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This study demonstrates the feasibility of directly obtaining analyte signals from a planar silica gel
surface by using laser desorption mass spectrometry (LDMS). The surface of the planar silica gel was
pretreated using a line drawn by a soft carbon pencil, and 0.3 pL of a liquid matrix (15% sucrose/
glycerol-methanol 1:1, v/v) was applied to it (width ~1mm) before sample deposition. The laser was
then used to directly irradiate the sample spot on the pencil line (~2 mm). Carbon powder ablated
from the pencil residue is used to couple the laser UV energy into a liquid solution in LDMS. This
sample preparation method is related to surface-assisted laser desorption/ionization (SALDI) mass
spectrometry, which uses a suspension of pm-sized carbon powder (SALDI solid) mixed with a
viscous liquid (SALDI matrix) as the matrix. In the present approach, the ablated carbon powder
from the pencil drawing on a planar silica gel surface was used as an alternative to the SALDI solid.
The liquid matrix was that used in conventional SALDI matrix systems, and the sample preparation
applied herein is simpler than conventional SALDI. The matrix background remains quite low in
this approach, which significantly assists the analysis of small organics such as methylephedrine
and cytosine. PEG (polyethylene glycol) 400 and PEG 2000 were also used for demonstration
purposes. Copyright © 2001 John Wiley & Sons, Ltd.

Matrix-assisted laser desorption/ionization (MALDI) mass
spectrometry has been extensively applied to analyze large
biomolecules.' However, the application of laser desorp-
tion mass spectrometry to analyze small organics has also
attracted attention.®?' Cg, has been reported to be a good
matrix for analytes with molecular masses between 200 and
600 Da, since a matrix-free window exists at this mass range
in negative ion mass spectra.'”> Additionally, a method called
surface-assisted laser desorption/ionization (SALDI) time-
of-flight mass spectrometry has also been applied to analyze
small organics.®™ The suspension of pm-sized carbon
powder (graphite or activated carbon) in a liquid is used as
the matrix in SALDI analysis.®'? The carbon powder is used
to couple laser energy into the liquid solution. Relatively few
(SALDI) matrix ions are produced in this method. Based on
the characteristics of low matrix interference and the
absorption capability of activated carbon, SALDI has been
combined with other analytical methods such as thin layer
chromatography”? and solid phase extraction'"
small organics.

Matrix-free methods, such as desorption/ionization on

porous silicon (DIOS-MS) facilitated by electrochemically
16,17

to analyze

treating silicon surfaces, and mass analysis using silicon
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films (MASiF) by making a silicon surface from plasma-
enhanced chemical vapor deposition,'® have recently been
successfully applied for the analysis of small organics. Wei et
al. also observed that use of 60 A pore silica gel thin layer
chromatography (TLC) plates as a platform for sample
deposition produced no significant background ion signals
in laser desorption/ionization mass spectra;'® indeed, no
analyte signals were obtained from the TLC plate unless the
silica gel surface was pre-treated. Our previous work noted
that only trace amounts of carbon powder ablated from the
pencil drawing, normally present on the TLC chromato-
graphic spots for purposes of identification, helped in
obtaining analyte signals.” Based on this observation, the
ablation of carbon powder deposited on the silica gel plate
from a pencil drawing can be used as an alternative to the
SALDI solid, i.e. carbon powder. This approach still requires
a liquid solution, and thus ~0.3 uL of a glycerol/methanol
solution was applied to the pencil line on the silica TLC plate
before deposition of the sample solution. The ion signals are
easily obtained along the track of the pencil line, and the
treatment of the planar silica gel surface is thus simplified to
suit the analytical requirements of laser desorption mass
spectrometry. The experiment can be easily performed
without requiring additional equipment to modify the
planar silica gel surface. Furthermore, concerns about
contamination of the ion source by the carbon powder from
the suspension used in a conventional SALDI matrix can be
eliminated, since only trace amounts of carbon powder were
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Figure 1. SALDI mass spectrum of 0.3 pL of liquid matrix (15% sucrose/glycerol in methanol (1:1, v/v))

on the pencil line on a TLC plate.

ablated from the pencil drawing and deposited on the gel
surface. Herein, we report on the new sample preparation
method for SALDI analysis, and also investigate the charac-
teristics of this approach.

EXPERIMENTAL

Reagents

Glycerol, polyethylene glycol (PEG) 400 and 2000 were
purchased from Riedel-de Héaen (Deisenhofen, Germany),
and methylephedrine was obtained from Aldrich (Milwau-
kee, TI, USA). Cytosine was purchased from Sigma (St.
Louis, MO, USA), sucrose from J. T. Baker (Phillipsburg, NJ,
USA), and methanol from Mallinkrodt (Phillipsburg, NJ,
USA). The 2B soft graphite pencil was purchased from
Bensia (USA).

