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CHROMATOGRAPHY 
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University of Novi Sad 

BuL AWOJa I 
21000 Novi S 4  Yugashviu 

ABSTRACT 

U t i l i z i n g  r e t e n t i o n  d a t a  e s t i m a t e d  by  HPTLC on  s i l i c a  a n d  
a c t i v i t y  c o e f f i c i e n t s  i n  t h e  n o n - a q u e o u s  m o b i l e  p h a s e  d e t e r -  
mined on  t h e  b a s i s  o f  s a t u r a t i o n  s o l u b i l i t y  of s o l u t e s ,  t h e  
e f f e c t  of t h e  m o b i l e  p h a s e  on r e t e n t i o n  o f  a s e t  of  s t r u c -  
t u r a l l y  d i f f e r e n t  s o l u t e s  was s t u d i e d .  A q u a d r a t i c  r e l a t i o n -  
s h i p  b e t w e e n  t h e  l o g a r i t h m  o f  r e t e n t i o n  f a c t o r s  o r  a c t i v i t y  
c o e f f i c i e n t s  a n d  t h e  volume f r a c t i o n  o f  e t h y l  a c e t a t e  i n  
h e p t a n e  - e t h y l  a c e t a t e  s o l u t i o n  was o b s e r v e d ,  s u g g e s t i n g  a 
common r e t e n t i o n  machanism i n  l i q u i d  c h r o m a t o g r a p h y .  The re-  
t e n t i o n  a n d f o r  r e l a t i v e  r e t e n t i o n  o f  a s o l u t e  was a f f e c t e d  
by b o t h  t h e  m o b i l e  a n d  t h e  s t a t i o n a r y  p h a s e .  The m a g n i t u d e  
o f  t h e s e  e f f e c t s  d e p e n d e d  m e r e l y  on  t h e  m o l e c u l a r  s t r u c t u r e  
o f  a s o l u t e .  
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INTRODUCTION 

PETROVIC AND SPIKA 

The  r e t e n t i o n  i n  l i q u i d  c h r o m a t o g r a p h y  (LC)  is d e t e r m i n e d  

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

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

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

c h r o m a t o g r a p h y  (LSC)  a n d  w i d e l y  known i n  t h e  c h r o m a t o g r a p h i c  

l i t e r a t u r e  a s  t h e  d i s p l a c e m e n t  m o d e l ,  was p r o p o s e d  by S n y d e r  

( 1 )  a n d  S o c z e w i n s k i  ( 2 ) .  A c c o r d i n g  t o  t h i s  m o d e l ,  b a s e d  o n  

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

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

s o l u t e  a n d  s o l v e n t  a d s o r p t i o n .  I n  L S C  w i t h  m i x e d  m o b i l e  p h a s e s  

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

t i a l  e q u a t i o n  ( 2 , 3 ) :  

I n  k '  I n  k; - n In cp ( 1 )  

w h e r e  k '  ( l / R f )  - 1 i s  t h e  c a p a c i t y  f a c t o r ,  cp i s  t h e  

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

b i n a r y  s o l u t i o n ,  a n d  k; a n d  n a re  c o n s t a n t s .  

L e t  us c o n s i d e r  t h a t  p r o c e s s e s  o c c u r  o n  n o n - a d s o r b e n t s  

( c e l l u l o s e ,  p o l y a m i d ,  a l k y l - a r y l  s i l i c a  d e r i v a t i v e s  e t c . )  

a l s o  b e l o n g  t o  L S C ,  t h e n  a s e c o n d  l i m i t i n g  m o d e l  o f  LSC i s  

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

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

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

p h a s e s  a r e  q u i t e  a n a l o g o u s  t o  t h o s e  u s e d  i n  l i q u i d - l i q u i d  

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

p a r a m e t e r  t h e o r y  ( 4 1 ,  c a n  b e  w r i t t e n  i n  t h e  f o l l o w i n g  
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SOLUTE RETENTION 

f o r m s  ( 5 ’ 6 ) :  

3063 

I n  k ’  = mcp2 + p(p + q ( 2 )  

o r  s i m p l e r :  

I n  k ’  q - p(p ( 3 )  

Here, cp is  t h e  v o l u m e  f r a c t i o n  of o r g a n i c  m o d i f i e r  i n  a n  

a q u e o u s  m o b i l e  p h a s e  a n d  m ,  p a n d  q are  c o n s t a n t s .  

