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INFLUENCE OF INTRAMOLECULAR 
INTERACTIONS ON SOME PARAMETERS IN 

ADSORPTION THIN-LAYER CHROMATOGRAPHY 

G. Chojnacka, J .  Os’cik, and R. Kusak 
Institute of Chemistry 

M. Curie-SkEowdowska University 
20-031 Lublin, Poland 

A 0  ST RAG T 

U s i n g  t h e  e q u a t i o n  connec t ing  t h e  RM va lues  w i t h  
t h e  a p p r o p r i a t e  d a t a  o f  t h e  a d s o r p t i o n  p rocess  f rom so- 
l u t i o n s  t h e  v a l u e s  o f  t h e  parameters  c h a r a c t e r i z i n g  sub- 
s tance-obi le  phase i n t e r a c t i o n s  have been c a l c u l a t e d  
f o r  t h e  systems:  s i l i c a  gel-benzene+acetone and s i l i c a  
gel-acetone+methanol.Quinoline, a n i l i n e ,  n i t r o b e n z e n e ,  
pheno l  and t h e i r  d e r i v a t i v e s  were t h e  chromatographed 
substances.  An i n f l u e n c e  o f  t h e  s t r u c t u r e  o f  t h e  sub- 
s tance  on t h e  parameter  v a l u e s  has been examined, spe- 
c i a l  a t t e n t i o n  b e i n g  p a i d  t o  i n t r a m o l e c u l a r  e f f e c t s ,  
m a i n l y  those  o f  hydrogen bonds. 

INTRODUCTION 

L i q u i d  a d s o r p t i o n  chromatography i s  we l l -known as  

a t y p i c a l  a n a l y t i c a l  method g e n e r a l l y  used t o  separa te  

m i x t u r e s  o f  v a r i o u s  types.  However, good s e p a r a t i o n  can 

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

o f  t h e  ch romatog raph ic  system.Al though a l o t  o f  e x p e r i -  
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3548 CHOJNACKA, OSCIK, AND KUSAK 

m e n t s ,  d e a l i n g  w i t h  t h i s  p r o b l e m ,  were made a s e l e c t i o n  
o f  t h e  b e s t  s y s t e m  i s  s t i l l  v e r y  d i f f i c u l t .  On t h e  o n e  
h a n d .  i t  i s  c a u s e d  b y  a c o m p l e x  mechan i sm o f  t h e  c h r o -  
m a t o g r a p h i c  p r o c e s s ,  a n d  on t h e  o t h e r ,  b y  p r a c t i t i o n e r s ’  

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

P e r r y  (1) showed  w i t h o u t  a n y  d o u b t  t h a t  a l o t  o f  
i m p o r t a n t  c o n c l u s i o n s  f o r  p r a c t i c e  c a n  b e  d e r i v e d  from 
t h e o r i e s  g i v e n  b y  S n y d e r  (2) a n d  S o c z e w i n s k i  c3). P r e v i -  
ous i n v e s t i g a t i o n s  (4-9) show t h a t  i n  o p t i m i z a t i o n  o f  

t h e  c h r o m a t o g r a p h i c  s y s t e m s  o n e  c a n  a p p l y  t h e  e q u a t i o n  
d e r i v e d  b y  OSc ik  ( l O a l l ] ,  a s  w e l l .  T h i s  e q u a t i o n  c o n n e c t s  
t h e  R,,, v a l u e s  w i t h  t h e  a p p r o p r i a t e  d a t a  of t h e  a d s o r p -  
t i o n  p r o c e s s  f r o m  s o l u t i o n . F o r  a n  i d e a l  o r  r e g u l a r  b i -  
n a r y  m o b i l e  p h a s e ,  t h i s  e q u a t i o n  h a s  t h e  f o l l o w i n g  f o r m  

= ‘1 A R M 1  a 2 + ( X ;  - ‘1) (“M + A12) + RM2 (11 
1 .2  

w h e r e  

i s  t h e  RM v a l u e s  o f  a g i v e n  s u b s t a n c e  when 
u s i n g  t h e  b i n a r y  m o b i l e  p h a s e  1+2;  

R M ~ -  R M ~  e x p r e s s i n g  t h e  d i f f e r e n c e  o f  t h e  RM 

s o l v e n t s  1 a n d  2 a s  t h e  m o b i l e  p h a s e s ;  
x: a n d  X1 a r e  t h e  mole f r a c t i o n s  o f  componen t  1 o f  t h e  

b i n a r y  m o b i l e  p h a s e  i n  t h e  s u r f a c e  p h a s e  a n d  
t h e  b u l k  p h a s e ,  r e s p e c t i v e l y ;  
i s  t h e  p a r a m e t e r  c h a r a c t e r i z i n g  s u b s t a n c e  

