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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 nm) and extremely small internal surface area (less than
1 m?/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 Ry 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 nparrow kieselguhr layer
and an adjacent layer of an active sorbent were first described by Abbott and
Thomson'! in 1965, and elaborated in greater detail by Musgrave? 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 inert coating material and on the other hand to the coating
technology required in order to attain asharp 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 gm. This concentrating
zone consists of synthetic porous silica of medium pore volume with an extremely
large pore diameter (ca. 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-chemical 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. x
CONCENTRATING EFFECT IN VARIOUS METHODS OF APPLICATION

Application 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 intc 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 white strip im-
mediately below the sharp interface is an indentation.

layer is left to dry in the air, the excess of solvent causes chromatography to start,
which leads to a slight concentrating of the subsiance at the margin. The substance
is then concentrated at the interface into a narrow line with the length of the diameter
of the circular area, and immediately chromatographed from this optimal starting
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Fig. 2. Concentrating phases and chromatography phases after spot application to a dry silica gel 60
pre-coated TLC plate with a concentrating zone; mixture of seven lipophilic dyestuffs 0.1 %, volumes
applied (from left to right): 4, 4, 4, 8, 12, and 16 ul; S-chamber 0.2 mm, toluene, z, = 60 mm. The
continuous black lines resulted from photography, and represent the lower boundary of the cover
plate.

position. The individual phases of the concentrating and of the chromatography
processes are clearly recognizable in Fig. 2. The phase of highest concentrating is at
the start of the chromatography. The optimal dosage quality O, specified by Kaiser-*
is automatically achieved here.

Identical R values result over the entire layer, independent of the level of the
concentrating zone at which the samples are applied. The constancy of the R values
is determined solely by the precision of the interface. In serial experiments, the saving
in time due to the less care that is necessary in application of the samples is considerable.

Volumes between 2 and 20 gl have been applied, equivalent to 2 and 20 ug of
each substance (Fig. 3). Increasing the volume applied results in larger diameters of
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seven lipophilic dyestuffs 0.195: volumes applied (from feit to righty- 2, 1, %, (2 18 aud 204d; N-
chamber without chamber sawuraticn, tolseae, oy = 10C mm.

TABLEL

CONCENTRATING EFFECT WITH VARIOUS AMOUNTS APPLIED ON SILICA GEL 60
PRE-COATED TLC PLATES AND ON S!i..CA GEL 60 PRE-COATED HPTLC PLATES
WITHOUT AND WITH CONCENTRATING ZONES

All of the measurements were carried out with a Zeiss PMQ Il chromatogram spectrophotometer in
the reflection made, the analogue output being cor nected to an IBM System 7 process computer.

Amount Silica gel Zon: corsentrating Zone interface
applied after Applicat o= sfter Agplication after Concentrating Proc.
Diaseter v -meter Area
of the Circulon &2z 1 0 the Circular Area  |Width | Length | Area | Rel.
Circular Ltecular
Area absolute|Ralation| Area absolute[Relation
i = e’ e ua’ 2 m (=
TLC-Silica gel/
TLC-Silica gel
with Conc.Zone 4 6,0 28,3 100 10,5 86,6 306 0,81 10,5 | 8.4]29,7
8 8,0 50,3 100 14,0 153,9 306 1,0 | 14,0 }14.0127,8
12 8,5 70,9 100 16,5 213,8 302 1,0 | 16,5 [16,5]23.3
16 10,5 86,6 100 17,5 | 240,5 | 218 1,6} 17,5 |17.5}20.2
2 11,5 103,98 100 20,0 314,2 302 1,2 | 20,0 |24,0)23.1
Hean Value 100 299 24,8
of the Relations 4,0 12,1 1
HPTLC-Silica gel/
HPTLE-Silica gel
with Conc.Zone 2 4.0 12,6 100 9,0 63,6 505 0,6 9.0 | 5,41428
5,5 238 | 100 12,0 | 13,1 | 45 0,8} 12,0 | 9,6]40,3
3 7,5 44,2 100 15,0 176,7 460 1,0 § 15,0 115,0133,9
Yean Value 100 450 38,0
of the Relations 2,8 11,8 1
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the circular areas and greater lengths of the lines after concentrating. The tailing of
the spots that is visible on application of the larger volumes and single development
up to the interface is eliminated through the greater flow of solvent during chroma-
tography, and has no disadvantageous influence on the separation performance.

The concentrating effect for various volumes applied to TLC plates and
HPTLC plates is represented in Table I. In comparison with the application to the
concentrating zone there is a 12-fold concentrating at the interface. Compared with
the application on to the silica gel zone, the concentration with respect to area is
thus stiil four-fold with the TLC plate and three-fold with the HPTLC plate. The width
of the concenirated lines, and not the total area, however, is critical for the chroma-
tographic performance. Even when large amounts are applied, the width is usunalily
less than 1 mm.’

If the application as spots by means of syringe or capillary is not in portions
but with drying after each application, then the concentration distributions within
the substance lines vary. As may te seen from Fig. 4 and from measurements perpen-
dicular to the direction of the run, the maximum concentrations of the substance on
application without intermediate drying are to be found in the middle of the peak
area; however, on application with intermediate drying they are located at the margins
of the peak area (Figs. 5 and 6). With ideally even applications the peak areas are
symmetrical in each instance, but this is not always attained in practice by the method
of intermediate drying. With the measured values in Table II, also the diameters of
the circular areas formed in each instance with and without intermediate drying are
given for the applied amounts of 10 and 20 g1, a ring of stronger concentration having

Fig. 4. Chromatograms of a mixture of three lipophilic dyestuffs 0.1 ${; silica gel 60 pre-coated TLC
plates with concentrating zone; amount of solution applied in each instance 10l (left) or 20 gl
(right), without intermediate drying (above) and with intermediate drying (below); normal chamber
without chamber saturation, toluene, zy = 100 mm.
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Fig. 5. Peak-area profiles of three lipophilic dyestuffs after chromatography on silica gel 60 pre-
coated TLC plates with a concentrating zone, amount of 0.1 % solution applied in each instance 20
zl, without intermediate dryving (above) and with intermediate drying (below); N-chamber without
chamber saturation, toluene, =, = 100 mm, measurements perpendicular to direction of develop-
ment.

Fig. 6. Peak-area profiles of three lipophilic dyestuffs after chromatography on silica gel 60 pre-
coated TLC plates with a concentrating zone, amount of 0.01 9/ solution applied in each instance 10
#1, withont intermediate drying (above) and with intermediate drying (below); N-Chamber without
chamber saturation, toluene, z; = 100 mm, measurements perpendicular to direction of develop-
ment.
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TABLE II

PEAK AREAS AND PEAK-AREA RATIOS WITH VARIOUS VOLUMES APPLIED AND
VARIOUS MODES OF APPLICATION ON SILICA GEL 60 PRE-COATED TLC PLATES
WITH A CONCENTRATING ZONE

Mixture of three lipophilic dyestuffs 0.1 %,; N-chamber without chamber saturation, toluene, Zp =
100 mm, measurements perpendicular to direction of development.

