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A SIMPLE AND ECONOMICAL APPARATUS FOR DEVELOPING THIN-LAY ER 

CHROMATOGRAPI-N PLATES I N  THE ANTICIRCULAR MODE 

Haleem J .  I ssaq  
Chemical Carcinogenesis Program 

N C I  F reder i ck  Cancer Research Center 
Freder ick,  MD 21701 

ABSTRACT 

An improved method f o r  develop ing t h i n  l a y e r  chromatography p l a t e s  

The o u t e r  d i s h  has a diameter of 98 mm 
i n  t h e  a n t i c i r c u l a r  mode i s  described. 
dishes arranged c o n c e n t r i c a l l y .  
x 15 m deep, and t h e  i n n e r  one a d iameter  o f  92 mn x 13 mn deep. The 
i n n e r  d i s h  r e s t s  on f o u r  small  pieces o f  g lass (5 x 5 x 2 mn). A paper wick, 
(16 mn wide x 1.5 mn t h i c k )  s i t s  between t h e  two d ishes and t r a n s f e r s  t h e  
so l ven t  f rom t h e  o u t e r  d i s h  t o  t h e  t h i n  l a y e r  p la tes .  The p l a t e  s i t s  on 
t h e  paper wick w i t h  t h e  adsorbent f a c i n g  down. To ensure an even so l ven t  
f low,  t h e  dishes a re  s i t u a t e d  on a p l a t f o r m  which has ad jus tab le  l egs ,  and 
an h o r i z o n t a l  l e v e l .  Up t o  50 samples can be analyzed on one 10 x 10 cm 
p l a t e  i n  5 minutes. 

The apparatus cons is t s  o f  two g lass 

Less than 10 m l  o f  so l ven t  a re  needed. 

INTRODUCTION 

A n t i c i r c u l a r  t h i n - l a y e r  chromatography (TLC) was in t roduced i n  

1970 by Van Oyk (1) .  I n  t h i s  method, t h e  sample i s  a p p l i e d  a t  t h e  

circumference o f  a c i r c u l a r  p l a t e  and e l u t i o n  proceeds towards t h e  

center .  Later ,  a s imple apparatus was developed c o n s i s t i n g  o f  a 

t u r n t a b l e  on which t h e  p l a t e  was p laced w h i l e  t h e  so l ven t  was in t roduced  

from a s t a t i o n a r y  s y r i n g e  t o  a f e l t  r i b b o n  surrounding t h e  p l a t e  (2). 

The system needed t o  be p ro tec ted  from d r a f t s  t o  prevent  t h e  development 

o f  i r r e g u l a r  c i r c l e s .  

a n t i c i r c u l a r  TLC system, c o n s i s t i n g  o f  a mod i f i ed  U-chamber. The so l ven t  

I n  1978 Ka ise r  ( 3 )  in t roduced a h igh  performance 
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was f e d  on t o  t h e  p l a t e  by c a p i l l a r y  a c t i o n  f rom a narrow channel. K a r i k o  

and Tomasz ( 4 )  used a system i n  which t h e  s o l v e n t  was p laced  i n  a p e t r i  

d i sh .  The so l ven t  f lowed on t o  t h e  round p l a t e  through a c y l i n d r i c a l  f i l t e r  

paper s t r i p  wi th  fea the red  edges. This  system, a l though q u i t e  simple, gave 

reasonably  good r e s u l t s ,  b u t  t hey  were no t  as r e p r o d u c i b l e  as those ob ta ined  

w i t h  t h e  m o d i f i e d  U-chamber. An apparatus was developed which i s  simple, 

r e l i a b l e ,  and easy - to -cons t ruc t  and operate. Th is  apparatus combines t h e  

speed and r e p r o d u c i b i l i t y  o f  t h e  mod i f i ed  U-chamber w i t h  t h e  economy o f  t h e  

p e t r i  d i s h  approach. 

EXP ER IM EN TAL 

TLC s i l i c a  ge l  p l a t e s  (10 x 10 cm) were purchased f rom Whatman, Inc.  

Solvents  were "g lass  d i s t i l l e d "  (Rurd ick 8 Jackson). A b l u n t  head 10 u1 

Hami l ton sy r inge  w i t h  a spec ia l  d ispensing dev i ce  was used for s p o t t i n g  

0.5 p1 o f  s o l u t i o n .  Hexane:ethyl ace ta te  ( 2 : l )  was used as t h e  mob i l e  phase. 

Our apparatus ( F i g  1 )  c o n s i s t s  o f  two g l a s s  d ishes arranged c o n c e n t r i c a l l y .  