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

a s o l u t e  w i t h  a m o b i l e  a n d  a s t a t i o n a r y  p h a s e  s e p a r a t e l y .  

H o w e v e r ,  t h e  s o l u t i o n  o f  t h i s  p r o b l e m  o f f e r s  a n  e q u a t i o n  

w h i c h  c o r r e l a t e s  t h e  c h r o m a t o g r a p h i c  r e t e n t i o n  f a c t o r  k ’  a n d  

t h e  t h e r m o d y n a m i c  e q u i l i b r i u m  c o n s t a n t  K t h  b y :  

w h e r e  y i s  t h e  R a o u l t - l a w  a c t i v i t y  c o e f f i c i e n t  o f  t h e  s o l u t e  

i n  t h e  m o b i l e  ( m )  a n d  t h e  s t a t i o n a r y  ( s )  p h a s e ,  a n d  0 i s  t h e  

s o - c a l l e d  p h a s e  r a t i o .  I t  was a r g u e d  p r e v i o u s l y  ( 7 )  t h a t  t h e  

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

v a l u e s  a n d  cp f o r  n o n - a q u e o u s  m o b i l e  p h a s e s  was o b t a i n e d  when  

t h e y  a re  r e l a t e d  by  t h e  e q u a t i o n :  

I n  y m  m ’ c p 2  + p’(p + q ’  (5) 

w h e r e  m ’ ,  p ’  a n d  q ’  a r e  c o n s t a n t s .  

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

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

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

s o l u t e s  i n  t h e  n o n - a q u e o u s  m o b i l e  p h a $ e ,  i n  o r d e r  t o  e x a m i n e  

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

l a t i v e  r e t e n t i o n  i n  L S C .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



3064 PETROVIC AND SPIKA 

& 1 7  Ho&m 

HO 
H 

1 2 3 

‘SH 

4 5 6 

F I G U R E  1. Structural formulas of the compounds examined. 
1 -  Cholesterol, 2- p-Sitosterol, 3- Lithocholic acid, 4- Estra- 
diolbenzoate, 5- Dehydroepiandrosterone, 6- 1,8-Dinitronaph- 
thalene, 7- Phenolphthalein, 8- Methyl Red, 9- 1-Nitroso- 
2-naphthol. 

EXPERIMENTAL 

Determination of activity coefficients in the mobile phase 

Appropriate quantity of a compound examined (Fig. 1 )  was 

dissolved to saturation in volumetrically prepared heptane - 
- ethyl acetate mixtures, containing 0, 20, 40, 60, 80, and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
5
0
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SOLUTE RETENTION 3065 

100% ( v / v )  of e t h y l  a c e t a t e ,  by s h a k e - f l a s k  m e t h o d .  The sa -  

t u r a t i o n  c o n c e n t r a t i o n  o f  a compound was d e t e r m i n e d  g r a v i -  

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

r e m o v a l  o f  s o l v e n t  by vacuum e v a p o r a t i o n .  A t  l e a s t  t h r e e  

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

were made. H e p t a n e  a n d  e t h y l  a c e t a t e  were f r o m  E .  Merck 

( D a r m s t a d t ,  F.R.G.) a n d  s o l u t e s  examined  from v a r i o u s  s o u r -  

ces .  A l l  c h e m i c a l s  were of a n a l y t i c a l  g r a d e  p u r i t y .  

The  a c t i v i t y  c o e f f i c i e n t s  o f  s o l u t e s  i n  t h e  m o b i l e  p h a s e ,  

ym , were c a l c u l a t e d  u s i n g  t h e  f o l l o w i n g  e x p r e s s i o n :  

"m ym I - 
m C ( 6 )  

where  nm i s  t h e  t o t a l  s o l v e n t  c o n c e n t r a t i o n ,  i . e .  t h e  t o t a l  

number of h e p t a n e  a n d  e t h y l  a ce t a t e  m o l e s  p e r  l i t e r  o f  s o l -  

v e n t  m i x t u r e ,  a n d  cm i s  t h e  s o l u t e  c o n c e n t r a t i o n  i n  m o l e / l  

( T a b l e  1 ) .  