Diasater Width of the Bands Peak Areas Relations of the Peak
of the Cem] Cavs] Areas £ 23]
Circular
Area v & B v B B |#ean | V/6 6/8 | BN |%ean
after 550rs | 630rm | SBSem|Value Value
Application
(el
Application
without Qrying
10 ul = 10 pg 21,2}20,7 { 18,9 | 9640 12480 | B148 77,24 | 153,17} 84,52
21,3(20,9 j19,6 | 9355| 12313 | 7870 75,94 | 156,531 84,13
20,3120,4 | 18,7 | 86451 11734 | 7518 73,67} 154,03| 83,12
21,3(20,7 { 19,0 | 8835 | 11613 | 7734 76,51 | 149,13} 87,61
251{21,4 | 19,2 8942 | 12087 | 8067 73,92 | 149,9% | 20,21
x :’j }gg 24|08 | 18,9 | 093] 1209 | 75,46 | 152,58 | 86,92
s Rl 33 [T a1} oma 1,501 3,02] 2,5
< 4,38 3,08 | 2,7 3,39} 2,10] 1,8 2.55]2,1
20 1l =20 pg 26,5(26,1 | 24,0 | 22182 | 23228 | 16371 98,08 | 141,83 | 71,85
21,0126,3 | 24,7 } 23877 } 5417 | 18832 93,84 | 151,00 | 70,49
26,7126,5 { 24,2 | 22058 | 25161 | 1858 91,24 | 151,591 12,30
X :‘: ﬁg'; 26,7126,3 | 24,3 | 23206 | 24602 | 16500 94,42 ;148,16 71,55
s {27 58| 17| 23t 345] 5.4 0%
4 253 4,851 1,39} 2,93) 3,65{ 3,67} 1,32|2,88
Application
with Deying
Bul =10 pg 15,0 (14,5 [ 13,0 | 12343 | 13204 | 8954 93,48 {148,131 71,13
15,0 §14,5 { 13,1 | 1285 | 13382 | e 01,% {152,33| 71,40
15,1 j14,6 12,6 | 11833 | 13075 | 858 91,27 150,32 | 72,89
14,7 (14,1 [12,8 | 11433 | 12674 | 8659 9,2 {146,37{ 715,70
x g’ g’g 15,0 114,4 | 12,9 } 12000 | 13079 | 8746 91,74 | 149,54 { 72,93
s ! 416 24 86 1,351 2,43 1,85
s 34 2,25 0,98 2,23| 1,47 1,67] 2,88|1,%¢
0ul =20 15,5145 | 13,4 15252 | 17228 | 11588 83,33 [ 148,54 | 76,04
15,3 114,5 | 13,3 | 15950 | 17828 | 11845 89,47 [150,51 [ 14,26
. 15,5 115,0 { 13,7 16533 | 18401 | 12301 89,85 | 145,59 { 4,40
15,5 15,3 ;13,7 | 16402 | 18388 | 12217 89,20 §130,51 | 74,48
15,6 (14,5 | 13,2 | 155¢8 | 16729 | 11707 92,84 | 143,50 { 75,06
X :;;g'g 15,4 114,7 1134 } 1547 | 17729 | 11934 89,53 |148,53 | 74.85
s ’ 538 09 n 1,67 2,93} 0,73
4 3,3] 4001} 2611333} 1.86{ 1,97 0.8 [1.60

H

formed between the diameters d, and d,. The concentration distributions of the lines
formed at the interface from the circular areas were calculated by integration of the
segments of the circular areas, a five-fold increase in the outer ring concentration having
been assumed. The profiles thus calculated are represented in Fig. 7, and they agree
in principle with the measured results in Fig. 5.

Fig. 8 records other profiles calculated for peak areas; the horizontal row 1
shows the initial circular areas with concentration rings of varying widths, and rows
2, 3 and 4 show varying concentration ratios. All of the profiles are symmetrical. The
maximum concentration distribution in the middle of the peak is attained only with
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Fig. 7. Peak area profiles at the interface, calculated from the diameters of the circular areas after
application as listed in Table Ii; A, 10 ul, B, 20 ul applied, in each instance without intermediate
drying, C, 10 gl, D, 20 £l applied, in each instance with intermediate drying; 1, circular areas on
application in relation to the diameter measured, 2, circular areas after application, referred to the
same diameter, 3, peak area profiles at the interface, calculated from the former, assuming a five-fold
increase in ring concentration.

a very narrow, and hence weak, concentration ring (A2, B2). The other peak profiles
exhibit a dumb-bell-shaped concentration distribution. For guantitative measure-
ments, it is important to have profiles that are constant over a wide region in the
middle of the peak, such as C2, D2, B3, C3 and B4. It is noteworthy that despite the
differences in development of profiles induced by the variety of methods of applica-
tion, the concentrations found agree over a wide region in the centre of the profile.
Assuming that the peak-area profiles are evaluated exactly in the middle between
259 and 75% of the total width, the following values are obtained on the basis of a
total concentration of 100:

for the profiles B2 to F2: X = 53.2, s = 1.35, 5(%;) = 2.5
B3 to F3: & = 48.7, s — 1.75, s(%) = 3.6
B4 to F4: X = 45.5, s = 2.54, s(%) = 5.6

On using layers with-concentrating zones the concentration distribution of the

lines is theoretically not so ideal as with an exact application in the form of narrow
lines. This does not, however, reduce the efficiency of the method.
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Large-area application by immersion

If it is desired to detect very small amounts of substances in very dilute solu-
tions, or to isolate small amounts of substances with the aim of identifying them,
then the plates with the concentrating zone are dipped into the solution of the mixture.
The solution can be contained in a shallow trough or another svitable vessel. The
maximum depth of immersion must not, of course, exceed the height of the concen-
trating zone. In order to apply larger amounts the dipping process can be repeated
one or more times after brief drying in each instance.

A

0

-
s
N
U

I

Fig. 8. Calculated peak area profiles; 1, circular areas on application. A, without ring of increased
intensity ; B-F, diameter of the respective rings with 10-50%/ increased intensity of the overall diam-
eter. 2-4, peak area profiles at the interface with 2.5-fold, 5-fold and 10-fold intensity ratio, respec-
tively.

The concentrating and the immediate subsequent chromatography are il-
lustrated in Fig. 9. Owing to the precision of the interface, the state of narrowest line
width is passed through for a few seconds. This effect is responsible for the high chro-
matographic performance. With large-area application by immersion, the substance
concentration is evenly distributed over the entire narrow line. A better application in
the form of narrow lines cannot be attained with an automatic applicator. When very
dilute solutions are used, it is necessary to make several applications in the form of
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Fig. 9. Concentrating phases and chromatography phases after application by immersion into the
solvent-moistened layer of silica gel 60 pre-coated TLC plate with a concentrating zone; mixture of
seven lipophilic dyestuffs 0.1 %, N-chamber, 0.2 mm, toluene, z, = 60 mm.

narrow lines, with intermediate drying in each instance, in order to bring about the
chromatographic development of the same amount of substance.

