
'/V  7$
tkem*if ' r ' i } M 

/

CHAOMAT0 GRAPHIC BEHAVIOR, SOLUBILITIES, AND PARTITION RATIOS
OF ERGOSTEROL AND CALCIFEROL IN SOLVENT MIXTURES

Subm itted  to  th e  School o f Graduate S tu d ie s  o f M ichigan 
S ta te  C o lleg e  o f A g r ic u ltu re  and A pp lied  .Science 

in  p a r t i a l  f u l f i l lm e n t  o f  th e  re q u ire m en ts  
fo r  th e  degree o f

DOCTOR OF PHILOSOPHY

D epartm ent o f C hem istry

F re d e r ic k  J .  M i l l e r ,  J r .

AN ABSTRACT

Year 1952

Approved



F re d e r ic k  J .  M i l l e r ,  J r .

THESIS ABSTRACT

The c h r o m a to g r a p h ic  b eh av io r  o f  hexane-d ioxane  m ix tu re s  on Super- 

f i l t r o l  i s  d i s c u s s e d  a n d  th e  a d so rp tio n  o f  d ioxane from  liexane s o lu t io n s  

on S u p e r f ' i l t r o l , c a l c u l a t e d  from chrom atograph ic  s tu d i e s ,  i s  v e r i f i e d  

by data o b t a in e d  b y  t h e  norm al method fo r  d e te rm in in g  a d s o rp tio n  from 

so lu tion .

C h ro m a to g ra p h ic  b e h a v io r  o f ergo s t e r o l  ancl c a l c i f e r o l  on S uper- 

f i l t r o l  w ith  e l u t i n g  s o lv e n t  m ix tu res o f  d ioxane and hexane i s  d is c u s s e d  

and an e q u a t io n  i s  d e d u c e d  which r e l a t e s  th e  a d so rb a te  r e ta in e d  by th e  

clirom atographic co lu m n  t o  th e  q u a n ti ty  o f th e  a d s o rb e n t,  to  th e  amount 

of adsorbate e n t e r e d  on  th e  column, and to  th e  volume o f  s o lu t io n  con­

ta in in g  the a d s o r b a t e  b e f o r e  a d s o rp tio n . The cliromato g raph ic  s e p a ra t io n  

o f c a lc i f e r o l  f r o m  e r g o s t e r o l  i s  d is c u s s e d  and an 81% re c o v e ry  o f p u re  

c a lc ife ro l f ro m  a  3'0 - 5>0 m ix tu re  of c a l c i f e r o l  and e r g o s te r o l  i s  demon­

strated. u t i l i z i n g  s u p e r f i l t r o l  as th e  a d so rb e n t and a 1 . 96% d ioxane in  

hexane e l u t in g  s o l v e n t  m ix tu re .

S o l u b i l i t i e s  a r e  g iv e n  fo r  e rg o s te ro l  and c a l c i f e r o l  in  e th a n o l-  

water m ix tu res  a n d  f o r  e r g o s te r o l  in  h ex an e -e th an o l m ix tu re s  and in  

hexane-dioxane m i x t u r e s  . The s o l u b i l i t y  o f n o n - e le c t r o ly te s  in  b in a ry  

solvent m ix tu r e s  i s  d i s c u s s e d  and th e  s o l u b i l i t y  o f  e r g o s te r o l  and 

c a lc ife ro l i n  e t h a n o l - w a t e r  m ix tu res i s  shown to  be e x p la in a b le  by an 

equation d e r i v e d  fro m  r e g u l a r  s o lu t io n  th e o ry .
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P a r t i t i o n  r a t i o s  a re  l i s t e d  f o r  e r g o s te r o l  and c a l c i f e r o l  i n  th e  

two p h a s e , l i q u i d - l i q u i d  sy stem , h e x an e -m e th a n o l-w a te r . The change in  

th e  p a r t i t i o n  r a t i o s  w ith  th e  amount o f w ate r in  th e  sy s tem , i s  d i s ­

cussed  as i s  th e  p o s s i b i l i t y  o f  s e p a ra t in g  e r g o s te r o l  and c a l c i f e r o l  by 

c o u n te r - c u r r e n t  e x t r a c t io n  p ro ced u re s  u t i l i z i n g  a l i q u i d - l i q u i d  system  

c o n s is t in g  o f hexane and 95% m ethano l.
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INTRODUCTION

The use  o f mixed p o la r-n o n  p o la r  s o lv e n ts  in  th e  ch rom atograph ic  

s e p a ra t io n  o f  c a l c i f e r o l , v ita m in  D2j from i r r a d i a t e d  e r g o s te r o l  has 

re c e iv e d  much a t t e n t i o n  in  t h i s  la b o ra to ry  d u rin g  r e c e n t  y e a r s . C a rlso n ^  

found th a t  e r g o s te r o l  was more s t ro n g ly  adsorbed  on S u p e r f i l t r o l  th a n
p

c a l c i f e r o l  was from m ix tu re s  o f hexane and d ie th y l  e t h e r . P in k e rto n  ob­

ta in e d  a s e p a ra t io n  o f  c a l c i f e r o l  from e r g o s te r o l  on S u p e r f i l t r o l  u s in g  

a m ix tu re  o f hexane and d ie th y l  e th e r  as an e lu t in g  s o lv e n t . B u rn e tt^  

found a s a t i s f a c t o r y  s e p a ra t io n  o f c a l c i f e r o l  from e r g o s te r o l  on an 

" a c t iv a te d "  alum ina u s in g  a m ix tu re  o f  hexane and d ie th y l  e th e r  as th e  

e lu t in g  s o lv e n t . O ther s tu d ie s ^  in v o lv in g  th e  use o f  m ix tu re s  of hexane 

e th a n o l and d ie th y l  e th e r  as e l u t in g  s o lv e n ts  and S u p e r f i l t r o l  as th e  

ad so rb en t have been  more o r  l e s s  in c o n c lu s iv e  .

I t  w i l l  be no ted  t h a t  in  ev ery  in s ta n c e  th e  s o lv e n t m ix tu re  has 

in v o lv ed  th e  use of d ie th y l  e th e r  as th e  p o la r  c o n s t i tu e n t  o r as one o f  

th e  p o la r  c o n s t i t i i e n t s , and t h a t  e t iie r  i s  a somewhat u n d e s ira b le  s o lv e n t 

to  h a n d le j due to  i t s  v o l i t i l i t y  and c o n seq u en tly  due to  th e  d i f f i c u l t i e s  

en co u n te red  in  m a in ta in in g  a  c o n s ta n t  com po sitio n  m ix tu re  o f  s o lv e n t s .

I n v e s t ig a t io n s  were th e r e f o r e  .undertaken  to  a s c e r t a in  th e  f e a s i b i l i t y  

o f s u b s t i t u t i n g  a l e s s  v o l a t i l e  p o la r  so lv e n t f o r  th e  d ie th y l  e th e r .  The 

in v e s t ig a t io n s  u n d e rta k en  in c lu d e d  th e  d e te rm in a tio n  o f th e  chrom atographic 

b eh av io r o f e r g o s te r o l  and c a l c i f e r o l  i n  hexane-d ioxane m ix tu re s , th e  

d e te rm in a tio n  o f th e  s o l u b i l i t y  o f  e r g o s te r o l  and c a l c i f e r o l  in  e th a n o l-



w ater m ix tu re s , th e  d e te rm in a tio n  o f th e  s o l u b i l i t y  o f e r g o s te r o l  in  

h e x an e -e th an o l and hexane-d ioxane  m ix tu re s , and th e  d e te rm in a tio n  o f 

p a r t i t i o n  r a t i o s  o f  e r g o s te r o l  and c a l c i f e r o l  in  th e  two p h a s e , l i q u i d -  

l i q u i d  system ; hexane , m e th an o l, w a te r .
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EXPERIMENTAL

M a te r ia ls

E th an o l was t r e a t e d  to  remove a ldehydes by th e  method d e s c r ib e d  by 

Ivildeman^ wMch c o n s i s t s  o f  an a lk a l in e  s i l v e r  n i t r a t e  o x id a t io n  o f th e  

aldehydes to  th e  a c id s .  A f te r  d i s t i l l a t i o n ,  th e  e th a n o l was f u r th e r  

t r e a te d  w ith  f r e s h ly  amalgam ated aluminium to  remove w a te r  a c c o rd in g  to  

th e  method d e sc r ib e d  by  W is lic e n u s  and Kaufm ann,° fo llo w ed  by r e d i s t i l l a ­

t i o n .

M ethano l, C . P . anhydrous g rad e , was d i s t i l l e d ,  t r e a te d  by  re f lu x in g  

w ith  p o tassium  hydrox ide over aluminium ch ip s  to  remove a ld e h y d e s , and 

r e d i s t i l l e d .

Hexane was o b ta in e d  by c a r e f u l ly  f r a c t i o n a t in g  a com m ercial p ro d u c t,  

ta k in g  th e  f r a c t i o n  betw een 67 and 69° C as  h ex an e . To remove u n s a tu ra te d  

h y d ro ca rb o n s , th e  d i s t i l l a t e  was passed  th ro u g h  an a c t iv a te d  s i l i c a  ge l 

column, h cm. in  d ia m ete r by  75 cm. in  l e n g th .  The hexane was chrom ato­

graphed u n t i l  i t  had an abso rbancy  o f l e s s  th a n  0 .015  a 't 230 mu. measured 

a g a in s t  w a te r  and showed no ev idence  o f benzene in  th e  spectrum .

p -D io x an e , p r a c t i c a l  g ra d e , was p u r i f i e d  by th e  method described , by 

F ie s e r ,^  fo llo w ed  by r e d i s t i l l a t i o n .

The e r g o s te r o l ,  o b ta in e d  from W inthrop Chem ical Company, was r e ­

c r y s t a l l i z e d  from a 50-50 (v /v )  m ix tu re  o f  95/S e th a n o l and th io p h en e  

f r e e  benzene, as  d e sc r ib e d  by H uber, Ewing, and K r ig e r .^  The r e s u l t i n g



e r g o s te r o l  had an abso rbancy  w hich ag reed  w ith  t h a t  r e p o r te d  by H uber,

+ o-, 8e t  a l .

C a l c i f e r o l ,  W intlirop C hem ical Company (hlil!?£C) p u re  s y n th e t ic  v i t a ­

min Da , was used w ith o u t f u r th e r  tre a tm e n t and had an abso rbancy  in

8agreem ent w ith  t h a t  r e p o r te d  by H uber, e t  a l .

The c a l c i f e r o l  and e r g o s te r o l  were s to re d  under reduced  p re s s u re  

a t  -10° C i n  an atm osphere o f  C02 .

S u p e r f i l t r o l  Ho. 63 was u sed  as th e  a d so rb e n t th ro u g h o u t t h i s  in ­

v e s t i g a t io n  .

