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ABSTRACT

A new method is presented for constructing ion mobility distributions of precursor ions based upon
the extraction of drift time distributions that are monitored for selected fragment ions. The approach is
demonstrated with a recently designed instrument that combines ion mobility spectrometry (IMS) with
ion trap mass spectrometry (MS) and ion fragmentation, as shown in a recent publication [J. Am. Soc. Mass
Spectrom. 22 (2011) 1477-1485]. Here, we illustrate the method by examining selected charge states
of electrosprayed ubiquitin ions, an extract from diesel fuel, and a mixture of phosphorylated peptide
isomers. For ubiquitin ions, extraction of all drift times over small mass-to-charge (m/z) ranges corre-
sponding to unique fragments of a given charge state allows the determination of precursor ion mobility
distributions. A second example of the utility of the approach includes the distinguishing of precursor ion
mobility distributions for isobaric, basic components from commercially available diesel fuel. Extraction
of data for a single fragment ion is sufficient to distinguish the precursor ion mobility distribution of
cycloalkyl-pyridine derivatives from pyrindan derivatives. Finally, the method is applied for the analysis
of phosphopeptide isomers (LFpTGHPESLER and LFTGHPEpSLER) in a mixture. The approach alleviates
several analytical challenges that include separation and characterization of species having similar (or

identical) m/z values within complex mixtures.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Because of its high-sensitivity, selectivity, and ability to generate
information that can both identify and determine the structure of
analytes, mass spectrometry (MS) has become an important tech-
nique for characterizing complex mixtures [1-4]. Two aspects of
MS analyses limit the characterization of mixture components.
One is the inability of MS to distinguish species of very similar
(or identical) mass within the sample mixture [5]. Additionally,
lower abundance ions may be masked by the presence of higher
abundance species [6-8]. To some extent, increasing the exper-
imental resolving power and instrumental mass accuracy can
alleviate these problems. However, the need to characterize very
complex samples such as those encountered in proteomics and
metabolomics studies often requires a reduction of the sample
complexity introduced into the mass spectrometer provided by
liquid chromatography (LC) [4,9-13], gas chromatography (GC)
[14,15], and, more recently, ion mobility spectrometry (IMS)
[5,16-18] separation steps.
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For experiments combining separation steps with MS, it is
often desirable to obtain information regarding the retention
and selectivity of specific sample components. For LC-MS and
GC-MS experiments, this information is garnered by generating
an extracted ion chromatogram (XIC) [19,20]. An XIC provides
a chromatographic profile of a given species and is obtained
from experiments in which all ions are examined by extract-
ing the ion intensity associated with a specific mass-to-charge
(m/z) species. This process can be simplified by fixing the mass
spectrometer such that a specific m/z is monitored, thus, gen-
erating a selected ion chromatogram. In analogy with these
chromatographic approaches, an extracted ion drift time distri-
bution (XIDTD) can be obtained from nested IMS-MS data for a
complex sample to generate the drift time distribution of a single
ion [16]. The simplified selected ion monitoring approach can also
be employed to record an IMS distribution for a single m/z species
[21-23].

The specificity of XICs can be extended by utilizing tandem mass
spectrometry (MS™") data to monitor specific species. In this case,
the mass spectrometer can be set to monitor fragment ions gener-
ating selected reaction monitoring (SRM) chromatograms [24]. In
this paper we describe a new IMS-MS method that combines the
concepts of XIDTD generation with SRM to improve the specificity
of analyzing components from complex mixtures. The approach
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utilizes a new drift tube/ion trap instrument that can select specific
precursors and generate fragments by collision-induced dissocia-
tion (CID). A distribution that is produced from the highly specific
precursor/fragment ion set is referred to as an extracted fragment
ion drift time distribution (XFIDTD). We illustrate the method by
examining several charge states of electrosprayed ubiquitin ions,
where XFIDTDs generated from specific precursor and fragment
ion sets are compared to XIDTDs generated from precursor ions and
found to be nearly identical. Additionally, we use the new approach
to delineate basic components of diesel and phophorylated peptide
isomers. In these examples, the distributions cannot be obtained
directly from precursor ion data (in the form of XIDTDs) because
the components have identical mass. These techniques extend
the foundation of parallel dissociation experiments by IMS that is
becoming widely used [25-28]. Finally, we note that the approach
is similar to experiments performed by Cooper and co-workers who
demonstrated the extraction of compensation voltage (CV) distri-
butions for select precursor and fragment ions by coupling field
asymmetric waveform ion mobility spectrometry (FAIMS) with
electron transfer dissociation (ETD) [29]. Two key differences are
that the XFIDTD approach with IMS-MS techniques provides a bet-
ter reproduction of the precursor ion distribution and this method
provides structural information regarding the precursor ion while
FAIMS dose not.