RM12 

= ARM 
‘ I 2  v a l u e s  f o r  a s u b s t a n c e  when u s i n g  t h e  p u r e  

A1 2 
s o l v e n t  i n t e r a c t i o n s .  I t  i s  c o n n e c t e d  w i t h  
t h e  h y p o t h e t i c a l  r a t i o n a l  p a r t i t i o n  c o e f f i -  
c i e n t  f o r  s u b s t a n c e  b e t w e e n  t h e  1 a n d  2 
c o m p o n e n t s  o f  t h e  b i n a r y  mobile  p h a s e  1+2.  

E q u a t i o n  [l) was u s e d  t o  es t imate  t h e  i n f l u e n c e  o f  
s u c h  f a c t o r s  a s  p r o p e r t i e s  o f  t h e  m o b i l e  p h a s e s ,  a d s o r -  
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INFLUENCE OF INTRAMOLECULAR INTERACTIONS 3549 

b e n t s  o r  subs tances  on t h e  processes  t a k i n g  p l a c e  i n  

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

phase. I t  i s  t r u e  t h a t  t h e  processes  t a k i n g  p l a c e  i n  

t h i s  phase a r e  o f  secondary impor tance  b u t , i f  n o t  t aken  

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

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

u i d  chromatography. F o r  t h i s  reason,  i n  t h e  paper  t h e  

a u t h o r s  c o n c e n t r a t e  upon c a l c u l a t i n g  t h e  parameters  AI2 

o f  e q u a t i o n  connected  w i t h  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  i n  t h e  b u l k  phase, As model subs tances  a r -  

omat i c  compounds were used t o  make p o s s i b l e  t e s t i n g  t h e  

i n f l u e n c e  o f  t h e  i n t r a m o l e c u l a r  i n t e r a c t i o n s  on  t h e  AI2 

va lues .  

METHODS 

Us ing  a d s o r p t i o n  TLC RF va lues  were measured f o r  a 

number o f  a r o m a t i c  compounds [ d e r i v a t i v e s  o f  q u i n o l i n e ,  

n i t r o b e n z e n e .  a n i l i n e  and pheno l ) .  S i l i c a  g e l  60 H w i t h  

t h e  s p e c i f i c  s u r f a c e  a r e a  o f  420 m * g  I produced b y  

Merck,  was used a s  t h e  adso rben t .B ina ry  s o l u t i o n s :  ben- 

zene+acetone and acetone+methano l  were used a s  t h e  mo- 

b i l e  phases. The ch romatog raph ic  p rocess  was c a r r i e d  

o u t  by  ascend ing  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  glass chambers s a t u r a t e d  w i t h  mixed s o l -  

ven t  vapours.  A l l . t h e  measurements were c a r r i e d  out  un- 

de r  the rmos ta ted  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  b y  r e a c t i o n  w i t h  i o d i n e .  

The o b t a i n e d  RF va lues  were c o n v e r t e d  i n t o  RM a c c o r d i n g  

t o  t h e  Bate-Smi th and W e s t a l l  equa t ion .  

The excess a d s o r p t i o n  i s o t h e r m s  o f  ace tone f rom 

benzene and methano l  f rom acetone were de te rm ined  a t  

298'K u s i n g  t h e  s t a t i c  method. Adsorbent  was s i l i c a  g e l  

p r e v i o u s l y  used i n  a d s o r p t i o n  TLC. The s o l u t i o n  concen- 

t r a t i o n s  a f t e r  e q u i l i b r a t i o n  were ana lyzed  b y  gas- l iq-  

u i d  chromatography.  The i n d i v i d u a l  a d s o r p t i o n  [X: v a l -  

2 -1 
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3550 CHOJNACKA, OSCIK, AND KUSAK 

ues) was c a l c u l a t e d  o n  t h e  b a s i s  o f  t h e  i d e a l  model  o f  

a d s o r p t i o n  g i v e n  b y  E v e r e t t  (123. 

RESULTS AND DISCUSSION 

The A12 v a l u e s  d e r i v e d  f r o m  e q u a t i o n  [l] c a l c u l a -  

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

d a t a  o f  t h e  e x c e s s  a d s o r p t i o n  w e r e  shown i n  T a b l e  1. 

