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SOME PHYSICO-CHEMICAL PROBLEMS OF 
PREDICTION OF THE OPTIMUM 

SEPARATION IN ADSORPTION TLC WITH 
MIXED MOBILE PHASE 

J.K. ROZYZO, G. CHOJNACKA, 

H. KOEODZIEJCZYK 
Iristilute o f  Chemistry 

M .  Curie-Skkodowska University 
20-031 Lublirt, Poland 

B. OSCIK-MENDYK AND 

ABSTRACT 

D e t e r m i n a t i o n  o f  o p t i m a l  c o m p o s i t i o n  o f  a mixed mo- 
b i l e  phase used i n  s e p a r a t i o n  o f  d i f f e r e n t  subs tances  b y  
a d s o r p t i o n  TLC methods i s  per fo rmed u s u a l l y  b y  t h e  ex- 
p e r i m e n t a l  t r i a l  and e r r o r  method. I n  t h i s  paper  we have 
p resen ted  and d i scussed  e q u a t i o n s  p e r m i t t i n g  t o  d e t e r -  
mine t h e  r e l a t i o n s h i p s  between RM v a l u e s  o f  t h e  sub- 
s tances  and t h e  c o m p o s i t i o n  o f  b i n a r y  and t e r n a r y  m o b i l e  
phases on t h e  b a s i s  o f  measured ch romatog raph ic  and ad- 
s o r p t i o n  parameters  and e x p e r i m e n t a l l y  de te rm ined  p a r t i -  
t i o n  c o e f f i c i e n t s  o f  t h e  substance between t h e  m o b i l e  
phase components. A good agreement between t h e o r e t i c a l  
and e x p e r i m e n t a l  da ta  has been shown. The r e s u l t s  o f  
t hese  i n v e s t i g a t i o n s  a l l o w  f o r  more p r e c i s e  p r e d i c t i o n  
o f  t h e  mob i l e  phase o p t i m a l  c o m p o s i t i o n  f o r  t h e  m i x t u r e  
s e p a r a t i o n .  
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INTRODUCTION 

ROZYLO ET AL. 

A d s o r p t i o n  t h i n - l a y e r  chromatography i s  w i d e l y  

known as  a t y p i c a l  a n a l y t i c a l  method and i s  used above 
a l l  i n  s e p a r a t i o n  o f  many m i x t u r e s . T h i s  method i s  used 
e s p e c i a l l y  i n  cases when we a r e  i n t e r e s t e d  i n  r a p i d  
and s i m p l e  ena lyses .Th is  r e l a t e s  m a i n l y  t o  t h e  ana lyses  
connected w i t h  t h e  d e t e r m i n a t i o n  o f  c o n t a m i n a t i o n  de- 
g r e e  o f  b i o t o p ,  b i o t o p  p r o t e c t i o n ,  p h a r m a c e u t i c a l  and 
c l i n i c a l  i n v e s t i g a t i o n s  a s  w e l l  a s  t o  p i l o t  i n v e s t i g a -  
t i o n s  f o r  column l i q u i d  chromatography [ 1-31. 

Good s e p a r a t i o n  o f  t h e  m i x t u r e  can be o b t a i n e d  on- 
l y  i n  t h e  case when t h e  chromatograph ic  system i s  char -  
a c t e r i z e d  b y  a p p r o p r i a t e  s e l e c t i v i t y . R e c e n t l y  p u b l i s h -  
ed c r i t e r i a  o f  o p t i m i z a t i o n  o f  t h e  m i x t u r e  s e p a r a t i o n  

process  a r e  o f  t y p i c a l l y  ma themat i ca l  n a t u r e  [ 2 , 4 ]  and 
i n  t h i s  respec t  a r e  l e s s  u s e f u l  f o r  p r a c t i c a l  s o l u t i o n  
o f  t h e  prob lem o f  choos ing  o p t i m a l  chromatograph ic  sys- 
tems,This i s  due among o t h e r s  t o  t h e  f a c t  t h a t  i n  chro-  
matograph ic  techn iques  m a i n l y  mu l t i component  m o b i l e  
phases a r e  used. Choice o f  o p t i m a l  c o m p o s i t i o n  o f  such 

phases i s  v e r y  d i f f i c u l t  and r e a l i z e d  m a i n l y  i n  an  ex- 
p e r i m e n t a l  way. Some new p o s s i b i l i t i e s  o f  c h o i c e  o f  
o p t i m a l  c o m p o s i t i o n  o f  a t e r n a r y  mob i l e  phase a r e  p ro -  
v i d e d  b y  t h e  a n a l y s i s  o f  chromatograph ic  parameters  o f  

such m o b i l e  phases proposed b y  R6iyZo and OScik-Mendyk 
[ 5 ] . I n  t h i s  method t h e  e x p e r i m e n t a l  d a t a  a r e  p resen ted  

on t h e  Gibbs t r i a n g l e  i n  t h e  fo rm o f  t h e  i s o l i n e s  i .e. 
t h e  l i n e s  c o n n e c t i n g  t h e  p o i n t s  co r respond ing  t o  t h e  
same RF v a l u e s (  o r  RF1 F2 v a l u e s  where s u b s c r i p t s  1 

and 2 cor respond t o  i n d i v i d u a l  components o f  t h e  mix-  
t u r e  separa ted) .  
Moreover , in  s p i t e  o f  knowing a d s o r p t i o n  TLC p r i n c i p l e s  

and many papers  o n  chromatograph ic  systems o p t i m i z e  t i o n  

/R 
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OPTIMUM SEPARATION PREDICTION PROBLEMS 249 

t h e  prob lem o f  o p t i m a l  m o b i l e  phases remains  s t i l l  un- 

so l ved . In  t h i s  connec t ion ,  i n v e s t i g a t i o n s  on  s i m p l e  and 