2. Experimental
2.1. General

IMS techniques[30-33], instrumentation [21-23,25-28,34-40],
and theory [30,41-45] are described elsewhere. Additionally, the
IMS/ion trap instrument used for the current studies is described
in detail, elsewhere [46]. Thus, only a brief description of the appa-
ratus is provided below. Fig. 1 shows a schematic diagram of the
instrument used in these studies. Electrosprayed ions are desol-
vated in a differentially pumped region and then focused into an
hour-glass ion funnel (F1) [39,47] where they are accumulated.
Periodically an electrostatic gate is dropped and ions are released
from the funnel into the drift tube, where they migrate ~1 m under
the influence of a uniform drift field (~2.3 x 103V m~1) through
~3 Torr of an inert buffer gas mixture (see below). As the packet of
ions migrates through the drift region, different species separate
according to differences in their mobilities through the buffer gas.
As ions approach the exit of the drift tube they must pass through
a second gate (that is opened at a specific delay time relative to
the release pulse); those ions that have the appropriate mobilities
are then transferred through a second ion funnel (F2), that focuses
the diffuse ion cloud in order to allow it to pass through the exit
aperture and into the LTQ Velos instrument (Thermo Electron, San
Jose, CA).

Upon entering the LTQ, an rf guide is used to direct ions
into the linear ion trap mass analyzer. Once inside the trap, the
mobility-selected species are stored, mass analyzed, and periodi-
cally subjected to MS/MS analyses using CID (see below).

2.2. Obtaining IMS distributions

IMS distributions are generated by scanning a drift time (tp)
selection time. This is accomplished by establishing a delay time
between the introduction and selection gates (Fig. 1). By record-
ing the ion signal as this delay time is scanned across the total tp
range it is possible to obtain the IMS distribution. In the current
instrumentation configuration, the introduction gate is pulsed at
a frequency of 55Hz and the delay time is scanned from ~10 to

~25ms using time increments of ~80 to ~150 pws. The relatively
long tp values result from the use of a buffer gas mixture.

For both XIDTD and XFIDTD experiments, a total of 500 ms of
ion injection time has been used and 20 scans are averaged to
obtain a single mobility selection data point. Therefore, ~20 min
are required to obtain one dataset across a 12-ms drift time range
employing 100 s steps.

2.3. Buffer gas composition

The buffer gas in the IMS region is primarily a mixture of helium
and nitrogen. For these experiments helium is introduced into the
drift tube near F2. In the desolvation region, a small portion of gas
from atmosphere is leaked into the drift tube. This provides two
benefits for the experiments. First, an increased ion signal level is
obtained as the ion source gas influx aids transport of ions into
the trapping region of the hour-glass ion funnel (F1). Additionally,
the buffer gas mixture supports a higher drift voltage providing
increased resolving power for this drift tube.

A disadvantage of the gas mixture is that collision cross sections
cannot be obtained for given ions. Additionally, mobility distribu-
tions can be broadened due to interaction with small amounts of
other molecules such as H,O from atmosphere [48,49]. That said,
the improvement in resolving power due to the increased field is
greater than such losses as indicated by the fact that the resolu-
tion obtained here approaches that obtained for a drift tube that is
twice as long employing pure He. Finally, the mobility distributions
obtained on the current instrument are nearly identical to those
obtained on instruments utilizing He buffer gas. Thus, the relative
mobilities (relative collision cross sections) for different ions can
be determined.

2.4. lon dissociation

As mentioned above, ions are mobility selected by setting the
delay time of the selection gate relative to the introduction gate.
Ions selected in this manner are stored in the linear trap and they
can be dissociated by collisional activation. The stored ions are colli-
sionally activated by applying a resonant rf excitation waveform for
10 ms with activation q of 0.25 and normalized collision energy of
25%,38%, and 22% for ubiquitin ions, basic compound ions from the
diesel sample, and phosphopeptides, respectively. Then, the MS?2
mass spectrum is subsequently scanned. In order to get better signal
intensities of MS? fragments, the ion injection time has been set to
8 s with the automatic gain control off. Mass selection is employed
(+1Th) prior to the ion dissociation step.