D e te rm in a tio n  o f  th e  C hrom atographic B ehav io r o f D ioxane-Hexane M ix tu res 
on .o u p e r f i l t r o i

A d so rp tio n  tu b e s  were p re p a re d  by s e a l in g  a s h o r t  p ie ce  o f  3 * .  I .

D. P y rex  g la s s  tu b in g  to  one end o f a co n v en ien t le n g th  o f 7 Mm. I .  D.

P y rex  g la s s  tu b in g  and by s e a l in g  a 15 cm. le n g th  of 35 mm. I .  D. Pyrex

g la s s  tu b in g  to  th e  o p p o s ite  en d . These a d s o rp tio n  tu b e s  were packed

to  a h e ig h t  of 6 cm. w ith  2 g . o f S u p e r f i l t r o l  Ho. o3 fo llo w in g  th e
9

method d e sc r ib e d  by  Swing, K in g s le y , Brown, and Smmett.

V arious so lv e n t m ix tu re s  o f  hexane and d ioxane were chrom atographed 

and e lu a te  f r a c t io n s  were c o l le c te d  w ith  th e  a id  o f a T echnicon A utom atic 

F r a c t io n  C o l l e c to r .  The e lu a te  f r a c t io n s  w ere a n a ly se d  to  de term ine  th e  

amount o f  d ioxane by in fra re d , abso rbancy  m easurem ents u t i l i z i n g  a 

Beckman IR -2 (No. 108) in f r a r e d  sp e c tro p h o to m e te r , as d e s c r ib e d  below .
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T1 le D e te rm in a tio n  o f  D ioxane in  th e  P re sen ce  o f Hexane by I n f r a red  
Abso rbancy  Measurements

Dioxane was found to  have a d i f f e r e n t  abso rbancy  a t  11 .3$  m icrons 

than  does hexane . A s e r i e s  o f known co m p o sitio n  m ix tu re s  o f  d ioxane 

and hexane were u sed  to  e s t a b l i s h  a c a l i b r a t i o n  o f th e  abso rbancy  a g a in s t  

th e  c o n c e n tra t io n  o f d ioxane in  h e x a n e . These r e s u l t s  a re  shov/n in  

Table I .

TABLE I

INFRARED ABSORPTION DATA FOR DIOXANE I  
SOLUTIONS AT 11.3$  MICRONS

N HEXANE

Volume I n te n s i ty A bsorbancy
% Dioxane 
in  Hexane I l 0g . ( l 0/ l )

0 ( I o  = 91 .8) --------

0 .1+98 7 k .7 0 .089

0 .9 9 1 61.0 0 .177

1.22 $3 .$ 0 .23k

1 .63 I46.6 0 .2 9 k

2 .kk . 3U.0 0.U31

Agreement w ith  B e e r 's  Law was found th ro u g h o u t th e  c o n c e n tra t io n  range  

0 to  2 .$ $  d ioxane  in  h exane . (F ig . l ) . A ll  subsequen t a n a ly se s  were 

c a r r i e d  ou t w i th in  th e se  absorbancy  l i m i t s  by d i l u t i o n  o f  an  a l iq u o t  o f 

th e  more c o n c e n tra te d  s o lu t io n .
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VOLUME DIOXANE IN  HEXANE 

F I G U R E  1

IN FR A R ED  ABSORBANCY C A L IB R A T IO N  CURVE USED TO 
DETERMINE THE AMOUNT OF DIOXANE IN  ELUATE SA M PLE S.



The D e te rm in a tio n  o f th e  C hrom atographic B ehav io r o f  C a lc i f e r o l  and 
E rg o s te ro l on S u p e r f i l t r o l

S u p e r f i l t r o l  columns were p re p a re d  as  d e s c r ib e d  above and were 

"prew ashed11 w ith  25 m l. o f  th e  d e s i r e d  e lu t in g  s o lv e n t m ix tu re .  E rg o s te ro l  

and /o r c a l c i f e r o l  in  two m l. o f th e  d e s ire d  e lu t in g  s o lv e n t  was e n te re d  

on th e  S u p e r f i l t r o l  colum ns and was fo llow ed  by an excess  o f  th e  e lu t in g  

s o lv e n t .  S uccessive  one m l. p o r t io n s  of th e  e lu a te  were c o l le c t e d  and 

analyzed  by d e te rm in in g  th e  u l t r a - v i o l e t  ab so rb an cy  w ith  th e  a id  of a 

Beckman D. U. (Ho. 316) sp e c tro p h o to m e te r .

S o lu b i l i ty  D e te rm in a tio n s

F ig u re  2 shows th e  a p p a ra tu s  u sed  to  o b ta in  th e  s a tu r a te d  s o lu t io n  

sam ples f o r  th e  s o l u b i l i t y  m easurem ents . These d e p ic te d  "E q u ilib riu m  

tu b e s " ,  w hich a re  m o d if ic a tio n s  o f  th o se  d e sc r ib e d  by C ra ig  and P o s t , ^  

were immersed in  a c o n s ta n t  te m p era tu re  w a te r  b a th  c o n t ro l le d  to  -  0 .05° .  

A pproxim ately  1 m l. p o r t io n s  o f  th e  d e s ir e d  s o lv e n t ,  were shaken w ith  

excess s o lu te ,  e r g o s te r o l  o r  c a l c i f e r o l ,  f o r  te n  h o u rs .  The " e q u il ib r iu m  

tu b e s"  were in v e r te d  to  f i l t e r  th e  s a tu r a te d  s o lu t io n s  in to  th e  ta r e d  5 

m l. v o lu m e tric  f l a s k s .  The s a tu r a te d  s o lu t io n  sam ples were w eighed , 

d i lu te d  w ith  e th a n o l ,  and th e  u l t r a - v i o l e t  a b s o rp tio n  spectrum  of th e  

d i lu te d  sam ples d e te rm in ed  w ith  a  Beckman model D. U . (#316) s p e c tro ­

p h o to m ete r. The s o l u b i l i t i e s  w ere c a lc u la te d  u s in g  th e  fo llo w in g  

e q u a t io n s :



A BSORBENT COTTON

PYREX G L A S S  TUBE

5  ML. VOLUMETRIC F L A S K

MICRO F I L T E R  FUNNEL

FYREX G L A SS V IA L

RUBBER S T O P P E R

FIG U R E 2

APPARATUS USED TO O B TA IN  THE SATURATED 
S O L U T IO N S FO R  S O L U B IL IT Y  D E T E R M I N A T IO N S .



where Ce and Cc e q u a l th e  s o l u b i l i t y  o f  e r g o s te r o l  and c a l c i f e r o l  

r e s p e c t iv e ly  in  grarns p e r  1000 grams o f s o lu t i o n ,  A e q u a ls  th e  abso rbancy  

determ ined  fo r  th e  s a tu r a te d  s o lu t io n s ,  n eq u a ls  th e  w eig h t o f th e  s a tu ­

ra te d  s o lu t io n s  i n  grains, 23.3  a nd 36 .8  e q u a l th e  abso rbancy  o f  an 

e th a n o l s o lu t io n  c o n ta in in g  one gram per 1000 'grams o f  s o lu t io n  fo r  

e r g o s te r o l  and c a l c i f e r o l  r e s p e c t iv e ly .  The abso rbancy  v a lu es  were 

m easured a t  wave le n g th s  282 mu. and 263 mu. f o r  e r g o s te r o l  and c a l c i f e r o l  

r e s p e c t iv e ly .

P a r t i t i o n  R a tio  D ete rm in a tio n s

Hexane was e q u i l ib r a t e d  w ith  th e  v a r io u s  m ix tu res  o f  m ethanol and 

w ater u n t i l  eq u a l volum es of th e  two p h a s e s ,  n o n -p o la r  and p o la r ,  were 

o b ta in e d . The v a r io u s  phases w ere s e p a ra te d  and d iv id e d  i n t o . 10 m l. 

p o r t io n s  and e r g o s te r o l  and /o r c a l c i f e r o l  w ere added to  th e  n o n -p o la r 

p h a se s . These s o lu t io n s  in  th e  n o n -p o la r  p h ases  were su b se q u e n tly  e q u i l i ­

b ra te d  w ith  th re e  su c c e ss iv e  te n  m l. p o r t io n s  o f  th e  p o la r  phases and th e  

c o n c e n tra tio n  a f t e r  each  e q u i l ib r a t io n  was de term ined  from th e  u l t r a - v i o l e t  

absorbancy a t  282 mu. f o r  e r g o s te r o l  and a t  265 mu. f o r  c a l c i f e r o l .

Data and. R e su lts

The s o l u b i l i t y  d a ta  f o r  e r g o s te r o l  and c a l c i f e r o l  in  e th a n o l-w a te r  

m ix tu res  a t  1 5 ° , 25 ° , and 35° C a re  l i s t e d  i n  T ab les  I I  tlirough  V I I .



8

TABLE I I

THE SOLUBILITY OF ERGOSTEROL IN ETHANOL-WATER MIXTURE
AT 15° ± 0 .0 5 °  C

VJ t . % 

E thanol

W t. S a t . 
S o lu tio n  
Sample

C*to

A bsorbancy

A

S o lu b i l i t y  
g p e r  1000 g s o lu t io n

O bserved Average

100 0 .6771 5U.0 3.21
it 0 .6975 88 .2 3 .03 3.15
it 0 .7526 56.2 3.22

60 .1 0.673U 3.89 0.258
ii 0 .6065 5.95 ' 0.263 0.255
u 0.8725 5 .33 0.263
it 0 .7838 5.57 0.255

6 9 .0 0.751)4 1 .3 2 0.0753
If 0.73)41 I .23 0.0723 0.0715
It 0 .7639 1 .1 9 0.0670

6ii. 5' 0 .8219 0 .7 7 6 0.0507
tt 0 .6502 0.767 0.0393 0.0502
tt 0 .8925 0 .853 0.0507

S9.U 0.8923 0 .5 8 5 0 .0215 0.0207
n 0.6877 0 .515 0.0201

vmsmvim
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TABLE I I I

THE SOLUBILITY OF ERGOSTEROL IN ETHANOL-WATER MIXTURES
AT 25° + 0 .0 5 ° C

Wt . Jo

E thano l

VJt. S a t . 
S o lu tio n  
Sample

g

Absorbancvti

A

S o lu b i l i t y  
g p e r  1000 g s o lu t io n

O bserved A verage

100 0.7011) 77 .1 1|.73
ii 0 .7013 77.U 1) .75
it 0 .7915 86.3 1) .70 1) .71
i i 0.7601; 83.7 5 .7 5
n 0.7617 82 .5 1). 68
it 0.71)51 81 .0 I4.69

