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ABSTRACT 

A n o v e l  t y p e  m o d i f i c a t i o n  o f  c i r c u l a r  t h i n - l a y e r  ch ro -  
matography has been deve loped,  i n  wh ich  t h e  l a y e r  i s  t i g h t -  
l y  covered b y  a membrane, e l i m i n a t i n g  t h e  vapour  phase o v e r  
the s o r b e n t  l a y e r .  The d e v e l o p i n g  s o l v e n t  is pumped t h r o u g h  
t h e  appara tus .  

INTRODUCTION 

The two p r i n c i p a l  ways o f  p e r f o r m i n g  ch romatog raph ic  

s e p a r a t i o n  a r e  t h e  column method ( c l o s e d  system) and t h e  

p l a n a r  t e c h n i q u e  (open system). When t h e  same s o r b e n t  and 
s o l v e n t  a r e  used, the  s e p a r a t i o n  g i v e s  I d e n t i c a l  r e s u l t s  

i n  t h e  two systems because t h e  ma in  s e p a r a t i o n  p rocess  

i s  t h e  same. O the rw ise ,  t h e  r e s u l t s  a r e  d i f f e r e n t  because 

i n  t h e  p l a n a r  t e c h n i q u e  t h e  m o b i l e  phase i s  i n f l u e n c e d  
by t h e  vapour  phase and d i f f e r e n t  f a r c e s  a r e  o p e r a t i n g  
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846 KALASZ ET AL. 

i n  t h e  movement of t h e  m o b i l e  phase. B o t h  methods have 

t h e i r  own advantages. The p l a n a r  method f i r s t  appeared 

as paper  chromatography, b u t  now i s  a lmos t  e x c l u s i v e l y  

t h i n - l a y e r  chromatography  (TLC), w h i c h  has a l m o s t  t o -  

t a l l y  r e p l a c e d  paper  chromatography, TLC has t h e  same 

advantages as paper  chromatography. S e v e r a l  sample s p o t s  

can be  i n v e s t i g a t e d  s i m u l t a n e o u s l y  b y  TLC and t h e y  can 
be compared q u a n t i t a t i v e l y  and q u a l i t a t i v e l y .  The TLC 

t e c h n i q u e  does n o t  r e q u i r e  c o m p l i c a t e d  and e x p e n s i v e  i ns -  
t rumen ts ,  and t h e  s e p a r a t e d  s p o t s  can be d e t e c t e d  w i t h  

s p e c i f i c  reagents .  Ready-made TLC p l a t e s  a r e  manufac tu-  
r e d  and a w ide  c h o i c e  o f  d e v e l o p i n g  s o l v e n t s  and s o l v e n t -  

systems ( i n d i v i d u a l  s t r o n g  a c i d s  and bases) can b e  used. 
In TLC, as a consequence o f  t h e  v a p o u r - l i q u i d  e q u i -  

l i b r i u m ,  t h e  mov ing  mul t i -component  sys tem o f  d e v e l o p i n g  
s o l v e n t  i s  n o t  t h e  same as t h e  d e v e l o p i n g  s o l v e n t  i n  

column chromatography (CC). I n  CC t h e  sample i s  u s u a l -  

l y  a p p l i e d  a f t e r  a n  e x h a u s t i v e  pre,wash ( e q u i l i b r a t i o n  

o r  c o n d i t i o n i n g )  o f  t h e  c h r o m a t o g r a p h i c  column w i t h  a 

s u i t a b l e  s o l v e n t .  The s o r b e n t  i n  TLC i s  n o t  p r e s a t u r a t e d  

w i t h  t h e  s o l v e n t  used, b u t  o n l y  w i t h  i t s  vapours.  AS a 

consequence, i n  TLC m u l t i p l e  s o l v e n t  f r o n t  may occu r .  

