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Abstract

Optimization of a matrix-assisted laser desorption ionization-ion mobility-surface-induced dissociation-o-time-of-flight
mass spectrometer for peptide sequencing is discussed. Surface-induced dissociation (SID) spectra obtained by using stainless
steel, Au grids, and fluorinated self-assembled monolayers (F-SAM) on Au are compared. The F-SAM surfaces yield similar
fragment ions to those obtained using an adventitious hydrocarbon coated stainless steel surface; however, optimum collision
energies differ for the two surfaces. The advantage of ion mobility-time-of-flight (TOF) is the ability to simultaneously acquire
MS1 and MS2 spectra, which greatly facilitates high-throughput sequencing of peptides and mixtures of peptides resulting form
the proteolytic digest of proteins. Simultaneous acquisition of ion mobility and TOF spectra introduces a time element to SID
experiments that can be used as a probe of ion/surface interactions. (Int J Mass Spectrom 212 (2001) 519–533) © 2001 Elsevier
Science B.V.
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1. Introduction

The expanding need for protein identification and
characterization (e.g. proteomics) has resulted in the
development of more rapid, efficient mass spectro-
metry techniques to replace current methodologies

[1–4]. Rapid growth in the field of biological mass
spectrometry and especially the area of proteomics
can be directly attributed to the development of
ionization sources capable of introducing large, ther-
mally labile molecules into the gas phase (i.e. matrix-
assisted laser desorption ionization (MALDI) and
electrospray ionization (ESI))[5]. The combination of
MALDI or ESI with enzymatic digestion has proved
to be a powerful tool for rapid identification of
proteins; providing information that takes effective
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advantage of the extensive protein databases already
in existence [6–8]. Identification of proteins that are
not listed in a database or that are post-translationally
modified may not be possible using only peptide mass
mapping and tandem mass spectrometry provides an
attractive, logical solution for such protein identifica-
tions [9,10].

Since the introduction of MALDI and ESI, the
instrumentation used for tandem mass spectrometry
(MS/MS) has undergone substantial changes. For
example, the original tandem mass spectrometers
were either triple quadrupoles or sector instruments
[11]; but in the last few years MS/MS instruments
such as quadrupole ion traps, reflectron time-of-flight
(TOF), and various hybrid TOF instruments have
been developed [12–14]. Typically the mass spec-
trometer (MS1) is scanned to acquire the mass spec-
trum of the intact analytes, and MS1 is used to select
specific ions of interest. The mass selected ions are
then fragmented using collision-induced dissociation
(CID) [15], photodissociation [16], spontaneous de-
cay (metastable ions) [17], or surface-induced disso-
ciation (SID)[18], and the fragment ion spectra of the
selected ion is acquired using a second mass spec-
trometer (MS2). The primary limitation to this ap-
proach is the necessity of interrogating each intact
analyte ion individually by scanning electric or mag-
netic fields, thus limiting sample throughput of com-
plex mixtures. The simultaneous acquisition of all
product ions from a mixture of analytes has been
demonstrated using Fourier transform-ion cyclotron
resonance (FTICR) multiplexing schemes [19]. How-
ever, the information obtained is limited by the lack of
a correlation between the MS2 ions and precursor
[M�H]� ions.

In a previous paper we described a MALDI ion
mobility-TOF instrument that is well suited for high
throughput analysis, and the advantages of MALDI
coupled to IM-TOF MS were discussed [12]. In this
paper we expand the utility of the IM-TOF experi-
ment to include SID for purposes of peptide sequenc-
ing. Briefly, MALDI is a pulsed ionization method
(�5 ns pulse width), thus the ions are formed over a
very short time span, and predominately singly
charged [M�H]� ions with relatively low internal