91 .0 0.9627 38.1) 1 .72
ti 0.8705 3l).2 1 .69
i i 0.8902 35 .0 1 .6 9 1 .7 1
tt 0.91)72 36 .5 1 .6 6
n 0.7385 30.3 1.77
it 0.7902 ' 32 .0 1.75

82 .0 0.81;57 10 .9 0 .556
n 0.8021; 10 .3 0.555 0 .550
tr 0 .7976 1 0 .0 0.51)0

81.7 0.6267 7 .78 0.532
m i 0 .7231) 8 .9 6 0 .535 0.535
ii 0 .7626 9 .2 6 0.521)
ti 0.6306 8 .11 0.553

70 .3 0.7629 2 .99 0.161) . -
i i 0 .8108 3.97 0.158 0 .161
tt 0.8221 3 .0 8 0.161
ti 0.8173 3.07 0.162

69 .0 1.6651 3.1)2 0.0885
it 1.681)8 3 .2 0 0.0817 0.0865
ti 0.7921) 1.61; 0.0892

59.7 1.0551) 0 .321 0 .0131
i i 0 .8912 0.236 0 .0115' 0.0131
ti 0.9197 0.307 0 .011)1
n 0 .9)438 0 .295 0.0135
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TABLE IV

THE SOLUBILITY OF ERGOSTEROL IK ETHANOL-.-JATER MIXTURES
AT 35° t 0 .0 5 °  C

w t .  %
E thano l

¥  t . S a t . 
S o lu tio n  
Sample 

g

A bsorbancy
A

S o lu b i l i ty  
g p e r  1000 g s o lu t io n

O bserved Average

100 0 .6693 10.6 6 .83 6 .90
n 0.61*58 103 6.87
n 0.6138 99.2 6 .95
u 0.6139 98.6 6.93

81.9 0.6736 11*.0 0 .890
1! 0 .726L1 11*. 1+ 0 .855 0 .878
tt 0.7333 1 5 .1* 0 .881
11 0.7332 15.1* 0 .879

66.3 0 .801*1* 2 .79 0.11*9
ft 0.7339 2 .5 6 0.11*5 0 .11*6
It 0 .199b 2 . 6b 0 .163

68,1 0.7083 1 .77 0 .108
it 0.6973 1 .8 2 0.112 0 .111
it 0 .711*2 1 .6 2 0 .110
ti 0 .3960 1 .5 8 0 .1 1  A

59.7 0.6913 0.9U0 0 .0581*
tt 0 .7113 0.921 0.0557 0.0580
u 0 .7265 1 .0 1 0 .0602
tt 0 .7286 0.967 0.0572

53.6 0.9711 0 .626 0 .0278
tt 1.0231 0 . 67)4 0 .0285 0.0282
n 1.0336 0 .675 0.0283

53.2 1.9539 1.1*9 0 .0320
it 2 .01*31 1 .6 1 0.0329 0.0319
it 2.0382 1.1*6 0.0308

89.7 1.9855 0 .9 1 1 0.0198
tt 1.8933 O .8I4O 0 .0191 0.019A
it 1 .9765 0.897 0 .0196
tt 2.07814 0 .929 0.0192

88,2 1.71*12 0 .661 0.0163 0.0165
ii 1.67  ill 0.61*9 0.0167
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THE SOLUBILITY OF CALCIFEROL IN ETHANOL-V/A TEA MIXTUhES
AT 15° + 0 .0 5 °  C

Vv t  , /o
E thanol

w t . S a t . 
S o lu tio n A bsorbancy

S o lu b i l i t y  
g p e r  1000 g s o lu t io n

Sample
co

A
O bserved Average

90.0 0 .7021 1190 66.2
ii 0 .7016 1190 6 6 .3 66 .6
ii 0.7093 1210 66 .6

79.9 0.7613 285 10 .5
n 0.7390 276 10/2 10 .2
it 0 .7806 286 9.'90

66.1 0.7161 60.7 1 .56
ii 0 .7231 60 .2 1 .5 1

on1—1

ti . 0 .7060 60 .0 1 .5 6

69.6 0 .8376 6 .20 0 .133
it 0 .7333 3.85 0.162 0.138
n 0.7892 3 .9 9 0.137

37.6 0.8629 0 .729 0.0162 0.0230
ii 0.6370 0 .730 0.0297
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TABLE VI

THE SOLUBILITY OF CALCIFEROL IN ETHANOL-L'ATER MIXTURES
AT 25° + 0 .0 5 °  C

w t . %
E thano l

W t. S a t .  
S o lu tio n  
Sample

F

A bsorbancy
A

S o lu b i l i t y  
g p e r  1000 g s o lu t io n

O bserved Average

65.1 0.5821 921 63 .1
tl o .5510 863 62 .5 62 .8
tt 0.5782 912 62.8

75 .3  ' 0.6812 267 10 .7
o .5 6 o i 212 10.7 10.7

tr 0 .5728 222 1 0 .6

62 .8 0.7329 6 8 .8 1 .8 1
it 0.7)458 50.3 1 .6 3 1 .83
tt 0 .7196 69 .1 1 .85

U6.7 0.6095 3 .62  '■ 0.153
tt 0.5815 3.62 0 .159 0.152
tt 0 .6199 3.67 0 .152

39 .6 0.6722 1 .7 1 0.0693
tt 0 .6)431 1 .6 5 0 .0699 0 .069k
tt 0.6827 ■ 1 .73 0 .0689
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TABLE VII

THE SOLUBILITY OF CALCIFEROL Bl ETHAMOL-WATER MIXTURES
AT 33'° + 0 .0 3 °  C

Vtf "b , /o 
E thanol

W t. S a t . 
S o lu tio n  
Sample 

R

A bsorbancy
A

S o lu b i l i ty  
g p e r  1000 g s o lu t io n

O bserved Average

61.1 0 .7323 1190 3 3 .0
if 0.7530 1190 32 .8 3 3 .0
ii O .76OI 1210 33 .2

66.1 0.7093 i 3 i 3 .39
ii 0.716ft 1 35 3.32 3.33
it 0.7109 133 3 .35

35.0 0 .6728 23.3 1.02
II 0 .oil 61 23.ii 1 .0 7 1 .0 3
M 0.6872 26.1 1 .03

39.0 0 .3829 2 . h i 0 .113
II 0.3999 2 .10 0 .1 1 3 0.113
It 0.3692 2 .37 0 .118

31.3 0.9667 l.i i7 0 .0 3 9 9
n 1.0237 1 .3 1 0.0300 0.0399
ii 0 .9799 l  .ii-U 0.0397 '

The s o l u b i l i t y  d a ta  f o r  e r g o s te r o l  i n  e th an o l-h ex an e  and d ioxane- 

hexane m ix tu re s  a t  23°C a re  l i s t e d  in  T ab les V III  and IX r e s p e c t iv e ly .
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TABLE V III

THE SOLUBILITY OF ERGOSTEROL IB ETHANOL-HEXANE MIXTURES
AT 25° -  0 .0 5 °  C

Wt. % 
Hexane

Wt. S a t .  
S o lu t io n  
Sample 

K

Absorbancy
A

S o l u b i l i t y  
g p e r  1000 g s o lu t i o n

O bserved Average

100 0.6989 6 1 .5 3 .57
St 0.8835 3 9 .8 3 .51 3.57
1! 0 .8598 3 8 .6 3 .61

86.5 0 .5288 282 1 9 .8
it O.H275 287 2 0 .1 20 .0
n 0.8957 233 20 .2

78.9 0.5283 329 26 .8
it 0.5567 380 26.3 26 .5

69 .8 0 .3800 316 3556
n 0.3517 287 3 5 .0 38 .9
it 0 .6596 368 38.2

62.9 0.6952 398 3 8 .6
ti 0.5732 866 35 .0 3 8 .9

• ti 0.5567 858 35 .2

Ii5.6 o .6988 310 26.7
n 0.5609 388 27 .8 27 .6
tt 0.5122 38.2 28.8

33 .1 0.3778 169 21 .7
tt 0 .6979 2 88 21 .1 2 1 .5
it 0.5702 288 21.7

19. h 0 .6113 198 1 3 .9
it 0 .6780 153 1 3 .9 13 .8
tt 0 .5028 157' 1 3 .5

I k .  h 0.5911 110 7.92
7.87it 0 .5510 90 .0 7 .02

tt 0 .5809 101 7 .88

n . j i 0.3852 97 .7 1 0 .9
ii 0 .8010 108 1 1 .1 10 .9
ii 0.3961 100 1 0 .8

0 (10056 E thanol - S e e  Table I I I ) 8 .71
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TABLE IX

THE SOLUBILITY OF ERGOSTEROL IN DIOXANE-HEXANE MIXTURES
AT 25° t  0 .0 5 °  C

W t. % 
hexane

Wt . S a t . 
S o lu t io n  
Sample

c r

A bsorbancy
A

Solubi 
g pe r  1000

Observed

■lily
g s o lu t i o n  

Average

100 See Table V II I 3 .57

79.6 0.2602 201 31.0
11 0 .2 Uli 6 178 31.3 31.1
tt 0.3910 2 Cii 31.1

62 .0 0.32h9 399 52.7 52.7
it 0.1955 21*0 52.7

52.2 0.31*76 1*96 61.2 61.1
n 0.3733 529 61.0

39 .5 0.161*9 237 61.7 61.9
ti 0.2179 31U 62 .0

29 .0 0.2091 257 53.7 53.7
n 0.3105 360 53.7

0 0.1951 li-tl 31.2
(1002 0 .33  I k 222 26.8 30 .9
Dioxane) 0.1*31*2 321 31.6

The p a r t i t i o n  r a t i o s  f o r  e r g o s t e r o l  and c a l c i f e r o l  in  th e  v a r io u s  

two l i q u i d  phase system s c o n s i s t i n g  o f  v a r io u s  m ix tu res  o f  hexane 

methanol and w a te r  are. l i s t e d  i n  T ab les  X and XI.
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TABLE X

THE PARTITION RATIOS OF ERGOSTEROL IN VARIOUS HEXANE, 
MET HAN OL -W AT ER SYSTEMS

Volume 
% W ater 
Added to  
Methanol

C o n c e n t ra t io n  
mg p e r  100 ml s o lu t i o n  

C

P a r t i t i o n  R a t io s  
^ n o n -p o la r

^ p o la r
n o n -p o la r p o la r Observed Average

0 89 .8 1 0 2 .6 0 .8 7 6
ii 31 .9 37 .8 0 .8 7 6 0 .876
ii 1 9 .3 22 .3 0 .8 7 5

