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ABSTRACT

A novel type modification of circular thin-layer chro-
matography has been developed, in which the layer is tight-
ly covered by a membrane, eliminating the vapour phase over
the sorbent layer, The develeping solvent is pumped through

the apparatus,

INTRODUCTION

The two principal ways of performing chromatographic
separation are the column method (closed system) and the
planar technique (open system). Wlhen the same sorbent and
solvent are used,the separation gives identical results
in the two systems because the main separation process
is the same. Otherwise, the results are different because
in the planar technique the mobile phase is influenced
by the vapour phase and different forces are operating
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in the movement of the mobile phase. Both methods have
their own advantages, The planar method first appeared
as paper chromatography, but now is almost exclusively
thin-layer chromatography (TLC), which has almost to-
tally replaced paper chromatography. TLC has the same
advantages as paper chromatography. Several sample spots
can be investigated simultaneously by TLC and they can
be compared guantitatively and qualitatively. The TLC
technique does not require complicated and expensive ins-
truments, and the separated spots can be detected with
specific reagents. Ready-made TLC plates are manufactu-
red and a wide choice of developing solvents and solvent-
systems (individual strong acids and bases) can be usec.
In TLC, as a consequence of the vapour-liquid equi-
librium, the moving multi-component system of developing

solvent is not the same as the developing solvent in

column chromatography (CC). In CC the sample is usual-

ly applied after an exhaustive prewash (equilibration

or conditioning) of the chromatographic column with a
suitable solvent. The sorbent in TLC is not presaturated
with the solvent used, but only with its vapours., As a
consequence, in TLC multiple solvent front may occur.
Tyihdk and Held have discussed (2) these basic differences
between CC and TLC, and developed the UM-chamber for TLC
to cope with the problems arising when the results of TLC
are transferred to CC and vice versa. In the UM-chamber
(UM = ultramicro) the thin-layer of sorbent is covered

by a glass plate, so that the vapour phase (over the
sorbent layer saturated with the developing solvent)

is greatly reduced in volume. When TLC chamber system

was reduced to the UM-scale, there was a drastic chan-

ge in behaviour even in the case of a single-component
system. Our work on development of thin-layer chroma-
tography under pressure in the pressurized ultramicro
chamber (PUM-chamber) arose from the results of chro-
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matography with the UM-chamber and from the relatively
new technique of HPLC.

Some theoretical aspects of the effect of solvent
velocity and of particle size on efficiency have been
studied (3). For CC the efficiency can be given by the
equation (3)

H=2 O &

where H is the plate-height, gp the particle diameter,

u the carrier-liquid velocity, A, N and Yare con-
stants ('/\E 1.8; ¥ = 0.4). This rule shows that under the
conditions of column liquid chromatography even a drastic
increase in- flow rate does not affect the resolution of
the column if the particle size is reduced accordingly.
Even a 1l00-fold increase in flow rate can be counter-
balanced by a 3-fold decrease in the average garticle
size, The same rule holds for HPTLC; good separaticns
can be achieved in a short time by simultanecusly de-
creasing the particle size anc the distance of deve-
lopment.

The practice of HPTLC realized two different kinds
of solvent supply, namely the developing solvent system
was transported by capillary action or a pump (4, 5) burt
in both cases the TLC or HPTLC plates that is the sor-
bent layers were not tightly covered, so the speed of
solvent supply was restricted very clossly to the va-
lue decided by the movement of solvent front, More
exactly, any kind of solvent supply is only serving
to compensate the amount of solvent, consumed by the
capillary forces made progress. If the solvent supply
were larger, the rest of solvent would move over the
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FIGURE 1. OPTLC of a dye-mixture in PUM-chamber by dichloromethane
on Silicagel plate, 200 x 200 mm. a. The very beginning of dev-
elopment. The test-mixture to be separated had been spotted and
the PUM-chamber had been set up. This 1s the O time of development.

sorbent layer; if the solvent supply were less, the
shape of front would deform.,

CZXPERIMENTAL

Apparatus:

The equipment is a pressurized circular type of
PUM~chamber (6). The thin-layer (traditional type or
one suitable for HPTLC) is sandwiched between a glass
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FIGURE lb. After S0 seconcgs tihne radius of the i i~ ¢
33 mm, tne substances have startow Lo cé -

plate or plastic sheet, anc a membrane or foil, wnics:

is tightly pressed onto the thin-layer by gas pressure
in the space between the membrane and the upper support
block. The upper support block carries tne Zas inlzt,

the inlet for the developing system, a pressure ¢aug
lower support blocks serve to aujust the distance wei~
ween the thin-layer and tine coverin¢ membrane wiicih is

uncer pressure, The dimensions are: upper anc lowar olocks

230 mm in cdiameter:; membrane 2CO mm ciameter. The two
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B PO -1,

FIGURE lc. After 180 seconds the racdius of the circle
(cistance of solvent front) is 55 mm.

blocks also serve as an outer holder, and the whole.is

held together with four srew-clamps. The process of OPTLC

(overpressured thin-layer chromatography) can be seen
in Fig. 1. To give a better view, the PUt~chamber was
turned over, so that the bottom was uppermost. Fig. la
shows the sample after the spotting and before any de=-
velopment, and Figs. lb, lc and 1ld show the different
phases of the development,

The development is complete when the solvent front
has travelled far enough to give adequate separation,
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FIGURE 1ld., After 290 seconds the distance of solvent
front is &5 mm, the development has been
finished.

The chamber can the be opened and the separatec sub=-
stances detected in the usual way.

We chose the circular system for the following
reasons;
1/ The instrument is simpler, The solvent front of the
developing solvent - released at a single point = is
naturally circular. A linear front needs a special feed
arrangement,
2/ The circular technique makes it possible to apply
the sample during the development process, by means of
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FIGURE 2, Applving the sample curing the development
procass, the separatac - omponents sppear
in concentric rings,

an HPLC injection port, such an experiment can De s=2en
in Figs. 2 and 3,

Naturally, the linear technigue of CPTLZ can be
preferred when the results of cclumn technigue are to
be studied in the case of TLC or OPTLC. Only the li-
near technigque will be able to mocel tne theorestical and
practical rules ~ concerning:
1/ resolution vs. flaow rate,
2/ resolution vs, particle size,
3/ resolution vs, plate dimension.

Although our circular set up (Fig. 4) has solved
some of these probiems, complex interactions like reso-
lution, the effect of covering plate, temperature, length
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FIGURE 3, After setting out the PUM-chamber, the
separated substances can be cbserved or
visualized by colour reagents.

and width of chromatogram, flow rate, etc. can be invas-
tigated only in a system with the arrangement for linear
front.

DISCUSSIONS

In this work our aim was to define the basic con-
cept of overpressured thin-layer chromatograpny with
circular technique. The thin-layer of sorbent is tight-
ly covered by a membrane which is kept under pressure.

By using the membrane, the vapour phase is eliminated
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FIGURE 4. The picture of PUM-chamber (pressurized-ultra-
micro-chamber),

above the thin-layer. At the same time the whole set wup

of the sorbent laver can exist as an aopenable planar
column, The OPTLC has combined several advantages of both
CC and TLC, namely:short time of chromatography, repro-
ducibility, possibility of applying very fine particles,
sampling during development, separation of several samples
simultaneously and detection of spots by colour reagents.
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