If the method of application by immersion with conventional silica gel plates
without a concentrating zone is used, then concentrating into a band or a narrow line
is attainable only if the plate is developed several times with a strongly polar solvent
up to a new front about 10 or 20 mm above the level of immersion, before proceeding
with chromatography. As can be seen from the data in Table I, the normal silica gel
TLC layer on immersion takes up a volume of substance solution about three times
larger than that with the concentrating zone.

Wer application
Kaiser™® was the first to set forth the advantages of wet dosage, in conjunction
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with the U-chamber. As on employment of layers with concentrating zones the exact
position of application is not critical, such layers also afford the opportunity of wet
dosage without risk of subsequent uneven Ry values. Development is carried out
to the level of the interface in the solvent selected, followed by removal of the plate
from the chamber, and dosage either by the application of spots with a syringe or
capillary, or by immersion into the wet layer. As with dry dosage, the concentrating
effect starts after the plate has been placed in the eluent and is followed by chroma-
tography.

An advantage of wet dosage is that the risk of decomposition of the substance
on application is still further reduced. In particular, however, the flow behaviour is
favoured by the development of a very even solvent front. In Fig. 9 the application
was effected by immersion in the briefly pre-developed wet concentrating zone. The
evenly formed lines of substances extending up to the lateral margins of the layer
result from this application technique. After large-area application by immersion, it

TABLE III

PEAK AREAS AND PEAK AREA RATIOS WITH VARIOUS VOLUMES APPLIED ON
SILICA GEL 60 PRE-COATED TLC PLATES AND SILICA GEL 60 PRE-COATED TLC
PLATES WITH A CONCENTRATING ZONE

Mixture of three lipophilic dyestuffs 0.19;; N-chamber without chamber saturation, toluene, =, =
100 mm, measurements perpendicular to direction of development.

Width of the Bands] Peak Areas CaVs ] Relations of the Peak Areas
Ceal (21
- \ g B v & 8 jMean | V/B |6/B |8V lkean
550cm (6300w | S360e } Value Yalue
TE-Silicagel X 7611154 | 015 58| 463 69,32} 129,34} 111,63
000! =200ng s - 41 10 B 0,55 53 5,83
2 0,85 | 1,66 6,11]2,87 | 0,80] &, 5,26} 3,51
x 8,2) 6,8 5,4 47 ) 669] 49 65,84 | 135,52] 108,68
s 8 11 16 0,611 4,78 3,65
[~ 4 1,78 | 1,60} 3,2412,21 | 0,91 3,50 2,78| 2.40
¥ean Value >4 1,32 11,631 4,68|2,5¢ | 0,868] 3,8] 4,02]2,95
NCStheagel % | 9,6 (16,8 [15,3 | 781 [sama | 1120 8,71 1&,@‘ 8,%
with Conc.Zone s 203} 528 79 6,00/ 8,41 3,10
5ul=5p 2 2,08 |58 1,18)3,22 } 7,08] 6,67 3,358
X 17,2 §16,5)14,9 | 7392 | 332 | &6B 78,711 140,25] 90,63
s ™| 7] 93 0,13] 4,3 1%
st 1,05 {1,781 1,33 (1,41 | 4,00{ 3,07 2,%6{3,08
Kean Value 4 1,87 13,83} 1,252,322 | 5,54] 4,87} 2,13}4,38
fc-Silicagel x| 20,4(20,1(18,9 {13365 |1ss0 | uss gg.40| 153,13} 10,78
with Conc.Zone s 162 | 1989 14 0,8] 1,77} 1,3
10l = 10pg % t,22 1,331 1,881,456 | 0,871 1,12] 1,%]1,32
by 20,5 }120,1)19,7 }12820 J4753 | @312 87,59 } 157,43} 72,57
s 315 | @ | 181 1,49] 2,80} 2,18
< 2,45 j2,46 ) 1,24 12,28 1,70 1,78 3,212, 12
Kean Value fv4 1,84 | 1,90 1,83 1187 | 1,29] 1,45] 2,43{1,74

sanat
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is still possible to apply reference substances in the form of spots. The subsequent
assignment of the lines is thus facilitated.

QUANTITATIVE EVALUATIONS

Tables III and IV give the mean peak areas with standard deviations in the
case of measurements perpendicular to the direction of development between pre-
coated TLC and HPTLC plates without and with a concentrating zone. Of the blue,
green and violet dyestuffs with low, medium and high Ry values, the line widths in-
crease slightly on application to the concentrating zone because of diffuse spreading.
With the same application technique the line widths on application of 10 ul to the
TLC pre-coated plate with a concentrating zone are, of course, larger than on ap-
plication of 5 ul (Table Iil). The smaller line width with the application.of 2 gl to the-
HPTLC plate with a syringe in comparison with a capillary with concentrating zone
is explained by the slower draining when using the capillary, the solvent evaporating
during the application (Table 1IV).

TABLE 1V

PEAK AREAS AND PEAK AREA RATIOS WITH VARIOUS VOLUMES APPLIED ON
SILICA GEL 60 PRE-COATED HPTLC PLATES AND SILICA GEL 60 PRE-COATED HPTLC
PLATES WITH A CONCENTRATING ZONE

Mixture of three lipophilic dyestuffs 0.1 %; N-chamber without chamber saturation, toluene, z, =
50 mm, measurements perpendicular to direction of development. :

Width of the Bands Peak Areas CaVs ] Relations of the Peak

Cral Areas L2

V] & 8 v [ B #ean | V/G 6/8 | B/V |Mean

550rm | 630om 5860a | Valus Value
HPTLC-Silica ge] X 5,3] 3,8] 3,0 321 37 02 86,60 | 122,83 | 24,09
50 nl = 50 ng s 5 8 10 2,05 2,06] 3,30

s3 1,54 | 2,15 3,47 | 2,38] 2,37 1,68| 3,51)2,52
HPTLC-Silica gel X 12,312,8} 11,2 5840 | 7198 5449 81,27 { 132,11 { 93,15
with Conc.Zone s 135 238 119 2,01 3,061 0,81

2p1 =2pg 2 2,30 | 3,30 2,8 | 250) 2,47| 2,31] 0,871,888
Gepillary F 12,4]12,3{ 11,2 { 563 | e8| 4136 75,65 | 166,27 | 78,52
) 195 307 157 1,650 2,37| 1,30

2 31| 446 381 | 400] 1,89| 1,43[ 1,66(1,66

Wean Value 4 3,00 ] 3.8 3,00 3,30} 2,18 1,87 1,21 1,77
WPTLC-Silica gel X 1,7{11,4{ 10,7 5194 | 65148 3832 84,48 | 160,39 | 73,85
with Conc.Zone s 245 270 o4 1,04 406} 2,06

