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I O N  EXCHANGE APPLICATION OF OVERPRESSURED THIN-LAYER 

CHROMATOGRAPHY 

Huba Kaldsz and JBnos Nagy 

Department o f  Pharmacology, Semmelweis U n i v e r s i t y  o f  Medicine, 
H-1089 Budapest, Nagyvdrad t C r  4, HUNGARY. 

ABSTRACT 

The a p p l i c a t i o n  o f  overpressured t h i n - l a y e r  chromatography 
i n t roduced  i n t o  t h e  f i e l d  o f  i o n  exchange chromatography. The bas- 
i c  d i f f e r e n c e s  between overpressured t h i n - l a y e r  chromatography 

t h i n - l a y e r  chromatography a re  d iscussed i n c l u d i n g  
on between t h e  separa t i ons  performed on t h i n - l a y e r  
n i n g  s i l i c a  ge l  and a m i x t u r e  o f  i o n  exchanger mate- 
ca g e l .  The b a s i c  inc rease o f  f l o w  v e l o c i t y  o f  sol- 
t h  the  a i d  o f  a p ressu r i zed  u l t r a - m i c r o  chamber and 

and c l a s s i c a  
t h e  d i s t i n c t  
p l a t e s  conta  
r i a l  and s i l  
ven t  f r o n t  w 
t h e  e f f e c t  o f l o w  v e l o c i t y  on t h e  h e i g h t  e q u i v a l e n t  o f  t h e  theo- 
r e t i c a l  p l a t e s  a re  a l s o  presented. For bas i c  amino ac ids ,  t h e  f l o w  
v e l o c i t y  vs p l a t e  h e i g h t  curves show opt ima a t  a moderately h i g h  
r a t e  o f  development. 

INTRODUCTION 

Ion exchange 

matography (OPTLC 

aPP 

i s  

i c a t i o n  o f  overpressured t h i n - l a y e r  chro-  

an ex tens ion  o f  t he  progress  i n  some d i s -  

t i n c t  f i e l d s  o f  t h i n - l a y e r  chromatography (TLC). 

985 

Copyright 0 198 1 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



986 K A U S Z  AND NAGY 

Several authors have used TLC on sorbent l aye r  c o n s i s t i n g  

o f  ion exchanger c e l l u l o s e .  These s tud ies were expanded by 

B e r g e r  and B l a n q u e s t  ( 1 )  a s  w e l l  as L e p r i  a n d  c o w o r k e r s  

( 2 )  whe u s e d  m i x t u r e s  o f  c e l l u l o s e  and  i o n  e x c h a n g e r  

r e s i n .  DCvCnyi and h i s  c o w o r k e r s  ( 3 - 9 )  r e p o r t e d  t h e  

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

s o r b e n t  l a y e r  c o n s i s t i n g  o f  s t r o n g l y  a c i d i c  c a t i o n  e x -  

c h a n g e r .  These  ready -made  p l a t e s  a r e  s u p p l i e d  b y  C h i n o -  

i n - N a g y t d t C n y  ( B u d a p e s t ,  H u n g a r y )  as F i x i o n  50 X 8 and 

M a c h e r e y - N a g e l  ( D u r e n ,  F R G )  as l o n e x  2 5 .  I n  h i s  p u b l i -  

cations DCvCnyi  d i s c u s s e d  t h e  w i d e  a p p l i c a t i o n  o f  F i x -  

i o n  50 X 8 i n  t h e  q u a n t i t a t i v e  and q u a l i t a t i v e  d e t e r -  

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

d r o l y s a t e s ,  body f l u i d s ,  e t c .  The s e p a r a t i o n  t a k e s  

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

be d i r e c t l y  a p p l i e d  t o  t h e  p l a t e s  e v e n  f r o m  6 N h y d r o -  

c h l o r i c  a c i d  s o l u t i o n .  The me thod  c a n  be u s e d  as a 

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

e n d o p e p t i d a s e  ( 8 - 9 ) .  I o n  e x c h a n g e  TLC seems t o  b e  a 

s u i t a b l e  me thod  b o t h  b e f o r e  and  i n  c o n j u n c t i o n  w i t h  

a u t o m a t i c  a m i n o  a c i d  a n a l y s i s .  

