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High Amplitude Short Time Excitation:
A Method to Form and Detect Low
Mass Product Ions in a Quadrupole
Ion Trap Mass Spectrometer
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Collision induced dissociation (CID) in a quadrupole ion trap mass spectrometer using the
conventional 30 ms activation time is compared with high amplitude short time excitation
(HASTE) CID using 2 ms and 1 ms activation times. As a result of the shorter activation times,
dissociation of the parent ions using the HASTE CID technique requires resonance excitation
voltages greater than conventional CID. After activation, the rf trapping voltage is lowered to
allow product ions below the low mass cut-off to be trapped. The HASTE CID spectra are
notably different from those obtained using conventional CID and can include product ions
below the low mass cut-off for the parent ions of interest. The MS/MS efficiencies of HASTE
CID are not significantly different when compared with the conventional 30 ms CID. Similar
results were obtained with a two-dimensional (linear) ion trap and a three-dimensional ion
trap. (J Am Soc Mass Spectrom 2006, 17, 81–84) © 2005 American Society for Mass
Spectrometry
Collision induced dissociation (CID) remains by
far the most common method used for ion
activation in tandem mass spectrometry (MS/

MS) experiments [1, 2]. During CID, the internal energy
of a parent ion is increased through inelastic collision(s)
with a target gas, resulting in the dissociation of parent
ions. CID is the result of two distinct events; parent ion
activation (collisional activation) and parent ion disso-
ciation [3]. The appearance of an MS/MS spectrum,
both product ion formation and abundance, is a func-
tion of the amount of energy deposited into the parent
ion during the activation period [4, 5]. Activation times
for CID in rf trapping instruments typically range
between 10 and 50 ms; however, CID can be accom-
plished using much shorter activation times in these
instruments [6].

For rf trapping instruments, the Mathieu parameters
qz, (proportional to the applied fundamental ac rf volt-
age), and az, (proportional to the applied dc voltage)
determine if ions of a given mass-to-charge will be
trapped. Typically, and in these experiments, rf trap-
ping instruments are operated at az � 0, so theoretically
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ions with qz values from 0 to 0.908 are trapped. As the
mass-to-charge value of an ion increases, its qz value
decreases. Thus, the mass-to-charge value correspond-
ing to a qz value of 0.908 is the minimum mass-to-charge
value of ions trapped and is termed the low mass
cut-off (LMCO).

Each ion held by the trapping field exists in a pseudo
potential well with the well depth proportional to the qz

for each mass-to-charge value. Hence, smaller mass-to-
charge ions, which have larger qz values, exist in deeper
wells than larger mass-to-charge ions, which have
smaller qz values [7]. To implement CID, a qz value is
selected that allows the kinetic energy of the parent ion
to increase via power absorption from a supplementary
resonance excitation voltage without exceeding the
pseudo potential well depth. Typical qz values for CID
in quadrupole ion traps range from 0.2 to 0.3 and
supplementary resonance excitation voltages with am-
plitudes greater than 1 V are not generally utilized [8].
A trade-off in the selection of the qz value for CID is that
product ions with mass-to-charge values below the
LMCO will not be trapped. This means that product
ions with mass-to-charge values less than �25–30% of
the parent ion mass-to-charge are not observed in the
MS/MS spectrum.

Previous research conducted using “fast excitation”

CID has shown that collisional activation can be accom-
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plished in less than 100 �s in a quadrupole ion trap [6].
However, because a 19 V supplementary AC voltage
was used, a qz value of 0.4 was required to reduce the
number of parent ions being ejected from the trap.
These previous experiments produced MS/MS spectra
that were similar to those obtained using conventional
activation times (30 ms), and MS/MS (CID) efficiencies
decreased by about a factor of two compared with
conventional activation times.

The research reported herein describes the results of
excitation using high amplitude short time excitation
(HASTE) CID with 1 and 2 ms activation times at the
more conventional qz value of 0.25. Both a ThermoElec-
tron (San Jose, CA) (LTQ) linear ion trap mass spec-
trometer and a Finnigan 3D ion trap mass spectrometer
(ITMS) were used. The results were compared with
those obtained with a Waters Micromass (Manchester,
UK) triple quadrupole mass spectrometer (QqQ). Spec-
tra from both ion trap mass analyzers contain product
ions below the LMCO defined by the parent ions’ qz

value. In addition, the abundance of product ions in the
lower mass-to-charge range, but above the LMCO,
increased as a result of the HASTE CID process.