Ty ihdk  and H e l d  have d i s c u s s e d  (2) t h e s e  b a s i c  d i f f e r e n c e s  
between CC and TLC, and deve loped t h e  UM-chamber f o r  TLC 
t o  cope w i t h  t h e  prob lems a r i s i n g  when t h e  r e s u l t s  o f  TLC 

a r e  t r a n s f e r r e d  t o  CC and v i c e  versa. I n  t h e  UM-chamber 
(UM - u l t r a m i c r o )  t h e  t h i n - l a y e r  o f  s o r b e n t  is covered  

by, a g l a s s  p l a t e ,  s o  t h a t  t h e  vapour  phase (ove r  t h e  
so rben t  l a y e r  s a t u r a t e d  w i t h  t h e  d e v e l o p i n g  s o l v e n t )  
i s  g r e a t l y  reduced i n  volume, When TLC chamber sys tem 

was reduced t o  t h e  UM-scale, t h e r e  was a d r a s t i c  than: 
ge i n  b e h a v i o u r  even i n  t h e  case o f  a s ing le -component  

system. O u r  work on  development o f  t h i n - l a y e r  chroma- 

tog raphy  under  p r e s s u r e  i n  t h e  p r e s s u r i z e d  u l t r a m i c r o  

chamber (PUM-chamber) a r o s e  f rom t h e  r e s u l t s  o f  c h r o -  
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CIRCULAR-DEVELOPMENT WITH OVERPRESSURED TLC a4 7 

matography w i t h  t h e  UN-chamber and from t h e  r e l a t i v e l y  
new t e c h n i q u e  of HPLC. 

Some t h e o r e t i c a l  a s p e c t s  of t h e  e f f e c t  of s o l v e n t  
v e l o c i t y  and of p a r t i c l e  s i z e  on e f f i c i e n c y  have been 
s t u d i e d  (3). For CC t h e  e f f i c i e n c y  can be g i v e n  by t h e  
e q u a t i o n  (3) 

where is t h e  p l a t e - h e i g h t ,  d t h e  p a r t i c l e  d i a m e t e r ,  
- u t h e  c a r r i e r - l i q u i d  v e l o c i t y ,  A ,  3 and ' r a r e  con- 
s t a n t s  (,&= 1.3; 8:  0.4). T h i s  r u l e  shows t h a t  uncler t h e  
c o n d i t i o n s  of  column l i q u i d  chromatography even a d r a s t i c  
i n c r e a s e  i n  flow r a t e  does not  a f f e c t  t h e  r e s o l u t i o n  o f  

t h e  column i f  t h e  p a r t i c l e  size is  reduced a c c o r d i n g l y .  
Even a 100- fo ld  i n c r e a s e  i n  f low r a t e  can be  c o u n t e r -  
ba l anced  by a 3 - fo ld  d e c r e a s e  i n  t h e  a v e r a g a  p a r t i c l e  

size.  T h e  same r u l e  h o l d s  f o r  K?TLC; goou s e p a r a t i o n s  
can be a c h i e v e d  i n  a s h o r t  t ime  by s i m u l t a n e o u s l y  de- 
c r e a s i n y  t h e  p a r t i c l e  s i z e  an6 t h e  d i s t a n c e  of aeve-  
lopmen t . 

The p r a c t i c e  of HPTLC r e a l i z e d  two d i f f e r e n t  kincis 

of s o l v e n t  s u p p l y ,  namely t h e  d e v e l o p i n g  s o l v e n t  sys t em 
was t r a n s p o r t e d  by c a p i l l a r y  a c t i o n  o r  a pump ( 4 ,  5) b u t  
i n  b o t h  c a s e s  t h e  TLC o r  HPTLC p l a t e s  t h a t  is t h e  s o r -  
b e n t  l a y e r s  were no t  t i g h t l y  c o v e r e d ,  so t h e  speed  o f  

s o l v e n t  s u p p l y  was r e s t r i c t e d  v e r y  c l o s e l y  t o  t h e  va- 
l u e  dec ided  by t h e  movement of s o l v e n t  f r o n t .  More 
e x a c t l y ,  any k ind  of s o l v e n t  s u p p l y  is o n l y  s e r v i n g  

t o  compensate t h e  amount o f  s o l v e n t ,  consumed by t h e  
c a p i l l a r y  f o r c e s  made p r o g r e s s .  I f  t h e  s o l v e n t  s u p p l y  
were l a r g e r ,  t h e  rest o f  s o l v e n t  would move o v e r  t h e  

