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OVERPRESSURED THIN-LAYER CHRO-XATOGRAPHY AND ITS APPLICATIONS 

Lengyel', E. 2 Tyihdk and E. 2 Mincsovics 

'LABOR Instrumental Works, Esztergom-Budapest, HUNGARY 

2Research Institute for r-ledicinal Plants, Budakal&z, 

HUNGARY 

In recent years,a rapid progress can be observed both 

in column and planar liquid chromatographic techniques. In 

the field of liquid column chromatography the most specta- 

ular achievement was the development of high-performance 

liquid chromatographic /HPLC/ systems by means of several 

special instruments and sorbents 11, 21. As regards planar 

techniques, the most significant break-through is the de- 

velopment of highperformance thin-layer chromatography /HPTLC/ 

/3/ based on the application of fine-particle sorbents. Both 

techniques proved to be very useful in many fields of che- 

mical analysis, although the use Of the latter is more re- 

stricted, mainly to micro chromatographic studies. 

It appeared,thus, logical to develop such a planar 

liquid chromatographic technique that would approach 

HPLC as regards stability and standardization of chromato- 

* Presented at the First Symposium on Advances of TLC and HPLC, 
May 14-15, 1982, Szeged, Hungary. 
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1542 LENGYEL, TYIHAK, AND MINCSOVICS 

graphic conditions but s t i l l  would c o n s e r y t h e  w e l l  known ad- 

vantages of TLC and HPTLC such a s  v i sua l  evaluation, t h e  use 

of s e l ec t ive  and spec i f i c  reagents,  simultaneous study of a 

large number of samples and topographic i d e n t i f i c a t i o n  of 

t.he separated substances. 

The pressurized ultramicro chamber 

Earlier,we developed a closed TLC chamber i n  order 

t o  study the relat ionship of conventional TLC and column 

chromatography / C C /  1 4 1 .  I n  t h i s  simple chamber /termed a s  

ultramicro / U h l /  chamber/, the  sorbent laver  is covered by a 

glass  p l a t e  so t h a t  the end of the cover p l a t e  is  not i m -  

mersed i n t o  the solvent, in order t o  eliminate i n t e r f e r i n g  

cap i l l a ry  e f f e c t s .  The elimination of solvent vapour was 

f i rs t  real ized by t h i s  chamber. However, the advantages 

of a t o t a l l y  closed chamber were r ea l i zed  only l a t e r ,  when 

w e  developed the pressurized UM chamber f P U M  chamber/ / 5 - a / .  

The e s s e n t i a l  f ea tu re  of PUM chamber of c i r c u l a r  and 

l i n e a r  types i s  t h a t  the sorberit layer  i s  completely co- 

vered w i t h  a f l e x i b l e  membrane under an external  pressure 

so t h a t , i n  the closed chamber, a layer  of water /a water- 

-cushion/ forms between the Plexiglass  cover-plate and the 

f l e x i b l e  and f ixed membrane, and t h e  vapour space above 

t h e  layer  i s  v i r t u a l l y  eliminated. Solvent admission under 

overpressure has been solved by means of a pump system 

/Fig. 11. 
By adjust ing the solvent,by means of a pump system 

i n  PUM chamber,it i s  possible t o  separate  substances with 
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OVERF'RESSURED TLC 1543 

Fig. 1 

Top views of the CHROFPRES 10 chamber /LABOR Instrumental 

Works, Eszterqom-Budapest, Hungary/ in open form after a 

two-directional separation of dyes. 

optional development distances. This active form of the 

planar liquid Chromatography is the so-called overpres- 

sured thin-layer chromatography /OPTLC/ which integrates 

the advantages of the classical TLC /9-10/, modern HPTLC 

111-121 and HPLC 11-2, 131. 

In the PUM, the external pressure on the flexible 

cover-membrane must always be higher than the input pressure 

of the solvent. The input pressure of the solvent increases 

linearly with increasing solvent migration distance. An in- 
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1544 LENGYEL, TYIHAK, AND MINCSOVICS 

crease in the solvent flow velocity always results in higher 

input pressures,which must be taken into account by choosing 

an appropriate external pressure on the membrane 1141. 

The P U M  chamber constitutes one system with the water.- 

d0sir.g pump of larger delivery and the eluent dosinq pump 

of smaller delivery. 

In the PUM chamber of linear type,linear migration 

of the solvent front is achieved by impregnating the edges 

of t,he layer and either placing a narrow plastic sheet on 

it or by making a narrow channel in the layer before attaching 

the solvent inlet. Paraffin m- various plastic dispersions 

can be used for impreqnation. In one-directional OPTLC,three 

edges of the plate are impregnated. Two-directional sepa- 

ration can, however, be carried o u t  by impregnating only two 

edges of the chromatoplate and attaching the solvent inlet 

to the middle of the chromatoplate /Fig. 2 1 .  This developing 

system is especially suitable for the efficient separation 

of a large number of samples. 

