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SUMMARY 

Thin-layer chromatography (TLC) and high-performance thin-layer chroma- 
tography (HPTLC) ready-for-use preparations with concentrating zones consist of a 
narrow inert layer of a synthetic porous silica of medium pore volume, extremely 
large pore diameter (ca_ 5000 run) and extremely small internal surface area (less than 
1 mz/g), with a very sharp interface leading to the chromatographic layer. The con- 
centrating effect is manifested both after the application of spots (without difficulty 
at any level) and after large-area application by immersion, whereby it is possible to 
dose into the dry or wet layer. The extremely narrow line of substance that is formed 
at the interface provides an optimal starting situation for chromatography. 

Quantitative determinations are improved, with simultaneous enhancement of 
the sensitivity of detection. In comparison with layers that are uniform throughout, 
significantly improved separation performances are attained, particularly when larger 
amounts are applied, and very dilute solutions and substances with lower RF values 
can be used. The selection of a suitable solvent can be used to prevent or select the 
adsorption of salts or of polar neutral substances in the concentrating zone as desired. 
With direct application of urine, serum, etc., the ingredients are initially extracted in 
a continuous process, the so-called “clean-up”, then they are concentrated, followed 
by chromatography. The technique is of general importance for liquid chromato- 
graphy_ 

- 

INTRODUCTION 

The advantages of a twin-layer plate consisting of a narrow kieselguhr layer 
and an adjacent layer of an active sorbent were first described by Abbott and 
Thomson1 in 1965, and elaborated in greater detail by Musgravez in 1969. The layers 
are prepared by means of a spreader divided into at least two compartments. The 
sample is applied to the weakly adsorbing kieselguhr layer, moves with the solvent 
front to the silica gel layer and forms a narrow line from which chromatography can 
begin- According to Musgrave, the technique is based on the difference in the ad- 

* This Paper belongs to the section High-performance thin-layer chromatography- 
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sorbing powers of the two sorbents. Abbott and Thomson had already pointed out 
that the strip with the lower adsorbing power can be utilized for “clean-up”, the 
constituents to be separated migrating with the solvent front to the more strongly 
adsorptive layer. In Musgrave’s view this technique alleviates the problem of applica- 
tion of the sample solution as a narrow straight line, which can be difficult. 

When a similar concentrating technique is to be applied to a homogeneous 
layer, then one must pre-develop to an intermediate front before chromatography 
by means of several runs with a strongly polar solvent, followed each time by drying. 
In contrast, the twin-layer technique according to Musgrave has the advantages that 
the chromatographic process proceeds continuously and the layer does not come into 
contact with a polar solvent that changes the activity of the sorbent. 

DESCRIPTION OF THE PRE-COATED LAYER 

The publications of Abbott and Thomson and of Musgrave have not hitherto 
found wide application, since the layers thus prepared, whether self-prepared or 
purchased ready-for-use, manifested defects that arose from the properties of the 
kieselguhr used and the nature of the interface between the two sorbents. 

After development work relating on the one hand to the required properties 
and the preparation of the i;l_=rt coating material aud on the other hand to the coating 
technology required in or&r to attairl a sharp transition zone between the two sorbents, 
we have been able to produce TLC and HPTLC ready-for-use preparations of silica 
gel 60 with concentrating zones on glass plates and on aluminium foils. The plates 
consist of two different layers that have a sharply defined boundary but nevertheless 
merge into one another so that the solvent does not meet with any resistance on its 
passage of the interface (Fig. 1). The layer crucial for the concentrating of substances 
to be separated extends across the whole width of the plate for about 25 mm in the 
direction of development_ The layer thickness is about 150 f&m. This concentrating 
zone consists of synthetic porous silica of medium pore volume with an extremely 
large pore diameter (cn. 5000 nm) and an extremely small internal surface area (less 
than 1 m’/g). The manufacture of this layer material results in a very high degree of 
purity, being virtually free from heavy metals and salts. The particles of the material 
are narrowly classified; the mean particle size is selected such that good flow-rates are 
achieved. The technical and analytical expenditure on testing of this material -by 
physico-chemica1 and chromatographic methods- has been considerable. Owing to 
the use of the same binder as in the adjacent chromatographic layer of silica gel 60, 
the concentrating zone manifests the good adherence required for the application of 
samples. The chromatographic layer corresponds in composition and quality to the 
conventional layer. i , 

