a c t io n  
C o n ta in in g  
C a l c i f e r o l

( g . ) (c m .)

2 5 -9 9

1+ 7 .8 15

8 1 5 .6 29

16 5 1 .1 49

22 4 2 . 7 64

23 4 4 .6 66

E lu a te
I n i t i a l  F i n a l  F in a l
F r a c t io n  F r a c t io n  F r a c t io n
C o n ta in in g  C o n ta in in g  C o n ta in in g
E r g o s t e r o l  C a l c i f e r o l  

(number)
E r g o s t e r o l

12 19 24

20 26 55

37 42 56

63 65 86

84 84 110

87 86 115

F r a c t io n s  
C o n ta in in g  

C a l .  E r g .  C a l .  
Only Only and 

E r g .
(number)

3 5 8

5 9 7

8 11+ 6

14 21 3

20 26 1

21 29 0

E lu e n t :  D ie t h y l  e th e r
I n i t i a l  c a l c i f e r o l  c o n c e n t r a t io n :  0 .0 0 0 2 6 0  g . / m l .  
I n i t i a l  e r g o s t e r o l  c o n c e n t r a t io n :  0 .0 0 0 4 8 8  g . / m l .



TABLE IV

S u p e r f i l t r o l : 4 . 6  c e n t i m e t e r s
I n i t i a l  c a l c i f e r o l  c o n c e n t r a t i o n : 0 .0 0 0 2 6 0  g . / m l .
I n i t i a l ,  e r g o s t e r o l  c o n c e n t r a t i o n :  0 .0 0 0 4 8 8  g . / m l .
F r a c t i o n :  #7

Wave L e n g th  
(m mu) C o r r e c t i o n

E x t i n c t i o n  
C a l c i f e r o l  Computed. Observed.

230 0 .0 3 8 0 .4 6 2 0 .5 0 0 0 .5 2 0

240 0 . 0 3 8 0 .5 9 2 0 .6 3 0 0 . 6 3 2

2 5 0 - 0 . 0 4 0 0 .7 3 6 0 .7 7 6 0 .7 7 6

260 0 .0 4 3 0 . 8 4 5 0 . 8 8 8 0 .8 9 3

262 0 . 0 4 5

COLHCO«O
0 . 9 0 3 0 .9 0 6

264 0 . 0 4 6 0 .8 6 2 0 . 9 0 8 0 . 9 0 9

2o5 0 . 0 4 7 0 . 8 6 1 0 . 9 0 8 0 . 9 0 8

266 0 . 0 4 8 0 . 8 5 4 0 .9 0 2 0 . 9 0 4

270 0 . 0 5 4 0 .8 1 2 0 .8 6 6 0 .8 6 6

271 0 . 0 5 5 0 .7 9 5 0 .8 5 0 0 .8 5 2

272 0 . 0 5 5 0 . 7 7 7 0 .8 3 2 0 . 8 3 5

276 0 . 0 5 7 0 . 6 8 8 0 . 7 4 5 0 . 7 4 1

280 0 .0 6 3 0 . 5 7 7 0 . 6 4 0 0 .6 3 6

281 0 .0 6 5 0 . 5 4 5 0 . 6 1 0 O.olO

282 0 .0 6 5 0 .5 1 6 0 .5 8 1 0 . 5 8 0

289 0 .0 5 3 0 . 3 2 4 0 . 3 7 7 0 . 3 8 0

293 0 .0 4 9 0 . 2 3 0 • 0 .2 8 0 0 .2 8 2

300 0 .0 3 3 0 .1 1 1 0 . 1 4 5 0 .1 5 0

w = 1 .0 5 1 0 y = 0 .0 0 4 6

x = 0 .1 3 7 3

-5 3 -



TABLE V

S u p e r f i l t r o l :  1 . 1 + c e n t i m e t e r s
I n i t i a l  c a l c i f e r o l  c o n c e n t r a t i o n :  0 . 0 0 0 2 6 0  g . / i n l .  
I n i t i a l  e r g o s t e r o l  c o n c e n t r a t i o n :  0 . 0 0 0 4 6 3  g . / m l .  
F r a c t i o n :  //4

7/ave L e n g th  E x t i n c t i o n
(m mu) C o r r e c t i o n  C a l c i f e r o l  E r g o s t e r o l  Computed O b s e rv e d