2.5. Sample preparation and ionization

Bovine ubiquitin (90% purity) has been obtained from
Sigma-Aldrich (St. Louis, MO) and used without further purifica-
tion. The diesel sample (#2 diesel) has been provided as a gift
from C&S Petroleum Products (Bloomington, IN). The electrospray
solution of 2.3 x 10~> M ubiquitin is prepared in 49:49:2 (vol.%)
water:methanol:acetic acid. The solution of diesel is prepared as
follows. 1 mL of diesel is mixed with a 2-mL aliquot of 50% aqueous
methanol with 3% acetic acid for 30s by vortexing (Vortex Genie
2, FisherScientific, Bohemia, NY). The methanol/water extract was
vacuum dried using a centrifugal concentrator (CentriVap, Lab-
conco Co., Kansas City, MI) and dissolved with 0.2 mL of methanol
with 1% acetic acid. The synthetic phosphopeptides LFpTGHPESLER
and LFTGHPEpPSLER have been generously provided by Professor
G.E. Reid (Michigan State University, East Lansing, MI) and the 1:1
mixture of two phosphopeptides is prepared in 50:49:1 (vol.%)
methanol:water:acetic acid solution to provide a final concentra-
tion of 25 wM for each isomer. The solutions are infused through
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Fig. 1. Schematic diagram of the IMS-MS instrument. The instrument is comprised of an ESI source/drift tube assembly that is coupled to the front of a LTQ Velos instrument
(Thermo Electron, San Jose, CA). The drift tube contains a combination of ion gates (introduction and selection) and ion funnels (F1 and F2).

a pulled capillary (75 pm i.d., 360 pm o.d.) tip at a flow rate of
0.30 pLmin~! using a syringe pump (KD Scientific, Holliston, MA).
The capillary tip is maintained at a DC bias of ~2.0kV above the
voltage of the entrance plate to the desolvation region.

3. Results and discussion
3.1. Example IMS-MS datasets

The coupling of the drift tube to a linear trap requires that ion
mobility distributions are collected in a scanning mode where ion
intensities are recorded at defined selection times (see above). This
approach is less efficient than our combination of IMS with time-
of-flight (TOF) MS [37]. In that IMS/MS approach, the flight times
of all ions are nested within the tp measurements and recorded
in a single experimental sequence. Despite the difference in the
measurement approach used here, the quality of the data is very
similar.

Fig. 2 shows the IMS-MS distribution obtained using the new
instrument for electrosprayed [M+nH]"* ions of ubiquitin (in this
case n=6-13). The gas-phase conformations of different charge
states are observed at different ranges in tp. For example, for
[M+13H]'3* ions, a single feature that is ~500 ws wide (tp) is
observed. In comparison, multiple features spanning a range of
~4ms (tp) are observed for [M+8H]8* ions. This is consistent with
previous studies showing a transition from compact and partially
folded conformations associated with lower charge states to more
elongated structures associated with higher charge states [50-52].
Drift time distributions for all charge states show a significant
degree of overlap as can be observed from the broad, unresolved
drift time distribution ranging from ~14 to ~20 ms shown in Fig. 2.

3.2. Comparison of precursor ion XIDTDs and fragment ion
XFIDTDs

As mentioned above, XIDTDs of precursor ions can be gener-
ated by integrating all m/z charge points across a narrow range at
each tp delay setting. Fig. 3 shows distributions for the [M+7H]’",
[M+10H]1%*, and [M+12H]'2* precursor ubiquitin ions. To obtain
XFIDTDs that resemble the XIDTDs it is necessary that different
gas-phase conformations of these precursor ions exhibit the same
proclivity for formation of the selected fragment ion. That is, forma-
tion of the product ion cannot be more energetically favorable for
specific conformations. Additionally, for a sample containing many
different ions such as the multiple charge states of the ubiquitin
system, the degree of relatedness also depends on the ability to
generate unique fragments for specific precursor charge states.