They a r e  i n  most c a s e s ,  a v e r a g e s  o f  t h e  A12 v a l u e s  c a l -  

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

t i o n s .  A good c r i t e r i o n  o f  t h e  assumed v a l u e s  o f  p a r a -  

m e t e r  A12 i s  t h e  ag reemen t  o f  t h e  r e l a t i o n s h i p s  

RM = f[Xl) o f  t h e  i n d i v i d u a l  s u b s t a n c e s  d e r i v e d  f r o m  

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

d u r i n g  t h e  e x p e r i m e n t .  Some r e l a t i o n s h i p s  a r e  shown i n  

F i g s .  1 and  2. The s o l i d  l i n e s  r e p r e s e n t s  t h e  r e l a t i o n -  

s h i p s  c a l c u l a t e d  f r o m  e q u a t i o n  (1) w i t h  t h e  h e l p  o f  

t h e  A12 v a l u e s  g i v e n  i n  T a b l e  1, c i r c l e s  r e p r e s e n t  t h e  

e x p e r i m e n t a l  RM v a l u e s .  

The e x a m i n a t i o n  o f  t h e  " o r t h o  e f f e c t s  o n  t h e  v a l -  

ues  o f  p a r a m e t e r  A12 o f  t h e  s u b s t a n c e s  was r e q u i r e d  t o  

c a l c u l a t e  t h e  v a l u e s  o f  t h e  p a r a m e t e r s  b o t h  f o r  o r t h o -  

a n d  f o r  meta- a n d  p a r a - i s o m e r s  o f  c h r o m a t o g r a p h e d  sub- 

s t a n c e s .  I t  was a l s o  n e c e s s a r y  t o  c a l c u l a t e  t h e  v a l u e s  

o f  A12 p a r a m e t e r s  o f  t h e  subscances  t h e  d e r i v a t i v e s  

o f  w h i c h  w e r e  t h e  compounds i . e .  a n i l i n e ,  n i t r o b e n z e n e ,  

p h e n o 1 , Z - n a p h t h o l  and  q u i n o l i n e . T h e  c a l c u l a t i o n  o f  AI2 

v a l u e s  was i m p o s s i b l e  f o r  p a r a -  a n d  me ta - i somers  o f  

d i h y d r o x y b e n z e n e  a n d  p h e n y l e n e d i a m i n e  i n  t h e  sys tems  

w i t h  t h e  m o b i l e  phase  benzene+ace tone  a s  t h e i r  RF  v a l -  

ues w e r e  c l o s e  t o  z e r o ,  i f  t h e  m o b i l e  phase  was p u r e  

benzene. T h u s , i n  above  e x a m i n a t i o n s , t h e  mode l  s u b s t a n c e  

w e r e  b o t h  t h e  compounds w i t h  t h e  one f u n c t i o n a l  g r o u p  

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

[ c h i e f l y  two). 
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INFLUENCE OF INTRAMOLECULAR INTERACTIONS 355 I 

'OH I 1 

cycoctr, 
(1 1 

FIGURE 3 

R e l a t i o n s h i p s  between c a l c u l a t e d  from e q u a t i o n  c1) w i t h  
t h e  h e l p  o f  A 1 2  v a l u e s  g i v e n  i n  T a b l e  1 ( 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  composi t ion  o f  
t h e  b i n a r y  m o b i l e  phase benzene + acetone .  
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3552 CHOJNACKA, OSCIK, AND KUSAK 

FIGURE 2 

R e l a t i o n s h i p s  between c a l c u l a t e d  f rom e q u a t i o n  [l) w i t h  
t h e  h e l p  of A12 va lues  g i v e n  i n  Tab le  1 [ 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  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 acetone + methanol. 
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INFLUENCE OF INTRAMOLECULAR INTERACTIONS 3553 

TABLE 1 

The A12 va lues c a l c u l a t e d  from equa t ion  C1) from the 
exper imenta l  RM va lues and exper imenta l  data o f  the 

excess adsorpt ion.  

Ni t robenzene 
o-Dini t robenzene 
m-Dinitrobenzene 
p-Dini t robenzene 
o-Ni t rophenol  
m-Nitrophenol  
p-Ni t rophenol  
o - N i t r o a n i l i n e  
m - N i t  r o a n i l i n e  
p - 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  
A n i l i n e  
0-P he ny l e  ne d i a  mine 
o-Aminophenol 
o-Aminotiophenol 
Phenol 
o-Dihydroxybenzene 
2-Naphthol 
2,3-Dihydroxynaphthalene 
Qu i n o  l i n e  
8 -Me thy lqu ino l i ne  
8 - N i t r o q u i n o l i n e  
8-Aminoquinol ine 
8-Hydroxyquinol ine 

benzene 

acetone 

0.054 
0.196 
0.158 
0.082 
0.170 
0.206 
0.236 
0.212 
0.322 
0 -421 
0.094 
0.411 
0.722 
0.522 
0.153 
0.234 
0.374 
0.106 
0.331 
0.283 
0.140 
0.205 
0.316 
0.143 