2l =23 st 47 | 4,39 2,44 | 3,85 1,23} 2,53 2,78 {2,18
Syringe - -
yring 3 1m,7111,3]10,4 | 5235 | s006 | 408 87,18 | 149,57 {75,73
s 202 260 178 g,61] 2,1511,38

2 3,85 | 4,33 44 | 4,21 0,70] 1,44} 1,80 [1,:

¥ean Value s 4,28 4,3 3,45 | 4,03]0,97| 1,99 2,30 {1,355
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Comparison of the pre-coated TLC plate with 200 nl applied and the pre-
coated TLC plate with a concentrating zone and volumes of 5 and 10 ul applied
(Table III) reveals that the standard deviations of the peak areas are slightly improved
from 2.5 to 2.3 and 1.99,. However, the standard deviations of the peak-area ratios
(internal standard) at 3.0, 4.4 and 1.7 % are only improved with the 10-x1 application.
Comparison of the pre-coated HPTLC plate with 50 nl applied and the HPTLC
plate with a concentrating zone and 2 ul applied with a capillary or with a syringe
(Table 1V) shows that the standard deviations of the peak areas deteriorated from
2.4 to 3.3 and 4.09,. However, the standard deviations of the peak-area ratios
improved from 2.5 to 1.8 in each instance. However, as the application of larger
amounts (microlitre volumes) is generally less difficult than the application of smaller
amounts (nanolitre volumes), plates with concentrating zones offer an advantage
which should not be under-estimated.

In Tables II and V the peak-area measurements made perpendicular to the
direction of development on pre-coated TLC plates with a concentrating zone in the
case of application without and with intermediate drying when using a 0.19 and a
0.01 9% solution are compared. The corresponding area profiles measured are repre-

4

TABLE V

PEAK AREAS AND PEAK AREA RATIOS WITH VARIOUS VOLUMES APPLIED ON
SILICA GEL 60 PRE-COATED TLC PLATES WITH A CONCENTRATING ZONE

Mixture of three lipophilic dyestuffs 0.01 %;; N-chamber without chamber saturation, toluene, z, =
100 mm, measurements perpendicular to direction of development.

Diameter Width of the Bands Peak Areas [nmV¥s 1 Relations of the Peak Areas
of the Cand £Z31
Circular
Area v [ B v [ B |Kean| V/G | &/B |BN |Hean
after 550nn | 630nm | 58Gnm | Value Value
Application
Cen]
TLC-Silica gel
with Conc.Zone
10ul = 1 g
Application 20,0 |17,6| 16,7 | 3126 | 3210 2100 97,38 | 152,86 67,18
without Orying 19,7 118,2) 17,4 | 3172 | 3320} 2341 95,54 | 141,82 73,80
20,0 117,7] 16,9 | 3069 | 3079 ] 2086 99,68 | 147,60 67,97
20,0417,41 16,5 | 3132 ] 3362 | 2360 93,16 | 142,46 | 75,35
X 16,8 19,9 | 17,71 16,9 | 3125 3203 | 2222 96,44 | 146,19} 71,08
s 42 121 149 2,1 5,15] 4,10
s% . 1,36 | 3,77 6,713,385 ] 2,87 | 3,52| 5,77} 4,05
Application A 12,3 111,51 10,2 | 3119 | 3592 | 2721 86,83 §132,01] 87,24
with drying 12,5 110,9] 10,0 3104 ) 3505 | 2689 88,56 | 130,35 { 86,63
12,8 111,3] 9,9 | 3143 3544 | 2726 88,69 } 130,01} 86,73
12,8 {11,3] 10,1 | 3155 | 3614 { 2753 87,30 { 131,27 87,26
x 1,8 12,8 111,2 10,1 | 3130 3564 | 2722 87,85 { 130,91 86,97
s 23 43 2% 0,92 ) 0,91 8,33
s% 0,741 1,37 0,9% (1,02} 1,65 0,704 0,3810,71
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sented in Figs. 5 and 6. The reduction in line widths when equal amounts are applied
and on dosage with intermediate drying in comparison with dosage without inter-
mediate drying is considerable. When the 0.1 9/ solution is employed, the standard
deviations of the peak areas measured have approximately the same value for the
two methods of application, but those of the peak-area ratios (internal standard)
are favourable for the application with intermediate drying (Table II). With the
0.01 % solution, however, all of the standard deviations are markedly improved for
the method of application with intermediate drying, namely from 4.0 to 1.0% and
from 4.1 to 0.7%;, (Table V). These results show that with quantitative evaluation a
certain minimum concentration of substance per unit area is necessary. The higher
substance loading attained by application with intermediate drying thus yields the
more favourable standard deviation.

Table VI and Fig. 10 list the results of quantitative peak areca measurements
with volumes applied varying from 2 to 6 ul and substance concentrations varying
from 0.01 to 0.1 %, evaluated this time in the middle, in each instance in the direction
of development with smaller areas in comparison with the lines. The same mean wave-
length of 586 nm was used for the violet, green and blue dyestuffs. For a constant
substance concentration the ratios of the peak areas attained (internal standard) with
various volumes applied are in good agreement. The regression lines run linearly
with increasing gradient at higher volumes applied, and exhibit correspondingly high
regression coefficients.

TABLE VI

PEAK AREAS AND PEAK AREA RATIOS WITH VARIOUS VOLUMES APPLIED AND
VARIOUS CONCENTRATIONS ON SILICA GEL 60 PRE-COATED HPTLC PLATES WITH
A CONCENTRATING ZONE

Mixture of three lipophilic dyestuffs, N-chamber without chamber saturation, toluene, z, = 50 mm,
measurements gerpendicular to direction of development in centre of the peaks, area measured
6 x 0.2 mm.

Voluzme | ConcentrationjAmount | Diameter Peak Areas [ Vs ] Relations of the Peak Areas
applied | of the applied | of the £21
Solution Circular Area v G B V/G 6/8 B/
after
Application 586 nm| 586 nm | 586 na
pl Z ug oa
2 0,01 0,2 10 230 421 2677 1 54,63
2 0,05 1 10 805 1449 1683 { 62,46 | 85,79 | 186,63
2 0,1 2 10 2047 3086 3217 166,33 | 95,93 | 157,16
4 0,01 0,4 13 333 588 4807 | 56,63
4 0,05 2 13 1242 2040 2287 60,88 88,81 184,94
4 0,1 4 13 2106 4145 4099 | 65,27 } 101,15 | 151,48
6 0,01 0,6 16 358 6542 378? | 55,76
0,05 3 16 1448 2364 2628 | 61,25 | 89,92 | 181,56
0,1 6 16 3108 4702 4463 | 66,10 | 105,36 | 143,60
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This result was to be expected on the basis of the calculations on p. 831,
which yielded a good agreement between various profile concentrations in the middle
of the lines. Thus, on application of the same volumes of solutions of varying con-
centrations in each instance, it is possible without difficulty to measure the peak areas
in the direction of development in the middle of the lines; the length of the slit of the
photometer should be about half the length of the line. The use of layers with con-
centrating zones not only improves quantitative determinations, but also simul-
tancously enhances the sensitivity of detection of extremely dilute solutions.