On t h e  o t h e r  hand ,  t h e o r e t i c a l  and  p r a c t i c a l  d e -  

v e l o p m e n t ,  u s i n g  OPTLC showed, t h a t  t h e  v a p o r  p h a s e  

o v e r  t h e  s o r b e n t  l a y e r  may be e l i m i n a t e d  ( 1 0 )  and  t h e  
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APPLICATION OF OVERPRESSURED TLC 987 

flow velocity of solvent front increased ( 1 1 - 1 2 ) .  

These results were accomplished using silica gel TLC 

and organic solvents. For practical reasons, a major 

part of the illustrative experiments was performed 

with dye-substances (11-13). 

Kaiser determined the basis of high performance 

thin-layer chromatography (HPTLC) and stated its ad- 

vantages (14); namely, the short time of development 

and excellent resolution. HPTLC however needs not on- 

ly the special HPTLC-chamber but also extra instru- 

mentation for application of the sample and detection 

of the separated substances. The primary limit of 

HPTLC is not the apparatus requirement but the very 

limited distance of development. 

Guiochon (15-16) explained the factors which de- 

termine TLC and HPTLC and stated that the present 

conditions of HPTLC can not ensure the optimal flow 

velocity over a certain distance of development. 

Tyihak and coworkers (11-13, 17) developed the 

apparatus and the methodology of OPTLC including the 

pressurized ultra-micro chamber (PUM-chamber) for both 

circular (13) and linear development (11-12, 17). 

These apparatus demonstrate the improvement of several 

hitherto unknown factors, these include: 
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988 KALASZ AND NAGY 

a,/ the role of vapor phase in TLC, the elimi- 

nation of vapor phase over the sorbent layer and the 

beneficial effect of its elimination on the reproduci- 

bility and uniformity of TLC experiments (11-12), 

b./ the possibility o f  constant velocity of 

solvent front during the development and over a short 

distance (ll-lZ), 

c./ the possibility of increasing the rate of 

development (11-13, 17), i.e. the significant decrease 

of time of development, 

d./ the phenomenon, that the basic increase of 

flow velocity does not result in a decrease in the ef- 

ficiency of TLC (17). 

In this study the effect of vapor phase and s o l -  

vent flow velocity on the characteristics of TLC and 

OPTLC using silica gel and Fixion 50 X 8 plates is 

compared. 

APPARATUS 

Set up for conventional TLC 

The experiments were performed in Desaga Chambers. 

The solvent system used were added 1 hour prior to de- 

velopment in each case. Saturation was achieved by 

lining the developing tank with filter paper, while 
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APPLICATION OF OVERPRESSURED TLC 989 

the non-saturated chamber was unlined with filter pa- 

per. The covered plates (very similar to Tyihak’s UM- 

chamber (10)) serve to show the effect of the elimi- 

nation o f  vapor phase over the sorbent layer when cov- 

ered with a glass plate. 

Set up for OPTLC 

The sorbent layer is sandwiched between a plastic 

sheet and a foil which is tightly pressed onto the 

thin-layer by a gas pressure up to 300 kPa (about 3 

atm). This gas pressure exists in the space between the 

membrane ant the upper support block. The upper support 

block is also the holder of the pressure inlet, pres- 

sure gauge, inlet for developing solvent system and 0-  

ring holding the membrane. The upper and lower support 

blocks are the frame of the whole set up and held to- 

gether by several screw-like tools. The dimensions of 

the membrane are 200 x 200 mm; those of the support 

blocks are 2 3 0  x 2 3 0  mm. 

EXPERIMENTS 

Basic amino acids were separated on silica gel 

plates using propanol-ammonia, and chloroform-metha- 

nol-water a s  mobil phases. The Rf vs front distance 

data are given in Table 1. in the cases of: 
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APPLICATION OF OVERPRESSURED TLC 991 

saturated chamber, non-covered sorbent layer ( S  - NC) 
non-saturated chamber, non-covered layer (NS - NC). 