The o u t e r  d i s h  h a s  a diameter o f  98 nm x 15 mn deep, and t h e  i n n e r  one a 

d iameter  o f  92 m x 13 mm deep. The i n n e r  d i s h  r e s t s  on f o u r  small  p ieces 

o f  g lass  (5 x 5 x 2 nnn). A paper wick, (16 mm wide x 1.5 mm t h i c k ) ,  s i t s  

\Glass Rest 

'Paper Wick 

t I---I --I!-- 
2mm 5mm 1.5mm 

Anticircular Developing Apparatus 
Chamber Assembly 

F igu re  1. Schematic o f  a n t i c i r c u l a r  apparatus. 
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TLC PLATES I N  THE ANTICIRCULAR MODE 1395 

between t h e  two d ishes and t r a n s f e r s  t h e  s o l v e n t  system f rom t h e  o u t e r  d i s h  t o  

t h e  t h i n  l a y e r  p l a t e s .  

f a c i n g  down. 

w i t h  a sharp spa tu la .  The sample i s  s p o t t e d  on t h e  p l a t e  a t  a d i s t a n c e  5 mm 

i n s i d e  t h e  scored c i r c l e .  The e l u t i n g  s o l v e n t  (10 m l )  i s  p laced i n  t h e  o u t e r  

d ish;  t h e  i n n e r  d i s h  c o n t a i n s  e i t h e r  2 m l  o f  t h e  e l u t i n g  s o l v e n t  f o r  e q u i l i -  

b r a t i o n  o r  s a t u r a t i o n ,  o r  any c o n d i t i o n i n g  reagent  requ i red .  When t h e  p l a t e  

i s  p o s i t i o n e d  absorbent down on the  paper wick, development i s  i n i t i a t e d .  

The p l a t e  s i t s  on t h e  paper wick w i t h  t h e  adsorbent  

A c i r c l e  10 cm i n  d iameter  i s  scored on t h e  10 x 10 cm p l a t e  

To ensure an even f l o w  o f  t h e  s o l v e n t  t h e  d ishes a r e  p laced  on a spec ia l  

p l a t f o r m  which has a d j u s t a b l e  l e g s  and a h o r i z o n t a l  l e v e l i n g  meter  ( F i g  2 ) .  

1' 

0 Adjustable leg Adjustable leg 

I 
5mm 

-K 

Dowel Dowel 

Levellng meter - 

Adjustable leg 
a 

- 
n 

m 

n 

Platform for Anticircular Developing Apparatus 

F i g u r e  2. Schematic o f  p l a t f o r m  used w i t h  t h e  a n t i c i r c u l a r  apparatus. 
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The p l a t f o r m  i s  equipped wi th  two co rne r  p ieces 10 cm a p a r t  on one s i d e  o f  t h e  

p l a t f o r m  ( F i g  2 ) .  

dowels a re  s i t u a t e d .  

x 3 mm deep i n t o  which t h e  o u t s i d e  d i s h  f i t s .  

and t h e  groove, ensure t h a t  t h e  p l a t e  always occupies t h e  same p o s i t i o n  on 

t h e  p la t fo rm.  A g lass  or p l a s t i c  l i d l e s s  box 11 x 11 x 2 cm covers t h e  

d ishes t o  e l i m i n a t e  d r a f t s .  When development i s  complete, t h e  p l a t e  i s  

removed and a d i s h  w i t h  t h e  same dimensions as t h e  o u t s i d e  d i s h  i s  used t o  

cover t h e  system t o  r e t a i n  t h e  s a t u r a t e d  atmosphere. 

a re  developed, l a r g e r  s i z e d  d ishes a re  used. 

Opposite t h e  co rne r  pieces, a t  a d i s t a n c e  of 10 cm, two 

The p l a t f o r m  has a c i r c u l a r  qroove 10 cm i n  d iameter  

The co rne r  pieces, t h e  dowels, 

When 20 x 20 cm p l a t e s  

RESULTS AND DISCUSSION 

Thin l a y e r  chromatography i s  a s imple and economical a n a l y t i c a l  technique 

which g i ves  reasonably  r e p r o d u c i b l e  r e s u l t s  i f  p l a t e - t o - p l a t e  v a r i a t i o n s  a re  

e l im ina ted ,  and so l ven t  and vapor e f f e c t s  a r e  c o n t r o l l e d .  A n t i c i r c u l a r  TLC 

i s  the  most e f f i c i e n t  mode f o r  t h e  simultaneous development o f  l a r g e  numbers 

o f  samples. I t  has been shown ( 3 )  t h a t  t h e  a n t i c i r c u l a r  mode i s  s u p e r i o r  t o  

bo th  c i r c u l a r  and l i n e a r  modes i n  terms o f  s e n s i t i v i t y ,  speed o f  a n a l y s i s ,  and 

amount o f  so l ven t  requ i red .  