+ acetone 

me tha no1 

-0.114 
-0.197 
-0.372 
-0.422 
-0.145 
-0.173 
-0.112 
-0.112 
-0.097 
-0.026 
-0.220 
-0.066 
-0.180 

0.009 
-0.185 
-0.038 
-0.062 
-0.191 
-0.117 
-0,101 
-0,074 
-0.195 
-0.128 
-0.031 

As mobi le  phases b i n a r y  s o l u t i o n s  were used: 

benzene+acetone and acetone+methanol, t he  p r o p e r t i e s  o f  

which a r e  d e c i d e l y  d i f f e ren t .The  f i r s t  o f  them i s  a t yp -  

i c a l  conformal  s o l u t i o n  and t o t a l l y  f u l f i l l s  the assump- 

t i o n  w i t h  which equat ion 111 was der ived.  Another so lu-  

t i o n  be ing  the m ix tu re  o f  the s o l v e n t s  o f  0 and A0 

c lasses  (accord ing t o  Pimente l  and McCle l lan]  i s  char- 

a c t e r i s t i c  due t o  s t r o n g  hydrogen bonds o f  in termolecu-  

l a r  i n t e r a c t i o n s .  If values AI2 a r e  indeed r e l a t e d  t o  

the  i n t e r a c t i o n s :  substance+-.components o f  the mobi le 

phase, then the d i f f e r e n c e s  i n  the p r o p e r t i e s  o f  t he  
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3554 CHOJNACKA, OSCIK, AND KUSAK 

phases s h o u l d  p o s s i b l y  be c o n f i r m e d  by  t h e  va lues  o f  

these parameters .  The d a t a  i n  Tab le  1 c o n f i r m  t h i s  as-  

sumpt ion.  Va lues  A12 o f  t h e  separa te  substances depend 

e x a c t l y  on  t h e  k i n d  o f  t h e  m o b i l e  phase i n  t h e  way t h a t  

t h e  change o f  t h e  phase r e s u l t s  no t  o n l y  i n  t h e  change 

o f  t h e  v a l u e s  o f  parameters  A12 b u t  a l s o  i n  t h a t  o f  i t s  

s i g n .  

The a n a l y s i s  o f  A I 2  v a l u e s  g i v e n  i n  Tab le  1 , p o i n t s  

o u t  t o  t h e  f a c t  t h a t  among t h e  m o n o f u n c t i o n a l  compounds 

t h e  h i g h e s t  and t h e  l owes t  A I 2  v a l u e s  have a n i l i n e  and 

n i t r o b e n z e n e ,  r e s p e c t i v e l y .  

V a r i a t i o n s  i n  A12 v a l u e s  caused by i n t r o d u c i n g  an- 

o t h e r  f u n c t i o n a l  g roup i n t o  t h e  subs tance mo lecu le  a r e  

dependent on t h e  p r o p e r t i e s  and mu tua l  p o s i t i o n  o f  b o t h  

f u n c t i o n a l  g roups  i n  t h i s  molecule.  Va lues  A12 o f  o - n i -  

t r o a n i l i n e  and m - n i t r o a n i l i n e  a r e  l ower  t h a n  t h e  r e s -  

p e c t i v e  v a l u e s  o f  a n i l i n e .  The same is t r u e  i n  case o f  

o - n i t r o p h e n o l ,  m - n i t r o p h e n o l  and phenol .  However, t h e  

presence o f  group -NO2 i n  t h e  para  p o s i t i o n  i n  r e l a t i o n  

t o  group -NH2 o r  t h a t  o f  - 0 H s l i g h t l y  a f f e c t s  t h e  v a l u e  

o f  parameter  A12. These r e g u l a r i t i e s  a r e  t r u e  b o t h  f o r  

t h e  mob i l e  phases benzene + ace tone as  w e l l  as  f o r  t h e  

m o b i l e  phases ace tone  + methanol. 