Chromatographic procedure 

S i l i c a  60 HPTLC g l a s s  p l a t e s  (E. Merck)  were u s e d .  Chro-  

matograms were r u n  by a s c e n d i n g  t e c h n i q u e  i n  h e p t a n e  - e t h y l  

a c e t a t e  m o b i l e  p h a s e  of v a r i o u s  c o m p o s i t i o n s  ( T a b l e  2 ) .  A t  

l e a s t  t h r e e  c h r o m a t o g r a m s  o f  e a c h  c o m p o s i t i o n  were made. 

The s p o t s  o f  s t e r o i d s  were v i s u a l i z e d  i n  u s u a l  way by 

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

a q u e o u s  ammonia. 

RESULTS AND DISCUSSION 

The e x p e r i m e n t a l  r e t e n t i o n  a n d  a c t i v i t y  c o e f f i c i e n t s  d a t a  

were c o r r e l a t e d  u s i n g  e q n s .  2 ,  4 a n d  5 .  The s a t u r a t i o n  con-  
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3066 PETROVIC AND SPIKA 

c e n t r a t i o n s  o f  examined  s o l u t e s  i n  h e p t a n e  - e t h y l  a c e t a t e  

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

c a l c u l a t e d  a c c o r d i n g  t o  e q n .  6 ,  a r e  p r e s e n t e d  i n  T a b l e  1 .  

The r e t e n t i o n  d a t a  o f  s o l u t e s  a re  shown i n  T a b l e  2 .  No s e p a -  

r a t i o n  o f  c h o l e s t e r o l  a n d  P - s i t o s t e r o l  was o b t a i n e d .  I n  

T a b l e s  1 a n d  2 a n d  e q n s .  2 a n d  5 cp d e n o t e s  t h e  volume f r a c -  

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

m 

A s  i t  h a s  b e e n  e x p e c t e d ,  I n  y m  v a l u e s  f r o m  T a b l e  1 f i t  

v e r y  wel l  e q n .  5 ( F i g s .  2 and  3 ) .  Mean r e l a t i v e  d e v i a t i o n *  

be tween e x p e r i m e n t a l  a n d  c a l c u l a t e d  I n  ym v a l u e s  u s i n g  e q n .  5 

was 1 .09  z 1.07%. However ,  d a t a  f r o m  T a b l e  2 f i t  w e l l  b o t h  

e q n s .  1 and  2 ( F i g s .  2 a n d  31 ,  a t  l e a s t  i n  t h e  cp r e g i o n  

be tween 0 . 1  and  0 . 9 ,  when t h e  s i l i c a  s u r f a c e  i s  c o m p l e t e l y  

c o v e r e d  by t h e  e t h y l  a c e t a t e  m o l e c u l e s  ( 8 ) .  Mean r e l a t i v e  

d e v i a t i o n  o f  e q n s .  1 a n d  2 was 4 . 5 3  2 8 . 8 4  a n d  5.56 2 6 . 5 5 % ,  

r e s p e c t i v e l y .  The f a c t  t h a t  r e t e n t i o n  d a t a  a l s o  f i t  e q n .  2 

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

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

s u g g e s t i n g  a common r e t e n t i o n  machanism i n  L C .  If t h i s  i s  

t h r u e ,  t h e n  e q n .  1 i s  a s p e c i a l  case i n  L C .  

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

by c o m b i n i n g  e q n s .  2 ,  4 a n d  5 .  The f o l l o w i n g  e q u a t i o n  i s  

+ q’-q  E 

x 100 

( 7 )  
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SOLUTE RETENTION 

TABLE 1 

3067 

S a t u r a t i o n  C o n c e n t r a t i o n s ,  cm ( m o l e / l ) ,  o f  t h e  T e s t  S o l u t e s  
i n  H e p t a n e  - E t h y l  Acetate  S o l u t i o n s  a n d  R e s p e c t i v e  I n  y m  
V a l u e s .  cp Volume F r a c t i o n  o f  E t h y l  Acetate .  