CID performed in a triple quadrupole mass spec-
trometer is the result of multiple collisions of the parent
ions with a collision gas which is typically argon. Parent
ions are selected using the first quadrupole and then
passed through a second multipole which serves as the
collision region. The resulting product ions are mass
analyzed using the third quadrupole [8, 9]. Product ions
that are formed near the beginning of the collision
region can undergo multiple collisions and dissociate
into additional generations of product ions, although
from this single experiment it is not possible to deter-
mine if the product ions are formed by competitive or
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Figure 1. MS/MS spectra for m/z 515 sodiated
energy of 20 eV. Inset: ERMS plot for CID of th
consecutive dissociation pathways.
Figure 1 shows the QqQ results for CID of a sodiated
sodium acetate ion (C2H3O2Na)6Na� of m/z 515 at a
collision energy of 20 eV. The m/z 105 product ion is the
lowest mass-to-charge ion observed in Figure 1 and
represents the single sodiated sodium acetate ion,
which, of all product ions, requires the most internal
energy to form. The inset in Figure 1 is the energy
resolved mass spectrum (ERMS) plot for the m/z 515
parent ion. As the collision energy of the parent ion is
increased, product ions are more likely to continue to
dissociate to product ions of lower mass-to-charge.
These results clearly show the consecutive dissociation
process occurring to produce the product ions with
lower mass-to-charge values. Results from ITMS double
resonance experiments, during which the m/z 433 prod-
uct ion was simultaneously ejected while the m/z 515
ion was dissociated, also show that a majority of prod-
uct ions of m/z 351, 269, 187, and 105 come from the m/z
433 product ion.

The QqQ, in contrast to rf trapping mass analyzers
(LTQ or ITMS), has a LMCO that is not associated with
the parent ion’s qz value, but is instead a function of the
fundamental rf drive amplitude applied to each of the
collision multipoles. For this reason, the complete
MS/MS spectrum from m/z 50 to 550 is obtained (Figure
1). However, because the LMCO in the trapping mass
analyzers is dependent upon the parent ion’s qz value,
CID can result in a loss of possible product ions. For
example, m/z 142 is the LMCO if a qz value of 0.25 is
used to dissociate the m/z 515 sodiated sodium acetate
pentamer parent ion. As a result of this LMCO the m/z
105 product ion observed in the QqQ MS/MS spectrum
will not be observed in the LTQ or ITMS MS/MS
spectrum using the conventional CID approach.

CID is performed in rf trapping mass analyzers
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the LTQ, CID is effected through the use of a supple-
mentary ac voltage, with a frequency equal to the
parent ion’s secular frequency, applied in the radial
direction [13]. For the ITMS, the supplementary voltage
is applied in the axial direction. Any product ion that is
formed as a result of CID is not in resonance with the
applied supplementary voltage and, therefore, does not
gain additional kinetic energy. Thus, only the parent ion
gains kinetic energy during resonance excitation. Be-
cause ion activation is separate from dissociation, once
a parent ion is activated, there is some time period
before product ions are formed. Theoretically, if the
trapping rf voltage is reduced quickly enough, product
ions having mass-to-charge values below the LMCO
during resonant excitation may be trapped for mass
analysis.

Figure 2a shows the results of conventional 30 ms
CID and Figure 2b shows the results of 2 ms HASTE
CID performed using the ITMS to dissociate the m/z 515
parent ion. Figure 2a is the result of a 165 mVp-p

supplementary voltage and Figure 2b is the result of a
1025 mVp-p supplementary voltage. A 1 ms activation
time was also used to dissociate the m/z 515 parent ion
(not shown) with a supplementary voltage of 4205
mVp-p to produce a spectrum similar to the 2 ms/1025
mVp-p MS/MS spectrum.