The d a t a  shown i n  Tab le  1 p o i n t  o u t  t h a t  A12 v a l u e  

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

o - n i t r o p h e n o l ,  o -amino t iopheno l ,  2 , 6 - d i n i t r o a n i l i n e  and 

o - n i t r o a n i l i n e ,  decreased A12 v a l u e s  can be found when 

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

and a n i l i n e .  A s i m i l a r  r e g u l a r i t y  can be found f o r  A12 
va lues  i n  case o f  8 - m e t h y l q u i n o l i n e ,  8 - h y d r o x y q u i n o l i n e I  

8 - n i t r o q u i n o l i n e  and q u i n o l i n e .  
I n  case o f  o - d i n i t r o b e n z e n e ,  o-phenylenediamine and 

8 -aminoqu ino l i ne  f o r  t h e  m o b i l e  phase benzene+acetone 

and i n  case 2,3-dihydroxynaphthalene and o-d ihydroxyben-  

zene f o r  b o t h  m o b i l e  phases A12 v a l u e s  were found t o  be 
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h i g h e r  t h a n  t h e  r e s p e c t i v e  v a l u e s  o f  m o n o f u n c t i o n a l  com- 

pounds. 
I n c r e a s e d  v a l u e s  

t o  those  o f  n i t r o b e n z e n e  and t h e  rema in ing  i s o m e r i c  d i -  

n i t r o b e n z e n e s  a r e  p o s s i b l y  due t o  some tendency o f  n i -  

trocompounds t o  e l e c t r o s t a t i c  i n t e r a c t i o n s  d i p o l d i p o l  

w i t h  t h e  components o f  t h e  chromatograph ic  systems. A 

h i g h e r  d i p o l e  moment (6.0 D o f  o - d i n i t r o b e n z e n e  w h i l e  

d i p o l e  moments o f  n i t r o b e n z e n e  and m-d in i t robenzene  and 

p - b i n i t r o b e n z e n e  a r e  4.24 D and 4.07 D and 0.0, respec-  

t i v e l y )  i s  p o s s i b l y  due t o  s t r o n g e r  i n t e r a c t i o n s  w i t h  

acetone.  

A12 f o r  o - d i n i t r o b e n z e n e  i n  r e l a t i o n  

The cause of some h i g h e r  A va lues  f o r  o-phenyle-  

nediamine,  o-d ihydroxybenzene,  ZI3-dihydroxynaphthalene 
and 8 -aminoqu ino l i ne  t h a n  t h e  v a l u e s  f o r  a p p r o p r i a t e  

m o n o f u n c t i o n a l  compounds i s  t h e  presence o f  two donor- 

a c c e p t o r s  g roups  i n  t h e  mo lecu les  o f  t h e  substances. 

The subs tances  can s i m u l t a n e o u s l y  fo rm i n t r a -  and i n -  

t e r - m o l e c u l a r  hydrogen bonds.0ne may suppose t h a t  i n -  

t e r - m o l e c u l a r  bonds a r e  even s t r o n g e r  than  those o f  

m o n o f u n c t i o n a l  compounds. 

those found f o r  a n i l i n e  and p h e n o l  a s  a r e s u l t  o f ' t h e  

absence o f  i n t r a m o l e c u l a r  hydrogen bond i n  t h e  mo lecu le  

o f  t h i s  subs tance. I t  i s  i n  agreement w i t h  t h e  works  b y  

Baker  and S h u l g i n  [13].They found o u t  t h a t  o n l y  one 

sharp  band o f  t h e  h y d r o x y l  g roup i n  t h e  spect rum o f  

o-aminophenol  occu r red  and t h i s  f a c t  t o t a l l y  exc ludes  

t h e  presence o f  i n t r a m o l e c u l a r  hydrogen bond. 

One s h o u l d  add t h a t  t h e  c o n v e r t i o n  o f  t h e  mob i l e  

phase benzene+acetone i n t o  t h a t  o f  acetone+methanol  

bes ides  t h e  above change o f  t h e  s i g n  o f  parameter  A12' 

causes a l s o  a decreased e f f e c t  o f  t h e  mu tua l  p o s i t i o n  

o f  t h e  f u n c t i o n a l  g roups  on  t h e  v a l u e s  o f  t h i s  para-  

meter. T h i s  concerns  c h i e f l y  a l l  i s o m e r i c  n i t r o p h e n o l s  

and n i t  r o a  n i l i n e s .  

1 2  
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I n  conc lus ion  one can s t a t e  t h a t  t he  a n a l y s i s  o f  

the va lues o f  parameters A12 can be source o f  informa- 

t i o n  concerning i n t r a m o l e c u l a r  i n t e r a c t i o n s  i n  t h e  ad- 

s o r p t i o n  chromatographic systems.It  can a l s o  p o i n t  ou t  

i f  hydrogen bonds o r  o t h e r  i n t r a m o l e c u l a r  e f f e c t s  oc- 

cu r  i n  the molecules o f  the chromatographed substances 

and t h a t  t h e i r  i n f l u e n c e  on the chromatographic process 

can be estimated. 
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