For the different charge states of ubiquitin ions, distinctive
fragment ions can be selected. Fig. 3 shows MS? spectra for
the [M+7H]”*, [M+10H]'%*, and [M+12H]'?* ubiquitin ions. The

fragment ion (CID) spectrum generated from [M+7H]”* ions shows
that the main features range from ~900 to ~1400 m/z. Dominant
spectral features are observed at higher m/z values including the
y53°* toye2°* homologous series ofions. The fragmention spectrum
generated from [M+10H]!%* ions shows features ranging from ~600
to ~1100 m/z. Dominant spectral features are observed in the ~800
to ~1000 m/z range. Several of the higher abundance peaks include
the ysg®*, ys37*, y597%, and bs,%* ions. The fragment ion spectrum
generated from the [M+12H]!2* ions shows features ranging from
~500 to ~1000 m/z with the most dominant features occurring
between ~600 and ~850 m/z. The ysg fragment is again observed
as some of the more intense features existing as the 8+, 9+, and 10+
charge states.

Because of its relatively high prevalence in the three differ-
ent MS2 spectra, the ysg fragment has been selected to create the
XFIDTD. The selection is also favored because this fragment exists as
aunique charge state within each MS? spectrum. Consider the frag-
mentation spectrum generated from the [M+7H]”* ubiquitin ions.
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Fig. 2. tp (m/z) dotplot showing the multiply charged [M+nH]™ ubiquitin ions
(n=6-13). The total tp distribution shown across the top is obtained by integrating
data points across the entire m/z range for each tp bin. The mass spectrum shown
on the left is obtained by integrating data points across all tp values for each m/z
value.
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Fig. 3. tp distributions (left panel) obtained for the precursor (XIDTD) and fragment (XFIDTD) ions of the [M+7H]7*, [M+10H]'%*, and [M+12H]'2* charge states of ubiquitin.
Distributions are obtained by integrating all m/z points across a narrow range for each tp bin from a tp (m/z) dataset (e.g., Fig. 1). XIDTD and XFIDTD distributions are obtained
from MS and MS?, respectively. The top two traces show a comparison of the XIDTD obtained for the [M+7H]* ubiquitin ions and the XIFDTD obtained from the ysg>* ions
generated by fragmentation of the [M+7H]* ions. The middle and bottom two traces show the same comparison for the [M+10H]'%* and [M+12H]'?* charge states and their
respective fragment ions (ysg”* and ysg®*) used to create the XFIDTDs. The CID mass spectra shown on the right are obtained at ~15.4, ~17.8, and ~17.0 ms for the [M+7H]*,
[M+10H]'%*, and [M+12H]'?* ions, respectively. Major fragments are assigned in the CID mass spectra.

Here, the ysg°* ion is utilized to generate the XFIDTD because it is
observed for this charge state and not the others. Fig. 3 shows the tp
distributions generated by extraction of the data for the [M+7H]7*
precursor ions and the ysg* fragment ions. The XIDTD and XFIDTD
are nearly identical exhibiting a relatively broad feature with a
peak maximum at 15.40 ms. A shoulder at 17.20 ms observed in
both tp distributions indicates the presence of gas-phase confor-
mations of lower mobilities. A difference in the two distributions
is the increased noise associated with the XFIDTD compared with
the XIDTD. This presumably is a result of the decreased ion signal
associated with the fragment ion compared to that of the precursor
ion.

The XIDTDs and XFIDTDs generated from the other charge states
are also observed to be very similar and are shown in Fig. 3. For
example, for the [M+10H]'%* precursor ions, the XIDTD shows the
presence of two, partially resolved features. A broad feature indicat-
ing the presence of multiple conformations is observed with a peak
maximum at 16.40 ms. A narrow feature corresponding to more
elongated ions is also observed at 17.80 ms. The XFIDTD obtained
for the ysg”* ions obtained upon activation of [M+10H]'%* precur-
sor ions, shows a nearly identical distribution. The XIDTD for the
[M+12H]'2* precursor ions is comprised of two relatively narrow
features centered at 17.00 and ~17.40 ms. The higher mobility peak
exhibits greater intensity. The XFIDTD obtained for the ysg* ions
obtained upon activation of [M+12H]'2* precursor ions, shows a
nearly identical distribution with the same relative intensities.

This simple, proof-of-concept study demonstrates that the two
criteria for using XFIDTDs are easily satisfied. That is, unique

fragment m/z values are readily generated from precursor ions
and the fragmentation is not dependent on the conformation from
which they are generated [53]. While we have chosen this system
such that there are unique m/z values associated with the fragment
ions, this need not be the case. We could just as easily have created
these unique IMS distributions from an identical m/z fragment ion
(assuming it is formed) as long as we started with a unique pre-
cursor ion. Thus, it is possible to produce a unique IMS distribution
from any of the precursor/fragment ion pairs that are associated
with the ion.