-P 
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CIRCULAR-DEVELOPMENT WITH OVERPRESSURED T L C  849 

p l a t e  o r  p l a s t i c  s h e e t ,  and a membrane o r  foil, ~ , : : . s + , - , :  _ - . .  

i s  t i g h t l y  p r e s s e d  o n t o  t h e  t h i n - l a y e r  by S a s  p r e s s u r e  

i n  t h e  space between t h e  membrane and t h e  u p p e r  s u p p o r - r  
b l o c k .  The u p p e r  s u p p o r t  b l o c k  c a r r i e s  cine :as A . : L = : ,  

t h e  i n l e t  f o r  t h e  d e v e l o p i n g  s y s c e n ,  a p r e s s u r e  i ; au t e  
an6 an O - r i n g  f o r  s e c u r i n g  t h e  membrane. The u p p e r  anc 

l o w e r  s u p p o r t  b l o c k s  s e r v e  t o  a d j u s t  t h a  t i i s t a n c e  .:c?:- 

ween t h e  t h i n - l a y e r  anc t i l e  c o v e r i n s  membrane vdilici: is 

u n d e r  p r e s s u r e .  The d imens ions  a r e :  upper  a n i  l o m r  a , lo~ ;xs  

230 mm i n  d i a m e t e r :  membrane 2GO mm c i a n e t e r .  The tl:Jo 
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852 KALASZ ET AL.  

an HPLC i n j e c t i o n  p o r t ,  s u c h  a n  o x p e r i m e n t  car: b e  s ? e n  

i n  Figs. 2 and 3 .  

N a t u r a l l y ,  t h e  l i n e a r  t e c i t n i q u e  o f  GPTLC can be 

p r e f e r r e d  when r t l g  resu1:s  o f  cclumn t c c n n i q u s  a r e  :o 

be  s t u d i e d  in t h e  c a s e  o f  TLC o r  OPTLC. G n l y  t h e  li- 
n e a r  t e c h n i q u e  v d i l l  b e  a b l e  t 3  mocel t h e  t h e o r e t i c a l  a n 5  
p r a c t i c a l  r u l e s  - c o n c e r n i n g :  
1/ r e s o l u t i o n  v s .  f l o w  r a t e ,  
2/ r e s o l u t i o n  vs.  p a r t i c l e  s i z e ,  
3/ r e s o l u t i o n  vs. p l a t e  d imens ion .  

A l t h o u g h  o u r  c i r c u l a r  s e r  u p  ( F i g .  4)  h a s  s o l v e d  
some of  t h e s e  p r o b i e m s ,  complex i n t e r a c t i o n s  l i k e  r e s o -  
l u t i o n ,  t h e  e f f e c t  o f  c o v e r i n g  p l a t e ,  t e m p e r a t u r e ,  l e n g t h  
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CIRCULAR-DEVELOPMENT WITX OVERPRESSURED TLC 853 

\ 

FIGURE 3. A f t e r  s e t t i n g  o u t  t h e  PUK-cha?Ser, t h e  
s e p a r a t e d  subs tances  call  b c  Gbsersu,ed o r  
v i s u a l i z e d  by c o l o u r  reagen ts .  

and w i d t h  o f  chromatogram, f l o w  r a t e ,  e t c .  can  be i n v s s -  

t i g a t e d  o n l y  i n  a sys tem w i t h  t h e  ar rangement  f o r  l i n e a r  

f r o n t .  