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

necessary.  Pery  [ 6) has shown how many v a l u a b l e  conc lu -  

s ions  r e l a t i n g  t o  chromatograph ic  p r a c t i c e  can be drawn 

f rom t h e  e q u a t i o n s  d e r i v e d  b y  Snyder [7]  and Soczew insk i  

P I .  
Some new p o s s i b i l i t i e s  i n  t h e  f i e l d  o f  a d s o r p t i o n  

chromatograph ic  system o p t i m i z a t i o n  a r e  p r o v i d e d  b y  t h e  

e q u a t i o n  d e r i v e d  by Osc ik  [9}. T h i s  e q u a t i o n  r e l a t e s  RM 
v a l u e  o f  t he  chromatographed subs tance u s i n g  a m u l t i -  

component m o b i l e  phase t o  RM va lues  o f  che same chroma- 

tographed subs tance u s i n g  s i n g l e  components o f  t h e  mo- 

b i l e  phase.For t h e  b i n a r y  mob i l e  phase t h i s  e q u a t i o n  i s  

o f  t h e  form:  

= x 1 R M1 + x 2 R M2 + (yl - X ~ ) ( A R , ~ , ~  + A12) 

where : 

RM12, RM1 and R denote  RM v a l u e s  o f  t h e  chromatograph-  

phase and i n  p u r e  s o l v e n t s  1 and 2 
r e s p e c t i v e l y ,  1 b e i n g  t h e  more p o l a r  

s o l v e n t s ;  

phase components; 

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

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

where kT2 denotes  a p a r t i t i o n  c o e f -  

f i c i e n t  o f  a g i v e n  subs tance between 

t h e  s o l v e n t s  f o r m i n g  t h e  b i n a r y  mo- 

b i l e  phase; 

M2 ed subs tance i n  t h e  b i n a r y  m o b i l e  

XI and X2 t h e  molar  f r a c t i o n s  o f  t h e  m o b i l e  

y1 

A12 = l o g  k’;”2 

= R  - R  
A R M l  ,2 M1 M2 
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250 ROZYLO ET AL. 

P a r t i c u l a r  te rms o f  t h e  e q u a t i o n ( 1 )  have t h e  f o l l o w i n g  
phys ico-chemica l  meaning : 

RMl and R express  t h e  a d s o r p t i o n  a f f i n i t i e s  o f  t h e  
chromatographed substance i n  s o l v e n t s  1 and 2 r e s p e c t -  
i v e l y ;  
A12 denotes t h e  parameter  c h a r a c t e r i z i n g  t h e  i n t e r m o l e -  

c u l a r  i n t e r a c t i o n s  between t h e  chromatographed sub- 
s tance  and a component o f  t h e  m o b i l e  phase; 
(Yl- Xl) - excess a d s o r p t i o n  o f  a more p o l a r  component 
o f  t h e  mob i l e  phase wh ich  p e r m i t s  t o  e v a l u a t e  t h e  e f -  
f e c t  o f  a d s o r p t i o n  phenomena on  t h e  chromatograph ic  
p rocess  mechanism. T h i s  q u a n t i t y  i s  s t r i c t l y  connected 
w i t h  a d s o r p t i o n  e q u i l i b r i u m  c o n s t a n t  i n  t h e  system i n  

ques t  i on .  
D e t e r m i n a t i o n  o f  t h e  e q u a t i o n  terms do n o t  cause many 

d i f f i c u l t i e s .  RM v a l u e s  o f  t h e  subs tance i n  p u r e  s o l -  
v e n t s  1 and 2 a r e  de termined e x p e r i m e n t a l l y .  The d i f -  
f e rence  (Yl-Xl) may be  de termined e x p e r i m e n t a l l y  f rom 

t h e  excess a d s o r p t i o n  i s o t h e r m  o r  f rom an  a d s o r p t i o n  
e q u i l i b r i u m  c o n s t a n t ( t h i s  second method i s  s i g n i f i c a n t -  
l y  s i m p l e r  because i t  does n o t  r e q u i r e  any  a d d i t i o n a l  

measurements) u s i n g  t h e  r e l a t i o n s h i p s  [ l O , l l ]  

M2 

: 

o r  

and t h e  a d s o r p t i o n  i s o t h e r m  e q u a t i o n  proposed b y  

E v e r e t t  [12] .  A12 parameter  can be  c a l c u l a t e d  b y  means 
o f  i t s  f i t t i n g  t o  d ipa ramete r  e q u a t i o n  (1) o r  f rom ex- 
p e r i m e n t a l l y  de termined p a r t i t i o n  c o e f f i c i e n t s  o f  t h e  
chroma tographed substance [ 13,141 . 

I n  t h e  cons ide red  chromatograph ic  system t h e  te rm 
has  f o r  each subs tance a c o n s t a n t  

va lue .  Thus e q u a t i o n  (1) can be p r e s e n t e d  i n  t h e  fo rm:  
( RM1,2 + A12 ) = C 
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OPTIMUM SEPARATION PREDICTION PROBLEMS 

= X R + X2RM2 + ( Y1 - x1 ) c 
M12 1 M 1  

R 

25 1 

( 4 )  

Assuming t h e  i d e a l i t y  o f  b u l k  and s u r f a c e  phases 

a s  w e l l  a s  e n e r g e t i c a l  homogenei ty  o f  t h e  adso rben ts  

sur face ,we can t r a n s f o r m  t h e  e q u a t i o n ( 4 )  t o  t h e  l i n e a r  

fo rm u s i n g  a d s o r p t i o n  i s o t h e r m  e q u a t i o n  proposed b y  

E v e r e t t  [12] .Equat ion  ( 4 1 w i l l  have then  t h e  f o l l o w i n g  

fo rm:  