Triangular 1151, anticircular 1161 and circular 1 3 1  

separations can be achieved,simply, by special impregnation 

of the respective shape. 

By changing the inlet openinqs of the eluent, possi- 

bility is equally provided for one- or two-directional li- 

near, circular, triangular /anticircular/ running. 

It follows from this brief account that the succes- 

ful application of OPTLC requires a special instrument and 

precoated /impregnated/ chromatoplates from various inor- 

ganic and organic sorbents. Manufacturinq of both products 
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Fig. 2 

Snecial pre-coated plate 1e.g. SILPRES N/ to OPTLC for two- 

-directional development. Schematic drawing 1 impregnated 
edges: z channel freed from sorbent;3 solvent inlet: 4 place 
of samples; 5 front of solvent 

is in progress, former at LABOR Instrumental Works /Eszter- 

gom-Budapest, Hungary/, latter at REANAL Fine Chemicals 

/Bu&pest, Hungary/ in cooperation with LABOR Instrumental 

Works. 

Theoretical aspects 

In classical TLC the distance between the solvent front 

and the solvent source /Zf/ is related to separation time 

It/ by a quadratic equation 12: = k.t/ 1171 where the constant 
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1 
20 40 60 80 100 120 140 160 L+mm 

F i g .  3 

V a r i a t i o n  of t h e  ave rage  p l a t e  h e i g h t  / H /  v e r s u s  development 

l e n g t h  
Mobile phase ,  methylene c h l o r i d e :  i n v e s t i g a t e d  s u b s t a n c e ,  B u t t e r  

Yellow: e x t e r n a l  p r e s s u r e  on t h e  membrane, 1 .0  PIPa; f l o w - r a t e  
of s o l v e n t ,  2 0  cm jh:  c a l c u l a t i o n  of a v e r a g e  p l a t e  h e i g h t  v a l u e s  

a c c o r d i n g  t o  Guiochon and S i o u f f i  1181 
- 1 CHROMPRES 10 chamber, SILPRES N - 1  expe r imen ta l  ch romatop la t e  

f d  = 10-11 urn/; 2 CHROMP3ES 10 chamber, SULPRES N-2 /d = 5-6 urn/; 

3 CHROMFRES 10 chamber, SILPFES N - 3  Id = 2 - 3  urn/ 

3 

P I P I 
P I - 
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OVERPRESSURED TLC 1547 

/ k /  depends on the n a t u r e  of s t a t i o n a r y  and mob i l e  phases  

arid a lso on s o r b e n t  p a r t i c l e  s i z e .  The same q u a d r a t i c  is 

v a l i d  a l s o  i n  HPTLC 1 3 1 .  

On t h e  c o n t r a r y ,  t h e  l a w  of  l i n e a r  OPTLC development 

can be  d e s c r i b e d  by a s imple  e q u a t i o n :  

Zf = kOPTLC . 

The above r e l a t i o n s h i p  i s  v a l i d  n o t  o n l y  i n  l i q u i d - s o l i d  

b u t  al .so i n  l i q u i d - l i q u i d  systems as w e l l  as i n  t h e  "re- 

v e r s e d  phase" systems.  I n  t h e  c i r c u l a r  OPTLC, however, 

t h e  area t o  be w e t t e d  i n c r e a s e s  q u a d r a t i c a l l y  w i t h  t h e  li- 

n e a r  movement o f  t h e  phase f r o n t .  It is obv ious  from t h i s  

f a c t  t h a t  i n  c i r c u l a r  OPTLC t h e  classical l a w  of TLC de- 

velooment i s  v a l i d .  

Optimum performance i n  l i n e a r  OPTLC can  b e  o b t a i n e d  

wi th  s o r b e n t  l a y e r s  of v e r y  f i n e p a r t i c l e  and narrow s i z e  

d i s t r i b u t i o n  a s  i n  HPLC. It  i s  f a c t  t h a t  t h e  a v e r a q e  p l a t e  

h e i g h t  v a l u e s  i n  l i n e a r  OPTLC d imin i sh  i n  d i r e c t  p r o p o r t i o n  

t o  d e c r e a s i n g  of t h e  p a r t i c l e  s i z e  / F i g .  3 1 .  