energies are formed [20–24]. The pulsed nature of the
MALDI-IM experiment provides a new dimension to
fundamental studies of SID. For example, time based
studies applied to SID experiment can reveal differ-
ences between ions undergoing quasi-elastic scatter-
ing, inelastic scattering, or capture and thermal des-
orption providing insight to the partitioning of
translational energy into the three post-collision
modes; conversion to internal energy, transfer to the
surface, and scattering energy. Additionally, Denisov
and coworkers have noticed dramatic improvement in
signal to noise for their FTICR SID studies, which is
important for biological samples where often the
signal of interest is one for a peptide of low counts or
may be lost in the biological, or matrix background
[25]. The sensitivity of MALDI for peptides is excel-
lent, as it exhibits both low detection limits (femto-
mole and subfemtomole) [26–28], and a relatively
high tolerance of contaminants commonly found in
biological samples (salts, buffers, detergents, etc.).
Additionally, the utility of MALDI as a high-pressure
ionization method has been demonstrated previously
[29,30]. The use of MALDI is even more appealing
for high throughput protein analysis in light of the
recent developments in sample preparation such as
Zip Tips™ coupled with MALDI [31–33].

Ion mobility (IM) can be used to separate gas
phase ions on the basis of collision cross-section-to-
charge ratio, �/z [34,35]. The time to separate ions on
the basis of IM require milliseconds to seconds
depending upon total length of the drift cell, the gas
pressure, the applied drift voltage, and the size of the
ion. Thus, it is possible to design an instrument such
that the IM drift time is very short, e.g. hundreds of
microseconds to milliseconds, but much greater than
the time required (10–100 microseconds) to acquire a
TOF mass spectrum. This is important because this
permits signal averaging of the TOF mass spectrum as
the ions elute the drift cell. As the IM separated
[M�H]� ions undergo activation in a field free region
of the instrument, both [M�H]� ions and fragment
ions arrive in the TOF ion source at the same time,
which correlates the fragment ions to a specific
precursor ion [36,37].

Our selection of SID as a means of ion activation
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for IM-TOF MS was based on several factors. Pri-
mary among these are instrumental cost and simplic-
ity. For example, IM drift tubes and TOF analyzers
are relatively simple to design and construct, and SID
does not require expensive lasers for photodissocia-
tion nor introduction of a bath gas for CID. Significant
progress has been made in the last few years to better
understand SID and to improve reliability as a struc-
tural probe for gas-phase ions [18]. Although the
combination of IM with CID has been demonstrated
previously [38], it is unclear how changes in the ion’s
velocity that accompanies collisional activation
[15,39,40] influence calibration of the fragment ion
spectra. On the other hand, SID is a single impulsive
collision excitation event and ion-surface interactions
should not significantly alter the drift time correlation
between precursor and fragment ions. That is, the
precursor and fragment ions leave the surface with a
common, narrow velocity distribution, thus arrival
time of the ions in the TOF ion source should be the
same [18,41].

In this paper we describe our attempts to optimize
MALDI-IM-SID for the analysis of biomolecules.
Specifically, optimization of surface conditions is
discussed in light of both preliminary data and our
most recent results using fluorinated self-assembled
monolayers (F-SAM). Such surfaces have been
shown to retain their chemical purity and to be more
efficient for producing SID fragment ions [42]. Sur-
face choice is of particular importance in the context
of an IM-SID experiment, and this point is discussed
in detail.

2. Experimental

The samples used for these studies, the peptides
RKEVY [molecular weight (MW) 693.81], des-Arg9

bradykinin (AA sequence RPPGFSPF, MW 904.05),
bradykinin (AA sequence RPPGFSPFR, MW 1060.24),
gramicidin S (AA sequence cyclo-LFPVOLFPVO, MW
1141.5), substance P (AA sequence RPKPQQFFGLM-
NH2, MW 1346.6), and �-melanocyte stimulating hor-
mone (�-MSH) (AA sequence Ac-SYMEHFRWGK
PV-NH2, MW 1664.9), were purchased from Sigma (St

Louis, Missouri) and used as delivered upon mixing 1
mg per 1 mL of methanol. All samples were then
prepared by diluting 2 �L of the peptide solution with 20
�L of a matrix solution composed of 11 mg of �-cyano-
4-hydroxycinnamic acid and 11 mg of fructose in 1 mL
of methanol. 2–4 �L of the analyte/matrix solution,
corresponding to a few hundred picomoles of material,
were deposited by the dried droplet method onto the
direct insertion probe tip.