1 102.3 93 .3 1 .0 9
ii 33 .2 3 9 .0 1 .09 1 .0 9
ii 2 7 .6 2 5 .3 1 .09

3 1 30 .0 61.9 2 .10
ii 8 8 .1 3 1 .9 2 .10 2.10
ii 5 9 .8 28 .5 2 .10

3 13.2.6 3 2 .6 3.37
n 116 .0 26 .6 3 .37 3.37
II 93 .5 2 1 .6 3 .37

12 1U5.0 7 .80 1 8 .6
it 137 .7 7 .30 18 .6 1 8 .6
ii 130 .7 7.02 1 8 .6

20 96 .9 2 .2 3 33.2
it 93 .7 2 .19 33.2 33.2
n 9 2 .6 2 .13 33 .3
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TABLE XI

THE PARTITION RATIOS OF CALCIFEROL IN VARIOUS HEXANE, 
METHANOL-WATEH SYSTEMS

Volume 
% "Water 
Added to  
Methanol

C o n c e n t ra t io n  
mg p e r  100 ml s o l u t i o n  

C

P a r t i t i o n  R a t io sp
n o n -p o la r  
up o la r

n o n -p o la r p o la r Observed Average

0 6.93 7.147 0 .928
n 3 .3 3 3.59 0 .928 0.927
ii 1 .6 0 1.73 0 .926

1 7.61 6.95 1 .10
it 3 .98 3.63 1 .10 1.10
ii 2.08 1 .90 1 .09

3 9.15 6.10 1 .5 0
ii 5 .69 3 .6 6 1 .5 0 1.50
ii 3.29 2.19 1 .50

10 .5 3 .78 2.76
It 7 .70 2.77 2.78 2.78
u 5.65 2.03 2.78

12 20.0 1 .6 6 13 .9
ii 1 8 .6 1 .3 6 13 .9 13.9
ii 17 .3 1.2lt 13 .9

20 Hi.. 3 0 .3 9 6 36.1
ii 13 .9 0 .385 36.1 36 .1
ti 13 .5 0 .3714 36 .1
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DISCUSSION

The Chromatographic B ehav ior  o f  Dioxane-Hexane M ix tu re s

The approach  to  chrom atograph ic  e q u i l ib r iu m  between t h e  a d so rb e n t  

and tiie v a r io u s  s o lv e n t  m ix tu re s  o f  d ioxane and hexane was de term ined  

by  fo l lo w in g  th e  c o n c e n t r a t i o n  o f  d ioxane in  t h e  e l u e n t .  These d a ta  

a re  l i s t e d  i n  Table X I I .  In  F i g .  3,  th e  f r a c t i o n ,  c / c q ,  where c e q u a ls  

th e  c o n c e n t ra t io n  o f  dioxane i n  th e  samples o f  th e  e lu a te  and cq e q u a ls  

th e  c o n c e n t ra t io n  o f  d ioxane i n  th e  e l u e n t ,  has  been p l o t t e d  a g a in s t  

th e  volume o f  e l u a t e . I t  w i l l  be n o te d  t h a t  th e  s lo p e  of t h e  c e n te r  

p o r t i o n  o f  t h e  v a r io u s  curves d e c re a se s  from l e f t  to  r i g h t .  This  i s  

i n t e r p r e t e d  a s  a d i f f e r e n c e  i n  th e  r a t e  of approach  t c  c iirom atographic 

e q u i l ib r iu m  f o r  the  v a r io u s  s o lv e n t  m ix tu re s  .

The volume o f  e l u a t e ,  w hich p rece d es  th e  s o l u t i o n  o f  th e  a d so rb a te  

i s  c a l le d  th e  r e t a r d a t i o n  v o lu m e ,^  v . The r e t a r d a t i o n  volume i s  

measured a s  t h a t  volume of l i q u i d  which has  emerged from th e  column to  

th e  p o in t  where th e  a d so rb a te  a p p e a r s . In  t M s  work, th e  approach to  

chrom atographic  e q u i l ib r iu m  d i f f e r s  f o r  each s o lv e n t  m ix tu r e ,  hence th e  

p o in t  a t  which th e  a d so rb a te  f i r s t  ap p ea rs  i s  c o n s id e re d  n o t  a t r u e  

measure o f  th e  r e t a r d a t i o n  volume . However a u s e f u l  v a lu e  may be o b ta in e d  

by assuming in s ta n ta n e o u s  e s ta b l is l im e n t  o f  th e  e q u i l ib r iu m .  For example, 

th e  d a ta  f o r  the  e lu e n t  c o n ta in in g  Q,k9&% d ioxane i n d i c a t e s  t h a t  th e  

dioxane c o n c e n t r a t i o n  in c re a s e s  th roughou t a 9 m l. p o r t i o n  o f  th e  e l u a t e
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TABLE XII

THE CONCENTRATION OF VARIOUS ELUATE FRACTIONS OBTAINED BY 
CHROMATOGRAPHING VARIOUS SOLVENT MIXTURES OF 

DIOXANE AND HEXANE

S olven t
v  C o n c e n t ra t io n  o f  Dioxane Volume %

E lu a te  X  16.7% 966%  3775% 1 7 9 ^  I7UB% 0.991% 0~JM%
Dioxane Dioxane Dioxane Dioxane Dioxane Dioxane Dioxane

1 .0 0 .010
1 .6 5 .55
2 .0 1 6 .1 0
2 .6 16 .7
3 .0 16.7 6.02
3.3
i+.o 6 .95 0
1+.5 0 .139
3 . ° 16.7 9 .09 1 .5 6
5 .5 3 .6 k
6.0 9.09 3 .7b
0 .5 3 .85
7 .0 3.85
7 .5
8 .0 3.85
6 .5
9 .0
9 .5

1 0 .0
11 .0
12 .0
13 .0
11+.0
15 .0
16 .0
17 .0
18 .0
19 .0
21 .0
21+.0
27.0
30 .0

0
0.186 
1 .2 6  0
1.82  '

1.96  0.062

1 .96  0.312
1.19
1.1+1+ 0
1.1+8 0.0901

0 .51+8
1.1+6 0.915 0

0.962
0.991

0.0069
0.991

0 .125
0 .1+67
0.1+98
0.1+98



1 .0

0 . 3

.6

0 . 4

0 . 2

0.0
18 3 0241260

U L .  ELUATE 

F I G U R E  3

CHROMATOGRAPHIC BEH A V IO R  OF LIO XA N E-H EX A N E MIXTURES ON 
S U P E R F I L T R O L .  C EQUALS THE CONCENTRATION OF ELUATE S A M PL E S,  
C0  EQUALS THE CONCENTRATION OF SOLVENT M IXTURES ( 1 }  1 6 . 7
( 2 )  9 . 0 9  ( 3 )  3 . 8 5  4 ,  ( 4 )  1 . 9 6  ( 5 )  1 . 4 8  < ,  ( 6 )  0 . 9 9  £ ,
AND ( 7 )  0 . 4 9 8  $  DIOXANE IN  H E X a N E .
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before  r e a c h in g  e q u i l ib r iu m ,  i . e .  t h e  in c r e a s e  ta k e s  p l a c e  from 15 m l. 

to 2b m l. o f  e l u a t e .  T h e re fo re ,  th e  r e t a r d a t i o n  volume was de te rm ined  

as fo l lo w s :

= 0.1*01 = average  c / c 0 v a lu e  f o r  th e  th r e e  3 m l.  samples
3

ana lyzed  w hich c o n ta in e d  some d ioxane  b u t  l e s s  th a n  th e  e l u e n t .

 9  = 3 .609  m l. = th e  volume o f  s o l u t i o n  of th e  e l u e n t  concen-
0 . 1*01

t r a t i o n ,  w hich c o n ta in s  th e  t o t a l  amount of d ioxane found i n  th e

9 m l . p o r t i o n  from 15 m l , to  2h m l . o f  e l u a t e .

2i* .0 -  3 .6  = 20 ,U m l . = th e  r e t a r d a t i o n  volume.

The r e t a r d a t i o n  volumes th u s  de te rm ined  f o r  th e  v a r io u s  s o lv e n t  

m ix tu res  o f  d ioxane  and hexane a re  shown i n  Table X I I I .

TABLE X III

THE CHROMATOGRAPHIC ADSORPTION OF DIOXANE FROM HEXANE 
SOLUTIONS OIM SUPERFILTROL

Solven t 
Com position 

Volume % 
Dioxane i n  H 

Hexane .

R e ta r d a t io n
Volume

ml.

S p e c i f i c  
R e ta rd a t io n  

Volume 
ml .p e r  g .

X
IT]

u l  .pe r  g

0.1*98 20.1* 10.2 50. b
0.991 13.1* 6.70 67.0
1.1*96 9.60 1* .80 72 .0
1.960 7.69 3 .85 77.0
3.650 b .o ’S 2.33 93.0
9.090 2.39 1 .2 0 119.5

16.670 1 .35 0.680 135.0
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The s ig n i f i c a n c e  o f  th e s e  " c a l c u l a t e d ” r e t a r d a t i o n  volumes i s  

r e a d i ly  seen from F ig .  it, where th e  amount o f  d ioxane  adso rbed  per gram 

o f  S u p e r f i l t r o l  was c a l c u l a t e d  d i r e c t l y  from the  s p e c i f i c  r e t a r d a t i o n  

volumes. To check th e  v a l i d i t y  of the  c a l c u l a t i o n  o f  th e  amount o f  

dioxane adsorbed  p e r  gram o f  S u p e r f i l t r o l  from th e  s p e c i f i c  r e t a r d a t i o n  

volumes, th e  a d s o r p t i o n  o f  d ioxane  from hexane by S u p e r f i l t r o l  was 

determ ined  by norm al e q u i l ib r iu m  methods . These r e s u l t s  a re  a lso  shown 

in  F ig .  I4 and s u b s t a n t i a t e  th e  v a lu e s  de term ined  fi'om the  r e t a r d a t i o n  

volumes i n  th e  low c o n c e n t r a t i o n  r e g io n .  The a d s o rp t io n  v a lu es  d e t e r ­

mined by normal e q u i l ib r iu m  methods f o r  s o lu t i o n s  c o n ta in in g  more th a n  

h i d io x a n e ,  were u n r e l i a b l e  due to  in h e re n t  e r r o r s  i n  the  method, 

normal e q u i l ib r iu m  methods in v o lv e  s u b t r a c t i n g  th e  c o n c e n t r a t io n  o f  

the s o l u t i o n  a f t e r  a d s o rp t io n  from the  c o n c e n t r a t io n  o f  th e  s o lu t io n  

befo re  a d s o rp t io n  and f o r  th e  s o lu t i o n s  c o n ta in in g  more th an  ii % d ioxane 

in v o lv es  s u b t r a c t i n g  one l a r g e  number from ano ther  l a rg e  number. Since 

the a d s o rp t io n  o f  dioxane i s  s m a l l ,  th e  a c t u a l  e r r o r  f o r  such an ad so rp ­

t i o n  v a lu e  becomes l a rg e  . The d e te rm in a t io n  of th e  r e t a r d a t i o n  volum es, 

however, were n o t  s u b je c t  to  t h i s  in h e re n t  e r r o r  and th e  c a l c u la te d  

a d s o rp t io n  v a lu e s  from s o lu t io n s  c o n ta in in g  more th a n  l\$ d ioxane were 

reproduced  w ith  h igh  p r e c i s i o n .