1 1 
= -  + Xi = ax1 + b ( 5 )  

x1 x2 
G =  

R - X R  - X R  c K12 - 1 
M12 1 M 1  2 M2 

where 
1 1 
C , C 'K12 - 1 

a 1 
K12 = - + 1 and A12 = - 

b a 

a a -  b =  

and t h u s :  

- R M l  ,2 

E q u a t i o n  (5) p e r m i t s  t o  de te rm ine  and A12 pa ramete rs  

f rom G = f(X,) f u n c t i o n  and f rom boundary c o n d i t i o n s  o f  

t h e  s t r a i g h t  l i n e s .  T h i s  i s  p o s s i b l e  because f o r  X1= 0 

G = b, and f o r  G = a + b. E q u a t i o n s  (2) and (5) 
p e r m i t  t o  c a l c u l a t e  K12 va lues .  As s t a r t i n g  assumpt ions  

used i n  d e r i v a t i o n  o f  t hese  e q u a t i o n s  a r e  based on d i f -  

f e r e n t  t h e o r i e s  [ 10,111 , K12 va lues  c a l c u l a t e d  f rom equa- 

t i o n  ( 2 )  w i l l  be denoted  as  K12A and t h e  same v a l u e s  

c a l c u l a t e d  f rom e q u a t i o n  ( 5 )  as  K12G. I t  has been s t a t e d  

[16,17] t h a t  t h e  va lues  o f  these parameters  a r e  s t r o n g l y  
dependent on p r o p e r t i e s  o f  t h e  chromatographed substan-  

ces. I n  case o f  s t r o n g l y  adsorbed subs tances  K124 va 1- 
ues a r e  s i g n i f i c a n t l y  h i g h e r  than  va lues .  

When t h e  chromatographed substance does n o t  c o n t a i n  

s t r o n g l y  adsorbed groups t h e  K12G>K12h' The com- 

p a r i s o n  o f  KlZA and K12G v a l u e s  w i t h  K12 v a l u e  ob- 

X1= 1 
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252 ROZYLO ET AL. 

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

t h e  mob i l e  phase components i n  t h e  absence o f  t h e  

chromatographed substance [16]shows t h a t  t hese  v a l u e s  

a r e  s i g n i f i c a n t l y  l o w e r  than  K12. 

p r o p e r t i e s  o f  a l l  components o f  ch romatog raph ic  system 

and on t h e  dynamics and k i n e t i c s  o f  t h e  chromatograph ic  

process.  For  t h i s  reason,  under these  c o n d i t i o n s  

and K12A v a l u e s  a r e  n o t  t h e  a d s o r p t i o n  e q u i l i b r i u m  

c o n s t a n t s , n e v e r t h l e s s  t h e y  a r e  s t r i c t l y  connected  w i t h  

t h e  process .  D e f i n i n g  these v a l u e s  as  , , adso rp t i on  

parameters"  appears t o  be more p r e c i s e .  These v a l u e s  
t o g e t h e r  w i t h  A12A and AlZG c h a r a c t e r i z e  t h e  chromato- 

g r a p h i c  p rocess  under c o n s i d e r a t i o n .  These parameters  

can p r o v i d e  some i n f o r m a t i o n  on a d s o r p t i o n  TLC and 

t h u s  be u s e f u l  i n  t h e  p rocess  o p t i m i z a t i o n .  

i n  t h i s  paper c o n s i s t s  i n  showing a p p l i c a b i l i t y  o f  
equa t ions  ( 1 )  ,( 2 )  and ( 5 )  i n  TLC system o p t i m i z a t i o n ,  

e s p e c i a l l y  i n  s e l e c t i o n  o f  a p p r o p r i a t e  mul t i component  

m o b i l e  phases. 

I n  p r a c t i c e ,  K12Aand K12G v a l u e s  depend on t h e  

The main purpose o f  t h e  i n v e s t i g a t i o n s  d e s c r i b e d  

METHODS 

The'RF v a l u e s  were measured by  a d s o r p t i o n  TLC f o r  

d i f f e r e n t  a r o m a t i c  compounds.For n i t robenzene ,  a n i l i n e ,  

2,6-d imethyln i t robenzene,  o - n i t r o a n i l i n e ,  2 , 6 - d i n i t r o -  

a n i l i n e  and i s o m e r i c  dinitrobenzene,nitrotoluenes and 

t o l u i d i n e s  a lum in im o x i d e  150 n e u t r a l (  M e r c k )  was used 

as  t h e  adsorbent .  The s o l u t i o n s  t e t r a h y d r o f u r a n e ,  e t h y l  

a c e t a t e ,  m e t h y l  e t h y l  ke tone,  d ioxane  and ace tone  i n  

n-heptane were used a s  t h e  m o b i l e  phases. 

Fo r  h e t e r o c y c l i c  bases ( Tab les  3 and 4 ) ,  a n i l i n e  and 

1 -naph tho l  t h e  f o l l o w i n g  b i n a r y  s o l u t i o n s  were used a s  

t h e  m o b l i l e  phases:  carbon t e t r a c h l o r i d e  + n-heptane,  
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t r i c h l o r o e t h y l e n e  + ca rbon  t e t r a c h l o r i d e ,  c h l o r o f o r m  + 

+ benzene, benzene + carbon t e t r a c h l o r i d e ,  c h l o r o f o r m +  

+ t r i c h l o r o e t h y l e n e .  The s i l i c a  g e l  G ( M e r c k )  was used 

as  t h e  adsorbent .  