Spectra were obtained for RKEVY, bradykinin,
and des-Arg9 bradykinin using a hydrocarbon coated
(adventitious pump oil) gold grid (Buckbee-Mears, St.
Paul, Minnesota) in-line (perpendicular to the ion
beam) between the mobility drift cell and the extrac-
tion plates of the o-TOF source with a drift cell length
of 4 cm (See Fig. 1 inset A) [12]. For these experi-
ments two grids, 300 lines per inch, 90% transmit-
tance, were overlaid to reduce the transparency to
�80%. This design was chosen based on convenience
for performing SID in-line.

SID was also accomplished using an adventitious
hydrocarbon coated stainless steel surface or an F-
SAM (Fig. 1) [42,43]. These surfaces were positioned
40° to the incident ion beam and 1 cm directly below
a gridded TOF extraction plate (angled plate drawn in
Fig. 1). This is similar to the early instrument config-
uration employed by Bier and coworkers [44]. Further
instrument changes are needed to optimize the instru-
ment and will include both improved pre-SID ion
optics and some post-SID ion optics to enhance the
quality of the spectra presented here. Also the length
of the drift cell was increased to 29.5 cm. The
instrument was further modified to allow the move-
ment (see arrow Fig. 1) of the 20 cm o-TOF such that
the SID surface could be lowered out of the ion beam
and allow the acquisition of non-SID spectra (Fig. 1
Inset B.)

MALDI was performed in the IM drift cell (Fig. 1)
at a pressure of 5–10 Torr helium using a 337 nm
nitrogen laser operated at near-threshold desorption
levels with a repetition rate of 20 Hz. Ultra high purity
helium was purchased from Praxair (Danbury, Con-
necticut) and used without further purification or
drying. The total IM drift cell voltage was between
1500 and 1750 V, 5–12 V cm�1 Torr�1. SID incident
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Fig. 1. A cutaway drawing of the MALDI-IM-SID-o-TOF mass spectrometer used in these experiments. Inset A shows the instrument
configuration used to perform the gold grid SID experiments. Inset B shows the current instrument configuration in non-SID mode.
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energies, 20–100 eV, were adjusted using the primary
ion optics with the extraction plate bias voltages
adjusted to optimize mass resolution [m/�m, full
width at half maximum (FWHM)]. The mass resolu-
tion for non-SID fragment ions was greater than 200
and decreased to less than 100 for SID experiments.
Therefore the [M�H]� and [M�Na]� ions are not
completely resolved and the SID spectra could con-
tain fragment ions from both species. We do not
detect abundant fragment ions in the SID spectra that
we would expect for the [M�Na]� precursor ions,
and this is probably due to the higher activation
energies required to fragment the adduct ions. Data
was acquired for 1–2 min. The 20 cm TOF, pulser
electronics, time-to-digital converter (TDC)/timer
card, and data acquisition software were provided by
Ionwerks (Houston, Texas). Data analysis was accom-
plished using Grams/32 (Thermo Galactic, Salem,
New Hampshire) or Fortner Transform Version 3.3
(Research Systems, Boulder, Colorado) software
packages. Fortner Transform was used to generate
two-dimensional contour plots with mobility separa-
tion shown as total drift time on the y-axis, m/z
information shown on the x-axis, and brighter colors,
yellow to white, indicating higher ion counts (hereaf-
ter denoted as a mass-mobility plot). The data ac-
quired using the Ionwerks TDC was smoothed for all
contour plots.