The front distance vs time diagrams show the sit- 

uation in the cases of S-NC, NS-NC as well as S-C (sat- 

urated chamber, covered sorbent layer) and NS-C (non- 

saturated chamber, covered sorbent layer) developments 

with dichloro-methane and chlorform-methanol-water 

mobile phases. In addition to the chromatography in 

a conventional chamber (TLC), the experiments in the 

PUM-chamber are also shown using three different flow 

velocities. In a very similar arrangement, the same 

amino acids were also separated on Fixion 50 X 8 chro- 

matoplates, using the saturated and non-saturated 

chambers as well as covered and non-covered sorbent; 

the front distance vs time diagrams are also presented 

(Figs. 1 and 2). 

All plates were 200  mm x 200 mm in size. 

TLC aluminium sheets silica gel 6 0  F 2 5 4 ,  pre- 

coated were used (E. Merck, Darmstadt, FRG) and Fixion 

50 X 8 chromatoplates (Chinoin-Nagyteteny, Budapest, 

Hungary). The solvent systems for development of sil- 

ica gel plates were: 

a,/ n-propanol-25 % ammonia (l:l), 

b./ dichloromethane, 
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992 KALASZ AND NAGY 

c . /  c h l o r o f o r m - m e t h a n o l - w a t e r  (7:5:1), 

t h e  s o l v e n t s  f o r  t h e  F i x i o n  5 0  X 8 p l a t e s  w e r e :  

d . /  s o d i u m  c i t r a t e  aqueous  s o l u t i o o n ,  pH = 4 . 3 ,  

c o n t a i n i n g  1 . 2  n o r m a l  s o d i u m  i o n ,  

e . /  s o d i u m  c i t r a t e  a q u e o u s  s o l u t i o n ,  pH = 3 . 2 6 ,  

c o n t a i n i n g  0 . 2  n o r m a l  s o d i u m  i o n .  

The R f  v a l u e s  o f  a m i n o  a c i d s  i n v e s t i g a t e d  i n  t h e  

a . / .  c . / ,  d . /  and  e . /  s o l v e n t  s y s t e m s  a r e  g i v e n  i n  

T a b l e s  1 ,  2 ,  3 and 4 .  

0 I S C U S S  I O N  

F i g .  1 shows t h e  d i s t a n c e  r e a c h e d  b y  t h e  s o l v e n t  

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

S - N C ,  S - C ,  N S - C  and N S - N C  s y s t e m s ,  u s i n g  t h e  c o n v e n -  

t i o n a l  TLC. F i g .  1 a l s o  p r e s e n t s  t h e  r e s u l t s  o f  e x p e r -  

i m e n t s  i n  PUM-chamber u s i n g  d i f f e r e n t  f l o w  v e l o c i t i e s .  

The s t r i k i n g l y  common c h a r a c t e r i s t i c s  o f  t h e  c o n v e n -  

t i o n a l  TLC r u n s  a r e ,  t h e  f u r t h e r  t h e  s o l v e n t  f r o n t ,  

t h e  s l o w e r  i t s  movement.  A t  t h e  same t i m e ,  when OPTLC 

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

l i n e s .  The e x p e r i m e n t s  i n  s a t u r a t e d  a n d  n o n - s a t u r a t e d  

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

o t h e r  s i g n i f i c a n t l y ,  w h i l e  t h e  t w o  c u r v e s  t a k e n  d u r -  
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APPLICATION OF OVERPRESSURED TLC 993 

ing TLC of S - C  and N S - C  are essentially the same (Fig. 

1). These curves demonstrate the basic role of vapor 

phase in the developing characteristics of conven- 

tional TLC.  Also the fundamental role of the vapor 

phase is indicated since significant deviations were 

found with respect to the Rf values of amino acids 

(Tables 1 and 2 ) .  

Fig. 2 shows the solvent front distance vs time dia- 

grams for Fixion 50 X 8 chromatoplates. For Fixion, the 

presence or absence of vapor phase plays only a minor 

role as both the running characteristics and the Rf 

values are practically independent from the saturation 

of the chamber (Fig. 2 ,  Tables 3 and 4 ) .  

Fig. 3 shows the developing process of thin-layer 

chromatography in conventional- and in PUM-chamber. The 

series demonstrate a complete development in PUM-cham- 

ber while i n  the case of conventional TLC the solvent 

front moved much slower. In both cases, Fixion 5 0  X 8 

plates were used, and the developing solution was cit- 

rate buffer at pH = 4 . 3  (d.1). 