I n  case o f  pheno l ,  2 , 3 - d i c h l o r o p h e n o l ,  3 , 4 - d i c h l o r o -  

pheno l  and 2 , 6 - d i c h l o r o p h e n o l ,  t e r n a r y  s o l u t i o n s  

c h l o r o f o r m ( 1 )  + t o luene(2 )  + carbon t e t r a c h l o r i d e ( 3 )  

were used as  t h e  mob i l e  phase. I n  these m i x t u r e s  t h e  

volume r a t i o  o f  components 2 and 3 was a lways  k e p t  

c o n s t a n t  ( e q u a l  t o  1:1 1. 
The chromatograph ic  p rocess  was c a r r i e d  o u t  b y  ascend- 

i n g  techn ique  on adso rben t  l a y e r s  o f  0.3mm i n  t h i c k n e s s  

i n  g l a s  chambers s a t u r a t e d  w i t h  mixed s o l v e n t  vapours.  

A l l  t h e  measurements were c a r r i e d  o u t  under  t h e r m o s t a t -  

i c  c o n d i t i o n s  a t  298'K.The d e t e c t i o n  o f  t h e  subs tances  

was c a r r i e d  o u t  by  r e a c t i o n  w i t h  i o d i n e ,  The RM v a l u e s  

were c a l c u l a t e d  u s i n g  t h e  e q u a t i o n  o f  Bate-Smi th  and 

W e s t a l l .  

The p a r t i t i o n  c o e f f i c i e n t s  ky2 o f  h e t e r o c y c l i c  bases 

a n i l i n e  and 1 -naph tho l  i n  t h e  b i n a r y  mob i l e  phases were 

i n d i r e c t l y  o b t a i n e d  i n  t h e  f o l l o w i n g  way. F i r s t ,  t h e  

p a r t i t i o n  c o e f f i c i e n t  o f  t h e  subs tance was measured be- 

tween component 1 o f  t h e  m o b i l e  phase and w a t e r  ( k -  1 
and t h e n  between component 2 and wa te r  ( k2yw 1. 

1 ,W 

From these v a l u e s  k12 can be c a l c u l a t e d .  

The p a r t i t i o n  c o e f f i c i e n t s . o f  t h e  examined subs tances  

between t h e  i n d i v i d u a l  m o b i l e  phase components and 

wa te r  were o b t a i n e d  b y  d e t e r m i n i n g  t h e i r  p a r t i t i o n  i s o -  

therms between t h e  phases f o r  v e r y  l o w  c o n c e n t r a t i o n s  

( 0.001-0.00025 m o l / l  ). Water  was p r e s a t u r a t e d  w i t h  t h e  

a p p r o p r i a t e  o r g a n i c  so lvents .The c o n c e n t r a t i o n s  o f  t h e  

substance i n  t h e  wa te r  phase were de te rm ined  p o l a r o -  
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So lven t  

T e t r a h y d r o f u r a n e  
E t h y l  a c e t a t e  
M e t h y l  e t h y l  
ke tone  
Acetone 
Dioxane 

g r a p h i c a l l y  and b y  c o u l o m e t r i c  b r o m i n a t i o n .  The p a r t i -  

t i o n  c o e f f i c i e n t s  measured i n  t h i s  way a r e  p resen ted  

i n  Tab les  3 and 4. 
The r e s u l t s  o f  t h e  measurements o f  and o f  t h e  

t h e o r e t i c a l  c a l c u l a t i o n s  a c c o r d i n g  t o  e q u a t i o n s  ( 1 1 ,  (2) 
and ( 5 )  a r e  g i v e n  i n  Tab les  1 - 4 and F i g s .  1 - 5 ,  

6T 6d '0 6 b  
& O  

A1203 

0.45 9.1 7.6 3.5 0.8 3.7 
0.58 8.9 7.0 4.0 1.0 2.7 
0.51 9.5 7.1 4.7 1.2 3.2 

0.56 9.6 6.8 5.1 1.5 3.0 
0.56 10.1 7.8 5.2 1.0 4.6 

RESULTS AND DISCUSSION 

I n  t h e  p r e v i o u s  paper [18] A12 v a l u e s  c a l c u l a t e d  

f rom t h e  e q u a t i o n  ( 1 )  were compared w i t h  such phys i co -  

chemica l  q u a n t i t i e s  c h a r a c t e r i z i n g  t h e  t e s t  substances 

as  pKa va lues  o r  a d s o r p t i o n  energy  o f  t h e  f u n c t i o n a l  

groups. I t  has  been s t a t e d  t h a t  some c o r r e l a t i o n s  be- 

tween these q u a n t i t i e s  e x i s t  a l l o w i n g  f o r  w i d e r  i n t e r -  

p r e t a t i o n  o f  A12 parameter .  I n  case o f  a d s o r p t i o n  

chromatography system o p t i m i z a t i o n ,  a d s o r p t i o n  para-  

meters  p l a y  a v e r y  i m p o r t a n t  r o l e .  I n  t h i s  c o n n e c t i o n  

a compar ison o f  t hese  parameters  w i t h  such phys i co -  

TABLE 1 

The s o l v e n t  s t r e n g t h  parameter  f i0  and t h e  s o l u b i l i t y  
parameters  [ 2 1 ]  o f  t h e  more a c t i v e  components o f  t h e  

m o b i l e  phases 
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chemica l  va lues  a s o l v e n t  s t r e n g t h  pa ramete rs  [ 7 ]  and 

s o l u b i l i t y  parameters  [19-201 o f  a c t i v e  components o f  

t h e  m o b i l e  phases appears t o  be adv isable.The m i x t u r e s  

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

e t h y l  a c e t a t e ,  d ioxane,  m e t h y l  e t h y l  ke tone,  ace tone  

and n o n a c t i v e  s o l v e n t  n-heptane were used a s  t h e  mo- 

b i l e  phases i n  t h e  i n v e s t i g a t i o n s .  I n  t h i s  case,  t h e  