3. Results and discussion

The following sections describe a series of exper-
iments aimed at optimizing the MALDI-IM-SID-
TOF-MS experiment. The combination of IM and
TOF for SID studies provides considerable flexibility
in terms of instrument design. To a first approxima-
tion the drift time for an ion through a high-pressure
gas is proportional to its volume (size) [45]. However,
subtle changes in drift time can occur as a result of
small volume changes, i.e. intramolecular interactions
[46]. Thus, IM and TOF are used as time-domain m/z
separators, and fragment ions arising from protonated
peptides that dissociate following mobility separation
arrive in the time-of-flight ion source simultaneously

establishing a drift-time correlation between the frag-
ment ions and the precursor [M�H]� ion. The m/z
value of [M�H]� and fragment ions are then mea-
sured using the TOF analyzer. The resulting plot of
mobility drift time vs. m/z (TOF) yields both a series
of mobility separated [M�H]� ions (the peptide mass
map) and the fragment ion spectra associated with a
particular [M�H]� ion (peptide sequence informa-
tion) [36,37].

4. Preliminary results

Figs. 2–4 contain SID spectra acquired using
adventitious hydrocarbon coated gold grids. See Fig.
1, inset A for details concerning positioning of the
grids. These spectra were recorded using collision
energies of approximately 20 eV. The spectrum (Fig.
2) of RKEVY contains a complete series of a-, b-, and
y-type fragment ions as well as signals for the loss of
small neutral molecules such as H2O and NH3 from
many of the fragment ions. A complete set of a-, b-,
and y-type fragment ions are also observed for des-
Arg9 bradykinin (Fig. 3), with the exception of frag-
ment ions resulting from cleavage of the pro-gly
amide bond (a3, b3, and y5 ions). The spectrum of
bradykinin (Fig. 4) is very similar to that for des-Arg9

bradykinin, and fragment ions resulting from cleavage
of the pro-gly amide bond (a3, b3, and y6 ions) are also
absent. The absence of fragment ions resulting from
cleavage of the pro-gly amide bond contradicts sug-
gestions that proline lowers the bond dissociation
energy for the adjacent amide backbone bond [47].
The apparent contradiction is probably a result of
stabilizing interaction between the N-terminal argi-
nine and the C-terminus, [48–50] rather than some
underlying feature related to the surface activation
process.

5. Optimization of instrumental design

To increase the resolution and transmission effi-
ciency of IM we designed and constructed a longer,
periodic focusing drift cell [51]. Fig. 5 contains a
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mass-mobility plot of a mixture of five peptides
composed of des-Arg9 bradykinin, bradykinin, gram-
icidin S, substance P, and �-MSH. A mobility reso-
lution of 50–75 was obtained using the new drift cell
as compared to 20–30 for a conventional IM drift cell.
The data shown in Fig. 5 was acquired using near-
threshold MALDI laser fluence, which primarily
yields [M�H]� or [M�Na]� ions. The gramicidin S
[M�Na]� ion is observed as a weak signal with a
slightly longer drift time and higher m/z relative to the
[M�H]� ion signal. Note that a plot of drift time vs.
m/z yields a near-linear correlation for structurally
related compounds [36]. For example, the slopes,
hereafter denoted as “trend-lines”, for matrix ions is
very different from that for peptide [M�H]� ions
[52]. The near-linear mass-mobility relationship pro-
vides the basis for using IM as MS1 in the MS-MS
mode [36].

The mass-mobility plot is also used to correlate the

fragment ions to their respective precursor ions. That
is, fragment ions that are formed after the precursor
ions elute the drift cell have the same apparent drift
time as the precursor ion. On the other hand, fragment
ions that are formed upon ionization appear at a drift
time characteristic of that ion, and fragment ions that
are formed during the time the ions are drifting
through the drift cell have a broad, ill-defined arrival
time distribution. The lack of observable fragment
ions in Fig. 5 demonstrate that the [M�H]� ions elute
from the drift cell without excess internal energies.