CONCENTRATING EFFECT IN VARlOUS METHODS OF APPLICATION 

AppficGtion of spots 
If a mixture is applied with a syringe or capillary as a spot at any level on the 

concentrating zone, this spot spreads homogeneously in the inert layer into a circular 
area. If the layer is dried immediately after application, the substance is evenly 
distributed over the entire area, including the periphery_ If, on the other hand, the 
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Fig. 1. Section of silica gel 60 pre-coated TLC plate with concentration zone. The v 
mediately below the sharp interface is an indentation_ 

tihite strip im- 

layer is left to dry in the air, the excess of solvent causes chromatography to start, 
which leads to a slight concentrating of the substance at the margin. The substance 
is then concentrated at the interface into a narrow line with the Iength of the diameter 
of the circular area, and immediately chromato_graphed from this optimal starting 
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Fig. 20. Chromatograms on (a) silica gel 60 pre-coated TLC plates and (b) silica gel 60 pre-coated 
TLC plates with a concentrating zone of a mixture of seven lipophilic dyestuffs; amounts applied 
(from left to right): 4,8, 12, 16. and 20,rcl of the 0.1 y0 solution; N-chamber without chamber satura- 
tion,‘toluene, zJ = 100 mm. 
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Fig. 21. Chromatograms on (a) silica gel 60 pre-coated TLC plates and (b) silica gel 60 pre-coated 
TLC plates with a concentrating zone of a mixture of steroids (cholestero1 stearate, chlormadinone 
acetate, choIestero1, epitestosterone, pregnanediol, 1 I-deoyy-17-hydrouycorticosterone and cortico- 
sterone), amounts applied (from left to right) 0.75, 2, and 4 ~(1 of the 0.1 o/0 solution per steroid, N- 
chamber with chamber saturation, solvent: chloroform-methanol (95:5), Z, = 100 mm, immersion 
in 5% perchloric acid in methanol, 5 min, 120’, UV detection at 366 nm. 
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Fig. 22. Chromatograms on (a) silica gel 60 precoated TLC plates and (b) silica gel 60 precoated 
TLC plates with a concentrating zone of a mixture of amino acids (t_-Ieucine. tx-valine, a-amino- 
butyric acid. cr-alanine, DL-threonine, glycine, glutamine and arginine), amounts applied (from left 
to right) 0.75, 2, 4. 6, and 8!cl of a O.OZ”/O solution per amino acid, N-chamber without chamber 
saturation, solvent: propanol-water (80:20), zr = 100 mm, 2 min, l?O”, ninhydrin. 
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Fig. 23_ Chromatograms on (a and c) silica gel 60 pre-coated TLC plates and (b and d) silica gel 60 
pre-coated TLC plates with a concentrating zone of substances in varying concentrations. Test 
mixture I: dX30S0/0 Blue VIF Organ01 (higher RF. value) and O.5o/o Ceres red G (lower RF value). 
Test mixture II: OS”A Blue VIF Organ01 (higher RF valce) and O.OOS~O Ceres red G (lower RF 
value). Amounts applied (from left to right): 2, 4, 8, and 16,~cl (equivalent to O.l/lO, 02/20, 0.4/40, 
and OX/SO fig); N-chamber without chamber saturation, toiuene, t, = 100 mm. 

continuous flow into the chromatographic layer. Losses cannot occur with this tech- 
nique, and the possibility of decomposition, which cannot be completely avoided 
even with the most careful concentration, is virtually excluded in the inert layer. The 
sensitivity necessary for the detection of very small amounts of substances is increased 
automatically by the concentrating effect or even provided at all. 

A further advantage of the technique is that sahs or very polar, non-salt-like 
compounds are retarded in the preliminary layer of the concentrating zone. This 
often makes it possible to effect for the first time a chromatographic separation of 
the substances of interest without interference by such compounds_ The sample clean- 
up that is necessary particularIy in biochemistry is carried out almost automatically 
in this layer before chromatography. Beesley’ in 1972 drew attention to the possibiiity 
of the direct application of blood, serum or urine to a pre-adsorbent layer. 

By direct application of urine to the concentrating zone by immersion, sub- 
sequent drying and further application of a spar of a mixture of reference substances 
at two sites in the concentrating zone, we were able in several instances immediately 
after chromatography to detect new urinary metat elites, classify them and determine 
them. This should lead to many applications in biochemistry, metabolite research, 
pharmaceutical quality control, food chemistry, the chemistry of natural subs&rices 
and other fields. 

The possibility of the virtually problem-free application of larger am. unts Of 
substances considerably extends the efficacy of the chromatogaphic layer- In short 
runs on the HPTLC layer in particular, separations in the nanolitre range formerly 
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required a laborious application_ On an HPTLC plate with a concentrating zone 
equally good separations can be attained with application in the microlitre range. 

FUTURE DEVELOPMENTS 

The method described here for TLC permittin, m attainment of a hi,oh dosage 
quaky crucial to .successful chromatography by formation of an extremely sharp 
interface between a special inert sorbent and the actual chromatographic sorbent is 
of genera1 significance. This method should gradually become established as a useful 
thin-layer chromatographic technique because of its improved separation performance 
and sensitivity, and also because of the elimination of various problems and the 
saving of time in application. In preparative-layer chromatography, with its aim of 
isolating substances for preparative purposes, the technique is important because of 
its high application capacity with simultaneous high separation performance. 

The inert synthetic porous silica sorbent in an appropriate arrangement can 
also be used in preparative and analytical column chromatography. The first results 
achieved in our laboratories are, as expected, analogous to those in thin-layer chro- 
matography. 
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