3.3. XFIDTDs obtained for basic components of diesel fuel

It is instructive to consider the determination of IMS distri-
butions for specific ions from a mixture by using the XFIDTD
approach. Here, individual IMS profiles for isomeric, basic compo-
nents from diesel fuel are determined. Upon electrospraying the
aqueous extract from diesel we find a number of basic compo-
nents ranging from m/z=100 to 300. Basic, nitrogen-containing
compounds such as pyridine derivatives have been determined
to comprise a portion of diesel fuel; additionally, multiple pyri-
dine derivatives can exist as isomers with m/z value of 230 [54]. In
this demonstration, the mass spectral peak at m/z=230 (one of the
higher abundant features) has been examined.

Fig. 4a shows the XIDTD for the [M+H]|* precursor ions com-
prising the feature at m/z=230. The broad distribution obtained
from the XIDTD suggests that multiple isomers of pyridine deriva-
tive compounds may exist at this m/z value. Two main features
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Fig. 4. (a) tp distribution (XIDTD) of the [M+H]* ions (m/z=230) of basic components from the aqueous extract of diesel fuel. XFIDTDs obtained for the CID fragments at (b)
m/z=202 and (c) 215. The CID mass spectra shown on the right are obtained (d) without mobility separation and at drift selection times of (e) 11.96 and (f) 12.52 ms.

centered at 12.04 and 12.20 ms are observed, indicating partially
resolved species containing similar mobilities. Complete resolu-
tion of these ions is intractable with the resolving power of our
IMS instrument. Beyond that, even though some components may
be partially resolved in the mobility separation, assigning mobili-
ties is still somewhat ambiguous because the ESI mass spectrum is
the same for each feature in the tp distribution of the mixture.

To further characterize this system the precursor ions have
been collisionally activated to produce characteristic fragment
ions. The CID spectrum of specific mobility ions shows a unique
fragmentation pattern that can be used as a molecular finger-
print to distinguish components within the mixture as well as
to help identify molecular classes. From the aqueous extract of
diesel, the precursor ions at m/z=230 have been isolated in the
ion trap and fragmented by CID. The CID spectrum of all pre-
cursor ions at m/z=230 is shown in Fig. 4d. The MS? spectrum
obtained at a tp selection of 11.96 ms shows a couple of domi-
nant peaks at m/z=174 and 202 (Fig. 4e). There is no fragment ion
below m/z=170. In contrast to the high-mobility ions, the CID spec-
trum of the low-mobility ions at a tp selection of 12.52 ms shows
a more complicated fragmentation pattern including fragments
with small m/z values (m/z<170). The distinctive fragments for the
low-mobility ions appear at m/z=132, 136, 148, 164, 175, 188, 201,
and 215 (Fig. 4f). Because the CID fragments at m/z=202 and 215
are unique to the high- and low-mobility ions, respectively, they
are used to generate the XFIDTDs. As shown from the XFIDTDs in
Fig. 4c and d, the centers of the features in these tp distributions
are slightly offset. The different XFIDTDs suggest that there are at
least two different types of molecules for the precursor ions with a
value of m/z=230.

As mentioned above, the CID of the low-mobility ions produce
more fragments than activation of the high-mobility ions. Based
on the distinct fragmentation patterns obtained at different tp
selections it is possible to propose two groups of molecules for
assignment to specific mobility ions. Among the isomers of pyridine
derivative compounds, it is possible that the high-mobility ions
with m/z=230 correspond to pyrindan derivatives that consist of
fused rings. Additionally, it can be considered that the low-mobility
ions are related to cycloalkyl pyridine derivatives. Under the same
dissociation conditions, more fragments would be expected from
cycloalkyl pyridine derivatives compared to pyrindan derivatives
because the fused-ring compounds would require cleavage of two
bonds to produce fragments. Also, it might be expected that the
cross section of the constrained fused-ring structure would be more
compact than that of a more linear structure of linked rings. This
explanation would suggest that the pyrindan derivative ions have a
slightly higher mobility than the cycloalkyl pyridine ions, as shown
in Fig. 4. In summary, it is not possible to assign the relative mobil-
ities of ions of specific molecular classes from an analysis of the
diesel component mixture. However, the XFIDTDs obtained from
distinct dissociation fragments can be useful to determine the pres-
ence of particular components within the mixture.