230 0 . 2 1 7 0 . 4 1 4 0 . 0 7 6 0 . 7 0 7 0 . 7 3 0

240 0 . 2 6 3 0 . 5 3 1 0 . 0 8 1 0 . 8 7 6 0 . 8 7 2

250 0 . 3 1 5 0 . 6 6 1 0 . 1 4 4 1 . 1 2 0 1 . 1 2 0

260 0 . 2 6 2 0 . 7 5 8 0 . 2 7 2 1 .2 9 2 1 . 2 9 4

262 0 .2 5 0 0 . 7 7 0 0 . 2 8 3 1 . 3 0 3 1 . 3 0 0

264 0 . 2 2 9 0 . 7 7 3 0 .2 8 6 1 . 2 8 8 1 . 2 8 8

265 0 . 2 1 4 0 .7 7 2 0 . 2 9 6 1 .2 8 2 1 .2 8 2

266 0 . 2 0 0 0 .7 6 6 0 . 3 1 0 1 .2 7 6 1 . 2 7 8

270 0 . 1 5 3 0 . 7 2 9 0 . 3 9 7 1 .2 7 9 1 . 2 7 8

271 0 .1 4 6 0 . 7 1 4 0 . 3 9 8 1 . 2 5 8 1 . 2 6 0

272 0 . 1 3 9 0 .6 9 7 0 . 3 o 9 1 . 2 2 5 1 . 2 2 4

276 0 . 1 3 0 0 . 6 1 8 0 . 3 3 9 1 .0 8 6 1 .0 8 6

280 0 . 1 4 0 0 . 5 1 8 0 . 4 1 0 1 . 0 6 6 1 . 0 6 8

281 0 . 1 4 2 0 . 4 8 9 0 . 4 2 1 1 .0 5 2 1 .0 5 2

282 0 .1 4 2 0 . 4 6 3 0 .4 1 6 1 .0 2 1 1 . 0 1 8

289 0 . 1 1 3 0 . 2 9 0 0 . 2 2 1 0 . 6 2 3 0 . 6 2 0

293 0 . 1 0 6 0 .2 0 6 0 . 2 4 4 0 .5 5 6 0 .5 5 6

300 0 .0 7 2 0 . 1 0 0 0 .0 5 0 0 .2 2 1 O .23O

w = 0 .9 4 2 9 y =  0 . 13^6

x = 0 .2 3 2 3 z = 0 .6449



1.0

0.8

0.6

0 .4

0.2

-o —

0.0
2 7 0 2 8 02 6 0 2 9 0 3 0 02 5 02 3 0 2 4 0

W ove L e n g th  (m illim icro n s)

F igure  2 . A b s o rp tio n  s p e c t r a  o f  c a lc ife ro l  a n d  e rg o s te ro l  in hex an e. 
A - C a l c i f e r o l  ( 0 . 0 0 0 0 1 7 5  g./m l.)
B - E r g o s t e r o l  ( 0  0 0 0 0 2 4 4  g ./m l.)
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Figure 3. Recovery of colc ifero l an d  e rgoste ro l from a  7.8 c e n tim e te r  a lum ina colum n. 
A - P u r e  c a lc ife ro l 
£3- P u r e  e rg o s te ro l 
C - T o t a l  c a lc ife ro l 
D - T o ta l  e rg o s te ro l
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5 0  Hexone
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Eluent (p ercen t by volume)

9 010 1000
Figure 4 , Recovery of c a lc ife ro l ond e rg o s te ro l from  

A - P u r e  colcifero l 
B —Pure ergostero l 
C —Total c a lc ife ro l 
D -T o to l  e rg o s te ro l

a 15.6 c en tim e te r  alumina column.
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1006 0
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E luent (p erc e n t by volume)

9 05 0  E ther 
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Figure 5 . E lution of co lc ife ro l ana e rg o s te ro l  from  a 7 .8  ce n tim e te r  a lum ina  column. 
A - I n it ia l  f rac tio n  containing ca lc ife ro l 
B -  Initial froc tion  containing e rg o s te ro l 
C -F in a l  f ro c tio n  con tain ing  co lc ife ro l 
D -  Final f ra c tio n  con tain ing  e rg o s te ro l

100

8 0

= 6 0
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2 0

1009 07 0  8 0
3 0  2 0

E luent (p e rc e n t  by volume)

