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Characterization of Unknown Compounds from
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Desorption/Ionization Mass Spectrometry
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Peaks originating from unknown compounds on stainless steel plates used in matrix-assisted
laser desorption/ionization (MALDI) mass spectrometers are observed around m/z 304.3,
332.3, 360.4, and 388.4 regardless of the matrix and/or solvent, and are even observed with
bare plates. These peaks were characterized using three different types of MALDI-MS
instrumentation: MALDI-TOF MS, MALDI-TOF/TOF MS, and MALDI-FTMS. The fragmen-
tation data from MALDI-TOF/TOF MS and accurate mass determination by MALDI-FTMS
enabled identification of the chemical formulae and structures. The unknown compounds are,
in fact, likely benzylalkylmethylammonium salts, as confirmed by closely matching fragmen-
tation patterns with a commercially available benzalkonium chloride. (J Am Soc Mass
Spectrom 2010, 21, 2000–2004) © 2010 American Society for Mass Spectrometry
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Matrix-assisted laser desorption/ionization
(MALDI) is one of the most commonly used
soft ionization methods in mass spectrometry

(MS) [1]. Moreover, the recent development of MALDI
imaging and its popularity has generated renewed
interest in MALDI techniques [2]. MALDI-MS is a
versatile tool for the detection of large proteins as well
as many small molecules (e.g., in vitro drugs or metab-
olites) [3]. However, the ability to analyze small mole-
cules by MALDI-MS is limited by the relative abun-
dance of peaks in the low m/z (�500) region derived
from common organic matrices [4], which include
�-cyano-4-hydroxycinnamic acid (CHCA) and 2,5-
dihydroxybenzoic acid (DHB), or from matrix-derived
fragments and adducts [5, 6]. These peaks make accu-
rate interpretation of MALDI mass spectra in the low
mass region extremely difficult. To circumvent this
problem, many studies have focused on modifications
of current techniques and/or sample preparation, such
as surface-assisted laser desorption/ionization [7, 8],
the use of surface-modified plates [9], or the identifica-
tion of new, less interfering matrices, such as ionic
liquids [4, 10] and carbon nanotubes [11, 12]. Addition-
ally, regarding matrix-derived peaks, several unidenti-
fied peaks are commonly observed at m/z 300–400 even
in the absence of matrix material [13].
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The current study used three different MALDI mass
spectrometers [MALDI-time-of-flight (TOF) MS, MALDI-
TOF/TOF MS, and MALDI-Fourier transform mass
spectrometry (FTMS)] to identify the origin of these
unknown peaks. The high sensitivity of MALDI-TOF/
TOF MS for fragment ion analyses, combined with the
high mass resolution of MALDI-FTMS for elemental
analyses, provided structural determination of the com-
pounds responsible for the unknown peaks.

Experimental

Materials

Glucose (�99%), sucrose (�99%), trifluoroacetic acid
(TFA, �98%), 2,5-dihydroxybenzoic acid (DHB, 98%),
�-cyano-4-hydroxycinnamic acid (CHCA, 99%), aceto-
nitrile (ACN, HPLC grade), and benzalkonium chloride
(catalog number B6295) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Stainless steel MALDI
plates were obtained from Shimadzu Biotech (Kyoto,
Japan) and Bruker Daltonics (Bremen, Germany).
�Focus MALDI plates were obtained from ASTA (Su-
won, South Korea).

Sample Preparation

Matrices were prepared by dissolving 20 mg of each
matrix material (DHB or CHCA) in 1 mL of water/ACN
(50:50, vol/vol) containing 0.1% TFA for MALDI-TOF
MS or water/ACN (30:70, vol/vol) containing 0.1%

TFA for MALDI-TOF/TOF MS and MALDI-FTMS.
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Various combinations of DHB, CHCA, distilled water
and ACN were applied to the stainless steel MALDI
plate and analyzed to determine that the unknown
compounds originated from the stainless steel MALDI
plates themselves. Samples were also analyzed on an
indium-tin oxide (ITO)-coated glass plate to compare
the results with those obtained on the stainless steel
plate. Commercially available benzalkonium chloride
was also deposited on a stainless steel MALDI plate
using a general dried-droplet method [2], wherein 1 �L
of a mixture of 2 �L matrix solution (DHB or CHCA)
and 2 �L of 2.5 mg/mL analyte in 50% ACN aqueous
solution was deposited onto the stainless steel plate.
The benzalkonium chloride spots were analyzed with
an ultrafleXtreme MALDI-TOF/TOF MS.