Sample preparation

A 0.5 x 0.5 cm piece of TLC plate (Merck, Germany) was cut
out using scissors. A pencil line approximately 0.5 mm wide
was drawn on the silica gel plate. The cut-out piece was
attached to the sample tray using double-sided tape. Mean-
while, 0.3 pL of liquid solution, comprising 15% sucrose/
glycerol in methanol (v/v=1/1, referred to here as the
SALDI liquid), was applied to the pencil line on the piece of
the TLC plate. Sucrose was added to the glycerol solution for
the purpose of enhancement of the viscosity of the liquid and
as the internal standard for mass calibration. Subsequently,
0.3 uL of sample solution was deposited in one spot on the
pencil line. The diameter of the liquid spreading on the TLC
plate was approximately 1 mm. The sample tray was loaded
into the mass spectrometer after standing at room tempera-
ture for 5 min. Methylephedrine (3 mg/mL) and PEG 2000
were prepared in methanol, while cytosine (2.5 mg/mL) was
prepared in water.

Mass spectrometer

A Voyager linear time-of-flight (TOF) mass spectrometer
(PerSeptive Biosystems, Framingham, MA, USA) was used,
and this instrument was equipped with a 1.2 m linear flight
tube and a 3ns pulse width 337 nm nitrogen laser for
desorption. The acceleration voltage was set to 20 kV. This

Copyright © 2001 John Wiley & Sons, Ltd.

mass spectrometer uses a horizontal sample tray. The overall
mass resolution of the mass spectra presented here was low
(~200) since linear TOF was used without delayed extrac-
tion. The ions obtained from the carbon at each single point
only lasted a few seconds, and the intensity of the analyte
ions decayed afterwards. Thus, the mass spectra were
obtained by moving the laser back and forth along the
carbon track (~2mm) in order to accumulate enough ions.
All mass spectra were averaged over 64 laser shots. The laser
power used in this study is about 10% higher than that
normally used in MALDL

RESULTS AND DISCUSSION

This study focuses on the analysis of small organics by laser
desorption mass spectrometry. Thus, a method that provides
a clean matrix background over a low mass range is applied.
Figure 1 shows the mass spectrum obtained by laser
irradiating the pencil line on the TLC plate with 0.3 pL of
SALDI liquid deposition, and reveals a few ions contributed
by the matrix. The two most intense peaks correspond to
sodium and potassium ions at m/z 23 and 39, respectively.
The peak at m/z 115 is sodiated glycerol, and that at m/z 203
is the sodium ion adduct of a monosaccharide fragment.
Furthermore, the peak at m/z 277 is a fragment from sucrose,
while that at m/z 365 is sodiated ion of sucrose. If the laser
failed to irradiate the sample spots on the track of the pencil
line, no analyte signals could be obtained. This approach
thus requires both the carbon powder ablated from the
pencil drawing and the liquid matrix.

Figure 2(a) displays the SALDI mass spectrum of
methylephedrine (MH", m/z 180) obtained from the planar
silica gel surface of a TLC plate. Some fragment ions from
methylephedrine are observed in this mass spectrum.
Notably, the fragment at m/z 162 [MH" — H,O]) is observed
in this spectrum, while the peak at m/z 72 ([MH*
— CHsCH,OH]) is another fragment from methylephe-
drine. The peaks at m/z 115 and 131 are the sodium and
potassium adduct ions of glycerol, respectively. When the
track of the pencil line on the TLC plate did not contain the
liquid matrix, only the sodium and potassium ions were
obtained in low yield.

Rapid Commun. Mass Spectrom. 2001; 15: 1899-1903
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Figure 2. SALDI mass spectra of methylephedrine (MH™ at m/z 180) with the deposition of 0.3 pL of
SALDI liquid (15% sucrose/glycerol in methanol (1:1, v/v)) on the track of the pencil line on the silica
gel surface of a piece of a TLC plate. SALDI liquid contained (a) 0 M, (b) 0.5 M, and (c) 3 M of PTSA.