6 0
4 0

5 0  E th e r  
5 0  Hexane

F igure 6. E lution of co lc ife ro l and e rg o s te ro l  from  o 15 .6  c e n tim e te r  a lu m in a  column. 
In itia l f ra c tio n  con tain ing  c a lc i fe ro l  

B —In itia l f ra c tio n  contain ing  e rg o s te ro l  
C - F in a l  f ra c t io n  co n ta in ing  c a lc ife ro l  
D -F in a l  f r o c t io n  contain ing  e rg o s te ro l

tejasji
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Figure 7. E lu tion  o f colciferol and  erg o ste ro l using  a  pure e th e r  eluent.
A— In itia l f ra c tio n  contain ing  calcifero l 
0 -  In itia l f ra c tio n  con tain ing  e rg o s te ro l 
C —Final fro c tio n  contain ing  calciferol 
D —Final froc tion  conto in ing  ergostero l
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Figure 8. R ecovery of ca lc ife ro l using a pure e th e r  eluent. 
A - P u r e  calcifero l 
B - T o ta l  ca lc ife ro l
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Figure 9. R ecovery of e rg o s te ro l using a pure e th e r  eluent. 
A - P u r e  e rg o s te ro l  
B - T o ta l  e rg o ste ro l
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6 0
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20

Calciferol 2 .6 0  2 .6 0  2 .6 0  5 .2 0  2 .6 0  5 .2 0  2 .6 0  5 .2 0  2 .6 0  5 .2 0  5 .2 0  5 .2 0
E rgostero l 4 .8 8  9 .7 6  4 .8 8  4 .8 8  4 .8 8  9 .7 6  9 .7 6  4 .8 8  9 .7 6  9 .7 6  4 .8 8  9 .7 6  

C oncentration  X I0 “ 4  (gram s per m illilite r)

Figure 10. Recovery of ca lc ife ro l ond e rg o s te ro l  from  a 7 .8  c en tim e te r  a lum ina column. 
A — Pure colciferol 
B - P u r e  ergosterol 
C -  Total colciferol 
D -T o to l  ergosterol

100

8 0

£  6 0

2 0

Calciferol 2 .6 0  2 .6 0  2 .6 0  5 .2 0 .  2 .6 0  5 .2 0  2 .6 0  5 .2 0  2 .6 0  5 .2 0  5 .2 0  5 .2 0  
Ergostero l 4 .8 8  9 .7 6  4 .8 8  4 .8 8  4 .8 8  9 .7 6  9 .7 6  4 .8 8  9 .7 6  9 .7 6  4 .8 8  9 .7 6

Concentration X I0 " 4 (groms per m illiliter)

Figure 11. Recovery of colciferol ond ergostero l from o 15.6 centim eter olumino column. 
A—Pure c a lc ife ro l  
B -P u re  ergostero l 
C -T o to l  calciferol 
D -T o to l ergosterol
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Figure

2 4 0  2 5 0  2 6 0  2 7 0  2 8 0  2 9 0
Wave L e n g th  (m illim icrons)

A bso rp tio n  s p e c t r a  of s u b s ta n c e  2 8 2  and su b s to n c e  2 5 0  in 
A - S u b s t a n c e  2 8 2  
B - S u b s t o n c e  2 5 0

3 0 0

hexane.
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F igure 13. S eventh fraction  o f. e lua te  from a 4 .6  centimeter su p e rfiltro l column.

A -C om puted  absorption sp ectra  due to  substance 2 0 2  and substance 2 5 0
B -C om puted absorption spectra  due to  pure calciferol
C -R e su lta n t computed obsorption s p e c tr a  -  curve A +  cu rve  B (o )
D -O b se rv ed  absorp tion  spectra  in hexane (•)
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Figure 14. Fourth fraction of eluate from a U + centim eter su p e rf il t ro l  column.
A-Com puted absorption spectra  due to  substance 2 6 2  and  substance 2 5 0
B -C om puted absorption sp ectra  due to  pure calciferol
C -C om puted absorption spectra  due to  pure ergosterol
D -C om puted  absorption sp ec tra  due to  pure calciferol and pure ergosterol —

curve B +  curve C 
E -R e su lta n t computed absorption s p e c t r a - c u r v e  A +  curve B +  curve C (O) 
F -O b se rv ed  obsorption sp ectra  in hexane (•)
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F igure  15. Recovery of calc ifero l and e rg o s te ro l from  a  4 .6  c en tim e te r  
su p e rf iltro l column.