6. Optimization of parameters affecting ion
mobility-time-of-flight tandem mass spectrometry

Fig. 6 contains an SID mode mass-mobility plot for
a five peptide mixture using an adventitious hydro-
carbon coated stainless steel surface, positioned as

Fig. 2. A MALDI-IM-SID-o-TOF mass spectrum of the pentapeptide RKEVY. This spectrum was acquired using the gold grid arrangement
in Fig. 1 Inset A. Data was acquired for 2 min and analyzed using GRAMS/32. Mass resolution, m/�M at FWHM, is better than 200. Mobility
resolution is better than 20.
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shown in Fig. 1, at 90 eV collision energy. Fragment
yields using the surface positioned 40° to the extrac-
tion plates of the TOF were much higher (a minimum
of an order of magnitude higher) when compared to
the fragment yields of the in-line arrangement. The
increased fragmentation efficiency (intensity of ions
observed) is primarily attributed to the fact that all
ions must impact the surface for the surface posi-
tioned 40° to the mass spectrometer whereas as much
as 80% of the ion beam in the in-line experiments may
not have collided with the gold mesh. Four of the five
peptides yield fragment ions that can be used to
determine the amino acid sequence. The des-Arg9

[M�H]�ion does not survive activation at this colli-
sion energy and the only fragment ions that are
detected are the b2, y2, a4, and b4. On the other hand,
bradykinin [M�H]� ions yield an entire series of a-,

b-, and y-type fragment ions, with the exception of a3,
b3, and y6 fragment ions. The gramicidin S SID
spectrum is dominated by proline terminated fragment
ions, i.e. PV (m/z 197), FP (m/z 245), PVO (m/z 311),
LFP (m/z 358), PVOL (m/z 425), PVOLF (m/z 572),
and PVOLFP (m/z 669). Similarly, the SID spectrum
of substance P [M�H]� ions contains a complete
sequence for b1–b8 and y1–y8 fragment ions; how-
ever, the lack of d10 or w2 fragment ion does not
permit distinction between the isomeric amino acid
residues of leucine and isoleucine. At these collision
energies we do not observe fragmentation for �-MSH.

Fig. 7 contains a series of SID mass-mobility plots
for bradykinin [M�H]� ions obtained using an F-
SAM surface. Spectra are shown for SID collision
energies ranging from 40 to 100 eV in 20 eV
increments. At 40 eV collision energies the fragmen-

Fig. 3. A MALDI-IM-SID-o-TOF mass spectrum of des-Arg9 bradykinin. This spectrum was acquired using the gold grid arrangement in Fig.
1, Inset A. Data was acquired for 2 min and analyzed using GRAMS/32. Mass resolution, m/�M at FWHM, is better than 200. Mobility
resolution is better than 20.
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tation series is incomplete and the spectrum is domi-
nated by y8, b8, a8, b6, a6, y4, b4, a4, and y1 fragment
ions. Increasing the collision energy to 60 eV results
in a more complete fragmentation series with greater
individual abundances. The fragment ion abundances
are very similar to that obtained for bradykinin
[M�H]� ions at 90 eV collision energies from a
stainless steel surface; however, the ratio of the
integrated areas for the y8 fragment ion to [M�H]�

ion, is 1:1 for the F-SAM and 1:10 for the stainless
steel surface. Increasing the collision energy to 80 eV
increases the relative fragment ion abundances but no
new fragment ions are observed and the overall mass
resolution is decreased. At 100 eV collision energies,
the abundances of the [M�H]� and y8 fragment ions
are reduced and low m/z and immonium ions domi-
nate the spectrum. This result is consistent with the
observations made by Riederer that SID fragment ion
types are dependent on impact velocity [53].

The most sequence informative fragmentation ap-
pears to be observed between 40 and 60 eV collision
energies for the F-SAM surface, and this is approxi-
mately a 30% reduction in collision energy relative to
that for adventitious hydrocarbon-stainless steel. This
observation, as well as the specific types of fragment
ions produced, is consistent with claims by Miller,
Callahan, and others regarding the overall value of
F-SAMs for SID experiments [54,55]. In addition, the
reproducibility of the SID spectra is excellent which
greatly affects the analytical utility of F-SAMs for
high throughput proteomic studies.