The C hrom atograph ic .B ehav ior o f  E rg p s te ro l  and C a l c i f e r o l  on S u p e r f i l t r o l  
i n  th e  P resence  o f  M ix tu res  o f  Dioxane and Hexane

In  the i n i t i a l  phase o f  t h i s  s tu d y ,  th e  ad so rb a te  was added to  the 

chrom atographic column i n  a hexane s o lu t i o n  from whicn b o th  c a l c i f e r o l
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and e r g o s t e r o l  a r e  s t r o n g l y  adso rbed  on S u p e r f i l t r o l , ^  s in c e  s t r o n g  

a d s o rp t io n  y ie ld s  a narrow i n i t i a l  zone of e r g o s t e r o l  o r  c a l c i f e r o l .  

Subsequent e l u t i o n  of th e  e r g o s t e r o l  o r  c a l c i f e r o l  thus  e n t e r e d  onto 

the S u p e r f i l t r o l  column, i n d i c a te d  however t h a t  t h i s  p ro c e d u re  was not 

f e a s i b l e  f o r  th e se  a d s o r b a t e s . From F i g ' s .  5 and 6 one can r e a d i l y  see  

th a t  b o th  e r g o s t e r o l  and c a l c i f e r o l  undergo decom position  d u r in g  the  

a d s o rp t io n  or d e s o rp t io n  p ro c e s s e s  on S u p e r f i l t r o l .  S ubsequent i n v e s t i ­

g a t io n  in d ic a te d  t h a t  th e s e  a d s o rb a te s  could be added to  th e  column in  

a two jn l . p o r t i o n  o f  the  e l u t i n g  s o lv e n t  w i th o u t  s e r io u s  decom position  

being e v id e n c e d .

The e lu a te  c o n c e n t r a t i o n  h i s t o r y  d a ta  a re  l i s t e d  i n  T ab les  XIV and 

XT. The e l u t i o n  o f  e r g o s t e r o l  an d /o r  c a l c i f e r o l  p roceeded  d i f f e r e n t l y  

fo r  ea c h  d i f f e r e n t  e lu e n t  s o lv e n t  m ix tu re .  The c o n c e n t r a t io n  h i s t o r y  

cu rves  f o r  c a l c i f e r o l  and f o r  e r g o s t e r o l  are  g iven  in  F ig u re s  7 and 8 

r e s p e c t i v e l y .  I t  w i l l  be no ted  t h a t  th e  g e n e ra l  shape o f  th e s e  curves  

undergoes a change from an  a s y m e t r ic a l  b e l l  to a s y m e t r ic a l  b e l l  as  the  

c o n c e n t r a t io n  o f  dioxane in  the  e l u t i n g  s o lv e n t  m ix tu re  d e c r e a s e s .

D e f a u l t ' s  th e o ry "^  and W eiss '  t h e o r y ^  o f  chromatography e x p la in  

th e se  o b s e rv a t io n s  on th e  b a s i s  o f  a  change i n  th e  a d s o r p t io n  .isotherm 

of th e s e  a d so rb a te s  as th e  amount o f  dioxane i n  th e  s o lv e n t  m ixture  

changes. Verrneulen and H i e s t e r ^  have shown t h a t  the v a r i a t i o n  in  

symmetry of th e  c o n c e n t r a t i o n  h i s t o r y  curves i n  th e  case  ox ion-exchange 

cliromatographv i s  e x p la in a b le  on th e  b a s is  of v a r i a t i o n s  i n  th e  e q u i l ib r iu m
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TABLE XIV

THE ELUATE CONCENTRATION HISTORY DATA FOR CALCIFEROL 
CHROMATOGRAPHED ON SUPERFILTROL WITH VARIOUS 

PilXTUrtES OF HEXANL-DIOXANE AS ELUTING SOLVENTS

So lven t

X -
Mg C a lc i f e r o l  E lu ted  Per Ml E lua te

HI. 9.096 3 . X 1.965b 0 .9 9 1L o.h9H%
E lua te Dioxane Dioxane Dioxane Dioxane Dioxane

1 0
2 0.606 0
0
J 1.006 0.0366
'h 0.126 0.636 0

0 , 02oo o . 616 0 .0050
o.oofcfc 0 .199 0.0712

7 o .0366 0 .5 6 0
6 0 .0 1 3 6 0.622
9 0 .0 0 6 4 0 .266 0

10 0.0670 0.0102
11 0 .0 2 7 6 0.121u
12 0 .0126 0.296
13 0 .3 1 6
lli 0 .226
15 0 .1316
16 0.067R
17 0.0312 0
16 0.0146 0.0066
19 0.0252
20 ‘ 0 .0536
21 0.0678 .
22 0.0636
23 0.01+98
2L 0.03UU
25 ------- 0.0221}
26 0.013U
27 0.0078
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TABLE XV

THE ELUATE CONCENTRATION HISTORY DATA FOR ERGOSTEROL CHROMATOGRAPHED 
ON SUPERFILTROL WITH VARIOUS MIXTURES OF HEXANE-

DIOXA&R lib El

S o lv en t
Mg. E r g o s te r o l  Per Ml. E lu a te

.1. X  9 . 09% 3.85% 1.96%
D.uat<e Dioxane Dioxane Dioxane

1 0
2 0 .636 0
3 0.912 0.0116
h 0 .300 0.0382
5
6

0.0338
0.0162

0.392 
0 .6 6 6

7 0.0082 0.323
b 0.0856
Q/ 0 .0330 0

10 0.0176 0.0216
11 0.0112 0.1068
12 0.0076 0 .266
13 0.262
16 0.162
15 0.0796
16 0.0606
17 0.0206
18 0.0120
19 0.0076
20
21
22
23
26
25
26
27
28
29
30
31
32
33
36

0.991%
Dioxane

0
0.0066 
0 .0070 
0 .0166  
0 .0326 
0.0516 
0.0606 
0.0560 
0.0662 
0.0360 
0.0268 
0.0172 
O .O llo  
0.0078 
0.0052
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E L U T IO N  CONCENTRATION H IS T O R Y  CURVES FOR C A L C IF E R O L  FROM 
A S U P E R F I L T R O L  COLUMN ELUTED BY SOLVENT MIXTURES ( l )  9 . 0 9  4 ,  
( 3 )  3 . 9 5  1°, ( 3 )  1 . 9 6  ( 4 )  0 . 9 9  AND ( 5 )  0 . 4 9 8  % DIOXANE IN
HEXANE.
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E L U T IO N  CONCENTRATION H IST O R Y  CURVES F O R  ERGOSTEROL FROM A SUPER­
F I L T R O L  COLUMN ELUTED BY SOLVENT M IXTURES ( l )  9 . 0 9  4 ,  ( 3 )  3 . 3 5  ■*>,
( 3 )  1 . 9 6  4 ,  AND ( 4 )  0 . 9 9  $  DIOXANE I N  HEXANE.



p a ra m e te r .  In  so f a r  a s  adso rp tion , chromatography may be compared to  

ion-exchange  cliromatography, one m i g h t  c o n s id e r  the change from 

a s y m e t r ic a l  to  s y m e t r ic a l  c o n c e n t r a t i o n  h i s t o r y  c u r v e s } as  b e in g  i n d i ­

c a t iv e  o f  an  approach t o  t r a c e  c o n d i t io n s  a s  th e  c o n c e n t r a t i o n  of d ioxane 

in  th e  e l u t i n g  so lven t d e c re ase s} s i n c e  the amount o f  c a l c i f e r o l  or 

e r g o s t e r o l  i n  so lu t io n  a t  a given in s t a n c e  i s  decreased  due t o  s t r o n g e r  

a d s o r p t i o n .

The th r e s h o ld  volumes fo r  c a l c i f e r o l  a h a  fo r  e r g o s t e r o l  when e lu te d  

by t h e s e  s o lv e n t  m ix tu res  have b e e n  determ ined by th e  u su a l  method con­

s i s t i n g  o f  an  e x t r a p o la t io n  of the  c e n t r a l  p o r t i o n  o f  the  e l u t i o n  curves 

( F i g ' s .  9 and 10) . I t  i s  apparent (Table M il)  th a t  th e  t h r e s h o ld  volumes 

f o r  c a l c i f e r o l  and e r g o s t e r o l  i> ic rea se  with a  d ec re a se  i n  th e  amount o f  

d ioxane  i n  th e  e luen t s o lv e n t  rnixtcures.

t a b l e  XVI

THE THRESHOLD VOLUMES AMD THE RLCOV.iM OP CALCIFEROL AND ERGOSTEROL 
VJHEN CHROMATOGRAPHED M TTH VARIOUS MIXTURES OF 

RBXANE-DIOXAI'Jit ON SUPERFILTROL

S o lv e n t
C om posit ion Thresho ld  Volume % A dsorbate  

Recovered
% Dioxane C a l c i f e r o l E rg o s te ro l C a l c i f e r o l E rg o s te ro l

9 .09 1 .3 2 1 . 5 5 9 5 .2 85.2
3.85 3 .1 2 h  .39 9 0 .0 78 .0
1 .9 6 6 .05 l O  .5 6 3 .0 Ii8.2
0 .991 1 0 .7 2 3  .2 60 .8 1 8 .6
0.ii98 1 8 .8 —  —  — 17 .2

''The eq u i l ib r iu m  parameter depends u p o n  the e q u i l ib r iu m  exchange 
be tw een  a t r a c e  ion  and th e  c a r r i e r  ion an d  also depends upon th e  r e l a ­
t i v e  c o n c e n tra t io n  o f  th e  trace i o n  and t h e  c a r r i e r  io n  in  th e  case  of 
io n -exchange  chromatography. T h u s  Vermeulen and H i e s t e r  have shown t h a t  
th e  symmetry o f  the c o n c e n t ra t io n  h is to ry  cu rv e  i s  a  c r i t e r i o n  fo r  t r a c e  
c o n d i t i o n .
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In  F i g .  11, t h e  lo g  o f  th e  th r e s h o ld  volumes have been p l o t t e d  

a g a in s t  t h e  log  o f  th e  c o n c e n t r a t io n  o f  d ioxane i n  th e  e l u e n t .  I t  ap p ea rs  

t h a t  th e  fo l lo w in g  r e l a t i o n s h i p  h o ld s :

lo g  Vt  = n lo g  C + kj. (3)

where = th e  th r e s h o ld  volum e, C = th e  c o n c e n t r a t i o n  o f  d io x a n e ,

n and kx = c o n s ta n ts  indep en d en t o f  th e  s o lv e n t  com posi t ion .