e x i s t e n c e  o f  s t r o n g ,  s p e c i f i c  i n t e r a c t i o n s  among t h e  

mob i l e  phase components can be exc luded.  Thus K12 v a l -  

ues w i l l  be dependent on c o m p e t i t i v e  i n t e r a c t i o n s :  
adsorbent-substance and a d s o r b e n t - a c t i v e  component o f  

t h e  mob i l e  phase, a s  w e l l  a s  on t h e  a s s o c i a t i o n  o f  mole- 

c u l e s  o f  t h e  m o b i l e  phase a c t i v e  component (1-1 assoc ia -  

t i o n )  and on t h e  i n t e r a c t i o n  between t h e  mo lecu les  o f  

t h e  chromatographed substance and t h e  m o b i l e  phase 

a c t i v e  components ( s-1 association).Investigations by  

OScik-Mendyk and R6iy2o [22 ]  have shown t h a t  i n  case o f  

such chromatograph ic  systems ( c o n t a i n i n g  a lum ina ,mob i l e  

phase o f  N+B t y p e  and t h e  a r o m a t i c  n i t r o  compounds) 

a s s o c i a t i o n  o f  1-1 t y p e  s i g n i f i c a n t l y  predominates.  

As t h e  a c t i v e  s o l v e n t  s t r o n g l y  i n t e r a c t  w i t h  t h e  adsorb-  

en t  s u r f a c e  and i t s  c o n c e n t r a t i o n  i s  u s u a l l y  h i g h ,  as-  

s o c i a t i o n  o f  t h e  a c t i v e  s o l v e n t s  shou ld  s i g n i f i c e n t l y  

i n f l u e n c e  chromatograph ic  parameters.  Thus an  assump- 

t i o n  can be made t h a t  a c o r r e l a t i o n  e x i s t s  between K12 

parameter  and t h e  above ment ioned phys i co -chemica l  v a l -  

ues c h a r a c t e r i s t i c  f o r  p r o t o n  donor s o l v e n t s .  

Tab le  1 l i s t s  v a l u e s  c h a r a c t e r i s t i c  f o r  t h e  m o b i l e  phase 

a c t i v e  components:so lvent  s t r e n g t h  parameter  &' [ 71 and 

s o l u b i l i t y  parameters  6, and t h e i r  d i s p e r s i o n  6,, o r i e n -  

t a t i o n  6,, i n d u c t i o n  Bin and p r o t o n  a c c e p t o r  components 

Tab le  2 p r e s e n t s  and v a l u e s  o f  t h e  chromato- 

graphed a r o m a t i c  n i t r o  and amino compounds on a lum in ium 

o x i d e  150 neutra1.A compar ison o f  these parameters  w i t h  

[19-211 . 
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FIGURE 1 

251 

K12G 

.20 

- 1  0 

20 

K12 G 

10 

20 

K12 G 

10 

12G R e l a t i o n s h i p s  between t h e  a d s o r p t i o n  p a r a m e t e r s  I< 

c a l c u l a t e d  from e q u a t i o n  ( 5 )  and t h e  6,, v a l u e s  o f  
t h e  p r e f e r e n t i a l l y  adsorbed component o f  t h e  b i n a r y  

m o b i l e  phases, Adsorbent :  a luminium o x i d e  150 n e u t r a l .  
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1.0 12 1.5 
4, 

FIGURE 2 

120 R e l a t i o n s h i p s  between :he a d s o r p t i o n  parameter  I< 

c a l c u l a t e d  f rom dependence (2) and t h e  

ues o f  more a c t i v e  components o f  t h e  b i n a r y  m o b i l e  
gin va l -  

phases. Adsorbent :  a lum in ium o x i d e  150 n e u t r a l ,  

t h e  da ta  i n  Tab le  1 shows t h e  absence o f  any c o r r e l a -  

t i o n  between 6' and , and A compar ison o f  

t h e  & va lues  f o r  e t h y l  a c e t a t e ,  d ioxane ,  m e t h y l  e t h y l  

ke tone and acetone w i t h  t h e  excess a d s o r p t i o n  i s o t h e r m s  

o f  these s o l v e n t s  f rom n-heptane [23] shows t h a t  & '  i s  

n o t  connected w i t h  t h e  v a l u e  o f  s u r f a c e  excess o f  t h e  

m o b i l e  phase a c t i v e  component, b u t  w i t h  t h e  l o c a l i z a -  
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t i o n  o f  t h e  maximum o f  t h e  s o l v e n t  a d s o r p t i o n  i so the rm.  

T h i s  maximum cor responds t o  t h e  l o c a l i z a t i o n  o f  t h e  

minimum on t h e  RM = f(Xl) curves.  

The compar ison o f  and v a l u e s  and t h e  

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

phase components i n d i c a t e s  t o  t h e  c o r r e l a t i o n  between 

these  va lues.  A l i n e a r  r e l a t i o n s h i p  between t h e  

parameters  and t h e  i n d u c t i o n  component o f  s o l u b i l i t y  

parameter  i s  observed.  I t  i s  p resen ted  i n  F i g s .  1 and 

2.An ana logous r e l a t i o n s h i p  i s  a l s o  observed when t h e  

compounds o f  a c o m p l e t e l y  d i f f e r e n t  chemica l  n a t u r e  

( p o l i c y c l i c  a r o m a t i c  hydrocarbons ,  n a p h t h o l s )  a r e  used 

a s  model substances. Thus, one can suppose t h a t  t h i s  

r e l a t i o n s h i p  can be u s e f u l  i n  and K12G de te rm ina -  

t i o n  i n  t h e  chromatograph ic  system c o n t a i n i n g  m o b i l e  

phases o f  N+B t y p e  and a lum in ium o x i d e  a s  adsorbent .  