A -T o ta l  c a lc ife ro l 
B -T o ta l  e rg o s te ro l
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E th e r-h ex an e , 1:5, prew ash solution (m illiliters)

3 0

Figure 16. Elution of calc ife ro l, su b s ta n c e  2 8 2 ,  substance  2 5 0 ,  and ergostero l from 
a 4 .6  cen tim eter su p e rfiltro l column.

W -lnitial fraction  containing calcifero l 
X -In itia l froction  containing su b stan ce  2 9 2  
Y -in itia l fraction containing substonce 2 5 0  
Z -ln itio l fraction  containing e rgostero l 
w -F ina! frac tion  containing calciferol 
x -F in a l fraction containing substance 2 8 2  
y —Final fraction containing substance 2 5 0  
z -F in a l fraction containing ergosterol

ea>
Jf 7 50)a
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Ether-hexone, 1:5, prew ash solution (m ill il i te r s )

Figure 17 Relative composition of to ta l e lu a te  from a 4 .6  ce n tim e te r  superfiltro l 
column a t  281 m illim icrons.

A -Colciferol 
B -S u b s tan c e  2 8 2  
C -S u b s tan c e  2 5 0  
D -  Ergosterol
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F igure 18. Recovery of c a lc ife ro l and e rg o s te ro l  from  a 4 .6  c e n tim e te r  
sup erfiltro l column.

A—Total calciferol 
8 - T o ta l  e rgoste ro l
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Figure  19. E lu tion  o f c a lc ife ro l,  su b stan ce  2 8 2 ,  s u b s ta n c e  2 5 0 ,  and e rg o ste ro l 
from a 4 .6  c e n tim e te r  su p e rf iltro l column.

W—Initial frac tio n  contain ing  co lc ife ro l 
X -ln itio l frac tio n  contain ing  su b stan ce  2 8 2  
Y -ln itia l fraction  containing su b stan ce  2 5 0  
Z - ln it ia l  fraction  containing e rgostero l 
w -F in o l f ra c tio n  containing c a lc ife ro l 
x -F in a l  f ra c tio n  containing su b s ta n c e  2 8 2  
y -F in a l  fro c tio n  containing su b s ta n c e  2 5 0  
z -F in a l  fraction  containing e rgostero l

7 5

5 0
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Ether
Hexane 53

E luent (p a r ts  by volum e)

F igure 2 0 . R e la tiv e  c o m p o s itio n  of to to l e lu a te  fro m  a  4 .6  c e n tim e te r  
su p e rf iltro l colum n a t  281 m illim icrons.

A -  Colciferol 
B - S u b s t a n c e  2 8 2  
C - S u b s t a n c e  2 5 0  
D - E r g o s te r o l
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F ig u r e  21. A b so rp tio n  s p e c t r a  o f  s e c o n d  fr a c t io n  o f  e lu a t e  in h e x o n e .  
A -1 .1 *  c e n t im e te r  su p e r f iltr o l  co lu m n  
B - 2 . 3  c e n t im e te r  s u p e r f i l tr o l  colum n

0 .9
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x

U J

0.6

0 .3

2 4 0 2 5 0 2 6 0 2 7 0 2 8 0 2 9 0 3 0 0
W ave L e n g th  (m illim icr o n s)

F ig u r e  2 2 .  A b so rp tio n  s p e c t r a  o f  th ird  f r a c t io n  o f  e lu a t e  in  h e x o n e .  
A - U +  c e n t im e te r  su p e r f iltr o l  co lu m n  
B - 2 . 3  c e n t im e te r  s u p e r filtr o l colum n  
C - 3 . 4 *  c e n t im e te r  su p e r f iltr o l  co lum n  
D - 4 . 6  c e n t im e t e r  s u p e r f i l t r o l  colum n
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0.6

0 .3

0.0
2 3 0 2 4 0 2 5 0 3 0 02 6 0

W ave L ength  (m illim icrons)
2 8 0 2 9 0

F igure 2 3 .  A b sorp tion  s p e c t r a  o f  fou rth  f r a c t io n  o f  e lu a te  in h e x a n e .  
A -  (.(^ cen tim eter  su perfiltro l co lum n  
6 - 2 . 3  c e n t im e te r  su perfiltro l co lu m n
C - 3 . 4 +  c e n t im e te r  su perfiltro l co lu m n
0 —4 .6  ce n t im e te r  su p erfiltro l co lu m n
E —5 .8  c e n t im e te r  superfiitro l co lu m n
F —7 .0  c e n t im e te r  su perfiltro l co lu m n