With volumes applied in the ratio 1:10 (2 xl to 20 ul) and with 1:100 concen-
tration of the solutions (0.001 ¢/ to 0.1 %), amounts of substance in the ratio 1:1000
(0.02 ug to 20 ug) are quantitatively detectable on the same plate without difficulty.

COMPARISON OF CHROMATOGRAPHIC PERFORMANCE

The separation number recommended by Kaiser®* for assessment of separation
performance has in our opinion proved to be of outstanding value as a substance-
independent parameter in TLC. We are able to confirm the high degree of reproducibil-
ity in several hundred determinations.

By definition, the separation number gives the maximum number of com-
pletely separated substances in the range from Ry = 0to Ry = 1, a pair of substances
being considered to be completely separated when the interval between the concen-

Viotet Green Blue
mvs 6 pl
®r2-0999 & pl
l r2:0.985
4 pi 4 pt
4000— /" ~2-0098 J! r2=0.995
2 pi
6 pt 2 pl A r2:0.998
3000}— p r2=a997 Ar2:0996
.4 ul
r2z0.995 L ]
2
L A
2000 r2:0.993
A
1000~
) 1 i /1 ! 7 ! )

0.01% 043 0.01% 0.1% 001 Qs

Fig. 10. Regression lines of chromatographically separated lipophilic dyestuffs at volumes applied
of 2, 4, and 6 ul; for experimental conditions, see Table VI.



TLC AND HPTLC PLATES WITH CONCENTRATING ZONES 839

tration maxima corresponds to the sum of the two peak widths at half-height. The
following relationship is used to calculate the separation number:

SN = — 1

_ Zr
bo + bl
where

z; (mm) = distance run by solvent from start to front

bo (Inm) = extrapolated width of starting spot at half-height of the individual
concentration curve

b, (mm) = extrapolated width of the spot at half-height of the individual
concentration curve at R =1

Table VII and Fig. 11 compare the separation numbers with varying volumes
applied for chromatography on conventional silica gel 60 pre-coated TLC plates
and on silica gel 60 pre-coated TLC plates with a concentrating zone at a z, value of
100 mm. It is apparent from the exponential curves and the relative values of the
respective separation numbers that the advantage of the plate with a concentrating

TABLE VII

SEPARATION NUMBERS WITH VARIOUS AMOUNTS APPLIED FOR SILICA GEL 60
PRE-COATED TLC PLATES AND SILICA GEL 60 PRE-COATED TLC PLATES WITH A
CONCENTRATING ZONE

Mixture of seven lipophilic dyestuffs 0.1 9], N-chamber without chamber saturation, toluene, z, =
160 mm.

Amount Separation tiumber Relation of the
applied TLC -~ TLC - Separation Numbers
Silica gel [Silica gel between TLC-Silica gel
with Conc.Zone with Conc.Zone and TLC-
4g Silica gel
0,01 11,22 12,83 1,14
0,1 11,20 12,82 1,14
1 11,02 12,75 1,16
2 10,82 12,68 1,17
3 10,63 12,61 1,19
4 10,44 12,54 ) 1,20
5 10,25 12,46 1,22
10 9,37 12,1 1,29
20 1,82 11,43 1,46
3G £,53 10,79 1,65
40 9,45 10,18 1,87
50 4,55 3,62 2,11
166 1,85 1,22 3,90
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zone lies mainly in the larger amounts that can be applied. Whereas with amounts
applied of 10 or 100 ng the improvement in the separation performance is only 159,
with 10 ug the improvement is 309, and with 50 g more than 100 ;. The separation
number atiained even with a volume applied of 100 ul, corresponding to 100 ug of
each substance, in a run of 100 mm is remarkably high, namely 7.

Table VIII and Fig. 12 compare the separation numbers attained on silica gel
60 pre-coated TL.C plates with a concentrating zone for the application of the same
volume in each instance of two solutions of different concentrations. In comparison
with the 0.1 solution, the improvement in separation performance with the 0.01 9%,
solution is detectable in the range from 10 to 209, and is only slightly influenced by
the absolute volume applied.

It can be seen from Table IX that, despite correct measurement of the ARg
values from the respective starting zone, i.e., on the one hand from the starting point
and on the other from the interface, the ARy values are slightly higher for the plate
with a concentrating zone than for the conventional plate with a uniform layer
throughout. The reason is not readily apparent. As the difference is more marked at
lower Ry values thian at higher values, it could possibly be the prior development ef-
fect within the concentrating zone that is responsible.

nl=pg ui

50— 100

a0— 80

30+ 60—

20— 40—

10— 20—
I | i ] i |
5 10 15 5 10 15

SN ——» SN ——»

Fig. 11. Separation numbers versus amounts applied on silica gel 60 pre-coated TLC plates (left) and
silica gel 60 pre-coated TLC plates with concentrating zone (right); for experimental conditions, see
Table VII.

Fig. 12. Séparation numbers versus amounts applied of solutions of varying concentrations; 0.1 %4
(left), 0.01 % (right); for experimental conditions, see Table VIII.

Table X and Fig. 13 show the separation numbers for various amounts applied
using silica gel 60 pre-coated HPTLC plates and silica gel 60 pre-coated HPTLC plates
with a concentrating zone at a z, value of 50 mm. Here also there is the same tendency
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TABLE VIII

SEPARATION NUMBERS WITH VARIOUS AMOUNTS APPLIED OF SOLUTIONS OF
VARIOUS CONCENTRATIONS .

Silica gel 60 pre-coated TLC plates with a concentration zone, mixture of three lipophilic dyestuffs,
N-chamber without chamber saturation, toluene, =, = 100 mm.

Amouni Separation Number Relation of the
applied 0,17 solution | 0,017 solution Separation Numbers
; between the 0,01% and
g - the 0,17 solutions
0,0t 12,92 14,23 1,10
0,1 12,91 14,23 1,10
8,8 12,89 14,22 1,10
1 12,86 14,20 1,10
2 12,79 14,17 1,11
3 12,173 14,14 1,1
4 12,66 14,11 1,1
5 12,60 14,08 1,12
6 12,53 14,05 1,12
7 12,47 14,02 1,12
8 12,41 13,98 1,13
g 12,35 13,96 . 1,13
10 12,28 13,92 1,13
15 11,98 13,77 1,18
20 11,68 13,62 1,17
25 11,39 13,41 1,18
5 10,03 12,75 1,27
100 1,19 11,42 1,47

as with the TLC plates. With increasing amounts applied, the difference in separation
efficiency in favour of the plate with the concentrating zone is markedly greater.
Comparison of the TLC grades with the HPTLC grades reveals that the increase in
separation performance with the HPTLC plate with the concentrating zone is greater.
With very small amounts applied (about 1 gl) it is 409/, and at 10 xl 809,. Even with
a volume applied of 25 ul, corresponding to 25 ug of each substance, an HPTLC
layer with a concentrating zone can still separate eight substances in a run of 50 mm.