C H O L E S T E R O L  P-SITOSTEROL L I T H O C H O L I C  
A C I D  

0 279.0 5.4994 
0 . 2  1176.5 4.1552 
0 . 4  2580.0 3.4567 
0 . 6  2660.0 3.5060 
0 . 8  2012.0 3.8591 
1 . 0  1054.0  4 .5745 

455.7 5.0086 

3693.4  3 .0980 
1651.6  3 .8161 

3259.1 3 .3029 
2129.8 3 .8022 

8 4 6 . 6  4 .7936 

~~ ~~ 

1 9 . 4  8 . 1 6 5 3  
42.5 7 .4761 
5 8 . 4  7 .2450 
9 5 . 6  6 .8319 

1 1 9 . 5  6 . 6 8 2 7  
132.8 6 .6460 

ESTRADIOL-  
BENZOATE 

DEHYDROEPI- 
A N D R O S T E R O N E  

1 , a - D I N I T R O -  
NAPHTHALENE 

0 15.1 8 .4159 3 4 . 5  7 .5893 4 . 6  9 .6080 
0 . 2  55.8 7 .2038 203.8  5 .9084 18.3 8 .3170 
0 .4  177 .0  6.1361 7 3 7 . 9  4 .7085 7 1 . 4  7 . 0 4 4 0  
0 . 6  274 .0  5.7789 1 3 8 6 . 8  4 .1573 210 .0  6 .0450 
0 . 8  419.0 5.4281 1 7 5 4 . 3  3 .9962 451.0  5 . 3 5 4 5  
1 . 0  486.0 5 .3486 2 2 2 9 . 3  3 .8254 715.0  4 .9625 

~~~ ~~ ~ 

1-NITROSO- 
2 - N A P H T H O L  P H E N O L P H T H A L E I N  METHYL R E D  

0 1.8 10.5495 14.9 8 . 4 3 2 6  8 6 . 6  6 . 6 6 8 9  
0 .2  8 . 4  9 .0938 2 2 . 3  8 . 1 2 1 9  320.0  5 . 4 5 7 2  
0 . 4  34.6 7.7696 2 9 . 7  7 .9208 1005.0  4 .3995 
0 . 6  119 .6  6 . 6 0 7 9  37.1 7 .7777 2636.0  3.5150 
0 . 8  333.5 5 . 6 5 6 3  44 .6  7 .6692 5 2 1 9 . 0  2 . 9 0 5 9  
1 .0  628.3 5 . 0 9 1 8  48 .2  7 . 6 6 0 5  7318.0  2 . 6 4 6 7  
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3068 PETROVIC AND SPIKA 

TABLE 2 

R f  a n d  I n  k' Values o f  t h e  T e s t  S o l u t e s  i n  H e p t a n e  - E t h y l  
Acetate Mobile P h a s e .  cp = Volume F r a c t i o n  of E t h y l  Acetate. 

cp R f  I n  k' R f  I n  k' R f  I n  k' R f  I n  k' 

CHOLESTEROL+ LITHOCHOLIC ESTRADIOL- DEHYDROEPI- 
8 -S ITOSTEROL ACID BENZOATE AND ROSTE RONE 

0.1 0.09 2.314 

0.2 0.28 0.944 
0.3 0.46 0.161 

0.4 0.59 -0.363 

0.5 0.70 -0.847 

0.6 0.77 -1.209 

0.7 
0.8 

0.9 

0.13 1.902 0.16 1.658 

0.10 2.197 0.25 1.098 0.33 0.709 

0.21 1.324 0.42 0.322 0.50 0 

0.34 0.663 0.55 -0.200 0.64 -0.576 

0.47 0.120 0.62 -0.490 0.75 -1.098 

0.58 -0.322 0.67 -0.709 0.80 -1.386 

0.68 -0.753 

0.75 -1.098 

1-NITROSO- 
'8-D1N1TRo- PHENOLPHTHALEIN METHYL RED 2-NAPHTHOL NAPHTHALENE 

0.1 
0.2 0.04 

0.3 0.13 

0.4 0.25 

0.5 0.40 
0.6 0.55 

0.7 0.66 

0.8 0.74 

0.9 

3.178 
1.902 0.06 2.752 

1.098 0.16 1.658 

0.405 0.30 0.847 

-0.200 0.47 0.120 

-0.663 0.63 -0.532 

-1.045 0.73 -0.995 
0.81 -1.450 

0.16 

0.27 

0.40 

0.15 1.734 0.54 

0.24 1.154 0.65 

0.33 0.709 0.73 
0.43 0.281 0.79 

0.51 -0.039 0.83 

0.59 -0.364 

1.658 

0.995 
0.405 

-0.161 

-0.619 

-0.995 
- 1.323 

-1.586 
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0 0.5 1 0.5 

P P 

FIGURE 2. Plots of In k ’  vs. In cp (eqn. 1 )  (a) and In k’, 
In y m  and ln(ys/@) vs. cp (eqns. 2, 5 and 7) (b )  for examined 
solutes. Designation of solutes is as in F i g .  1. 
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I 
0 0.5 

; 
90.7 05 

0 0.5 

f 
90.7 05 

FIGURE 3. Plots as in Fig. 2. Designation of s o l u t e s  is as 
in Fig. 1.  
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TABLE 3 

C o n s t a n t s  o f  E q n s .  2 ,  5 and  7 f o r  t h e  T e s t  Compounds. 

Solute  m P q m’ P’ q’ Lkn @ 4 

Cholesterol 11.136 -14.513 3.557 6.475 - 7 . ~ 6  5.429 4.661 7.257 1.872 