I t  may a lso  be noted i n  T ab le  XVI t h a t  th e  amount o f  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  d e c re a se s  w ith  th e  c o n c e n t r a t i o n  o f  dioxane in  

th e  e lu e n t  s o lv e n t .  In  F ig .  1 2 ,  th e  lo g  o f  th e  a d s o rb a te  not re c o v e re d  

i s  p l o t t e d  a g a in s t  th e  lo g  o f  th e  c o n c e n t r a t io n  of d ioxane  in  th e  e lu e n t  

s o lv e n t  m ix tu re s .  A r e l a t i o n s h i p  s im i la r  to  E quation  ( 3 ) may a l s o  be 

s t a t e d ,

lo g  = rn lo g  C + k2 (II)

where t = th e  a d s o rb a te  n o t  r e c o v e re d ,  C = th e  c o n c e n t r a t i o n  o f  d io x a n e ,

m and k3 = c o n s ta n ts  independen t o f  th e  s o lv e n t  co m p o s i t io n .  Combining

Equations ( 3 ) and (h) y i e ld s

lo g  = a  lo g  Vt  + b ( 5)

where a = ™ and b = k 3 -  m kx . F u r t h e r , th e  t h r e s h o l d  volume, acc o rd -  

n 16in g  to  VJeil-M alherbe i s  dependent on the  amount o f  a d s o rb e n t ,  s ,  the  

q u a n t i ty  o f  a d s o rb a te ,  m0j and on th e  i n i t i a l  volume, v 0 , the  volume of 

th e  s o lu t i o n  of th e  a d s o rb a te  before  a d s o r p t io n .  The gen era l  r e l a t i o n ­

sh ip  i s  g iv e n  as f o l lo w s ;

V. = Ks1/ *  /rtitf. + r  v 0 ( 6)l>

where K, oc . ^  } and. 7  are  c o n s ta n t s .  S u b s t i t u t i n g  i n t o  E qua tion  ($) 

we o b ta in  th e  expiression ,
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lo g  Ar  = a lo g  [Ks1/ * / m ^ f  + / v 0] + b  ( 7)

which r e l a t e s  th e  q u a n t i ty  o f  a d s o rb a te  r e t a i n e d  by th e  column to  th e  

q u a n t i ty  o f  a d s o rb e n t ,  th e  amount o f  a d s o rb a te  e n te re d  on th e  column, 

and. th e  volume o f  s o lu t i o n  c o n ta in in g  t h e  a d so rb a te  b e fo re  a d s o rp t io n .

The Chrom atographic S e p a ra t io n  o f  C a l c i f e r o l  from E r g o s te r o l

I t  was a p p a re n t ,  from th e  p re c e d in g  c o n s id e ra t io n s  t h a t  a q u a n t i t a ­

t i v e  re c o v e ry  o f  c a l c i f e r o l  a n d /o r  o f  e r g o s t e r o l  was no t  p o s s ib le  i f  an 

" e q u il ib r iu m "  e l u t i o n  method were employed. C onseq u en tly ,  a two s te p  

e l u t io n  p ro cee d u re  was a t te m p te d .  A f te r  e l u t in g  a column, to  which 

e r g o s t e r o l  had been added, i n  t h e  normal manner, w i th  I4O m l. of e l u t in g  

s o lv e n t  c o n ta in in g  0 . 99/  d io x a n e ,  th e  column was f u r t h e r  e lu te d  w ith  

10 ml. o f  s o lv e n t  c o n ta in in g  1 6 . 7 /  d io x a n e .  The a b s o rp t io n  curve f o r  

tiie e lu a te  th u s  o b ta in e d  i s  shown in  F i g .  13. By comparing t h i s  abso rp ­

t i o n  curve w i th  t h a t  o f  pure  e r g o s t e r o l  (F ig .  5 ) ,  i t  i s  a p p a re n t  t h a t  

th e  e r g o s t e r o l  th u s  t r e a t e d ,  has undergone decom position  d u r in g  the  

p ro cess  o f  a d s o rp t io n  or d e s o r p t io n .  A ttem pts to  overcome t h i s  d i f f i ­

c u l ty  were u n s u c c e s s f u l .

The 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  was in v e s t ig a t e d  

u t i l i z i n g  a s o lv e n t  m ixture  o f  hexane and dioxane which would y ie ld ,  the  

b e s t  rec o v e ry  o f  pu re  c a l c i f e r o l .  A com parison o f  th e  c o n c e n t r a t io n  

h i s t o r y  curves  f o r  c a l c i f e r o l  and f o r  e r g o s t e r o l  i n d i c a t e s  t h a t  th e  

b e s t  s o lv e n t  m ix tu re  i s  t h a t  c o n ta in in g  1.96% d ioxane i n  hexane. In  

F ig .  1U, th e  c o n c e n t r a t io n  h i s t o r y  cu rv es  fo r  e r g o s t e r o l  and f o r
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THE CONCENTRATION HISTORY CURVES F O R  ( l )  C A L C IF E R O L  
AND ( 2 )  ERGOSTEROL OBTAINED BY EL U TIO N  FROM S U P E R F IL T R O L  
BY A SOLVENT MIXTURE OF 1 . 9 6  $  DIOXANE IN  HEXANE.
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c a l c i f e r o l , o b ta in e d  by e l u t i o n  w ith  th e  s o lv e n t  m ix tu re  c o n ta in in g  

1.96# d ioxane  i n  hexane, a re  i l l u s t r a t e d .  I f  the  e l u 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  were not a f f e c t e d  by th e  p resen ce  o f  th e  second a d s o r b a te , 

one would ex p e c t  th e  re c o v e ry  of pure  c a l c i f e r o l  to  be 77.3%, s in ce  

e lu a te  f r a c t i o n s  from 10 to  12 m l. 'would c o n ta in  a m ix tu re  o f  c a l c i f e r o l  

and e r g o s t e r o l .  The reco v e ry  o f  pu re  c a l c i f e r o l  was found to  be de­

pendent, on th e  amount o f  e r g o s t e r o l  i n  the  m ix tu re  to  be s e p a ra te d .

These o b s e rv a t io n s  a re  i l l u s t r a t e d  in  F ig u re  15. Whereas th e  rec o v e ry  

of pu re  c a l c i f e r o l  decreased  w i th  an in c r e a s e  i n  th e  amount o f  e r g o s t e r o l  

in  the  m ix tu re  to  be s e p a r a t e d ,  th e  t o t a l  r e c o v e ry  o f  c a l c i f e r o l  i n ­

c rea sed  w i th  an in c re a s e  i n  th e  e r g o s t e r o l  p r e s e n t  i n  th e  m ix tu r e . From 

Equation  (5) i t  can  be shown t h a t  an in c re a s e  i n  th e  t o t a l  amount of 

c a l c i f e r o l  r e c o v e re d  should be coupled  w i th  a d ec re a se  i n  th e  th r e s h o ld  

volume. Thus, th e  th r e s h o ld  volume f o r  c a l c i f e r o l  should  ex p er ien ce  a 

d ec re ase  w ith  an in c re a s e  i n  th e  amount o f  e r g o s t e r o l  i n  th e  m ixture  

to  be s e p a r a t e d .  I n  F ig .  16 t h i s  i s  seen  tc  be th e  c a s e .  •

Summary

1 .  p-Dioxane was de term ined  i n  th e  p resen ce  o f  hexane by i n f r a r e d  

a b s o rp t io n  a t  11.35 micron and agreement w ith  B e e r 's  Law th roughou t th e  

c o n c e n t r a t io n  range  0 to  2.5% dioxane i n  hexane was found.

2 . An e q u i l ib r iu m  between S u p e r f i l t r o l  and e l u t i n g  s o lv e n t  m ix tu res  

o f  d ioxane and hexane was observed  and th e  time o f  e s ta b l is h m e n t  o f  the  

e q u i l ib r iu m  was found to  be dependent on th e  amount o f  dioxane in  th e  

s o lv e n t  m i x tu r e .
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3 .  The a d s o rp t io n  o f  d ioxane from hexane s o lu t i o n s  by S u p e r f i l t r o l  

has been c a l c u l a t e d  from th e  chrom atographic e q u i l ib r iu m  s t u d i e s ,  and has 

b een  shown to  agree  w i th  th e  a d s o rp t io n  curve de term ined  by  normal 

p ro c e d u r e .

1+. The chrom atographic  b e h a v io r  o f  c a l c i f e r o l  and e r g o s t e r o l  w ith  

e l u t i n g  s o lv e n t  m ix tu re s  o f  hexane and dioxane has been s tu d ie d  and an 

e q u a t io n  has been deduced r e l a t i n g  th e  amount of a d so rb a te  r e t a in e d  by 

th e  column to  th e  q u a n t i t y  o f  a d s o rb e n t ,  th e  amount o f  a d s o rb a te ,  and th e  

volume o f  th e  s o lu t i o n  c o n ta in in g  the  a d so rb a te  b e fo re  a d s o rp t io n .

3 .  The amount o f  e r g o s t e r o l  p r e s e n t  i n  a m ix tu re  o f  c a l c i f e r o l  and 

e r g o s t e r o l  was found to  in f lu e n c e  th e  reco v e ry  o f  pure  c a l c i f e r o l .  The 

t o t a l  r e c o v e ry  of c a l c i f e r o l  was found, to  be in c re a s e d  by an  in c re a s e  o f  

e r g o s t e r o l  i n  such a m i x t u r e .

6 . The 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  has been shown to 

be dependent on th e  amount o f  e r g o s t e r o l  i n  th e  m ix tu re  to  be s e p a ra te d .

A m ix tu re  c o n ta in in g  2 mg. o f  b o th  c a l c i f e r o l  and. e r g o s t e r o l  was chromato 

graphed to  g ive  an 81% re c o v e ry  o f  pu re  c a l c i f e r o l .