This method caused more fragmentation than conven-
tional SALDI sample preparation.'® The ionization process
employing this sample preparation on the silica gel surface
thus appears ‘harder’ than that in conventional SALDI
although the sample preparation is easier. However, addi-
tion of extra additives into the SALDI matrix to protonate
analyte molecules was found to stabilize the molecular
structure and reduce fragmentation. It has been reported
that p-toluenesulfonic acid (PTSA) can be used to enhance
the analyte signals in SALDI analysis, owing to its charac-
teristics as surfactant and acid.'® PTSA was applied here
to study the change in the intensity of the MH™ ion of
methylephedrine. Figures 2(b) and 2(c) show the mass
spectra of methylephedrine with PTSA concentrations of
0.5M and 3M spiked into the SALDI matrix, respectively.
The ratio of the relative intensity of MH" at m/z 180 to
[MH* — H,0] at m/z 162 in Fig. 2(b) exceeds that in Fig. 2(a),
and the ratio in Fig. 2(c) is even higher than those in Figs. 2(a)
and 2(b). Furthermore, the ratio of the relative intensity of
the fragment ion at m/z 72 to the MH™ ion at m/z 180 in Fig.
2(c) is lower than in Fig 2(a). Additionally, the ion peaks such
as m/z 173 (protonated PTSA ion = [PTSAH]"), m/z 195 and
217 (sodiated PTSA ions=[PTSANa]*, [(PTSA-H)Na,]")

Copyright © 2001 John Wiley & Sons, Ltd.

that appeared in the mass spectra, resulted from elevated
PTSA concentrations. These analytical results indicate that a
suitable addition of PTSA to the SALDI matrix reduces
the fragmentation of methylephedrine. The branch chain
(-CH(OH)CH(CH3)N(CHj3),) on the aromatic ring appears to
have been stabilized by the protonation. The detection limit
of methlyephedrine is about 30 ng based on the present
preliminary analytical results, defined in terms of a signal to
noise ratio of 3.

Figure 3 displays the SALDI mass spectrum of cytosine
(MH™ at m/z 112) directly irradiated by a laser from the
pencil line on the silica gel surface of a TLC plate. Sodiated
cytosine (McNa™ at m/z 134) is dominant in the mass
spectrum. High percentages of sodium ion adducts are
frequently observed to be generated by this approach.

Besides these small organics, this method can be applied
to analyze polymers. Polymers with low molecular weights,
such as PEG 400, are viscous liquids at room temperature.
These polymers can be applied to the pencil line on the TLC
plate for direct SALDI analysis without requiring extra
SALDI liquid. Figure 4(a) shows the SALDI mass spectrum
of PEG 400 irradiated from the pencil line on the silica gel
surface of a TLC plate, and contains two groups of ions. One
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Figure 3. SALDI mass spectrum of cytosine (MH™ at m/z 112) with the deposition of 0.3 pL of SALDI liquid
(15% sucrose/glycerol in methanol (1:1, v/v)) on the track of the pencil line on the silica gel surface of a piece of

a TLC plate.

group is a series of sodiated PEG 400 ions, while the other
series is the potassium adduct ions. The adjacent peaks from
these two groups have a mass difference of 16 Da. Besides
these ions, only the bare sodium and potassium ions appear
at the low mass range. However, polymers with higher

molecular weights, such as PEG 2000, are solid at room
temperature and require the assistance of a SALDI liquid to
generate the ion signals in laser desorption/ionization.
Figure 4(b) shows the SALDI mass spectrum of PEG 2000
irradiated from the silica gel surface of a TLC plate. Unless
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Figure 4. (a) SALDI mass spectrum of PEG 400 irradiated from the pencil line on a silica gel TLC
plate without the deposition of extra SALDI liquid. (b) SALDI mass spectrum of PEG 2000
irradiated from a pencil line on the silica gel surface of a TLC plate with the deposition of 0.3 L of
SALDI liquid (15% sucrose/glycerol in methanol (1:1, v/v)).
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the SALDI liquid is deposited on the pencil line, no analyte
signal can be observed in the SALDI mass spectrum. This
phenomenon explains the significance of the presence of
SALDI liquid in this sample preparation. The SALDI liquid
is thus proposed to be a buffer medium for preventing
deposition of excessive laser energy in the analyte molecules,
which may destroy the molecules before the occurrence of
desorption/ionization. The analyte ions can still be observed
after standing in the mass spectrometer for half an hour.
Since the SALDI liquid is essential to assist the desorption/
ionization process, the useful lifetime of the SALDI liquid is
about half an hour.

CONCLUSIONS

Use of ablated carbon powder from soft carbon pencil
drawing on the silica gel surface of a TLC plate as the SALDI
solid has simplified sample preparation in SALDI analysis.
Treating the silica gel surface by simply drawing a pencil line
is very easy, and no complicated procedures or equipment
are required for successful analysis. Additionally, interfer-
ence from the matrix is very low. Adding extra additives to
the SALDI liquid may improve detection limits, and other
additives like PTSA are being sought for the above purpose.

The present method is suited to analysis of small organics.
The sample is directly applied to the TLC plate, and the
method should be suitable for combining TLC with SALDI.
The combination of TLC with LDMS by using the conven-
tional SALDI matrix system has been reported previously.
Further investigations of the applicability of the novel
method to the TLC-LDMS combination are currently under-
way.

Copyright © 2001 John Wiley & Sons, Ltd.
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