
964

Abstract A new device is described which allows the re-
covery of compounds from thin layer chromatograms in
short times, within a small volume, and without contami-
nation. This apparatus can be coupled online to an elec-
trospray mass spectrometer, but can also be used with
other detectors or for micropreparations.

Keywords TLC · Extraction · Electrospray mass 
spectrometry · ES

Introduction

Thin layer chromatography (TLC), invented in 1938 by
Ismailov and Schraiber [1], is an effective, simple, and in-
expensive method for the separation of a wide range of or-
ganic compounds. Despite the introduction of high-per-
formance liquid chromatography (HPLC) in the 1970s,
TLC still plays an important role in academia and indus-
try. Among its many advantages is the possibility of per-
forming many experiments in parallel and its tolerance
against “dirty” samples.

TLC is a development chromatography and hence the
compounds remain on the adsorbent layer after their sep-
aration; however, it is often necessary to recover the com-
pounds for further investigations. The standard method to
accomplish this is to scratch the adsorbent at the spot site
from the plate and extract the adsorbent externally. This
task is time consuming, produces dilute solutions, and of-
ten recontaminates the compound.

To overcome these difficulties many procedures have
been tried especially in combination with mass spectro-
metric methods. There are approaches in which the sam-
ple is desorbed and ionized from the TLC plate with an IR
laser [2] within the ion source, or introduced into a sec-

ondary ion mass spectrometer (SIMS) [3] sometimes with
addition of high-boiling auxiliary liquid (LSIMS, FAB) [4,
5]. Matrix-assisted laser desorption ionization (MALDI)
from standard TLC plates has been reported [6, 7, 8], or
separations have been done on a hybrid plate with subse-
quent introduction to (MALDI)-MS [9].

In an early approach, Esteban [10] published a device
called the “Eluchrom” for the quantitative extraction of
spots. With this technique a circle of the adsorbent layer is
removed to allow a tight seal of an extraction head to the
supporting material. An alternative extractor was described
by Anderson and Busch [11]. With this device the spot on
the TLC plate is desorbed in a solvent and then recovered
from the plate by capillary forces of a wick. To prevent
the solvent from spreading across the plate the spot is op-
tionally isolated from the surrounding by a ring of wax.

A recent survey of TLC coupling to MS is given by
Wilson [12]. Van Berkel published an interesting continu-
ous probe for TLC chromatograms for use with a special
reversed-phase adsorbent [13]. Another approach uses
small-scale TLC plates to couple the chromatography with
an electrospray mass spectrometer [14].

In this paper we describe a new device for the transfer
of TLC-separated compounds into a solvent stream. The
apparatus works with aluminium and polyester-backed
plates. It was successfully tested with silica, reversed
phases, cellulose, and polyamide adsorbents. In this pub-
lication the apparatus is demonstrated online with electro-
spray mass spectrometry but there are many more appli-
cations for this extractor, like couplings to other detectors
that allow the introduction of liquids (UV, electrochemical
detectors, etc.). The independence of separation and spec-
trometry makes it possible to make many chromatograms
in parallel and to concentrate on the identification of only
the interesting spots. In this way the load on the spec-
trometer is minimized. The extractor is also an effective
micropreparation device in conjunction with MALDI, GC,
GC-MS, and biological tests, and serves as a precleaning
step for sensitive HPLC separations etc.
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Materials and methods

The solvent flow is provided by HPLC-pumps HP1100 (Agilent,
Palo Alto, USA) or LKB2150 (LKB, Bromma, Sweden). The ex-
tractor was linked to a Rheodyne 7000 column switch valve (Rheo-
dyne, Rhonert Park, CA, USA).

A Z-spray electrospray mass spectrometer Quattro LCZ (Mi-
cromass, Manchester, UK) was used. Its capillary voltage was set
to 3 kV, and the cone voltage was adjusted for maximum signal in-
tensity. MS-MS measurements of alkaloids: capillary 3 kV, cone
52.2 V, collision energy 26 V, cycle time 0.53 s, gas cell pressure
1.4×10–3 mbar.