The S o l u b i l i t y  of N o n - e le c t r o ly t e s  i n  S o lv en t  M ix tu res

S o l u b i l i t y  s tu d i e s  o f  n o n - e l e c t r o l y t e s  i n  s o lv e n t  m ix tu res  has been 

th e  s u b je c t  o f  a r e c e n t  paper by  Gordon and S c o t t ‘S  i n  which th e y  showed 

t h a t  r e g u l a r  s o lu t i o n  t h e o r y ^  p r e d i c t s  enhanced s o l u b i l i t y  where the  

s o l u b i l i t y  param eter  o f  th e  s o lu te  i s  between th o se  o f  t h e  s o l v e n t s . I t  

was the  pu rpose  o f  t h i s  s tu d y  to  show how the  th e o ry , w i th  a few added 

a ssu m p tio n s ,  may be u se d  to  e x p la in  o th e r  th a n  enhanced s o l u b i l i t y .
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-| O
The r e g u la r  s o l u t i o n  th e o ry  of H ild e b ra n d ,  a p p l ie d  to  th e  s o lu ­

b i l i t y  o f  s o l id s  i n  l i q u i d s ,  r e l a t e s  t h e  s o l u b i l i t y  to  the  thermodynamic 

p r o p e r t i e s  o f  th e  p u re  components, i . e .  to  th e  m e l t in g  te m p era tu re  of 

th e  s o l u t e ,  the  h e a t  o f  f u s io n  of th e  s o lu t e  and th e  " s o l u b i l i t y  p a ra ­

m eters"  o f  th e  s o lu t e  and s o lv e n t .  The s o l u b i l i t y  param ete r  i s  d e f in e d  

as  th e  square  r o o t  o f  the  " i n t e r n a l  p r e s s u re "  o r  "cohes ive  en e rg y  d e n s i ty "

and f o r  a given s u b s t a n c e , i s  u s u a l ly  c a l c u l a t e d  from th e  m olar volume

19and th e  m olar energy  o f  v a p o r iz a t i o n ,  th u s

where Z^Iix i s  i t s  h e a t  of f u s io n  and Tm i s  i t s  m e l t in g  te m p era tu re  .

I f  th e  s o lu t io n  i s  no t  i d e a l ,  th e  d e v i a t io n s  from i d e a l i t y  a re  r e -

where th e  s u b s c r ip t s  and o prefer to  t h e  s o lu te  and so lv e n t  r e s p e c t i v e l y .

( 8)

The i d e a l  s o l u b i l i t y ,  i n  mole f r a c t i o n  X1 , i s  given by th e

eq u a t io n

l o g  X1
(9)

l a t e d  to  th e  p a r t i a l  m olal h e a t  of m ixing A  H , , o f  th e  supercoo led  

l i q u i d  s o l u t e  w ith  th e  so lv e n t

lo g  Xx = lo g  X1 -. -A  Hi  (10)
2 .3  HT

The th e o ry  f u r th e r  r e l a t e s  iAH-^ to  th e  m ola l volume V^, th e  volume 

f r a c t i o n  o f  the s o lv e n t  (J)0 , and th e  s o l u b i l i t y  pa ram ete rs  cT,

( 10)

A h x = <t>o3 (  -  S o ) 2 (11)
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For a t h r e e  component system  in v o lv in g  two s o lv e n t  com ponents} th e  

20th e o ry  le a d s  to  e q u a t io n s  which a re  i d e n t i c a l  w i th  E quations  (10) and

(11) i f  $q i s  ta k e n  as th e  t o t a l  volume f r a c t i o n  of s o lv e n ts  2 and 3 

and S q i s  ta k e n  as th e  volume f r a c t i o n  average o f  S3 and S3 .

s ° = <12>

<f) 0 = $2 + 03 (13)

•'When th e  s o l u b i l i t y  p a ram e te r  o f  th e  s o lu te  } has a value  between

^ c  20 21a 2 and §3 , th e  th e o ry  5 p r e d i c t s  a maximum s o l u b i l i t y .  I f  the

s o lu t i o n  i s  n o t  i d e a l  th e  a c t i v i t y 3 a 1 . o f  th e  s o lu t e  i n  th e  s a tu r a t e d  

s o lu t i o n  i s  s u b s t i t u t e d  f o r  X1 and th e  com bination o f  eq u a t io n s  (10) and 

( l l )  thus  becomes

lo g  X-[_ = lo g  a^ -  2 ' "3RT ^  ( S i  “ ^ 0) ( lh )

and th e  maximum s o l u b i l i t y  i s  t h e r e f o r e  reached  where S x = S 0>

I f  th e  volume f r a c t i o n s  a re  c o n s id e re d  p r o p o r t i o n a l  to  th e  con­

c e n t r a t i o n s  o f  components th e n

L2 -

413 x 3 c.
(13)

ana

$2  = kX3j 4 a = kX3J 4 2^ 3 = k ( x 2 + X3) (16)

where X2 and X3 a re  th e  mole f r a c t i o n s  o f  th e  s o lv e n t  components and k 

i s  a c o n s ta n t  c o n s id e re d  independen t o f  th e  c o n c e n t r a t io n  of th e  so lv e n t



c;rr.ronent,s . S u b s t i t u t i n g  i n t o  nquan icn  (12) fo r  <f>3} (j)3 and (J;2 + (f)3

S ;  = » S x 3
j±2 • a 3

C onsider  rhe  case  where th e  s o lu te  i s  b u t  s l i g h t l y  s o lu b le  th roughout

—n 3.J—L Oi tU— it V “It d-’i  , U 7 1 P e A 2 diiO -A;; *r 12 = -i- •

S_ = §3x 2 + S3x ... ( i t )

t  = 4!2 + 4>3 = i:(^2 + * 3 ) = 0 9 )

acc o r a i r r  uo ucue t i o n s  ( I t )  ana (1?) in f o  e q u a t io n  (11)

_ . / / • r 2\ / ,-v-.\
-  ~vi ) £ + D a3 + a As > uo;

-V2( S -  S j 2V wi

D- . ,  2 r i  S ) -  S,  S 2 4 S ,  S 3 -  S3  S 3) 

d' -  -k 2( S _ 2  3 S , ! -  Z § 3  S 3 )

I -• A *o — A -a “ A -b A 5, . ; e r » r j -  QT*~-

= -V3 [ a '  + ( o '  + a ' )  X2 -  d 'X2Xa j (21)

3-,- d e f i n i t i o n  ri:s  s o l u b i l i t y  pa ram ete r  eq u a ls  the  square  rooi 

energy o f  i n t e r a c t i o n  (,-psr  c c -) •

and
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(22)

S u b s t i t u t i n g  C1/ 2 f o r  S  th e  c o n s ta n t  d '  becomes

cl = - k 2(C22 + C33 -  2C321/ 3 C331/ 2 ) (23)

and the  term CZ2X̂ Z C333*/3 equa ls  C2 3 .^ Thus E quation  (23) becomes

d = - k 2(C22 + C33 -  2G23) (23)

I f  th e  energy  of i n t e r a c t i o n  between u n l ik e  s o lv e n t  m olecules i s  con­

s id e re d  th e  a r i t h m e t i c  mean o f  th e  e n e rg ie s  ox i n t e r a c t i o n  between l i k e  

m o le c u le s ,  i t  i s  a p p a re n t  t h a t  d '  e q u a ls  0 and E quation  (21) becomes

A h x = -  Vx ( a '  + b % )  „ (23)

S u b s t i t u t i n g  E qua t ion  (23) i n t o  E quation  (13) and assuming t h a t  Yx i s  

independen t o f  the  c o n c e n t r a t io n  o f  th e  s o lv e n t  components and i s  

e s s e n t i a l l y  c o n s t a n t ,  the  e q u a t io n

lo g  Xx = a + bX3 (26)

i V7a 'a = lo g  a.x +

b
2.3RT

p r e d i c t s  an  e x p o n e n t ia l  change of th e  s o l u b i l i t y  w i th  th e  change of the  

s o lv e n t  com position . '"

* I t  should  be n o ted  t h a t  E quation  (26) i s  i n  e s s e n t i a l l y  th e  same 
form as t h a t  of S t r o m b e r g ,^  which was d e r iv e d  on th e  b a s i s  of 
Zhukhovitsky*s r e g u la r  s o lu t i o n  th e o r y .
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The S o l u b i l i t y  o f  E rg o s te ro l  and C a l c i f e r o l  i n  S o lv en t  M ix tu res .

E r g o s te r o l  was found to  have a g r e a t e r  s o l u b i l i t y  i n  hexane-d ioxane 

m ix tu res  and i n  h ex an e -e th an o l  m ix tu r e s ,  th an  i t  does i n  e i t h e r  p u re  

hexane, p u re  d ioxane ,  o r  pure  e th a n o l .  The maximum s o l u b i l i t y  i n  hexane-

dioxane m ix tu re s  was found  to  be between ItO and $2% by w eigh t hexane

and i n  h ex an e -e th an o l  m ix tu re s  was found  to  be between 63 and. 69% by  

w eigh t h e x a n e . (Table  XVII) .

The th e o ry  p r e d i c t s  t h i s  enhanced s o l u b i l i t y  where th e  s o l u b i l i t y

p a ram ete r  o f  th e  s o lu te  i s  betw een th o s e  o f  th e  two s o lv e n ts  and p r e d ic t s

th e  maximum s o l u b i l i t y  where &x = Since th e  s o l u b i l i t y  param eters
2 '$

fo r  hexane and dioxane are  7 .3  and 1 0 .0  r e s p e c t i v e l y ,  and s in c e  

e r g o s t e r o l  shows enhanced s o l u b i l i t y  i n  hexane-d ioxane m ix tu re s ,  th e  

s o l u b i l i t y  pa ram ete r  f o r  e r g o s t e r o l  must be between th e se  v a lu e s .  A lso , 

s in ce  e r g o s t e r o l  ex p e r ien ces  enhanced s o l u b i l i t y  i n  h ex an e -e th an o l 

m ix tu re s ,  i t s  s o l u b i l i t y  param ete r  must be between th o se  of hexane and 

e th a n o l .  F u r t h e r ,  s in ce  th e  s o l t i b i l i t y  o f  e r g o s t e r o l  i s  n e a r ly  th e  same 

in  hexane and i n  e th a n o l  bu t  much g r e a t e r  i n  d io x a n e ,  one can assign- 

r e l a t i v e  v a lu es  to  e r g o s te r o l  and e th a n o l ,  th u s

^ hex an e  = 7 . 3  <  S e r g o s t e r o l  ^  ^ e t h a n o l  <  10 ,0  = ^ d io x a n e .