Mass Spectrometry

Mass spectra were obtained using a MALDI-TOF MS
(Axima CFR, Shimadzu Biotech, 337-nm nitrogen laser),
a MALDI-TOF/TOF MS (Ultraflex II MALDI-TOF/TOF
MS or ultrafleXtreme MALDI-TOF/TOF MS from
Bruker Daltonics, Smartbeam laser), and a MALDI-
FTMS (15 T Bruker Apex-Qe FT-ICR MS, 355 nm
Nd:YAG laser). For analyses with the MALDI-TOF MS
and MALDI-TOF/TOF MS, all shots were accumulated
using the reflectron in positive-ion mode. For the
MALDI-FTMS, all shots were accumulated in broad-
band mode with a 4-MB time-domain signal. Three
different MALDI plates were used: a stainless steel
MALDI plate from Shimadzu Biotech and a �Focus
MALDI plate from ASTA were used with the Axima
CFR MALDI-TOF MS, while a stainless steel MALDI
plate from Bruker Daltonics was used with the MALDI-
TOF/TOF MS and MALDI-FTMS. The stainless steel
MALDI plates were repeatedly used after comprehen-
sive washing in an ultrasonic bath with methanol for 5
min, followed by washing with distilled water and
gentle wiping with Kimwipes (KimberlyClark, Roswell,
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Figure 1. MALDI spectra of the unknown com
15 T FT-ICR MS on a stainless steel MALDI pla
used to find potential candidates for each peak (

and the theoretical (lower) mass distributions of the
GA, USA). In case of the �Focus MALDI plate, a brand
new plate was used without cleaning the surface to
eliminate any potential contamination during washing
steps. MS/MS spectra were obtained from the MALDI-
TOF/TOF MS in positive-ion mode, using a laser
pulsed at 500 Hz and averaging 3000 individual spectra.
The irradiated laser power was increased by 20% for
MS/MS experiments relative to that used in MS exper-
iments.

Sodiated glucose [C6H12O6 � Na]� at m/z 203.05 and
sodiated sucrose [C12H22O11 � Na]� at m/z 365.10 were
used as calibrants in the MALDI-TOF MS, while Pep-
tide Calibration Standard II from Bruker Daltonics (part
number 222570) and arginine cluster peaks were used
as calibrants in MALDI-TOF/TOF MS and MALDI-
FTMS experiments. The results of matched molecular
ions were obtained from Molecular Weight Calculator
(ver. 6.42; Matthew Monroe) and DataAnalysis (ver. 3.4,
Bruker Daltonics) software packages. Molecular formu-
lae were determined with DataAnalysis for combina-
tions of C, H, O, N, and �1 ppm mass tolerance with
even electron configurations.

Results and Discussion

Investigation of Unknown Contaminants on the
Stainless Steel MALDI Plate

Four different peaks of unknown origin were detected
in MALDI-TOF MS experiments with stainless steel
MALDI plates. Figure 1 shows the MALDI spectrum of
the unknown compounds from m/z 300–400 using a
MALDI 15 T FT-ICR MS with DHB matrix on a stainless
steel MALDI plate, where two dominant peaks at m/z
332.3 and 360.4, and two minor peaks at m/z 304.3 and
388.4 were observed. The peaks were also observed
with CHCA matrix (Supplementary Figure 1S, which
can be found in the electronic version of this article).
When using ITO-coated glass as the MALDI substrate,

360.3624

388.3940

350 360 370 380 390350 360 370 380 390
m/z

360.3624

361.3659
362.3692

360.3625

361.3658
362.3692

359.0 363.0m/z

Experimental

Theoretical

ds from m/z 300–400, observed using a MALDI
th DHB matrix. The experimental masses were
1). The insets contain the experimental (upper)
poun
te wi
Table
unknown compounds.



2002 YANG ET AL. J Am Soc Mass Spectrom 2010, 21, 2000–2004
the unknown peaks were not observed (data not
shown). Supplementary Figure 2S shows that the peaks
were also observed with different MALDI plates using
(a) MALDI-TOF MS with a DHB matrix solution and
with no matrix solution (bare stainless steel plate) and (b)
MALDI-TOF/TOF MS with different matrices, including
CHCA, DHB, DW, and ACN. Laser irradiation of the bare
surface of a new, unused �Focus MALDI plate also
yielded these same peaks (data not shown). Comprehen-
sive washing of the stainless steel MALDI plates in an
ultrasonic bath with methanol for 5 min or in a bath of
concentrated nitric acid for 5 min, followed by washing
with distilled water could not remove the unknown
peaks. These observations strongly demonstrate that the
unknown peaks are derived from compounds strongly
attached to the surface of the stainless steel MALDI plates.

