
Journal of Chromatography A, 898 (2000) 265–269
www.elsevier.com/ locate /chroma

Short communication

Fibre optical scanning with high resolution in thin-layer
chromatography

a , b*Bernd Spangenberg , Karl-Friedrich Klein
aUniversity of Applied Sciences Offenburg, Badstrasse 24, D-77652 Offenburg, Germany

bUniversity of Applied Sciences Giessen-Friedberg, Wilhelm-Leuschner-Strasse 13, D-61169 Friedberg, Germany

Received 8 March 2000; received in revised form 1 August 2000; accepted 21 August 2000

Abstract

In this paper a high-performance thin-layer chromatography (HPTLC) scanner is presented in which a special fibre
arrangement is used as HPTLC plate scanning interface. Measurements are taken with a set of 50 fibres at a distance of 400
to 500 mm above the HPTLC plate. Spatial resolutions on the HPTLC plate of better than 160 mm are possible. It takes less
than 2 min to scan 450 spectra simultaneously in a range of 198 to 610 nm. The basic improvement of the item is the use of
highly transparent glass fibres which provide excellent transmission at 200 nm and the use of a special fibre arrangement for
plate illumination and detection.  2000 Elsevier Science B.V. All rights reserved.
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1. Introduction illuminated by a monochromatic light spot and the
diffuse reflected light is measured.

Planar chromatography is a low-cost and simple Historically, densitometric scanning in thin-layer
separation technique which works well for the chromatography (TLC) for quantification purposes
analysis of large sample numbers. Planar chromatog- was first reported by Jork in 1962 [1], based on the
raphy like high-performance thin-layer chromatog- theory of light remission, concisely presented in Ref.
raphy (HPTLC) is the method of choice for complex [2]. The first computer-controlled TLC scanning was
and dirty samples as impurities remain adsorbed at reported by Ebel and Hocke in 1976 [3]. TLC or
the point of application. This method offers a simple HPTLC scanning by use of optical fibres has been
and economical alternative to other chromatographic known for more than 30 years. In 1966, Hamman
techniques especially high-performance liquid chro- and Martin published the first paper describing a
matography (HPLC). Densitometric methods, where fibre device for TLC scanning in the range of 300 to
a scanner transforms the analog distribution of 700 nm [4]. Two years later, the first quantitative
substances on a HPTLC plate into digital computer TLC by use of a mixed bundle of glass fibres was
values, are today the most frequently used techniques reported by Beroza et al. [5] and an appropriate item
for quantitative HPTLC. Commonly the plate is was patented in 1982 [6]. The first fibre optic TLC

scanner with a diode array detector was build by
Bayerbach and Gauglitz in 1989 [7]. All papers
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inability of measurements below 300 nm [8] and this Two realized optical fibre arrangements are shown
is the reason why TLC or HPTLC analysis by use of in Fig. 1. Light from a deuterium lamp is transported
optical fibres at the present time is done only in the in one set of fibres (25 fibres), either arranged in a
field of fluorescence measurements in a range over separate line or fixed fibre by fibre between two
400 nm [9–15]. Today modern optical fibres show reading channels. The reading channel is formed as a
good transparency at wavelengths below 300 nm separate line (Fig. 1b) or fixed fibre by fibre alter-
making it possible to measure in the most interesting nately with the illuminating fibres (Fig. 1a). The one
range for planar chromatography [16]. row fibre arrangement has a length of 5.5 mm and

The purpose of our work is to improve the the double row array a length of nearly 3 mm. The
reliability, accuracy and reproducibility of planar illuminating fibres form a light spot on the HPTLC
chromatographic methods. Our aim is to develop a plate which depends on the numerical aperture of the
slit scanning densitometer which works reliably, fibres used. In the same way the reading fibres can
shows a small resolution on HPTLC plate and is able only register spots of a certain size, which depends
to scan a track simultaneously at different wave- on the numerical aperture of these fibres.
lengths within a couple of seconds. We believe that The relationship between the densitometric re-
only fibre assemblies in combination with diode sponse and the quantity of the separated substance
array spectrometry meet all the demands. contained in a spot, depends on the plate resolution

of the scanner used. The size of the scanning slit
should be as small as possible so that a concentration
distribution within the area of the substance spot on

2. Experimental the HPTLC plate can be regarded as approximately
constant [17,18]. The measurement input of the new
scanner is a function of a small overlapping area of

2.1. Apparatus the illuminated and detected spot. The resulting
small overlapping area, the scanning slit, is mainly

For direct spectrophotometry of HPTLC plates we dependent on the distance of the fibre device from
designed an item which consists of a diode array the plate. The checking of the distance of the fibre
spectrophotometer (J&M Aalen, Germany) working arrangement over the HPTLC plate is the only
in a range of 197 to 612 nm with an average optical adjustment needed.
resolution of 0.8 nm. A laboratory-made reflection
attachment of 50 identical optical fibres transports
light of different wavelengths from a deuterium lamp
to the HPTLC plate and back to the diode array
detector. In this detection mode light source and
detector are both placed above the surface of the
HPTLC plate. For dense light intensities the light
emitting and the light detecting fibres are arranged
parallel to each other, because only in this arrange-
ment the Lambert cosine law predicts an optimal
response.