P-Si tosterol  ‘I I1  11 7 . w  -7.179 4.975 -4.m 7.334 1.418 

Lithocholic 

E s  t rad io l -  

Dehydroepi- 
androsterone 7.338 -12.609 3.870 5.2% -8.813 7.521 -2.107 3.797 3.651 
1 ,8-Dini t ro-  
naphthalene 7.561 -14.381 5.666 3.w7 -7.m 9.660 -4.514 6 . m  3-94 
Phenol- 

ac id  4.752 -11.069 5.045 1.603 -3.~87 8.133 -3.150 7.932 3 .m 

benzoate 8.695 -13.066 4.186 3.m -6.811 8.395 11.886 6.254 4.203 

phthalein 6.054 -14.153 6.413 2.655 4.192 10.5% -3,489 5.961 4.171 
Methyl Red 3.170 4.263 4.518 0.840 -1.605 8 . a  -2.333 6.637 3.W 
1-Nitroso- 
2-naph tho1 3.476 -7.76 2.405 2.905 -7.005 6.701 4.571 0.760 4.297 

C o n s t a n t s  o f  e q n s .  2 ,  5 a n d  7 a r e  p r e s e n t e d  i n  T a b l e  3.  As 

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

t u r e  of a p a r a b o l a ,  i t  seems t h a t  c o n s t a n t  p i s  a good 

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

r e t e n t i o n .  T h u s ,  c o n s t a n t s  p ’  a n d  Ap i n  T a b l e  3 w i l l  b e  

c o n s i d e r e d .  

From d a t a  p r e s e n t e d  i n  T a b l e  3 i t  c a n  b e  s e e n  t h a t  t h e  

r e t e n t i o n  a n d / o r  r e l a t i v e  r e t e n t i o n  o f  a s o l u t e  i n  LSC i s  

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

m a g n i t u d e  o f  t h e s e  e f f e c t s ,  u n d e r  t h e  same c o n d i t i o n s ,  d e -  

p e n d s  m e r e l y  on t h e  m o l e c u l a r  s t r u c t u r e  of a s o l u t e .  For 

e x a m p l e ,  c o n s t a n t s  p ’  a n d  Ap f o r  c h o l e s t e r o l ,  8 - s i t o s t e r o l  
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and estradiolbenzoate are approximately equal, indicating 

the same effect of both phases on the retention, if we as- 

sume that the phase ratio, @, for cp values above 0.1 is 

constant. For dehydroepiandrosterone, 1,8-dinitronaphthalene1 

phenolphthalein, and especially for 1-nitroso-2-naphthol the 

effect of the mobile phase on retention is more expressive 

in comparison with the effect of the stationary phase. For 

instance, ln(ys/@) values of 1 -nitroso-2-naphthol are ap- 

proximately constant for cp between 0.1 and 0.8 (Fig. 4). 

On the other hand, for lithocholic asid and methyl red con- 

stant Ap is significantly higher than constant p', i.e. the 

effect of stationary phase predominates the effect of mobile 

phase for these solutes. 

A good example for the effect of mobile phase on reten- 

tion is the resolution of methyl red and phenolphthalein as 

a function of cp. The In ym functions (eqn. 5) of methyl red 

and phenolphthalein intersect each other approximately at 

cp = 0.4 (Fig. 4). At this cp no resolution of methyl red and 

phenolphthalein was obtained, i.e. the selectivity factor a 

for the pair methyl red/phenolphthalein is equal to 1.08. 

Similarly, the selectivity factor in the mobile phase am 

for the same solute pair is equal to 1.16. As a and am are 

related to each other by ( 9 , l O ) :  

where, by definition, subscript 2 denotes more retained so- 

lute, the selectivity factor in the stationary phase as for 
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9 6 

I 

2- 

0 0 -5  

cp 