Assuming t h a t  AR,, v a l u e s  a r e  t h e  measure o f  t h e  

chromatograph ic  system s e l e c t i v i t y  f o r  m i x t u r e  o f  two 

subs tance,  on t h e  b a s i s  o f  e q u a t i o n  (1) t h e  r e l a t i o n -  

s h i p  p e r m i t t i n g  c a l c u l a t i o n  o f  A R M  o f  t h e  subs tances  

can be o b t a i n e d  [24,25] . T h i s  r e l a t i o n s h i p  has t h e  

f o l l o w i n g  form:  

where 

AZi'J i s  t h e  d i f f e r e n c e  between t h e  RM v a l u e s  o f  

substances i and j, when u s i n g  t h e  b i n a r y  

m o b i l e  phase 1+2; 

h ( 2  

i d = ARM - AR;,,, where 

A Ri M1,2 = RM1 - 'Ma 

1 ,2 

j - j  j and ARMl ,2-  RP~l - RMZ 
i i 

Ri , Ri and RJ  , R J  show t h e  RM v a l u e s  o f  subs tance 
M 1  ' M2 M 1  M 2  
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i and j, when u s i n g  t h e  p u r e  s o l v e n t  1 and 2 a s  t h e  mo- 
b i l e  phase, r e s p e c t i v e l y ;  

$; and 8 ,  - volume f r a c t i o n s  o f  t h e  a c t i v e  component o f  

t h e  m o b i l e  phase i n  t h e  s u r f a c e  and b u l k  phase,respec-  
t i v e l y ;  

a r e  h y p o t h e t i c a l  p a r t i t i o n  c o e f f i c i e n t s  o f  t h e  sub- 
s tances  i and j among t h e  m o b i l e  phase components; 

i n  p u r e  s o l v e n t  2. R i  - R j  
M2 M 2  M2 

I n  e q u a t i o n  ( 7 )  t h e  c o n c e n t r a t i o n  o f  t h e  m o b i l e  phase 

i s  expressed i n  t h e  fo rm o f  a volume f r a c t i o n .  I n  case 

o f  h i g h  s i z e  d i f f e r e n c e s  o f  mo lecu les  f o r m i n g  t h e  mo- 

b i l e  phase t h i s  way o f  exp ress ing  t h e  c o n c e n t r a t i o n  i s  
more reasonable.  
A S  f o r  d e t e r m i n a t i o n  o f  each e q u a t i o n  te rm,as  ment ion-  

ed above, H M  va lues  o f  t h e  substances i n  p u r e  s o l v e n t s  

1 and 2 a r e  e x p e r i m e n t a l l y  de termined.  The te rm ( gf:-gfl) 

can be de termined f rom e x p e r i m e n t a l l y  de te rm ined  excess 

a d s o r p t i o n  i s o t h e r m  o r  c a l c u l a t e d  f rom e q u a t i o n  ( 2 ) .  

The d e t e r m i n a t i s n  o f  A t 2  and A i 2  parameters  p r o v i d e s  

some problems. They can be de termined b y  f i t t i n g  them 
t o  d ipa ramete r  e q u a t i o n  (1). However t h i s  p rocedure  i s  

t ime-consuming. AI2 i s  e q u a l  t o  t h e  l o g a r i t h m  o f  t h e  

h y p o t h e t i c a l  p a r t i t i o n  c o e f f i c i e n t  o f  t h e  subs tance 
between t o t a l l y  m i s c i b l e  b i n a r y  m o b i l e  phase compo- 

nents .  For  t h i s  reason t h e  v a l u e s  o f  t h e  p a r t i t i o n  
c o e f f i c i e n t  o f  t h e  subs tance between p u r e  components 
o f  t h e  mob i l e  phase and t h e  l i q u i d  i m m i s c i b l e  w i t h  

these components can be used ( t h e  p rocedure  i s  de- 
s c r i b e d  i n  METHODS ).Al2 v a l u e s  c a l c u l a t e d  b y  . t h i s  p ro -  

cedure  a r e  l i s t e d  i n  T a b l e  3. The a n a l y s i s  o f  t h e  d a t a  
l i s t e d  i n  t h i s  Tab le  shows t h a t  a f u l l  agreement be- 
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tween A and A12A v a l u e s  does no t  e x i s t .  F o r  some 

substances t h e  d i f f e r e n c e  between these  v a l u e s  can be 

r e l a t i v e l y  h i g h  (e.g. f o r  8 - h y d r o x y q u i n o l i n e  chromato- 

graphed by u s i n g  t h e  s o l u t i o n  o f  c h l o r o f o r m  i n  t r i -  

c h l o r o e t h y l e n e  o r  a n i l i n e  chromatographed i n  benzene + 
+ c h l o r o f o r m  m i x t u r e ) .  These d i f f e r e n c e s  a r e  p r o b a b l y  

due t o  t h e  c o n d i t i o n s  i n  wh ich  t h e  p a r t i t i o n  p rocess  

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

t h e  s u r f a c e  a rea  o f  t h e  l i q u i d - l i q u i d  i n t e r f a c e  t o  t h e  

volume o f  t h e  phases and d i s t u r b a n c e s  t a k i n g  p l a c e  du r -  

i n g  t h e  p a r t i t i o n  process .  These d i s t u r b a n c e s  may be 

due t o  d i f f e r e n t  i n t e r a c t i o n s  o f  t h e  l i q u i d ,  used f o r  

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

Moreover ,  t hey  can be caused b y  t h e  chroma t o g r a p h i c  

p rocess  dynamics. A d s o r p t i o n  o f  t h e  chromatographed 

substance on t h e  l i q u i d - l i q u i d  i n t e r f a c e  can p l a y  an 

i m p o r t a n t  r o l e  [14,26,27]. A l l  t h e  f a c t o r s ,  ment ioned 

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

c o e f f i c i e n t ,  de termined b y  u s i n g  an i n d i r e c t  method, 

and Ala va lues ,  and i n  t h e  d i f f e r e n c e s  between A 

A12 va lues  l i s t e d  i n  Tab le  4 c o n f i r m  t h i s  suggest ion .  