0 . 9

0 .3

0.0
3 0 02 3 0 2 4 0 2 5 0 2 9 02 6 0 2 7 0 2 6 0

W ave L ength  (m illim icrons)

F ig u r e 2 4 .  A b so rp tio n  s p e c t r a  o f  f i f t h  fr a c t io n  o f  elu ate  in h e x a n e . 
A - l . I 4" c e n t im e te r  su p e rfiltro l co lu m n  
B - 2 3  c e n t im e te r  su p e rfiltro l co lu m n  
C - 3 .4 +  c e n t im e te r  su p e rfiltro l co lu m n  
0 - 4 . 6  c e n t im e te r  superfiltro l co lum n  
E - 5 . 8  c e n t im e te r  superfiltrol co lu m n  
F - 7 . 0  c e n t im e te r  superfiltro l co lum n
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W ave L e n g th  (m illim icr o n s)
2 8 0 2 9 0 3 0 0

F ig u r e  2 5 . A b so rp tio n  s p e c t r a  o f  s ix th  fr a c t io n  o f  e lu a t e  in h e x o n e .  
A - 1 .1+ c e n t im e te r  su p e r f iltr o l  colum n  
8 - 2 3  c e n t im e te r  s u p e r f i l tr o l  co lu m n  
C - 3 .4 + c e n t im e t e r  su p e r filtr o l  colum n  
D - 4 . 6  c e n t im e te r  s u p e r filtr o l co lum n  
E - 5 . 8  c e n t im e te r  su p e r filtr o l  colum n  
F - 7 . 0  c e n t im e te r  su p e r filtr o l  colum n

1.0

3.8
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0.0
2 9 0 3 0 02 6 0 2 7 0 2 8 02 3 0 2 4 0 2 5 0

W ave L en g th  (m illim icrons)

F ig u r e  2 6 . Absorption s p e c t r a  o f  s e v e n th  fr a ctio n  o f  e lu a t e  in h ex a n e . 
A -  l.l + c e n t im e te r  su p e rfiltro l column  
B - 2 .3  c e n t im e te r  su p e rfiltro l colum n  
C - 3 .4 *  c e n t im e te r  su p e r filtr o l colum n  
D - 4 .6  c e n t im e te r  su p e rfiltro l colum n  
E - 5 .8  c e n t im e te r  su p e rfiltro l colum n  
F - 7 . 0  c e n t im e te r  su p e rfiltro l column
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Wove L en g th  (m illim icrons)

F ig u re  27. A b so rp tio n  s p e c t r a  o f e ig h th  f ra c tio n  of e lu a te  in hexane. 
B - 2 .3  c e n tim e te r  su p e rfiltro l column 
C - 3 .4 + c e n tim e te r  su p e rf iltro l column 
D —4 .6  c e n tim e te r  su p e rf iltro l column 
E - 5 .8  ce n tim e te r  su p e rfiltro l column 
F - 7 . 0  ce n tim e te r  s u p e rf iltro l colum n

0.8

0.6

0 .4

0.2

0.0
2 3 0 2 4 0 2 5 0 2 6 0  2 7 0

Wave L eng th  (millim icrons)
2 8 0 2 9 0 3 0 0

Figure 2 6 .  A bsorption  s p e c tr a  o f n in th  f ra c tio n  of e lua te  in hexone. 
B - 2 . 3  c e n tim e te r  su p e rf iltro l colum n
C - 3 . 4 +  c e n tim e te r  su p e rfiltro l column
D - 4 .6  c e n tim e te r  su p e rfiltro l colum n
E - 5 . 8  c e n tim e te r  su p e rfiltro l colum n
F - 7 . 0  cen tim e te r  su p e rfiltro l colum n
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W ave L e n g th  (m illim icron s)
2 7 0

(m illim icron s)
2 8 0 2 9 0 3 0 0

F ig u r e  2 9 .  A b so r p tio n  s p e c t r a  o f  ten th  f r a c t io n  o f  e lu a te  In h e x a n e . 
C - 3 . 4 +  ce n t im e te r  su p e rfiltro l co lum n  
D - 4 . 6  ce n t im e te r  su p e r filtr o l co lum n  
E - 5 . 8  c e n t im e te r  su p e r filtr o l  colum n  
F - 7 . 0  c e n t im e te r  su p e rfiltro l colum n

12

0.1

0.0
3 0 02 3 0 2 4 0 2 5 0 2 6 0

W a v e  L e n g th  (m illim ic r o n s )
2 7 0

(m illim ic r o n s )
2 8 0 2 9 0

F igure 3 0 .  A b so r p tio n  s p e c t r a  o f  e iu a te  in h e x a n e  fro m  a  7 . 0  c e n t im e te r  
su p e r f i l t r o l  co lu m n .