UV detection was performed with an DAD HP1100 (Agilent,
Palo Alto, USA).

All solvents and chemicals were reagent grade. TLC plates
from different sources were used (Merck, Macherey&Nagel, Ger-
many; Sigma Chemicals, USA).

Yohimbine and ajmalicine were obtained from Acros and
Fluka, Oligosaccharide samples were produced in-house. Human
brain ganglioside reference (Supelco) was a donation from the In-
stitute of Medical Physics Münster, University of Münster.

Different TLC spot localization methods were used: a) fluores-
cence attenuation; b) charring with naphthoresorcinol (200 mg) in
sulfuric acid (2 N, 100 mL) and ethanol (100 mL) by dipping and
subsequent heating [15]; c) dipping in a primulin 0.2% in ace-
tone/H2O solution and observing fluorescent spots [16].

The extractor prototype was built in the workshop of the Insti-
tute of Organic Chemistry (Münster, Germany). The PTFA frits
were punched out from 5-µm filter frits (Bohlender, Grünsfeld,
Germany). The extractor is commercially available under the name
ChromeXtrakt (ChromAn, Leipzig, Germany) [17].

Construction and mode of action

The main part of the apparatus is a stainless steel plunger (Fig. 1)
with a solvent inlet and an outlet capillary. It has a ring-shaped cut-
ting edge on the face. The edge is 0.1 mm higher than the adsor-
bent layer. Two models are used in this investigation with edge di-
ameters of 2 and 4 mm. The plunger is pressed on the TLC plate by
means of a frame press as is shown in Fig. 2. The edge of the
plunger penetrates through the adsorbent layer and forms a tight
seal with the carrier foil. Glass-backed plates cannot be used.
When the plunger is in its end position the enclosed adsorbent is
somewhat pressurized. By this action a flat tablet of compressed
adsorbent material containing the separated compound is formed.

Solvent can enter the disk through a small hole at the periphery, pass
through it, dissolve the compound, and leave via the outlet capil-
lary. To prevent the exit from clogging it is protected by a 5-µm
PTFA frit. The complete setup is shown in Fig. 3.

In standby mode the liquid flow provided by the pump is by-
passed to the mass spectrometer through a loop. The spectrometer
is set to scan mode with the appropriate polarity and mass range.
When the target molecules are known, it is alternatively possible to
select only their characteristic masses or apply MS-MS experi-
ments to enhance the sensitivity. Now the interesting spot on the
TLC is positioned beneath the plunger and pressurized with the
screw. The valve is rotated so that the solvent is directed through
the compressed adsorbent within the ring edge. The compound is
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Fig. 1 Cross-section and face view of the plunger. Inlet capillary
(a), outlet capillary (b), filter frit (c), cutting edge (d), adsorbent
tablet (e) and TLC plate ( f)

Fig. 3 The complete setup. Solvent flow is supplied by an HPLC
pump (a), in standby it is fed through the bypass of the switching
valve (b) or during extraction through the plunger (c) across the se-
lected spot on the TCL plate (d). The connections between extrac-
tor, switching valve, and spectrometer (e) should be made as short
and narrow as possible (in our setup 50-cm-length and 0.13-mm-ID
PEEK capillary was used)

Fig. 2 Device to press the plunger on the TLC plate. Plunger (a) is
held in place by the locking device (b). The TLC plate (c) is posi-
tioned between the upper plunger (a) and the lower plunger (e),
which can be moved by the screw (d)



flushed to the spectrometer and detected. After complete extrac-
tion the valve is switched back, the screw is turned down, and the
plunger can be repositioned to a new spot. If the extracted tablet of
compressed adsorbent should remain in the plunger it can be eas-
ily blown out with pressurized air.