It can be seen from Table XI that here also the ARy values for the layer with
the concentrating zone are slightly higher than those for the pure silica gel layer,
especially at lower ARyp values. The ratios of ARy values for the TL.C and HPTLC
grades as a function of the ARy values are represented in Fig. 14. On average for the
two grades, with a concentrating zone the AR, value of about 30 is ca. 109 higher
than that for the uniform layers. A certain tendency is detectable in the direction of
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TABLE IX .

ARz VALUES AND ARr YALUE RATIOS FOR SILICA GEL 60 PRE-COATED TLC PLATES
AND SILICA GEL 60 PRE-COATED TLC PLATES WITH A CONCENTRATING ZONE
Mixture of seven lipophilic dyestuffs 0.1 %, Nchamber without chamber saturation, toluene, z, =
100 mm.

Relation between
TLC-Silica gel
4ug 8 pg 12 ug 16 ug 20 pg t#ean Value| with Conc.Zone and
TLC-Silica gel
Kean Value
WRe VI
TLC-Silica gel| 73,6 73,7 73,5 73,0 12,9 13,3 10
by
TLC-Silica gel 74,8 74,3 74,5 74,6 74,6 74,6
with Conc.Zone )
Ry VI
TLC-Silica gel| 48,0 48,0 47,6 45,8 46,4 47,4 106
TLC-Silica gel 50,3 49,7 49,8 49,8 43,6 49,3 '
with Conc.Zone
Wy Gr
TLC-Silica gel) 38,8 8.8 38,3 37,5 37,1 38,1 1.08
TLC-Silica gel 41,8 41,3 415 416 41,4 415 ’
with Conc.Zone
Wy B f
TLC-Silica gel] 15,1 14,9 14,6 14,0 13,9 14,5 118
TLE-Silica gel 17,5 16,6 16,5 16,4 15,8 16,6 '
with Conc.Zone
hRf R .
TLC-Silica gel} 9,4 9,1 9,0 8,6 8,6 8,9 100
TLC-Silica gel 10,3 9,6 8,7 9,6 9,1 9,7 ’

the conditions of circular chromatography. The higher, i.e., more favourable kappa
value of the HPTLC plate with the concentrating zone can be explained by the com-
paratively high velocity of the migrating substances in the concentrating zone
(Table X1). L

The separation performances of the silica gel 60 pre-coated HPTLC plate with
a concentrating zone in comparison with that of the silica gel 60 pre-coated TLC plate
with a concentrating zone as a function ‘of the amount applied for a run of 50 mm
are represented in Table XII and Fig. 15. The separation numbers for a wide range
of amounts applied (between 10 ng and 20 xg) are about 409 higher for the pre-
coated HPTLC plaie with a concentrating zone.

Table XIII gives chromatographic data obtained in various runs for both
grades of layer with a concentrating zone. The base widths of the substance peaks,
w,, as a function of the distance run by the substance, z,, are compared in Fig. 16,
and the separation numbers, SN, as a function of the distance run by the solvent, z,,
in Fig. 17. A base width of a peak of, e.g., 4 mm is achieved with a substance run of
15 mm on the TLC plate with a concentrating zone, but on the HPTLC plate with a
concentrating zone very much more favourably with a run of 40 mm (Fig. 16). The
same chromatographic performance with a separation number of, for example, 12 is
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t

El=ug hRf
25—~ 100~

15— &0

10— 40

! 1 1 | I

|
) 10 15 ) 1.000 1050 1100 1150
SN —— Relation of hRf-values

Fig. 13. Separation numbers versus amounts applied on silica gel 60 pre-coated HPTLC plates (left)
and silica gel 60 precoated HPTLC plates with a concentrating zone (right) ; for experimental condi-
tions, see Table X.

Fig. 14. Ratios of AR values versus hRg values for layers with a concentrating zone and layers
without a concentrating zone; TLC grades (left), HPTLC grades (right), mean values (centre); for
experimental conditions, see Tables IX and X.

attained on the pre-coated TLC plate with a concentrating zone with a solvent run
of 80 mm, but on the pre-coated HPTLC plate with a concentrating zone with a run
of 45 mm (Fig. 17). With the same solvent runs, the kappa values, which represent
the flow-rates, are the same for both plate grades with concentrating zones (Table
XIID). .

Fig. 18 compares chromatograms of the same separations with different
amounts of substance on silica gel 60 pre-coated TLC plates and silica gel 60 pre-coated
TLC plates with a concentrating zone with a z, value of 100 mm and on silica gel 60
pre-coated HPTLC plates and silica gel 60 pre-coated HPTLC plates with a concen-
trating zone with a z, value of 50 mm from the start line to the solvent front. Consid-
eration of the second and third columns of Fig. 18 permits a comparison of the plate
grades without concentrating zones, and consideration of the first and second or the
third and fourth columns permits a comparison of the respective layers without and
with a concentrating zone. On consideration of the same layer with increasing amounts
applied, a noticeable deterioration is observed for the plates without a concentrating
zone, but only a slight deterioration in the efficiency of separation for the plates with
a concentrating zone. The not entirely satisfactory quality of separation apparent in
the chromatograms obtained with the pre-coated HPTLC plates can be explained by
the 10- to 100-fold overloading of the layers in comparison with the amounts of
10100 nl usually applied on pre-coated HPTLC plates.
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TABLE X

SEPARATION NUMBERS WITH VARIOUS AMOUNTS APPLIED FOR SILICA GEL 60
PRE-COATED HPTLC PLATES AND SILICA GEL 60 PRE-COATED HPTLC PLATES
WITH A CONCENTRATING ZONE

Mixture of seven lipophilic dyestuffs 0.19], N-chamber without chamber saturation, toluene, z, =
50 mm.

Amount Separation Number Relation of the
applied HPTLG - HPTLG - Separation Humbers
Silica gel | Silica gel between HPTLC-Silica gel
- with Conc.Zone with Conc.Zone and HPTLC-
49 Silica gel
0,01 g,78 13,40 1,37
0,1 9,74 13,38 1,37
1 9,32 13,15 1,41
2 8,88 12,88 1,45
3 8,45 12,65 1,50
4 8,05 12,41 1,54
5 7,67 12,17 1,59
6 7,31 11,84 1,62
7 6,96 11,11 1,68
8 6,63 11,49 1,73
g 6,31 11,26 1,78
10 6,01 11,05 1,84
15 4,72 10,04 2,13
20 3,80 9,11 2,47
25 2,90 8,28 2,86
50 0,86 5,1 5,04

SPECIAL CHROMATOGRAPHIC BEHAVIOUR OF THE CONCENTRATING ZONE

When plates with a concentrating zone are used, it is generally possible to
employ a solvent or solvent mixture as for chrecmatography on conventional layers.
If, however, certain substance components are retained in the starting spot or in the
concentrating zone, there may be two reasons. This effect may firstly indicate
insolubility or at least a low solubility of the constituents in the solvent concerned.
This effect can usually be overcome by changing the composition of the solvent while
retaining the overall polarity.