A - E l e v e n t h  fr a c tio n  
B - T w e l f t h  fr a c t io n  
C - T h i r t e e n t h  fr o c t io n  
0 -  F o u r te e n th  fr a c t io n  
E -  F i f t e e n t h  f r a c t io n  
F - S i x t e e n t h  fr a c t io n  
6 - S e v e n t e e n t h  fr a c t io n  
H -  E ig h te e n th  f r a c t io n



1001 
9 71  

3 0

C olum n L e n g th  (c en tim e te r e )

F ig u r e  31. R e co v er y  o f  c a lc if e r o l  ond e r g o s t e r o l  u sin g  an  e t h e r - h e x a n e ,  1:5 , e lu en t. 
A - T o t a l  c a lc if e r o l  
B - T o t a l  e r g o s te r o l

w y

•  w x y • w X
* Z

X

• w  x y  2

• w x y z
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• W X Y
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• w
• X  Y

I
• X  Y X Y

1^  "  ■ l -  -  -  ■■ I . . . .  I I
0  1 2  3  4  5  6  7

Colum n L en gth  (c e n t im e te r s)

F ig u r e  3 2 .  E lu tion  o f c a l c i f e r o l ,  s u b s ta n c e  2 8 2 ,  s u b s to n c e  2 5 0 ,  a n d  er g o ster o l 
u s in g  an  e t h e r - h e x a n e ,  1 : 5 ,  e lu en t.

W - I n i t ia l  f r o c t io n  c o n ta in in g  c a lc if e r o l  
X - I n i t i a l  f r a c t io n  c o n ta in in g  s u b s ta n c e  2 8 2
Y -  In it ia l f r a c t io n  co n ta in in g  s u b s ta n c e  2 5 0
Z —In itia l f r a c t io n  c o n ta in in g  e r g o s te r o l  
w - F in a l  f r a c t io n  c o n ta in in g  c a lc if e r o l
x - F i n a l  f r o c t io n  co n ta in in g  s u b s ta n c e  2 8 2
y - F i n a l  f r a c t io n  c o n ta in in g  s u b s ta n c e  2 5 0
z -  Final fr a c t io n  co n ta in in g  e r g o s te r o l

100

7 5

" 5 0

-Ok2 5

Column L en g th  (c e n t im e te r s)

F ig u r e  3 3 .  R e la t iv e  c o m p o s it io n  o f  to to l e lu a te  u s in g  an  e t h e r - h e x a n e ,  1 :5 , e lu en t  
a t  2 8 1  m illim icro n s .

A -  C a lc ife r o l  
B - S u b s t a n c e  2 8 2  
C -  S u b s ta n c e  2 5 0  
D - E r g o s t e r o l
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C o n c e n tr a tio n  X I 0 ~ 4  (g r a m s  p er  m ill il ite r )

F ig u r e  3 4 .  R e c o v e r y  o f  c a lc if e r o l  o n d  e r g o s te r o l from  a  2 . 3  c e n t im e te r  
s u p e r f i l t r o l  co lum n.

A - T o t a l  c a l c i f e r o l  
B - T o t o l  e r g o s te r o l

20

|  15  

S
| ,0 --------------------------------------------------------------------------------------------------------------------------------------------------- e - y  Z -

• y z  • w x y z
• wx

* Z  - Z
 -------------------------------------------- Z ~

• W X Y  - W
• X Y  •  w x y I

C a lc ife r o l 2 . 6 0  2 . 6 0  2 . 6 0
E r g o s t e r o l  2 . 4 4  4 . 8 8  9 . 7 6

C o n ce n tra tio n  X I 0 ~ 4  (g r a m s p e r  m illilite r )

F ig u r e  3 5 .  E lu tion  o f  c a lc if e r o l ,  s u b s ta n c e  2 8 2 ,  s u b s ta n c e  2 5 0 ,  a n d  e r g o s te r o l  
fro m  a  2 . 3  c e n t im e te r  s u p e r f i l tr o l  co lu m n .