Identification of oligosaccharide derivatives

Pivaloylysis of cellulose acetate [18] produces a mixture of oligomers
with pivaloyl groups at both ends. The progress of the reaction and

the chromatographic purification of the reaction mixture is typi-
cally controlled by TLC. For this purpose approximately 200 µg of
the reaction mixture was applied to the starting line as a 50-mm-
long band. After predevelopment with methanol just above the
startline, the chromatogram was finally developed with ethyl ac-
etate/cyclohexane (1:1) up to 50 mm. By charring a side cutoff of
the plate with naphthoresorcinol reagent the position of the
oligomers on the chromatogram was determined (Fig. 4).

The corresponding regions are marked with a soft pencil on the
untreated part of the plate. These bands are eluted with the extrac-
tor (2-mm diameter) and sent directly to the ES-MS by a 0.1 mL
min–1 stream of CHCl3/MeOH (1:1). The ion signal appears ap-
proximately 20 s after the plunger is placed on a spot and the valve
has been activated. The carbohydrate esters form stable sodium
adducts which can be detected easily. The extraction time for each
spot was approximately 1.5 min, so that all 8 compounds are iden-
tified within 13 min.

Figure 5 shows the mass chromatograms of the sum of charac-
teristic peaks [M+Na]+, [2M+Na]+, [M+2Na]2+ within a mass range
of m/z 400 to m/z 2,000. The mass spectrometer was in scan mode,
so that full spectra are registered. The spectrum of the pentamer is
shown as an example in Fig. 6.

Complex lipid isolation

Thin layer chromatography is widely used because of its good sep-
aration quality and robustness against impurities in complex lipid
research [8, 19, 20] and is therefore often preferred over HPLC.
For example, a reference mixture of human brain gangliosides (HBG)
was separated on a silica TLC plate with chloroform/methanol/wa-
ter with addition of CaCl2 [21]. The spot localization can be done
destructively with naphthoresorcin reagent or better with primulin
(Fig. 7). When the latter is used, it is possible to identify the lipids
by mass spectrometry in presence of the fluorescent dye, because
there are no interfering peaks in the lipid mass region.

The bands are fast and easily identified as GM1, GD1a, GD1b,
and GT1; the negative electrospray mass spectrum of GM1 (struc-
ture shown) is reproduced in Fig. 7.

Speed of operation

From the mass traces in Fig. 5 the elution time for a peak under
standard conditions of 0.1 mL min–1 solvent flow and a 4-mm di-
ameter plunger is estimated to be approximately 1 min. To find out
if it is possible to shorten this time, small spots of 200 ng ajmalicine
were re-extracted from a silica plate (Fig. 8).

As expected, the peak width decreased with increasing flow
and faster cycle times are possible, but in conjunction with the
flow rate, the backpressure increases linearly. Because of the risk
of leakage one should avoid pressures beyond 30 bar which corre-
sponds to a flow rate 0.5 mL min–1.

A second effect of increasing flow rates is the decreasing con-
centration (=increasing peak volume) of the compound in the ef-
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Fig. 4 Left side separation of oligo-
meric compounds on silica gel 60F,
with ethyl acetate/cyclohexane (1:1),
charring with naphthoresorcinol
reagent. Right side expected struc-
tures of the oligomers

Fig. 5 Elution profile of characteristic ions during the extraction
of the eight bands. The spectrometer was set to full scan mode so
that all masses are registered. Peak number (masses [m/z], inten-
sity [counts]): 1 (497.3, 3.1×105), 2 (785.4+1,547.8, 2.4×105), 3
(1,073.5, 7.1×104), 4 (692.8+1,361.7, 6.2×104), 5 (836.7+1,649.9,
5.5×104), 6 (980.7+1,939.0, 2.3×104), 7 (1,124.8, 1×104), 8
(1,268.9, 3.1×103)

Fig. 6 The electrospray mass spectrum from spot (5) correspond-
ing to the pentameric carbohydrate. The molecular weight (calcu-
lated 1,626.5 Da) can be clearly identified by means of the
[M+Na]+ peak at m/z 1,649.9 and the [M+2Na]2+ peak at m/z 836.7.
The peak m/z 413 is due to the plasticizer contaminant from the
non-precleaned TLC plate



fluent stream which gives lower sensitivity with ES-MS (and other
concentration detectors like UV monitors).