Determination of Elemental Compositions Using
FT-ICR MS

The m/z values of the unknown peaks in Figure 1 were
entered into the Formula Finder algorithm in Molecular
Weight Calculator or DataAnalysis. Initially, a mass
tolerance of 0.01 Da was used in Molecular Weight
Calculator. Elemental composition was limited to com-
binations of C, H, O, and N, along with Fe, Cr, and Ni
because stainless steel is composed mostly of these
metals [14]. However, all of the plausible search results
were devoid of any metal. DataAnalysis search results
are shown in Table 1. For the peaks at m/z 332.33118 and
360.36244, the theoretical and experimental isotopic mass
distributions matched perfectly, as shown in each inset of
Figure 1. The exact mass difference between the two
adjacent peaks was calculated to be m/z 28.03126, equal to
the mass of C2H4, suggesting the existence of a C2H4

repeating unit in the unknown compounds.

Structural Determination of the Unknown
Compounds

A MALDI-TOF/TOF MS was used to fragment the
unknown compounds to determine the structural char-
acteristics. Figure 2a shows the MS/MS spectra of the

Table 1. Identified molecular formulae, based on the mass
spectra of MALDI-FTMS. The mass measurement tolerance was
set to �1 ppm and the observed mass values were matched
with theoretically calculated mass values using Bruker
DataAnalysis. The isotopic distribution of experimental data for
each peak perfectly matched that of the theoretical data for each
candidate. The experimental and theoretical isotopic
distributions for C23H42N� and C25H46N� are shown in the
insets of Figure 1

Observed
mass Candidates

Theoretical
mass

Error
(mDa)

Error
(ppm)

304.30002 C21H38N� 304.29988 0.14 0.46
332.33118 C23H42N� 332.33118 0.00 0.00
360.36244 C25H46N� 360.36248 �0.04 �0.11

�
388.39401 C27H50N 388.39378 0.23 0.59
unknown compounds with DHB matrices on a stainless
steel MALDI plate. The fragmentation of the unknown
compounds was performed at m/z 304.3, 332.3, 360.4,
and 388.4 (from top to bottom). The fragmentation of
peaks at m/z 304.3 and 388.4 was performed using an
Ultraflex II MALDI-TOF/TOF MS, while the fragmen-
tation of peaks at m/z 332.3 and 360.4 was performed
using an ultrafleXtreme MALDI-TOF/TOF MS. The
parent ions at m/z 304.3, 332.3, 360.4, and 388.4 differed
only by the length of an alkyl chain showed similar
structural features, such as an iminium ion [(CH3)N� �
CH2] at m/z 57.8 and a tropylium ion (C7H7

�) at m/z
90.8. Additionally, all of the molecular ions of the
unknown compounds showed a neutral loss of toluene
(C6H5CH3, 92.1 Da). The loss of an alkyl chain yielded
the peak at m/z 135.9, which was only observed from the
parent ions at m/z 304 and 332.

The MALDI MS/MS experimental data is consistent
with data obtained from field desorption-tandem mass
spectrometry [15] or collision-induced dissociation [16–
22] of benzylalkyldimethylammonium chloride, also
known as benzalkonium chloride (BAC), a quaternary
ammonium salt, commonly used as a disinfectant or a
preservative [23]. The potential structures obtained
from Figure 2a correspond to the structure of the
benzalkonium ion. Depending on the length of the alkyl
side chain, BAC homologs are named as C12-BAC,
C14-BAC, C16-BAC, or C18-BAC. The fragmentation of
BAC has been studied using tandem MS [15–22], and
generates an iminium ion around m/z 58 [15, 16], a
tropylium ion around m/z 91 [15–22], and ions around
m/z 136 from the loss of the alkyl chain [15, 20, 22].
Additionally, a neutral loss of toluene is observed for all
of the BAC homolog ions [15–22].

To improve confidence in this identification, a com-
mercial BAC was analyzed by a MALDI TOF/TOF MS.
Figure 2b shows the MALDI MS and MALDI MS/MS
spectra of a commercial BAC. The commercial BAC
provided only two distinct peaks at m/z 304.30 (C12-
BAC) and m/z 332.33 (C14-BAC). The MS/MS spectra of
these two peaks yielded fragmentation patterns similar
to those of the unknown compounds originating from
the stainless steel MALDI plates (Figure 2a).

Origin of the Unknown Compounds

The experimental data suggested that the unknown
peaks observed in mass spectra acquired from samples
on stainless steel MALDI plates were derived from
BAC. BACs are commonly used as disinfectants, wet-
ting agents, frothing agents, anti-corrosion agents, and
waterproofing materials, and are extensively used in
biomedical equipment and pharmaceutical applications
[24]. Additionally, quaternary ammonium salts have
been used as phase-transfer catalysts [25]. It is reason-
able to assume, given its versatility, that BAC was used

in the manufacturing of the stainless steel MALDI
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plates, perhaps as an anti-corrosion agent or as a
disinfectant.

Conclusions

Various MALDI-MS experiments were used to deter-
mine the structural details of compounds that gave rise
to unknown peaks in mass spectra acquired on stainless
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TOF instrument. The identification of these previously
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small molecules by MALDI-MS because the assigned
peaks can be used as internal calibrants.
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