DISCUSS IONS 

I n  t h i s  work  o u r  a i m  was t o  d e f i n e  t h e  b a s i c  con-  

c e p t  o f  o v e r p r e s s u r e d  t h i n - l a y e r  ch romatog raphy  : v i t i i  

c i r c u l a r  t echn ique .  The t h i n - l a y e r  o f  s o r b e n t  i s  t i y h t -  

ly c o v e r e d  by a membrane w h i c h  is k e p t  under p r e s s u r e .  

By u s i n g  t h e  membrane, t h e  vapour  phase i s  e l i n i n a t e t i  
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854 KALASZ ET At. 

FIGUXE 4. The p i c t u r e  o f  PUM-chamber ( p r e s s u r i z e d - u l t r a -  
n ic ro -chamber ) .  

above t h e  t h i n - l a y e r .  A t  t h e  same t i m e  t h e  who le  s e t  up 

of t h e  s o r b e n t  l a y e r  can e x i s t  as an openab le  p l a n a r  

column. The OPTLC has combined s e v e r a l  advantages  o f  b o t h  

CC and TLC, name1y:shor t  t i m e  o f  chromatography ,  r e p r o -  

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

samp l ing  d u r i n g  deve lopment ,  s e p a r a t i o n  o f  s e v e r a l  samples  

s i m u l t a n e o u s l y  and d e t e c t i o n  o f  s p o t s  b y  c o l o u r  reagen ts .  

REFERENCE 

1. S c h l i t t ,  H. and Ge iss ,  F., T h i n - l a y e r  chromato-  
g raphy  as a p i l o t  t e c h n i q u e  f o r  r a p i d  co lumn 
chromatography,  3. Chromatog. 67: 261, 1972. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



CIRCULAR-DEVELOPMENT WITH OVERPRESSURED TLC 855 

2. 

3. 

4. 

5 .  

6. 

T y i h i k ,  E. a n d  H e l d ,  G., TLC i n  P h a r m a c o g n o s y ,  
i n :  P r o g r e s s  i n  T h i n - L a y e r  C h r o m a t o g r a p h y  a n d  
2 e l a ; e d  Methods .  Vol. II., N i e d e r w i e s e r ,  A. 
znd P a t a k i ,  G. e d s , ,  Ann. A r b o r ,  P u b l .  M i c h i g a n ,  
1971. p. 183. 

M a r t i n ,  EVI., clue, G . ,  Eon, 2. a n d  G u i o c h o n ,  G., 
O p t i m i z a t i o n  o f  co lumn d e s i g n  a n d  o p e r a t i o n  p a r a -  
meters I n  h i g h  s p e e d  l i q u i d  c h r o m a t o g r a p h y .  J. 
Chromatog .  Sci .  12: 438, 1 9 7 4 .  

a l o m e ,  3., A d v a n t a g e s ,  l imits  a n d  d i s a d v a n t a g e s  
o f  r i n g  d e v e l o p i n g  t e c h n i q u e .  in:HPTLC -High  
P e r f o r m a n c e  T h i n - L a y e r  C h r o m a t o g r a p h y ,  Z l a k i s ,  A. 
and Kaiser ,  R. E. e d s . ,  E l s e v i e r ,  A m s t e r d a m ,  1977, 
p. 53. 

K a i s e r ,  2. E.,  T h e  U-chamber. i n :  HPTLC - H i g h  
P e r f o r m a n c e  T h i n - L a y e r  C h r o m a t o g r a p h y .  Z l a t k i s ,  
A. a n d  Kaiser,R.E.eds. ,  E l s e v i e r ,  kms t e r d a n ,  
1977, p .  76. a n 4  82.  

T y i h a k ,  E. ,  M i n c s o v i c s ,  E. a n d  K a l a s z ,  H . ,  Nevi 
p l a n a r  l i q u i d  c h r o m a t o g r a p h i c  t e c h n i q u e :  o v e r -  
p r e s s u r e d  t h i n - l a y e r  c h - r o m a t o g r a p h y ,  3. C h r o m a t o g .  
174: 75, 1979. - 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
1
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