3.4. XFIDTDs obtained for phosphopeptide isomers

Another attractive system that can be analyzed with the XFIDTD
method is a mixture of peptide isomers formed by post-translation
modification such as phosphorylation. Two model synthetic phos-
phorylated peptide isomers (LFpTGHPESLER and LFTGHPEpSLER)
having the same sequence but different phosphorylation sites have
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Fig. 5. (a) tp distribution (XIDTD) of the [M+2H]?* ions (m/z=683) of phospho-
peptide isomers, LFpTGHPESLER and LFTGHPEpSLER. XFIDTDs obtained for the CID
fragments at (b) m/z=636 and (c) 810 that correspond to bs* and ys* ions, respec-
tively.

been examined using the XFIDTD approach. Fig. 5a shows the XIDTD
for the [M+2H]?* precursor ions (m/z=683) obtained upon electro-
spraying the isomer mixture. Two features at 19.1 and 19.6 ms are
partially resolved. However, it is not possible to assign the phos-
phopeptides with IMS-MS alone due to the identical m/z value of
the precursor ions.

Each of the phosphopeptides has been previously studied using
CID in a linear ion trap [55]. The CID spectra for each phos-
phopeptide present distinct fragmentation patterns. Two notable
fragments that can be used to distinguish the phosphopeptide iso-
mers are the bs* and yg* ions (m/z=636 and 810, respectively) for
the LFpTGHPESLER and LFTGHPEpSLER species, respectively. From
the XFIDTD analysis, the intensities of these fragments vary across
the tp range. From the MS?2 data, the distinctive fragment contain-
ing the phosphorylated threonine residue (bs*) first appears at an
earlier tp selection (18.3 ms), while the fragment containing the
phosphoyrlated serine residue (yg*) is first noticeable at 19.2 ms.
The bs* and yg* ions reach their maximum intensities at tp selec-
tions of 19.1 and 19.6 ms, respectively. The XFIDTD profiles for the
indicative fragments are shown in Fig. 5b and c. This analysis sug-
gests that the mobility of [M+2H]%>* LFpTGHPESLER ions is higher
than that of [M+2H]2* LFTGHPEpSLER ions. Additionally, the unique
CID fragments for each phosphopeptide allow the identification of
the individual isomers from a mixture.

3.5. Comparison of XFIDTD analysis to FAIMS-ETD studies

Above we have demonstrated the utility of characterizing com-
ponents in mixtures with XFIDTD analysis. We note that although
this work is here presented as a new method for IMS-MS exper-
iments, a similar approach has been described for FAIMS. Cooper
and co-workers have recently applied high-field asymmetric wave-
form ion mobility spectrometry (FAIMS) coupled with electron
transfer dissociation (ETD) mass spectrometry for the analysis of

phosphopeptides [29]. The FAIMS separation prior to ion fragmen-
tation helps to distinguish the phosphopeptide isomers. However,
the extracted CV distributions from the FAIMS-ETD analysis show a
lack of reproducibility and consequently it is difficult to determine
the precursor ion distributions. In the FAIMS study, the extracted
CV data for the [M+3H]3* precursor ions of the peptide APLpS-
FRGSLPKSYVK present a different profile compared to the extracted
CV distributions for ETD fragments obtained from the same pep-
tide ion. Additionally, because of the field conditions employed by
FAIMS separations it is not possible to obtain structural information
in the form of collision cross sections.

From the analysis above, the advantages of the XFIDTD method
compared with FAIMS are apparent. It is noteworthy that the per-
formance of CID after the mobility separation not only allows for
distinguishing precursor ions but also provides a means of ion
identification. Further study on the analysis of complex mixtures
with the XFIDTD approach may include coupling IMS selection
with various dissociation methods. Previous work has shown that
ultraviolet photodissociation yields multiple unique fragments
including many cross-ring cleavages for glycan and carbohydrate
isomer ions [46,56]. New IMS-MS instrumentation that employ a
range of dissociation methods would extend the XFIDTD approach
allowing detailed analyses into individual components of com-
plex mixtures. It is noted that a limitation of such analyses is that
the XFIDTD requires the existence of at least one unique precur-
sor/fragment ion pair.

4. Conclusions

A new method for analyzing complex mixtures that cannot be
resolved by MS and IMS-MS analysis alone has been demonstrated.
The new approachrelies on the production of unique fragment ions
for mobility-selected precursor ions. By integrating all ions at each
tp bin over a limited m/z range, fragment ion tp distributions can
be created that are representative of the mobility distributions of
precursor ions. The new technique may find unique applications in
the study of complicated mixtures containing isomers and different
gas-phase ion conformers.
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