Due t o  t h e  c o n s t a n t  f l o w  ra te  o f  t h e  e l u e n t  i n  t h e  

l i n e a r  OPTLC t h e  t h e o r e t i c a l  p l a t e  number /Nl i n c r e a s e s  

i n  a d i rec t  p r o p o r t i o n  t o  t h e  d i s t a n c e  1x1 w h i l e  i n  t h e  

c l a s s i c a l ,  normal s a t u r a t e d  INs/ and u n s a t u r a t e d  /N 1, 

a s  w e l l  a s  i n  t h e  u l t r a m i c r o  /UM/ chambers,an o p p o s i t i o n a l  

tendency dominates  /Fig. 4 / .  

us  
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2 4 6 8 10 12 14 16 18 20 22 24 ' r c m  

Fig. 4 

Variation of the theoretical plate number IN/ values with 
the running distance 1x1 in various chamber systems using 
various silica gel particle size Eluent, methylene chloride: 
materual, Butter Yellow 1. CHROIIPRES 10, d = 2-3 urn; 2 CHROM- 
PRES 10, d = ?/urn; 2 CHROMPRES 10, d = 11 urn: 4 Ns, 
d = 5 urn; 5 UM, d = 5 urn; 5 NUS, d = 5 urn 

P I 
P P I 

P I P I P I 

Application 

A close fundamental relationship exists between the 

two alternatives of planar liquid chromatography: traditional 

TLC land the modern HPTLC/ and OPTLC. There is, however, 

an essential difference between the two main techniques: 

in TLC land in HPTLC/ a vapour phase is established above 

the sorbent layer in the normal /N/ chamber. In the sand- 

wich /Sl chamber and also in so-called U-chamber 1 3 1 .  The 
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OVERPRESSURED TLC 1549 

characteristics of the vapour phase essentially depend on 

the composikion of the solvent mixture and on the chamber 

system. 

Starting from the fact that there is no vapour phase 

above the sorbent layer in OPTLC, it follows that one- 
be component solvents can,,conveniently usedfor separation. 

In the case of solvent mixtures consisting of two or more 

components, there are two possibilities: one is a normal 

separation using one-component solvents. The other possi- 

bility consists of demixing of the solvent mixture on the 

sorbent layer; in this case fronts, zones will build up. 

In OPTLC, therefore, in some cases we have to choose a new 

eluent system from the solvent mixtures,which is suitable 

for the efficient separation of the given substance group 

without solvent demixing. 

According to our preliminary results, linear and 

circular OPTLC methods are suitable for the separation of 

various groups for organic substances, similarly to TLC 

qnd HPTLC, but with reasonably shorter separation times. 

Owing to the short separation times and the stable flow 

velocity, resolution values, especially those obtained 

with fine-particle plates, are excellent even in the case 

of lonuer solvent migration distances 1e.g. 200-350 nun/. 

Fig. 5 illustrates the efficiency of the separation 

in PUM chamber of linear type. It can be seen that the 

diameter of the spots is small, owing to the low degree of 

diffusion. It is obvious that the decreased time of se- 

paration yields better resolution. 
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1550 LENGYEL, TYIHAK, AND MINCSOVICS 

Fig. 5 

One-directional separation of dyes onf fine-particle 

silica gel layer Id = 5 um/ 

Eluent, methylene chloride: external pressure on 

the membrane, 1.2 !!Pa; flow-rate, 2 0  cm'/h 

P I 

-3 

It is known that reversed-phase chromatography,uSing 

chemically bonded phases,is one of the most frequently chosen 

separation modes in HPLC. The usefulness of the technique 

arises from the development of suitable packings and the 

wide variety of eluting solvents, Because of the complexity 

of the retention mechanism, it is possible to separate,si- 

multaneously,compounds of a wide polarity range with excellent 

resolution and short retention times. The outstanding pro- 
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OVERPRESSURED TLC 1551 

perties of chemically bonded phases on various TLC plates 

were used in OPTLC for the separation of dimedone adducts 

of aliphatic aldehydes. Owing to the substantially shorter 

separation time and stable flow rate in the RP-OPTLC, the 

resolution values obtained on reversed-phase plate were 

also good in the case of longer solvent migration distances 

r/ zf,-s, = 152 mm 
5, = 2 5  rnm 

Fig. 6 

Separation of dimedone adducts of formaldehyde and other 
aliphatic aldehydes on SILREVPRES M experimental chromatoplate 
Eluent, acetonitrile - 0.005 $1 KH2P04 /4:6,V/V/; s =start 
distance, 25 mm; F 
distance 
OPTON-ZEISS PM Q I11 chromatogram spectrophotometer; , 264 nm; 
slit width, 7.0x0.26 mm; chart speed, 10 cmlmin; 500-500 ng/sub- 
stance 1 dimedone; 2 acetoldonirdone; 3 formaldomedone; 4 pro- 
pionaldomedone; 2 butiraldomedone 

= &  -front; F A  = ;3 -front; Zfo= front + 
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1552 LENGYEL, TYIHAK, AND MINCSOVICS 

so t h a t  t h e  s p o t s  o f  t h e  s u b s t a n c e s  s e p a r a t e d  were s u i t a b l e  

f o r  q u a n t i t a t i v e  e v a l u a t i o n  / F i g .  61 .  It f o l l o w s  from t h e s e  

r e s u l t s  t h a t  RP-OPTLC t o g e t h e r  w i t h  q u a n t i t a t i v e  e v a l u a t i o n  

may be a u s e f u l  tool i n  r o u t i n e  a n a l y s i s .  
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