The higher the solubility of the substance in the solvent, the narrower is the
concentrating of the substance in the interface and the more favourable is the starting
situation for chromatography. For example, with lipophilic dyestuffs (see Fig. 19a-k),
marked differences are detectable. The upper section shows the single development
up to the interface, and the lower section the course of the chromatography in the
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TABLE XI

ARr VALUES, #Rr VALUE RATIOS AND KAPPA VALUES FOR SILICA GEL 60 PRE-
COATED HPTLC PLATES AND SILICA GEL 60 PRE-COATED HPTLC PLATES WITH A
CONCENTRATING ZONE

Mixture of seven lipophilic dyestuffs 0.1 94, N-chamber without chamber saturation, toluene, z, =
50 mm.

Relation between
HPTLC-Silica gel
2 4 g 8 pug Vean Value | with Conc.Zone and
HPTLC-Silica gel
¥ean Value

e VI
HPTLE-Silica gel | 72,0 1,3 m,4 .6 1.03

HPTLC-Silica gel 74,2 73,7 73,5 73,8 i
with Conc.Zone

hﬁf yu
HPTLC-Silica gel | 46,6 46,0 46,3 45,3

HPTLC-Silica gel 51,2 50,3 436 50,4
with Conc.Zone

Wy Er
HPTLC-Silica gel | 37,7 37,3 37,7 37,6

HPTLC-Silica gel 42,3 41,6 41,1 41,7 .
with Conc.Zone

R 8
HPTLC-Silica gel | 15,0 14,7 14,8 14,8

HPTLC-Silica gel 17,8 16,3 15,1 16,4
with Conc.Zoaz

W R
HPTLC-Silica el | 8,0 8,9 9,0 9.0

HPTLE-Silica gal 1,8 10,6 8,5 10,7
with Conc.Zone

1,09

1,19

HPTLE-Silica gel 3,3
HPTLC-Silica gel 4,0F
with Conc.Zon2

1,28

x froa interface

solvent concerned. Chloroform (Fig. 19d), acetonitrile (Fig. 19f), ethyl acetate (Fig.
19g) and acetone (Fig. 19h) are particularly suitable for concentrating purposes.
n-Hexane (Fig. 192) is unsuitable. The remaining solvents can be used, as they gradually
dissolve the substances during the longer passage of the solvent and apparently bring

them to the chromatographic process without an unfavourable influence on the sepa-
ration performance.

The reason why certain substances are completely or partially retained in the
concentrating zone and do not migrate to the interface lies in the chromatographic
properties of these subsiances in the concentrating zone in the solvent used. Such
substances are usually inorganic and sometimes organic salts, or very polar and
usually low-molecular-weight substances with alkyl, carbonyl or nitrile groups, e.g.,
certain alcohols and sugars. When hydrophilic solvents are used, partition chroma-
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TABLE XI¥

SEPARATION NUMBERS FOR VARIOUS AMOUNTS APPLIED ON SILICA GEL 60 PRE-
COATED TLC PLATES WITH A CONCENTRATING ZONE AND SILICA GEL 60 PRE-
COATED HPTLC PLATES WITH A CONCENTRATING ZONE .
Mixture of three lipophilic dyestuffs 0.1 9%, N-chamber without chamber saturation, toluene, zy =
50 mm.

Amount Separation Humber Nelation of the
applied TLC - HPTLC - Separation tumbers
Silica gel Silica gel between HPTLC-Silica gel
with Conc.Zone | with Conc.Zone with Conc.Zone and TLC-
Jag . Silica gel with Conc.Zone
0,01 9,08 13,16 1,45
g,1 9,07 13,14 1,45
1 8,96 12,93 1,44
2 8,83 12,70 1,44
3 8,70 12,47 1,43
4 8,58 12,25 1,43
5 8,45 12,03 1,42
6 8,33 11,82 1,42
7 8,21 11,61 1,41
8 8,10 11,40 1,41
9 7,98 11,20 1,4C
10 7,86 11,00 1,40
15 7,32 10,06 1,37
20 5,81 6,19 1,35
25 6,33 8,40 1,33
30 4.41 5,36 1,21
100 2,14 2,13 1,02

tography can take place even in the very narrow, inert layer of the concentrating
zZone, so that the substances do not reach the interface, i.e., the starting line for chro-
matography.

This effect is of advantage if it results in removal of undesirable constituents
that interfere in the chromatography; however, it is useless if as a consequence the
substance to be determined reaches the actual chromatographic layer only in part or
not at all. A change of solvent can be of assistance in this connection. If the cation
or anion component of a salt is the moiety to be determined, this moiety into the basic
or acidic form must be converted by addition of an alkali or an acid to the solvent (an
extremely small amount usually suffices). In such instances it is advisable to select a
solvent that is snitable for concentrating purposes by means of a test strip coated with
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Fig. 15. Separation number versus amounts applied on silica gel 60 pre-coated TLC plates with
concentrating zone (left) and silica gel 60 pre-coated HPTLC plates with concentrating zone (right);
for experimental conditions see Table XII.

Fig. 16. Curves of base widths w. of the substances versus z, of the substances on silica gel 60 pre-
coated TLC plates with a concentrating zone (right) and silica gel 60 pre-coated HPTLC plates with
a concentrating zone (left); for experimental conditions, see Table XIII.

the inert material of the concentrating zone. The substances of interest must be
entrained with the solvent front.

Further difficulties can arise when the solutions applied to the concentrating
zone are too concentrated, with the result that once they have started to dry, a barrier
to passage of the solvent arises owing to crystallization or adhesion. In such instances
the solution must either be applied in a more diluted form, such drying must be
avoided, or the application should be made intentionally to a moistened layer.

SPECIAL PERFORMANCE AND SPECIAL ADVANTAGES

Figs. 20, 21 and 22 show chromatograms of dyestuffs, steroids and amino
acids obtained on silica gel 60 pre-coated TLC plates and silica gel 60 pre-coated
TLC plates with a concentrating zone. Owing to the formation of lines, the separations
are significantly improved over the entire chromatographic region, and the improve-
ment is especially marked in the lower Ry value range and when very large amounts
are applied.

Fig. 23 compares separations of lipophilic dyestuffs with low Ry values at
various concentrations in layers without and with a concentrating zone. It can be seen
that in the separation of substances with very similar Ry values, small amounts of
substances with higher R values are easier to separate than small amounts of sub-
stances with lower R values. The improvement in separation when using the plates
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TABLE XIII

CHROMATOGRAPHIC DATA FOR VARIOUS VALUES OF z, ON SILICA GEL 60 PRE-
COATED TLC PLATES WITH A CONCENTRATING ZONE AND SILICA GEL PRE-
COATED HPTLC PLATES WITH A CONCENTRATING ZONE

Mixture of three lipophilic dyestuffs 0.1 %, N-chamber without chamber saturation, toluene.