7. Evaluation of established parameters

Fig. 8 contains a mass-mobility plot for F-SAM
SID of a five peptide mixture using a collision energy

Fig. 4. A MALDI-IM-SID-o-TOF mass spectrum of bradykinin. This spectrum was acquired using the gold grid arrangement in Fig. 1, Inset
A. Data was acquired for 2 min and analyzed using GRAMS/32.
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of �50 eV. Using these conditions a complete set of
a-, b-, and y-type fragment ions, with the exception of
a3, b3, and y5, are observed for des-Arg9 bradykinin,
and similar results, a complete set of a-, b-, and y-type
fragment ions, with the exception of a3, b3, and y6, are
observed for bradykinin. Note, however, that the
abundances of the low m/z fragment ions are reduced
with respect to those for des-Arg9 bradykinin. The
total number of fragment ions is also reduced for
gramicidin S when compared to the results obtained
using 90 eV collision energies and a stainless surface.
The ratio of the integrated peak area of the precursor
ions to the sum of the integrated peak areas of the
associated fragment ions is provided in Table 1.

Fig. 9 contains an F-SAM SID mass-mobility plot
obtained using a 70 eV collision energy. Only a small
fraction of des-Arg9 bradykinin [M�H]� ions survive
activation, and the only SID fragment ions observed

have m/z values of �650. This result agrees well with
spectra shown in Fig. 6 for bradykinin [M�H]� ions
where an increase in collision energy resulted in a
depletion of the precursor ion. Similar behavior is also
observed for gramicidin S, e.g. an increase in SID
fragment ion abundance and a reduction in the
[M�H]� ion abundance is observed as collision
energy is increased. Similar results are obtained for
substance P, which exhibits a near complete fragment
ion series, a1, a2, a5, b1, b2, b4–b8, y1, y3–y8, and the
usual losses of small neutrals at higher collision
energies. The observed fragmentation at a 70 eV
collision energy with an F-SAM surface is compara-
ble to that observed at 90 eV (Fig. 6) using a stainless
steel surface. The ratio of integrated peak area for the
precursor ion to that of the SID fragment ions, listed
in Table 1, is improved over that at 50 eV with an
F-SAM.

Fig. 5. A mass-mobility plot of a five-peptide mixture composed of des-Arg9 bradykinin, bradykinin, gramicidin S, substance P, and �-MSH
taken with the instrument adjusted for non-SID mass-mobility data collection. Trend lines are added as a visual aid.

527E.G. Stone et al./International Journal of Mass Spectrometry 212 (2001) 519–533



A comparison of Figs. 6–9 underscores an impor-
tant feature of SID, viz. that ions activated by SID
possess a narrow distribution of internal energies.
From the results shown here the use of a single
collision energy appears to limit the range, �300 m/z,
where both the [M�H]� ion survives and sufficient
sequence informative SID fragment ions are formed.
It may be possible to overcome this limitation by
ramping the collision voltage during the course of the
experiment. In addition, instrument design may also
be an important factor. For example, the F-SAM
surface is positioned approximately one cm from the
extraction region for these studies and there may be
insufficient time for a large m/z ion (greater than m/z
1 500) to undergo dissociation. As the abundances of
fragment ions observed are defined by the unimolecu-

lar dissociation rate constant which is a function of the
total energy of the precursor [M�H]� ion, the critical
energy of the particular fragment, and the number of
vibrational modes in the precursor [M�H]� ion, it is
expected that the number of vibrational modes will
increase with peptide mass. This means that the
fragment ion spectra is not only dependent on the
internal energy deposited into the precursor [M�H]�

ion and its mass, but also on the flight time from the
collision surface to the extraction region of the mass
spectrometer [56]. The transit time from the F-SAM
surface to the extraction region 1 cm away for an m/z
1 500 ion having a scattered kinetic energy of 14 eV
would be 4–5 �s. There may be utility for changes to
the ion optics that increase arrival times for ions in the
mass analyzer.