The s o l u b i l i t y  o f  bo th  e r g o s t e r o l  and. c a l c i f e r o l  i n  e th an o l—w ater  

m ix tu res  was found to  dec rease  e x p o n e n t ia l ly  w i th  an in c re a s e  o f  w ate r  

(F ig .  17) and fo l lo w s  th e  form o f  Equation  ( 2 6 ) .  A pp aren tly ,  t h e r e f o r e ,  

th e  assum ptions  used  i n  the  d e r i v a t i o n  o f  E qua t ion  (26) may be con.sic.ered
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TABLE XVII

THE SOLUBILITY OF ERGOSTErtOL IN MIXED SOLVENTS AT 25° ± 0.05°C

S olven t
M ix tu re

W t . % Y 
Solvent 
Component Y

S o l u b i l i t y  
g p e r  1000 g s o lu t i o n

E thano l
w a te r

E thanol
Hexane

Dioxane
Hexane

0 8.71 8.71 30 .9
9.0 1 .71

11.1+ 10 .9
11+.1+ 7.87
16.0 0 .550
16.3 0.535
19.1+ 13 .8
25.0 53.7
29.7 0.161
33.1 21.5
35.0 0 .0865
39.5 61.9
55.6 27 .6
50.3 0 .0131
52.2 61.1
62 .0 52.7
62.9 38.9
69.6 38.9
78.9 26.5
79.8 31.1
86.5 20 .0

100 3.57 3.57

v a l i d  f o r  t h i s  s o lv e n t  sy s tem } and th e  energy  o f  i n t e r a c t i o n  between 

u n l ik e  m olecu les  o f  e th a n o l  and w a te r  may be co n s id e re d  app rox im ate ly  

equa l  to  th e  a r i t l rm e t ic  mean o f  the  e n e rg ie s  of i n t e r a c t i o n  between 

l i k e  m olecu les  o f  e th a n o l  and o f  w a t e r .
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F I G U R E  1 7

THE S O L U B IL IT Y  BEHAVIOR OF ( 1 )  C A LC IFE R O L AND ( 3 )  
ERGOSTEROL IN ETHANGL-WATER F I X T U R E S  AT 3 5 °  C .



The E f f e c t  o f  th e  A d d i t io n  o f  'Water on th e  Pa r t i t i o n  R a t io s  o f  E rg o s te ro l  
and C a l c i f e r o l  i n  th e  L iq u id -L iq u id  System; Hexane-Hethanol"!

P a r t i t i o n  r a t i o s  o f  b o th  e r g o s t e r o l  and c a l c i f e r o l  were found to  be 

ind ep en d en t o f  t h e i r  c o n c e n t r a t io n s  over  th e  c o n c e n t r a t i o n  range s tu d ie d .  

The p a r t i t i o n  r a t i o s , however a re  in f lu e n c e d  by  th e  a d d i t i o n  o f  w a te r  to  

th e  hexane-m ethanol system . C o n s id e r in g  th e  p a r t i t i o n  r a t i o s  as  b e in g  

th e  r a t i o  between th e  c o n c e n t r a t io n  o f  e r g o s t e r o l  or c a l c i f e r o l  i n  the  

n o n -p o la r  phase and th e  c o n c e n t r a t io n  i n  the  p o la r  p h a s e , one can r e a d i l y  

see  t h a t  an in c r e a s e  o f  w a te r  to  the  hexane-m ethanol system causes  an 

in c r e a s e  i n  th e s e  r a t i o s ,  i . e .  the  w a te r  may be s a id  to  " fo rce"  th e  

e r g o s t e r o l  o r  c a l c i f e r o l  from th e  p o la r  phase in to  th e  n on -po la r  p h a se .

I t  was a lso  found t h a t  th e  change in  th e  p a r t i t i o n  r a t i o s  of 

e r g o s t e r o l  and c a l c i f e r o l  w i th  th e  a d d i t io n  o f  w ater  t o  th e  hexane- 

m ethanol system , was no t e q u iv a le n t ,  i . e .  th e  p a r t i t i o n  r a t i o s  of 

e r g o s t e r o l  in c re a s e d  more r a p i d l y  w i th  th e  a d d i t io n  o f  w a te r  th a n  d id  

th e  p a r t i t i o n  r a t i o s  o f  c a l c i f e r o l .  This  f a c t  le a d  to  a c o n s id e ra t io n  

o f  th e  problem of  s e p a r a t in g  c a l c i f e r o l  from e r g o s te r o l  by c o u n te r -  

c u r r e n t  d i s t r i b u t i o n .  A ccording to  C ra ig ‘S  th e  r a t i o  Ka/ l t0 i s  a measure 

o f  th e  ease  o f  s e p a r a t in g  component a  from component b by l i q u i d - l i q u i d  

e x t r a c t i o n  m ethods. The s e p a r a t io n  f a c t o r , ^  = Ke/Kc , where K0 and Kc 

equa l  th e  p a r t i t i o n  r a t i o s  f o r  e r g o s t e r o l  and c a l c i f e r o l  r e s p e c t i v e l y ,  

i s  p l o t t e d  a g a in s t  th e  amount o f  w a te r  added to  the  m ethanol phase i n  

F ig .  18. I t  i s  a p p a re n t  t h a t  th e  system produced by add ing  %% w a te r
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F I G U R E  18

V A RIA TIO N  IN  THE S E PA R A T IO N  FACTOR FO R  C A LC IFE R O L 
AND ERGOSTEROL W ITH THE QUANTITY OF WATER IN THE METHANOL 
WHICH WAS EQ U IL IB R A T E D  WIT: :  HEXANE TO FORM THE TWO PHASE 
L I Q U I D - L I Q U I D  SYSTEM



(b y  Volume) t o  the m ethanol phase  y i e l d s  the b e s t  s e p a r a t io n  p o s s i ­

b i l i t i e s

Summary

1. The s o l u b i l i t y  of e r g o s t e r o l  i n  d ioxane-hexane m ix tu res  and 

e th a n o l-b e x a n e  m ix tu re s  has b e e n  de term ined  and. ex p la in e d  on th e  b a s i s  

o f  e x i s t i n g  re g u la r  s o lu t io n  th e o ry .

2. The s o l u b i l i t y  of e r g o s t e r o l  and  c a l c i f e r o l  i n  e th a n o l-w a te r

m ix tu res  a t  th ree  te m p e ra tu re s  has b een  de term ined  and an e x p la n a t io n

o f  t h e i r  s o l u b i l i t y  b eh av io r  has been d e r iv e d  from th e  e x i s t i n g  r e g u la r

s o lu t io n  t h e o r y .

3. An approx im ation  of t h e  s o l u b i l i t y  p aram ete rs  f o r  e th a n o l  and 

f o r  e r g o s t e r o l  has b een  made , based on  th e  s o l u b i l i t y  behav io r  o f  

e r g o s t e r o l .

ip The p a r t i t i o n  r a t i o s  o f  e r g o s t e r o l  and c a l c i f e r o l  i n  th e  two 

phase l i q u i d - l i q u i d  system, hexane-m ethanol have been determ ined  show­

in g  the ciiange in  t h e i r  p a r t i t i o n  r a t i o s  w ith  a change in  th e  amount o f  

w a te r  added to the system.

2 7 .v C a lc u la t io n s  , based, on the work o f  Bush and Densen'” i n d i c a t e s  
t h a t  a 5 0 -5 0  m ix ture  of e r g o s te r o l  and c a l c i f e r o l  would y i e l d ,  a f t e r  
100 e x t r a c t i o n s ,  a  m ixture c o n ta in in g  app rox im ate ly  85% e r g o s t e r o l  and 
a mixture c o n ta in in g  approxim ately  85% c a l c i f e r o l  u s in g  t h i s  system .



LITERATURE CITED



38

LITERATURE CITED

1 .  C a r lso n ,  ¥ .  C . ,  Ph. D. T h e s i s ,  M ichigan S ta t e  C o l l e g e ,  191+6.

2 .  P in k e r to n ,  R. C . ,  M. S. T h e s i s ,  M ichigan S ta te  C o l l e g e ,  191+8 .

3 .  B u r n e t t ,  J .  B u l l a r d ,  Ph. D. T h e s i s ,  M ichigan S t a t e  C o l l e g e ,  1952. 

k .  a) B u l l a r d ,  L . J . ,  M. S. T h e s i s ,  M ichigan S ta t e  C o l l e g e ,  191+5.

b) Chen, F u -h o , M. S. T h e s i s ,  M ichigan S ta te  C o l l e g e ,  193’0 .

c) K im b a ll ,  L. B rock , M. S. T h e s i s ,  M ichigan S ta t e  C o l l e g e ,  1950.

5 . VJildeman, M.,'2. P h y s ik a l .  Chem. l l ,  232 (1891+) .

6 .  W i s l i c e n u s , H. and Kaufmann, L . ,  Ber . 2_8, 132U (1 8 9 5 ) .

7 .  F i e s e r ,  L .  F . ,  "Experim ents i n  Organic C h e m is try ,"  P a r t  I I ,  p .  369,
2nd Ed. 19A1, D. C. H eath  and Company.

8. Huber, ¥ . ,  Ewing, G. W., and K r ig e r ,  J . ,  J .  Am. Chem. S o c . 67_, 609
(191+5).

9. Ewing, D. T . ,  K in g s le y ,  G. V . ,  Brown, R. A . ,  and. Emmett, A. D .,
I n d .  Eng. Chem., A nal.  Ed . ,  1 5 ,  301 (191+3).

10. C ra ig ,  L .  C. and P o s t ,  0 .  ¥ . ,  In d .  Eng. Chem., A na l.  Ed. 1 6 ,  1+13
(191-0).

11 . C a s s id y ,  H. C-., "A dso rp tion  and Chrom atography," V o l.  V, Technique
o f  O rganic  C hem is try ,  V Je issbe rger , e d .  I n t e r s c i e n c e  P u b l i s h e r s ,  
I n c . ,  hew York. 1951 p .  221+.

12 . C a r l so n ,  ¥ .  C . ,  lo c  o i t .

13. D eV ault, D .,  J .  Am. Chem. Soc. 65, 532 ( I 9 l 3 ) . 

ll+. W eiss ,  J . ,  J .  Chem. Soc. 191+3, 297 .

15. Vermeulen, T . .  and H i e s t e r ,  K. K .,  In d .  Eng. Chem. 1+1+, 636 (1952) .

16 . W eil-M alhe rbe , H . ,  J .  Chem. .Soc. 191+3 , 303.

17. Gordon, L . J .  and .Sco tt ,  R. L . ,  J .  Am. Chem. Soc. 71 , 1+138 (1952).



n d ,  J .  H. and S c o t t ,  R. L . ,  "The S o l u b i l i t y  o f  Ron- 
c t r o l y t e s "  3rd  i i d . ,  A. C .. S. Monograph h o .  17 R e in h o ld ,

-  1 8 ,  Chapter X X III .

•- 1 8 ,  Chapter X I I , p . 201.

L .  J .  and S c o t t ,  ft.  L . ,  l o c . c i t .  

e 1 8 ,  Chapter X I , p . 180.

■C, A. G Zhur. F i z .  Khim., 23 , 962 (I9h9)  . C. A. bh,  
i  (1 9 5 0 ) .  ' — J

tS k ^  n o f o bysi00Cll3in- U* H* S - S * *■*, 508 (19UU),. 3 9 ,  U7oo2 (.19U5-). —

:e 1 8 ,  Appendix I .

C .  and C ra ig ,  D . ,  i n  VJeissberger, e d . .  "Technique of 
r a n ic  Chem istry," I n te r s c i e n c e  P u b lish e rs ' ,  Inc New York 
Y. 1950,  Vol. i l l ,  C hap ter  IV. * 3