Violet Green Blue
25 bRy 2y Vy H R 2y Wy HoItRg Zy | vy H X SN
= m | m pm e | Em | pm /s
TLC-Silica gel | 141,2 | 75,7 | 106,9 |7,68 | 38,5 | 46,2 {65,3 |7,50 59,6 §17,8 {25,1 |5,63 {79,0]5,1% | 15,7
with Conc.Zone {121,2§76,1{ 92,3 16,78 | 31,1 (45,8 {55,7 17,50 |63,1 (17,0 {20,6 |5,04 {77,3}5,0% | 14,7
102,1)75,5] 77,1 |6,50 | 34,2 | 45,9 }46,9 6,55 |57,2 | 18,4 | 18,8 14,74 | 74,9}5,0% | 13,4
80,5176,5| 61,6 {5,45 {30,1}{46,6 37,6 {6,056 |61,2 118,1 } 14,6 |4,38 [82,5}4,6 X | 11,8
60,5 75,6 | 45,8 4,62 [ 29,2 |45,2 | 27,4 14,84 |53,5 {17,0 } 10,3 }3,83 {88,9 14,5 % } 10,5
40,4173,3| 29,6 14,26 {37,6 | 42,4 {17,1 4,12 |62,17 | 14,3 { 5,8 |2,99 |96,7}3,7% | 7,7
20,5 171,4 | 14,6 |4,0268,8)39,5] 8,1 {3,22180,2}13,8] 2,8 |1,98|86,812,6 %] 4,2
HPTLC-Silica ge) 69,8 | 75,0 | 92,4 |4,35 (22,5 (44,7 131,2 14,11 133,9 |17,3 } 12,1 |3,05 | 48,5 4,4 X { 14,1
with Conc.Zone | 61,0 76,0 46,4 {3,8520,0}48,5{29,6 {3,73124,6 |20,3112,3 |2,93 143,5}4,2% 13,6
40,3 {76,7| 31,0 y2,98 {17,9146,3 { 18,7 {3,00 [30,0 {13,0| 7,7 {2,18{38,8]3,5 % |11,4
20,0 {71,111 15,4 {2,20119,6 {45,7 | 9,1 {1,% 126,1 }19,1: 3,8 }1,47135,442,7%} 1,9
X from interface
mmL__
100+
It
Zy
S0
1 1 1
5 10 15
SN ——»

Fig. 17. Separation numbers versus z, of the solvent on silica gel 60 pre-coated TLC plates with a
concentrating zone (left) and silica gel 60 precoated HPTLC plates with a concentrating zone (right);
for experimental conditions, see Table XIII.
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Fig. 18. Chromatograms for various amounts applied on silica gel 60 pre-coated TLC plates (z, =
100 mm) and on silica gel 60 pre-coated HPTLC plates (z, = 50 mm) without and with concentrating
zones; mixture of seven lipophilic dyestuffs 0.1 9}, N-chamber without chamber saturation, toluene,

586 nm.

with a concentrating zone can ciearly be seen (Fig. 23b is better than Fig. 23a and
Fig. 23d is better than Fig. 23c).

The concentrating effect permits the immediate application of spots or larger
areas, without the need for the usual prior enrichment process, and these merge in a
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3l
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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 sl of the 0.1 ¢/ solution; N-chamber without chamber satura-
tion, 'toluene, z, = 100 mm.

b
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 (cholesterol stearate, chlormadinone
acetate, cholesterol, epitestosterone, pregnanediol, 11-deoxy-17-hydroxycorticosterone and cortico-
sterone), amounts applied (from left to right) 0.75, 2, and 4 ul of the 0.1 % solution per steroid, N-
chamber with chamber saturation, solvent: chloroform-methanol (95:5), =, = 100 mm, immersion
in 59 perchloric acid in methanol, 5 min, 120°, UV detection at 366 nm.

Fig. 22. 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 amino acids (L-leucine, DL-valine, @-amino-
butyric acid, «-alanine, prL-threonine, glycine, glutamine and arginine), amounts applied (from left
to right) 0.75, 2, 4, 6, and 8 ul of a 0.029 solution per amino acid, N-chamber without chamber
saturation, solvent: propanol-water (80:20), =, = 100 mm, 2 min, 120°, 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: 0.005% Blue VIF Organol (higher Rr value) and 0.5% Ceres red G (lower R value).
Test mixture I: 0.5% Blue VIF Organol (higher Ry value) and 0.0059] Ceres red G (lower Rge
value). Amounts applied (from left to right): 2, 4, 8, and 16 p! (equivalent to 0.1/10, 0.2/20, 0.4/40,
and 0.8/80 ug); N-chamber without chamber saturation, toluene, z, = 160 mm.

ol

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 saits 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 particularly in biochemistry is carried out almost automatically
in this layer before chromatography. Beesley” in 1972 drew attention to the possibility
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 spot 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 olites, classify them and determine
them. This should lead to many applications in biochemistry, metabolite research,
pharmaceutical quality control, food chemistry, the chemistry of natural subsiences
and cther fields.

The possibility of the virtually problem-free application of larger am. unts of
substances considerably extends the efficacy of the chromatographic 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 permitting attainment of a high dosage
qualizy crucial to.successful chromatography by formation of an extremely sharp
interface between a special inert sorbent and the actual chromatographic sorbent is
of general 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.

ACKNOWLEDGEMENTS

We are indebted to Mrs. H. Herbert, Mr. R. Klaus and Mr. R. Gales for their
active help in obtaining the chromatograms and related data.

REFERENCES

1 D. C. Abbott and J. Thomson, Chem. Ind., (1965) 310.

2 A. Musgrave, J. Chromarogr., 41 (1969) 470.

3 R. E. Kaiser, in R. E. Kaiser (Editor), Einfiihrung in die Hochleistungs-Diinnschicht-Chromato-
graphie, Institute of Chromatography, Bad Diirkheim, 1976, Ch. 1.

4 R. E. Kaiser, in A. Zlatkis and R. E. Kaiser (Editors), HPTLC —High Performance Thin-Layer
Chromatography, Elsevier, Amsterdam, Oxford, New York, and Institute of Chromatography,
Bad Diirkheim, 1977, Ch. 1 and 5.

5 R. E. Kaiser, in R. E. Kaiser (Editor),_Efnfiiirung in die Hochleistungs-Diinnschicht-Chromato-
graphie, Institute of Chromatography, Bad Diirkheim, 1976, Ch. 3.

6 R. E. Kaiser, in A. Zlatkis and R. E. Kaiser (Editors), HPTLC —High Performance Thin-Layer
Chromatography, Elsevier, Amsterdam, Oxford, New York, and Institute of Chromatography,
Bad Diirkheim, 1977, Ch. 4.

7 Th. E. Beesley, Amer. Lab., 4 (1972) 25. -