The HPTLC plate is placed horizontally on a
mechanical stage which can be moved by use of two
motors from Micropack (Stuttgart, Germany). The
linear slide system works with constant velocity
during reflection measurements. A laboratory-de-
veloped software was used for instrumental control
and data collection. The whole device does not need Fig. 1. Single row (1a) and double row fibre interface (1b) are
any lenses, filters or slit-width adjustments. related overlapping area.
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2.2. Reagents and measurements

TLC plates were obtained from Merck and the dye
test mixture was purchased from Camag. The dye
test mixture contains the compounds ciba F II,
indophenol, ariabel red, sudan blue II, sudan IV and
dimethylamino-azobenzene. The test mixture was
spotted dash-like (7 mm, 5 ml) on a silica gel 60
HPTLC plate by using a Camag Linomat IV device.
The thin-layer plate was developed in a Camag
horizontal developing chamber to a distance of 40
mm from the starting point, using toluene as the
mobile phase. The first peak consists of decomposed
dyes.

Fig. 2. Light response from HPTLC plate surface in increments of
For the scan of the whole track 450 spectra in a 50 mm for double row and single row fibre item.

range of 198 to 610 nm are measured over a distance
of 35 mm. The first peak of the track is scanned over
a distance of 0.75 mm. Each spectrum is measured
within 0.5 s. All spectra are taken at a detection intensity depends on the plate surface and show for
height of 450 mm over the HPTLC plate. silica gel material 1400 counts at 200 nm. Fig. 3

shows two densitograms of the dye mixture, mea-
sured at 248.6 nm and 198.5 nm. The densitogram at

3. Results and discussion 198.5 nm underlines the good performance of the
new scanner. The results verify that light fibre

3.1. Analytical characteristics measurements from the HPTLC plate at around 200
nm of more than 10 bytes intensity resolution are

The instrumental response is measured as a func- possible.
tion of the fibre detecting distance over the HPTLC
plate. The light response is detected from plate 3.3. Spatial resolution on the HPTLC plate
surface up to 1000 mm in increments of 50 mm. The
result is shown in Fig. 2. The light response in- The spatial resolution on the HPTLC plate de-
creases in accordance with the detection distance due
to the growing overlapping area. Nevertheless the
light intensity also decreases with a declining mea-
surement distance. These two effects counteract and
result in a scope at which the intensity of the
remission light is nearly constant. Measurements of a
single row fibre arrangement at an average distance
of 450 mm and of a double row array at an average
distance of 500 mm show a large range of nearly 300
mm constant remission light.

3.2. Spectral resolution

The spectral resolution in the range of 200 to 620
nm is better than 1 nm per diode. The use of special Fig. 3. Separation of ciba F II, indophenol, ariabel red, sudan blue
fibre materials enables the device to detect a suffi- II, sudan IV and dimethylamino-azobenzene, measured at 198.5
cient light intensity at 200 nm. The remission light and 248.6 nm.
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pends on the width of the scanning slit (the overlap- the first dash on the HPTLC plate is assumed to be
ping area) and therefore on the orientation of this rectangular. The Gaussian shape of the detected
overlapping area in relation to the direction of densitogram must be caused by the non zero width of
movement. Fig. 1 clearly shows that the theoretical the scanning slit. The width of the slit can be
spatial plate resolution increases if the double row calculated using the first derivative of the detected
array is used instead of the single row arrangement. peak. The standard deviation of the first derivative of
To prove this aspect the first peak in Fig. 3 with a the detected peak is calculated according to Ref.
base width of 320 mm was scanned within 45 s at [19].
different fibre distances. For each scan 450 spectra A chromatographic peak is characterised by its
are taken. Fig. 4 shows the twice measured dash as height h and its standard deviation s. The peak area
two peaks by use of the double row and the single is a function of these two values. If the base width of
row fibre arrangement. The single row scan is the peak is chosen as 4s, 95% of the theoretical peak
presented slightly shifted towards the double row area is detected. A base width of 6s includes more
scan. The single row result shows significant higher than 99% of the theoretical peak area.
noise than the double row values. This lack in The standard deviation of the first derivative of the
quality is due to the older production technique of leading peak side is determined as a 6s base width.
the fibre used. It is clearly seen that the peak In Fig. 5 this peak width in mm is drawn against the
measured by use of the double row fibre arrangement fibre distances (in mm) over the HPTLC plate. A
is smaller than the same peak scanned with the single linear relationship for the single and the double row
row item. This underlines the theoretical considera- arrangement is observed. For the double row inter-
tion that the double row arrangement should show a face a slope of 0.0806 and an intercept of 101.4 and
smaller scanning slit than the single row item. This for the single row arrangement a slope of 0.131 and
results a better spatial resolution on the HPTLC plate an intercept of 106.4 are calculated, respectively.
in comparison to the single row fibre device. The strongly differing slopes show the measure-

For quantification of optical resolution on the ment disadvantage of the single row fibre arrange-
HPTLC plate we measured the width of the detecting ment. Nevertheless, the determined slit widths and
slit. The first peak of the chromatogram of Fig. 3 is therefore the spatial resolution on plate for a 450 mm
scanned at different fibre distances by use of either distance is calculated to 165 mm. The spatial res-
the single or the double row item. The peak shape of olution for the double row fibre interface at a

Fig. 4. A twice measured spot as two peaks by use of the double Fig. 5. Corrected split width (mm) drawn against the fibre
and single row fibre arrangement. distance (mm) over HPTLC plate.
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