The a n t i c i r c u l a r  U-chamber ( 3 )  g i ves  rep roduc ib le  r e s u l t s  a t  h i g h  c o s t .  

The u n i t  descr ibed by K a r i k o  and Tomasz ( 4 ) ,  on t h e  o t h e r  hand, w h i l e  cheap 

l a c k s  c e r t a i n  f e a t u r e s  which would make i t  more v e r s a t i l e .  The fea the red  

s t r i p s  do n o t  always g i v e  u n i f o r m  t r a n s f e r  o f  t h e  s o l v e n t  because t h e  f i l t e r  

paper i s  n o t  h e l d  f i rm ly  i n  place, and t h e r e  a re  gaps between t h e  fea the red  

s t r i p s .  With n e i t h e r  o f  t hese  systems i s  i t  p o s s i b l e  t o  c o n d i t i o n  t h e  p l a t e s  

d u r i n g  development w i t h  a second so l ven t  system o r  o t h e r  reagents,  such as 

s u l f u r i c  a c i d  ( t o  c o n t r o l  humid i t y ) ,  or amnonia ( t o  c o n t r o l  s t r e a k i n g ) .  

The apparatus we have developed ( F i g  3 )  overcomes these disadvantages, 

The so l ven t  f l ows  f rom t h e  d i s h  t o  t h e  p l a t e  v i a  c a p i l l a r y  a c t i o n  f rom t h e  

paper wick which i s  h e l d  f i rm ly  i n  p lace  by t h e  i n n e r  d i sh .  The paper wick i s  
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Figure 3 .  Prototype o f  a n t i c i r c u l a r  appara tus  and platform ( a )  without  
p l a t e  and ( b )  with p l a t e  i n  place.  
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F igu re  4 .  Separation o f  t e s t  dye m i x t u r e  us ing  t h e  a n t i c i r c u l a r  apparatus. 

F i g u r e  5. Separat ion o f  a f l a t o x i n s  R 1 ,  82. GI. and G2. 
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F i g u r e  6 .  Test  dye m i x t u r e  developed ( a )  once and ( b )  t w i c e  i n  t h e  same 
s o l v e n t  system. 
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s t rong  enough t o  p rov ide  good support f o r  t h e  p l a t e  w h i l e  remain ing i n  con tac t  

w i t h  t h e  so l ven t .  Any c o n d i t i o n i n g  s o l u t i o n  i s  p laced i n  t h e  i n n e r  d i sh ,  and 

t h e  e l u t i n g  so l ven t  i n  t h e  o u t e r .  

i s  rep laced by 2 m l  o f  t h e  develop ing s o l v e n t  t o  a i d  i n  s a t u r a t i o n  o f  t h e  atmos- 

phere, reduce so l ven t  evapora t i on  o f f  t h e  p l a t e ,  and a s s i s t  i n  t h e  p roduc t i on  o f  

compact and rep roduc ib le  spots. 

so l ven t  and reagent  i n  t h e  d ishes,  which r e s u l t s  i n  r e g u l a r  and even development. 

The r e s u l t s  o f  t h e  development o f  a dye m i x t u r e  on a 10 x 10 cm p l a t e  a r e  shown 

i n  F igu re  4 .  

B1, 62, G1 and G2 ( F i g  5 ) .  

I f  a c o n d i t i o n i n g  s o l u t i o n  i s  no t  needed, i t  

The p l a t f o r m  ensures even d i s t r i b u t i o n  o f  t h e  

The apparatus was a l s o  employed i n  t h e  separa t i on  o f  a f l a t o x i n s  

A n t i c i r c u l a r  development tends t o  produce e longated spots  a t  h i g h  R f  values. 

This  i s  e s p e c i a l l y  t r u e  when l a r g e  sample volumes a re  spot ted,  and r e s o l u t i o n  can 

be af fected.  

same so lven t  system ( F i g  6 ) .  

To overcome these  problems, t h e  p l a t e  i s  developed t w i c e  i n  t h e  same 

CONCLUSION 

The system descr ibed i s  simple, v e r s a t i l e ,  and g i ves  r e p r o d u c i b l e  r e s u l t s  a t  

low cos t .  I t  can be assembled e a s i l y ,  and i t s  ope ra t i on  r e q u i r e s  no s p e c i a l  s k i l l .  

The two compartment apparatus a l l ows  t h e  use o f  reagents w i t h o u t  d i s t r u b i n g  t h e  

the  e l u t i n g  so l ven t .  
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