Fig. 4 shows the plate height vs flow velocity 

of solvent front when basic amino acids are separated 

in PUM-chamber, on Fixion 50 X 8 plates and developed 
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994 KALASZ AND NAGY 

2,500 

Zoo0 

1500 

1000 

0.500 

cowred, -1-9* 
suturuted 

f PUM-chamber 

T 

5 lb 15 (cml 
front dirtonce 

Figure 1 .  Diagrams are demonstrated when a volatile organic sol- 
vent (dichlorornethane) was the running system ( a . ) .  
The front distance vs. time of development data show 
difference in the case of NC-S and NC-NS chambers in 
solvent sys tern chloroform-methanol -water (7: 5 : 1 ) too, 
although the curves come close to each other 
Experiments were made on silica gel pre-coated layers. 

(b.). 

in buffer d./. Each curve shows a definite maximum 

value, if the effect of flow velocity on the plate 

height is considered. Regarding the form of the curves, 

the ascending and the descending portions of the curves 

have to be considered separately. The descending part 
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APPLICATION OF OVERPRESSURED TLC 995 

b 

non-saturated 

P U M  - chamber 

5 10 15 front distance 
I c m )  

Figure 1B 

shows t h e  phenomenon,  t h a t  t h e  i n c r e a s e  o f  t h e  f l o w  

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

f r o n t .  T h i s  means a n  o p t i m a l  f l o w  r a t e  o f  a b o u t  0 . 1  

mm/sec i n  t h e  c a s e  o f  t h e  above  m e n t i o n e d  c h r o m a t o g r a -  

p h i c  c h a r a c t e r i s t i c s .  A t  t h e  s a m e  t i m e ,  t h e  q u i c k  a s -  

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

c o n s e q u e n c e  o f  a d o u b l e  e f f e c t ,  name ly :  
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996 KALASZ AND NAGY 

Table 2. 

R p  values o f  amino acids. Running distance was 160 mn. 

sorben t 

so 1 ve n t 
system 

-chamber 

ami no 
acid 

Arg 

LYS 
His 

Phe 

TY r 
DOPA 

Met 

Va 1 
A1 a 

GlY 
Leu 

I le 

Thr 

Se r 

Pro 

HyPro 

TrP 
5-OH-Trp 

Glu 

ASP 

silica gel 

n. propanol-ammonla chloroform-methanol-water 
(1:l) (7:5:1) 

S-NC NS-NC PUM- - - ~  S-NC NS-NC PUM- 

Rf x 100 

34 
59 
72 
82 
69 
64 
77 
66 
65 
66 
73 
71 
58 
50 

53 
51 
70 
71 
54 
49 

37 
62 
75 
88 
72 
70 
79 
69 
67 
66 
80 
76 
64 
62 
63 
61 
74 
72 

64 
62 

35 00 
60 02 
74 08 
86 36 
70 2 2  

68 12 

78 27 
67 22 
66 1 1  

66 05 
74 33 
75 31 
60 07 
57 05 
59 15 
57 09 
71 29 
71 17 
60 04 
55 03 

00 
06 
12 

47 
27 
16 
35 
29 
15 
08 
41 
39 
14 

08 
20 
14 
41 
22 

09 
06 

00 
04 
10 

40 
25 
15 
30 
27 

13 
05 
35 
34 
08 
06 
17 
13 
35 
20 

06 
04 
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APPLICATION OF IVERPRESSLRED TLC 997 

10,000 

8000 

6,000 

c,ooo 

4000 

time (sec)  

non-covered. saturated 0 

front distance 

F igu re  2. F l x i o n  50 X 8 chromatoplates were used i n  aqueous 
buf fer  and the f r o n t  d i s tance  vs.  t ime diagrams prac- 
t i c a l l y  gave t h e  same r e s u l t s  i n  NC-S and NC-NS cham- 
bers.  

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

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

c r e a s e  o f  f l o w  v e l o c i t y ,  

2 . /  a s u p p l e m e n t a r y  f a c t o r  may b e  a s l i g h t  

o v e r f l o w  o f  t h e  d e v e l o p i n g  s o l v e n t ,  t h a t  i s  t h e  p r e s -  
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Table 4. 