When speed is the most important parameter, then spot elution
times of less than 15 s can be achieved by using a smaller plunger
with a 2-mm diameter edge in conjunction with a high flow rate. 
In Fig. 9, three elutions of equal amounts of dye (approximately
0.1 µg) from a silica TLC with increasing solvent flow are shown.
The detection was made with a diode array detector. The decrease
of signal area and height is obvious.

Quantitative aspects and detection limits

Although the device was developed mainly for qualitative work, it
is worth looking at its quantitative abilities because this indicates
the quality of the extraction process. An equimolar mixture of aj-
malicine and yohimbine was spotted on a TLC plate; the spot di-
ameters were less than 3 mm. The deposited amounts ranged from
5 to 1,000 ng. Then the compounds were extracted with methanol
with a flow rate of 0.1 mL min–1. To guarantee a complete coverage
of the spots, the 4-mm-diameter plunger was used. The detection
was made with the ESI mass spectrometer detecting characteristic
collision-induced decays 353→144 (ajmalicine) and 355→144
(yohimbine) (Fig. 10).

The response is linear (R=0.9945) over 3 decades between 
0.1 ng and 100 ng. The observed good linearity is proof of the com-
pleteness of the extraction process. With low amounts, the mea-
surement is limited by chemical noise, which originates manly from
adsorbed impurities on the plates. Therefore if more sensitivity
were needed, it would be necessary to clean the TLC plate by pre-
development(s) with polar solvents. With high amounts the quality
of the extraction is still good but the linearity of the curve is de-
teriorated by suppression effects of the electrospray ionization.
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Fig. 7 Upper left side TLC
separation of a mixture of hu-
man brain gangliosides with
chloroform/ methanol/water
(120:85:20) containing 2 mM
CaCl2. Spot detection by fluo-
rescence of the primulin-treated
TLC. The chromatogram was
illuminated with a UV lamp;
documentation was done with a
digital camera. Upper right
side The negative electrospray
spectrum shows the [M–H]–

peaks at m/z 1,544.1 and m/z
1,573.1. The spectrum repre-
sents about 1 µg compound and
identifies it as GM1 (bottom)

Fig. 8 Extraction speed as a function of solvent flow. The curves
represent the peak width at 50% and 5% of the peak height. Ex-
traction of 200 ng ajmalicine from a silica plate with a 4-mm
plunger and methanol as solvent

Fig. 9 Elution profile of dyes, registered with a DAD with 2-mm
plunger, and three different solvent flows of 0.1 mL min–1 (a)
0.2 mL min–1 (b), and 0.5 mL min–1 (c)
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Together with an internal standard, quantitative results over a
range of more than 3 decades can be obtained. When the signal of
yohimbine in the upper setup is used as an internal standard, the ra-
tio (ajmalicine signal/yohimbine signal) is 1.3±0.2 as shown in
Fig. 11. The increase of the signal ratio at high concentrations is
due to the competition effects between the analytes.

The detection limit is mainly determined by the spectrometric
properties of the molecules under investigation. The sensitivity can
be enhanced when the TLC plates are cleaned by predevelopment.
However, with standard identification problems, typical TLC sam-
ple amounts, and decent ion formation properties of the compound,
TLC plates can be used successfully without pretreatment.

Conclusions

The described TLC extractor is a versatile instrument for
the isolation of TLC-separated compounds. The recovery
of sample is complete within a broad range of concentra-
tions. Its operation can be optimized for low elution vol-
umes (<50 µL) or for high speed (<15 s) by the choice of
solvent flow and plunger size: band-shaped chromatograms
can be extracted with rectangular plungers. This device can
be coupled directly to a detector or may be used offline.
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Fig. 10 Peak areas for the ajmalicine characteristic fragmentation
(353→144). Five spots for each amount, extraction with 0.1 mL
min–1 methanol, plunger with 4-mm diameter

Fig. 11 Ratio of peak areas for equal amounts of ajmalicine and
yohimbine within the linear response region. The characteristic
fragmentation 353→144 and 355→144 were used. Five spots for
each amount