I n  t h e  Tab le  4 A12hvalues were o b t a i n e d  by  f i t t i n g  them 

t o  e q u a t i o n  (1) , w h i l e  A12 v a l u e s  were c a l c u l a t e d  f rom 

e q u a t i o n  ( 1 )  and ( 8; - 8 ,  ) v a l u e s  f rom e x p e r i m e n t a l l y  

de termined excess a d s o r p t i o n  i s o t h e r m ,  AlZG v a l u e s  were 

o b t a i n e d  f rom e q u a t i o n  ( 5 )  and A v a l u e s  were c a l c u -  

l a t e d  from e x p e r i m e n t a l l y  de te rm ined  p a r t i t i o n  c o e f f i -  

c i e n t s  i n  t h e  t r i c h l o r o e t h y l e n e - - w a t e r  and benzene+ater 

systems. From t h e  compar ison o f  t h e  pa ramete rs  v a l u e s ,  

i t  can be observed t h a t  i n  t h e  system c o n t a i n i n g  benze- 

n e + t r i c h l o r o e t h y l e n e  a s  t h e  m o b i l e  phase and s i l i c a  g e l  

a s  t h e  adso rben t ,  A12A, A12 and AIzG parameters  s l i g h t -  

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

t h e  above parameters  and A parameter  a r e  s i g n i f i c a n t -  

l y  h igh .  

12P  

12P 

12P 

12P 
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6 - M e t h y l q u i n o l i n e  
8 - M e t h y l q u i n o l i n e  
8 -Hydroxyqu ino l i n f  
8 - N i t r o q u i n o l i n e  
Ac r i d i n e  
A n i l i n e  
1- Na p h t ho 1 

263 

TABLE 4 

va lues  c a l c u l a t e d  b y  d i f f e r e n t  way. A1 2 

12P 
A A12A A1 2 A12G 

0.0356 
0,2300 

-0,1500 
-0.0762 
0.1400 

-0.0950 
0 7810 
0.1350 

0.0442 0.0338 
0.2281 0.2650 

-0.1770 -0.1513 
-0.0254 -0.0752 

0.1129 0.1347 
-0.01 82 -0.1097 

0.7747 0.7731 
0.1290 0.1122 

0.0569 
0.0170 

-0.2291 
-0.1523 

0.6149 
0,1987 
0.4914 
0.1673 

The a n a l y s i s  o f  t h e  da ta  l i s t e d  i n  Tab les  3 and 4 

i n d i c a t e s  t h a t  A has u s u a l l y  h i g h e r  v a l u e s  t h a n  

those  o f  A120. I n  t h i s  c o n n e c t i o n ,  t h e  q u e s t i o n  a r i s e s  
12% 

v a l u e s  whether  t h e  d i f f e r e n c e s  between Alu and 

p e r m i t  t h e  use o f  t h e  e x p e r i m e n t a l l y  de te rm ined  p a r t i -  
12P 

A 

t i o n  c o e f f i c i e n t s  i n  t h e  chromatograph ic  systems o p t i -  

miza t i o n .  

A compar ison o f  RM v a l u e s  o f  chromatographed substances 

c a l c u l a t e d  f rom e q u a t i o n  ( 1 )  and A v a l u e s  w i t h  t h e  

p a r a l l e l  e x p e r i m e n t a l  v a l u e s  shows a good agreement be- 

tween them. RM = f(6,) f o r  8 - h y d r o x y q u i n o l i n e  and i s o -  

q u i n o l i n e s  shown on F i g .  3 i s  an  example o f  t h e  agree-  

ment. Thus i t  can be assumed t h a t  h y p o t h e t i c  p a r t i t i o n  

o f  t h e  chromatographed subs tances ,  c o e f f i c i e n t s  A 

determined by  i n d i r e c t  method, may be s u c c e s s f u l l y  used 

12P 

12P 

f o r  c a l c u l a t i n g  A R ~ B J  va lues .  

F i g u r e  4 p r e s e n t s  t h e  r e l a t i o n s h i p s  A R i ' J  = f( Idl) 
1 , 2  

f o r  
1 . 2  

subs tance m i x t u r e s  l-naphthol+8-methylquinoline and 

l T n a p h t h o l + a n i l i n e  c a l c u l a t e d  b y  e q u a t i o n  ( 7 )  a s  w e l l  

a s  t h e  r e l a t i o n s h i p s  R = f($,) f o r  p u r e  component 

o f  t h e  m i x t u r e s .  A compar ison o f  t h e  p a r a l l e l  r e l a t i o n -  
M12 
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264 ROZYLO ET AL. 

FIGURE 3 

Exper imenta l  d o t s  and c a l c u l a t e d  from e q u a t i o n  (1) 
( f r o m  A - s o l i d  l i n e s  and from Ai2p--- dashed 

1 i n e s ) r e l a t i o n s h i p s  between t h e  RM v a l u e s  o f  i so-  
q u i n o l i n e  - 0  and 8-hydroxyquinol lne  - 0  and t h e  

volume f r a c t i o n  o f  t h e  b i n a r y  mobi le  phase on s i l i c a  g e l .  