1 

FIGURE 4. 
examined solutes. Designation of solutes i s  as in Fig. 1. 

Plots of In k ' ,  In y m  and ln(ys/O) vs. cp for 

the solute pair methyl red/phenolphthalein at cp = 0.4 is 

equal to 1.07. However, for example, at cp = 0.8 these two 

solutes are clearly resolved, and a ,  am and as  are equal to 

2.60, 7.48 and 2.88, respectively. The effect of the mobile 

phase on the separation of methyl red and phenolphthalein is 

evident. Generally, for most of the solute pairs and cp values 

am is higher than a'. 
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0 0.5 
cp 

FIGURE 5. P l o t s  as i n  F i g .  4. D e s i g n a t i o n  o f  s o l u t e s  i s  as 
i n  Fig. 1 .  

A c c o r d i n g  t o  t h e  d i s p l a c e m e n t  t h e o r y  o f  S n y d e r  and  Soc-  

z e w i n s k i  ( 1 , 2 )  more p o l a r  s o l u t e s  a r e  more r e t a i n e d  i n  L S C  

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

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

more p o l a r  l i t h o c h o l i c  a c i d  is  more r e t a i n e d  a t  a n y  cp t h a n  

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

s i l i c a  s u r f a c e .  On t h e  b a s i s  of d a t a  p r e s e n t e d  h e r e ,  c h o l e s -  

t e r o l ,  f o r  i n s t a n c e ,  i s  more s o l u b l e  i n  t h e  h e p t a n  - e t h y l  
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a c e t a t e  m o b i l e  p h a s e  t h a n  l i t h o c h o l i c  a c i d  a t  a n y  9 .  However ,  

a t  t h e  same time l e s s  p o l a r  c h o l e s t e r o l  d e m o n s t r a t e s  h i g h e r  

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

a c i d ,  i . e .  l n ( y s / 9 )  v a l u e s  f o r  l i t h o c h o l i c  a c i d  a r e  h i g h e r  

t h a n  t h o s e  f o r  c h o l e s t e r o l .  Such  a b e h a v i o r  is common f o r  

a l l  examined  s o l u t e s  ( F i g s .  4 a n d  5 ) .  The o p o s i t e  fenomenon 

h a s  b e e n  n o t i c e d  i n  r e v e r s e d  p h a s e  LC ( l o ) ,  i . e .  more p o l a r  

s o l u t e s  showed a h i g h e r  a f f i n i t y  t o w a r d  b o t h  p h a s e s  i n  com- 

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

t h e  m o b i l e  a n d  t h e  s t a t i o n a r y  p h a s e  on  r e t e n t i o n  i s  s u m m a r i z e d  

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

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

t h e  o n l y  m e a s u r e  o f  a s o l u t e  r e t e n t i o n  i n  L C .  

C O N C L U S I O N S  

The s o l u t e  r e t e n t i o n  i n  LSC on  s i l i c a ,  u s i n g  mixed  non- 

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

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

u n d e r  t h e  same c o n d i t i o n s  a r e  m e r e l y  d e t e r m i n e d  by t h e  so -  

l u t e  m o l e c u l a r  s t r u c t u r e .  I n c r e a s e d  p o l a r i t y  o f  a s o l u t e  

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

t h e  o n l y  m e a s u r e  o f  a s o l u t e  r e t e n t i o n  i n  LC i s  i t s  d i s t r i -  

b u t i o n  c o n s t a n t .  
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