R va lues  o f  amino ac ids .  Running d.;tance was 1 f 

sorbent  

runn i ng 
system 

-chamber 

ami no 
ac ids  

A r g  

LYS 
H i s  

Phe 

T Y r  

DOPA 

Met 

Va 1 

A l a  

G l Y  
Leu 

I l e  

Thr  

Se r 

Pro  

TrP 

ASP 

5-OH-Trp 

GI u 

F i x i o n  50 X 8 chrornatoolates 

999 

I mm. 

c i t r a t e  b u f f e r  a t  c i t r a t e  b u f f e r  a t  
pH = 3.26 (e. / )  pH = 4.3 (d. / )  

NS-NC PUM- -- NS-NC PUM- -- 

R f  x 100 

01 

05 
03 
1 1  

10 

16 
27 
40 
46 
50 
17 
23 
65 
61 
44 

03 
04 
85 
81 

01 

05 
03 
1 1  
10 

16 
27 
40 

45 
50 
17 
23 
66 
61 
45 
03 
04 

85 
82 

I6 
41 
25 
35 
40 
52 
62 
70 

76 
74 
58 
61 
83 
80 
64 
1 4  
19 
88 
78 

16 
41 
25 
35 
40 

52 
62 
71 
80 

77 
59 
61 
83 
80 
64 
14  
19 
91 
78 
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APPLICATION OF OVERPRESSURED TLC 1001 

Figure 3. The processes o f  development are comparat ively i l l u s -  
t r a t e d  i n  convent ional  TLC- and i n  PUM-chambers (Figs.  
3/a, 3/b, 3/c, 3/d, 3/e and 3 / f ) .  The s t a r t  a t  the 
r i g h t  beginning (3/a) and more stages o f  development 
are shown i n  PUM-chamber. The syr inge- type pump ( l e f t ) ,  
the PUM-chamber (middle) and the convent ional  TLC-cham- 
ber ( r i g h t )  are shown on each p i c t u r e .  F i x i o n  50 X 8 
p l a t e s  developed i n  sodium c i t r a t e  b u f f e r ,  pH = 4 . 2  
were used. 

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

t h e  p r e s s u r e  e f f e c t  o f  t h e  s o l v e n t  s u p p l i e d  by t h e  

I f  o n l y  t h e  f i r s t  p o i n t  i s  t r u e ,  t h e  o p t i m a l  f l o w  

v e l o c i t y  c a n  b e  s t a t e d  b y  t h e  a b o v e  d e t a i l e d  way,  and 

i t  i s  c h a r a c t e r i s t i c  f o r  t h e  c a s e  o f  PUM-chamber, TLC 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
3
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1002 KALASZ AND NAGY 

2 00 
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H E T P  ( p m )  

050 01 0 015 rnrn/rec 

veloclty of solvent front 

Figure 4.  In case o f  Fixion 50 X 8 plates and PUM-chamber, the 
plate height vs. flow velocity curves show optima at 
a moderately high value  of flow velocity of solvent 
front. 

and O P T L C ,  when amino acids are separated on Fixion 50 

X 8 chromatoplates. If the second point i s  fulfilled, 

the application of higher external pressure on the mem- 

brane will make possible smaller plate heights, i.e. 

better efficiencies and separations. To realize higher 
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APPLICATION OF OVERPRESSURED TLC 1003 

external pressure (about 10 atm) on the membrane the 

basic reconstruction of the apparatus will be neces- 

sary, e.g. the change of plexy glass to steel, etc. 

At the same time, these experiments suggest the pos- 

sibility o f  both reaching very l o w  plate height in the 

O P T L C  experiments and the further decrease o f  the time 

necessary for the development. 

The above results in the area o f  separation o f  

amino acids by OPTLC indicate that 

a./ decrease of time of development, and 

b.1 the finding of optimal flow velocity 

have been accomplished. These results allow the sepa- 

ration of amino acids in 10 - 18 minutes with good res- 
olwtion instead o f  100 - 400 minutes required by con- 

ventional TLC. 

An additional point worth mentioning here is that 

the vapor phase does not play as major a role in ion 

exchange chromatography as it does when TLC silica gel 

layers are used. 
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