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SUMMARY 

The outstanding properties of chemically bonded phases on high-performance 
thin-!ayer chromatographic (HPTLC) plates offer a wide range of applications in 
environmental anaiysis, not only because of simple enrichment techniques on the 
plates. Column optimization is another valuable field of application. The theoretical 
background of the latter is given in a simple treatment showing that accurate data 
transfer from HPTLC to high-performance liquid chromatography (HPLC) is pos- 
sible, especially in reversed-phase column separations. By simultaneous multi-phase 
sample analysis on HP plates, optimal conditions for HPLC column separations are 
easily found. Two-dimensional separations on HPTLC plates show, in addition to the 
possibilities of on-plate controlled enrichment, that TLC is often unsurpassabIe in 
environmental trace analysis in comparison with HPLC or gas chromatography. 
HPTLC is often not only more ef%ctive in qualitative analysis, but can also be supe- 
rior in quantitative analysis when utilized to the full. 

THEORETICAL 

The qualitative optimization of one analytical procedure by the help of another 
analytical method is not easy and often not free of systematic errors when the analyti- 
cal basis of both procedures differs. Therefore, we propose the use of identical basic- 
units for the comparison of qualitative data in thin-layer chromatography (TLC) and 
liquid chromatography (LC). 

Although the following is probably well known to all chromatographers, we 
would like to emphasize two aspects of RF values. 

(1) RF values are no measure of true chromatographic properties, but are 
mixed data, including non-chromatographic informations. The latter are so-called 
“dead” values. In normal dry or wet chamber developments, RF values show addi- 
tional specific “instrument- and procedure”-dependent influences. Therefore there is 
a basic difference between those RF values and the data discussed in this paper, where 
even RF data of 1.0 are measurable (by calculation of the front position according to a 
precise knowledge of applied phase volume). We call the latter RF data “true”. 
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(2) According to our experimental results with instrumental TLC, even in re- 

versed-phase high-performance thin-layer chromatography (HPTLC) RF values are 
prone to errors, unless measured under controlled gas phase conditions and controlled 
temperature conditions. Humidity is not the only probIem inherent in measurement of 
true RF data. 

However, the results of circular developed TLC are comparable to those 
measured in identical chemical phase systems in columns, if k values are used for cor- 
relation, instead of RF data. k is the ratio between the dead time and the adjusted re- 
tention time: 

k = rJt, 

where t, = retention time in the stationary phase, which is different for each com- 
pound that has different chromatographic properties; t, = dead time, identical for 
each compound but dependent on non-chromatographic conditions. At first sight X- 
data, being time-based parameters, seem to be unnecessarily complicated for ex- 
pressing a result that can easily be measured in TLC. However, k data permit the 
simplest treatment for data comparison. 

k data are reIated to time values and RF vaiues can also be expressed in terms 
of these time values. The analytical problem of a simple conversion of R, into k is one 
of systematic errors of the basic time measurements. If, for instance t, (which by 
definition is the time of movement of the liquid phase front) is changed by vapour 
phase condensation, the time relation is also in error. Loss of mobile phase by eva 
oration in a dry chamber tends to make t, too large_ Condensation of mobile pha 
in a saturated chamber makes t, too small. In instrumental TLC, where the flow 
mobib phase is quantitatively controlled and measured, systematic errors of time a 
time-relation measurements can be corrected. Thus, RF into k value conversions no 
longer represent a serious problem for the analyst. Fl,. -m 1 defines the basic units used. 

A column is compared with a thin layer, each of them containing an equal 
amount of staticnary phase and wetted with an equa1 volume of mobile phase. Into 
both systems a substance i is introduced and chromatographed until the mobile phase 
front reaches the end of the coIumn or a given line on the plate. Then we obtain the 
parameters given in Table I. 

TABLE 1 

PARAMETERS IN COLUMN AND THIN-LAYER CHROMATOGRAPHY 

Parameter CollImIl Layer 

Distance moved by mobile phase from the start (mm) L fi 
Distance substance i is transported from the start (mm) s, S& 
“RF value” of i kc = scifc RF1 = sl/th 

The “RF values” of the column and the thin layer differ, owing to geomet 
differences. The mobile phase-stationary phase relationship in both systems di 
as the column is closed and the layer is “open” and because of the different force 
quired for phase movement. 
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Fig. 6. Enrichment and focusing of traces from maximum ,volume solutions in a ring similar to the 
ring oven technique by Weisz6 with a solvent(p), having high elution power, but high vapour pressure 
%s well. h = ring heated. 

‘ig. 7. Multiphase simultaneous HPTLC separation of a sample, focused as a circle around three, 
bur or more capillary inlets for mobile phases. Lower part of the figure: transition area in the range 
If phase a to b. The angle is a measure of the relative phase composition; 50:50 Y0 (v/v) is on the thin 
ine. Too different phases, e.g. methanol and pentane, cannot be used at the same plate, but mixtures 
,&ciently similar in physical and chemical behaviour can be used simultaneously_ Strong differences 
n viscosity disturb a clear transition area. 

b- 

4g. 8. Two-dimensional 5 x 5 cm HPTLC separation of enriched air particuiate extracts (collected 
n Birmingham, Ala., U.S.A.; by courtesy of EPA, U.S.A.). 8, Benzo[a]pyrene. Mobile phases: a, 
nethanok-water (97:3); b, methanol-acetonitrile (9:1)_ Stationary phase: C,, chemically bonded_ 
iampIe applied: 200 nl from a 1000-I air sample enriched in benzene. Analysis time: 2 x 4 min. The 
ipots were fluorescent and were detected by the eye. 
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possibilities of specific detection, the time factor is restrictive. Modem electronics and I 
integrators are too slow for the full use of this powerful analytical procedure. Fig. 8 
shows an example of the analysis of an air particulate extract from air dust particles 
collected in Birmingham, AIa., U.S.A. This analysis was very difficult to carry out by 
gas chromatography, even when using capillaries and multi-detection devices in- 
cluding a mass spectrometer’. Procedures for collecting and treating such samples prior 
to analysis are available5. 
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