W - I n i t ia l  f r a c t io n  co n ta in in g  c a lc i f e r o l  
X - I n i t ia l  f r a c t io n  c o n ta in in g  s u b s t a n c e  2 8 2  
Y — In it ia l f r a c t io n  c o n ta in in g  s u b s t a n c e  2 5 0  
Z —I n it ia l f r o c t io n  co n ta in in g  e r g o s t e r o l  
w - 'F in a l  f r a c t io n  c o n ta in in g  c o lc if e r o l  
x - F i n a l  f r o c t io n  con ta in in g  s u b s t a n c e  2 8 2  
y -  F inal f r a c t io n  c o n ta in in g  s u b s t a n c e  2 5 0  
z -  F inal f r a c t io n  c o n ta in in g  e r g o s te r o l

100

•  7 5

8  5 0

£  2 5

2 . 6 0
2 . 4 4

2 . 6 0
4 . 8 8

2 . 6 0
9 . 7 6

C o n ce n tra tio n  X I 0 “ 4  (g r a m s p er  m illilite r )

F ig u r e  3 6 .  R e la t iv e  c o m p o s it io n  o f  to ta l e lu a te  from  0  2 . 3  c e n t im e te r  
s u p e r f i l tr o l  co lu m n  a t  2 6 1  m illim icro n s.

A - C a lc i f e r o l  
B -  S u b s ta n c e  2 8 2  
C -  S u b s ta n c e  2 5 0  
D - E r g o s t e r o l



100
9 5

c  9 0

C alc ifero l 2 . 6 0  2 . 6 0
E rg o ste ro l 2 . 4 4  4 . 8 8

2 . 6 0
9 . 7 6

2 . 6 0
1 9 .5 2

C o n c e n t r a t io n  X I 0 ~ 4  (g r a m s  p er m ill il ite r )

F ig u re 3 7 .  R e c o v e r y  o f  c o lc if e r o )  a n d  e r g o s t e r o l  fr o m  a  4 . 6  c e n t im e te r  
su p e r filtr o l colum n.

A - T o t a l  c a lc if e r o l  
B -T o t a l  e r g o s te r o l
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C alciferol 2 . 6 0  2 . 6 0  2 . 6 0  2 . 6 0
E rg o ste r o l 2 . 4 4  4 . 8 8  9 .7 6  1 9 .5 2

C o n c e n tr a t io n  X I 0 ' 4  (g r a m s  p e r  m ill il ite r )

F ig u re 3 8 . E lu tion  o f  c a lc if e r o l ,  s u b s ta n c e  2 8 2 ,  s u b s ta n c e  2 5 0 ,  a n d  e r g o s te r o l  
from  a  4 .6  c e n t im e te r  su p e r f iltr o l  co lum n.

W—Initial fr a c tio n  co n ta in in g  c a lc if e r o l  
X - In it ia l  fr a c tio n  co n ta in in g  s u b s ta n c e  2 8 2  
Y —Initial fr a c tio n  c o n ta in in g  s u b s ta n c e  2 5 0  
Z - ln i t ia l  fr a c tio n  c o n ta in in g  e r g o s te r o l  
w - F in a l  fr a c t io n  co n ta in in g  c a lc ife r o l  
x - F i n a l  fr a c t io n  c o n ta in in g  s u b s t a n c e  2 8 2  
y - F i n a l  f r a c t io n  c o n ta in in g  s u b s t a n c e  2 5 0  
z —F ina l f r a c t io n  co n ta in in g  e r g o s te r o l

100

7 5

2  2 5

C alciferol 2 .6 0  
E rg o ste ro l 2 . 4 4

2 .6 0
4 .8 8

2 .6 0
9 .7 6

2 .6 0
1 9 .5 2

C oncentration  X I 0 “ 4  (g r a m s  p er  m illiliter)

F igure 3 9 . R e la t iv e  co m p o sitio n  o f  to ta l e lu a te  from  a  4 .6  c e n t im e te r  
su perfiltro l co lu m n  a t  281  m illim icro n s.

A -  C a lciferol 
B -  S u b s ta n c e  2 8 2  
C — S u b sta n c e  2 5 0  
D -  E rg o ste ro l
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