12A 
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0.1 0.3 0.5 0.7 0.9 J 

FIGURE 4 

E x p e r i m e n t a l (  p o i n t s )  and c a l c u l a t e d  from eq. ( 7 )  on 

t h e  b a s i s  o f  Alah ( s o l i d  l i n e s )  and A (dashed l i n e s )  

r e l a t i o n s h i p s  between A R A ; ~  v a l u e s  and composi t ion  
o f  mobi le  phase f o r  I - n a p h t h d f + a n i l i n e  

r e l a t i o n s h i p s .  Adsorbent:  s i l i c a  g e l  G.  

12P 

and 1-naphthol+ 

+ 8 - m e t h y l q u i n o l i n e  m i x t u r e s  and t h e i r  RM12 = f (8 , )  
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266 ROZYLO ET AL. 

s h i p s  show t h a t  maximum o f  ARi'J = f (d l )  p o i n t s  o u t  

t o  t h e  optimum c o m p o s i t i o n  o f  t h e  b i n a r y  m o b i l e  phase 

g i v i n g  t h e  b e s t  s e p a r a t i o n  o f  t h e  m i x t u r e  components. 

"J = f(jd1) c u r v e  cor responds t o  Maximum on t h e  

o p t i m a l  compos i t i on  o f  a b i n a r y  m o b i l e  phase w i t h  pe r -  

m i t s  t o  o b t a i n  a b e s t  chromatograph ic  s e p a r a t i o n  o f  

t h e  components o f  t h e  chromatographed m i x t u r e .  

A p a r t  f rom b i n a r y  m o b i l e  phases, t e r n a r y  m o b i l e  

phases a r e  a l s o  o f t e m  used. A n  a d d i t i o n  o f  t h e  t h i r d  

component t o  a b i n a r y  m o b i l e  phase p e r m i t s  improve s i g -  

M1,2 

A R M l  ,2 

0.1 0.3 0.5 0.7 ~9 
CHC13 

C ~ H  c H /C c m 

1 :1  CHC13 

FIGURE 5 

R e l a t i o n s h i p  between t h e  t h e o r e t i c a l  (eq .  (8) ( l i n e s ) )  

and e x p e r i m e n t a l  ( c i r c l e s )  RM v a l u e s  and t h e  compo- 

s i t i o n  o f  t h e  t e r n a r y  m o b i l e  phase. 
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OPTIMUM SEPARATION PREDICTION PROBLEMS 261 

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

has been s t a t e d , t h a t  O S c i k * s  e q u a t i o n  can a l s o  be h e l p -  

f u l  i n  t h e  o p t i m i z a t i o n  o f  t h e  chromatograph ic  systems 

c o n t a i n i n g  such m o b i l e  phases [28]  because i t  p e r m i t s  

t o  p r e d i c t  t h e  course  o f  t h e  dependence o f  RM v a l u e s  o f  

t h e  substances separa ted  f rom t h e  m o b i l e  phase composi- 

t i o n  on t h e  b a s i s  o f  t h e  d a t a  o b t a i n e d  by  u s i n g  unary  

and b i n a r y  m o b i l e  phases. 

In case o f  a te rna , ry  m o b i l e  phase, e q u a t i o n  ( 1 )  can be 

w r i t t e n  a s  f o l l o w s :  

where 

R M t  

ARMi3 M i  M3 f o r  i = 1 o r  2 

R f o r  i = l  o r  2 o r  3 ,  i s  t h e  RM v a l u e  o f  t h e  

subs tance when pu re  s o l v e n t  i i s  used as  

t h e  m o b i l e  phase; 

$ y t  and $it a r e  t h e  r e s p e c t i v e  volume f r a c t i o n s  o f  

component i o f  t h e  t e r n a r y  m o b i l e  phase i n  

t h e  s u r f a c e  and b u l k  phase f o r  i =  1 o r  2 i 

i s  t h e  RM v a l u e  o f  t h e  chromatographed sub- 

s tance  when a t e r n a r y  m o b i l e  phase i s  used;  

= R  - R  

M i  

Ai3 = l o g  ki3 f o r  i = l  o r  2 ki3 i s  t h e  v a l u e  o f  

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

t h e  chromatographed subs tance between p u r e  

s o l v e n t  i and 3 ;  t h e  Ai3 v a l u e s  can be c a l -  

c u l a t e d  f rom t h e  e x p e r i m e n t a l  da ta  when 

t h e  b i n a r y  m o b i l e  phase i + 3  i s  used. 

The $st  v a l u e s  can be c a l c u l a t e d  f rom t h e  f o l l o w i n g  

e q u a t i o n  [ 121 : 
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268 ROZYLO ET AL. 

where 

f o r  i = l  o r  2 
$ i 3  = $ i t  $ 3 t ]  

F i g u r e  5 p r e s e n t s  t h e  t h e o r e t i c a l  r e l a t i o n s h i p s  

c a l c u l a t e d  f rom e q u a t i o n  (8) and e x p e r i m e n t a l s  ones o f  

RM va lues  o f  pheno l ,  2 , 3 - d i c h l o r o p h e n o l ,  3 . 4 - d i c h l o r o -  

pheno l  and 2 , 6 - d i c h l o r o p h e n o l  t o  t h e  c o m p o s i t i o n  o f  

t h e  t e r n a r y  mob i l e  phase. A good agreement o f  b o t h  

r e l a t i o n s h i p s  shows t h a t  e q u a t i o n  (8) may be u s e f u l  i n  

t h e  o p t i m i z a t i o n  o f  t h i s  t y p e  o f  chromatograph ic  sys- 

t ems. 
I n  summing up t h e  p r e s e n t  r e s u l t s  one can s t a t e  

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

d iscussed i n  t h e  paper  t o  t h e  o p t i m i z a t i o n  o f  adsorp-  

t i o n  chromatograph ic  systems. I t  r e l a t e s  b o t h  t o  b i n a r y  

and t e r n a r y  mob i l e  phases. 
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