Fig. 6. Mass-mobility plot of a five-peptide mix acquired using an adventitious hydrocarbon coated stainless steel surface at �90 eV collision
energy. The correlation of fragment ions to precursor ions is illustrated.
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9. Additional benefits of fluorinated self-
assembled monolayers surfaces

The importance of using F-SAM surfaces for
IM-SID-TOF MS is clearly illustrated by the peak
tailing observed in Fig. 6. Nearly identical fragmen-
tation patterns for protonated peptides between m/z
900 and 1 350 using a stainless steel at 90 eV (Fig. 6)
were observed for an F-SAM at 70 eV (Fig. 9). The
peak tailing observed for substance P and �-MSH
using the stainless steel surface is significantly re-
duced for the F-SAM surface. It should be noted,
however, that even with an F-SAM the choice of
collision energy yields further improvements in the

spectrum. That is, we see that collision energy affects
peak tailing even for an F-SAM surface (see Fig. 7).
By controlling the collision energy it should be
possible to completely eliminate the peak tailing and
thereby improve the mobility resolution.

We attribute the mobility peak tailing to “sticking”
or “soft-landing” of the ions onto the surface, i.e. the
ions impact the surface and some fraction of the ions
reside on the surface for 10’s of microseconds and are
then liberated from the surface. The amount of stick-
ing and the time duration the ions stick to the surface
appears to be a function of the nature of the surface,
the nature of the impacting ion, and the collision
energy. One possible explanation is that the ions

Fig. 7. Series of 2D mass-mobility plots of bradykinin at increasing collision energies (40–100 eV) with an F-SAM surface. The depletion
of the precursor ion and the abundances of the fragment ions increase near linearly with collision energy.
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soft-land onto the surface and are desorbed by later
arriving ions. The data shown for bradykinin pre-
cludes this possibility as there are no other ions
resulting from a single laser shot and subsequent laser
shots are separated by 50 ms (20 Hz repetition rate).
Even at 100 eV the latest arriving ions occur approx-
imately 300 �s after the first mobility appearance
time. Another possibility is that multiply charged
multimers, such as [(M�H)n

�]n�, are formed and

upon impacting the surface the ions decompose to
form [M�H]� ions. We have not ruled out this
possibility; however, we have measured the arrival
time distribution of bradykinin ions using high-reso-
lution ion mobility and we do not observe multiple
peaks [57]. Our preliminary conclusion is that some
percentages of the colliding ions are captured by the
surface and are subsequently desorbed from the sur-
face. Investigations are underway to explore this

Table 1
Ratio of integrated area of precursor ion to the sum of integrated areas for all fragment ions

Surface/collision
energy des-Arg9 bradykinin gramicidin S substance P �-MSH

Stainless 90 eV 1:11 1:4.5 1:2.7 1.4:1 NA
F-SAM 50 eV 1:3 1:1.0 2:1.0 1:0.1 NA
F-SAM 70 eV 1:23 1:7.0 1:3.5 1:1.3 NA

Fig. 8. Mass-mobility plot of a five-peptide mix acquired at �50 eV collision energy with an F-SAM surface.
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further and to quantify the effects of the nature of the
colliding ion with respect to the nature of the surface.

9. Conclusion

Here we demonstrate the efforts to optimize the
combination of F-SAM SID and IM-TOF MS for
proteomics studies. The advantage of the simultaneous
acquisition of the peptide mass map and peptide se-
quence information is greatly facilitated by the use of
F-SAM surfaces. The judicious choice of surface com-
position and collision energy led to significant improve-
ments to the experiment. The implications of the tech-
nique include meeting the need for high throughput de
novo sequencing of peptides and mixtures of peptides
resulting from the proteolytic digest of proteins.
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Fig. 9. Mass-mobility plot of the five-peptide mix acquired at �70 eV collision energy with an F-SAM surface showing an improvement in
signal quality over a stainless steel surface. Abundances of the most abundant fragment ions are nearly equal to the precursor ions.
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