Following both the 2 ms and 1 ms activation times,
the fundamental rf voltage was ramped down in 0.1 ms
to a value resulting in a LMCO of m/z 40. In Figure 2a,
the m/z 433 product ion is clearly the most abundant
peak in the spectrum. Because the m/z 433 product ion
is not in resonance with the applied supplementary
voltage, it does not gain any kinetic energy after it is
formed. Instead, this ion begins to cool through colli-
sions with the bath gas. However, in Figure 2b the m/z
433 product ion displays an abundance of about 50% of
that observed in Figure 2a. In addition, the m/z 105, 187,
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Figure 2. MS/MS spectra for m/z 515 from a 3D quadrupole ion
trap mass spectrometer; (a) 30 ms activation time with a supple-
mentary voltage of 165 mVp-p, (b) 2 ms activation time with a
supplementary voltage of 1025 mVp-p.
and 269 product ions have each increased in abundance
by at least 400% in the 2 ms HASTE CID spectrum.
These results indicate that more internal energy is
added to the parent ion during the 2 ms HASTE CID
experiments than during the conventional 30 ms CID
experiments. In addition, with HASTE CID the product
ions below the LMCO are observed if the fundamental
rf voltage is quickly ramped down following excitation.

In contrast to the software used to control the ITMS,
which allows the user complete control over the volt-
ages and times used in the experiment, the software
that controls the LTQ provides limited user control and
thus required an unconventional mode of operation to
observe product ions below the LMCO when dissociat-
ing the m/z 515 parent ion. A “pseudo MS3” acquisition
was performed to determine if the ions below the
LMCO could be observed using either conventional
CID or HASTE CID. The parent ion was first dissociated
using the conditions for conventional 30 ms CID and 2
ms HASTE CID. During the “MS3” segment of the
experiment, an activation mass of m/z 140 was specified
along with an isolation window of one-hundred (the
maximum isolation width allowed by the software) and
a collision energy of zero. This procedure forced the
LTQ to start scanning at m/z 50 instead of m/z 140, the
latter being the LMCO during the dissociation of the
m/z 515 parent ion.

Figure 3 shows the results of this experiment using
the LTQ instrument. The spectrum in Figure 3a is the
result of a 30 ms activation time using 13% normalized
collision energy (0.449 Vp-p) [14]. The most abundant
product ion in Figure 3a is the m/z 433 product ion.
Figure 3b is the result of a 2 ms activation time using
HASTE CID with 29% normalized collision energy
(1.035 Vp-p). This HASTE spectrum shows the m/z 269
ion as the most abundant product ion and the m/z 105
product ion exhibiting a signal 16 fold greater than that
shown in Figure 3a.

There are two factors contributing to the different
results observed between the 30 ms conventional CID
and 2 ms HASTE CID spectra. First, the internal energy
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Figure 3. MS/MS spectra for m/z 515 from a 2D linear ion trap
using “pseudo MS3” technique to observe ions below low mass cut
off; (a) 30 ms activation time with 13% normalized collision
energy, (b) 2 ms activation time with 29% normalized collision

energy.
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gained by the parent ion before it dissociates is less for
the 30 ms activation time compared to the 2 ms activa-
tion time; therefore, less of the m/z 105 product ion is
likely to be produced. The second factor is that any m/z
105 product ion formed during the 30 ms activation
time period will likely be ejected out of the trap before
the trapping voltage is lowered and the restoring force
applied to the ion.

One of the most important features of quadrupole
ion trap instruments is their high CID (MS/MS) effi-
ciency. Table 1 shows the CID efficiency for all experi-
ments, where CID

ECID �
� F

Po

(1)

efficiency is defined in eq 1 as the sum of the ion signal
intensities of product ions, F, divided by the initial ion
signal intensity of the parent ion, Po. The CID efficiency
for the LTQ instrument is lower than the ITMS, but does
not vary greatly as a function of the activation time.
This result suggests that the number of product ions
produced during the 30 ms activation time is similar to
the number of product ions produced during the 2 ms
HASTE CID. The ITMS has the highest CID efficiency
for the 30 ms activation time experiment, with the
efficiency decreasing somewhat with shorter activation
times. This decreased efficiency is most likely a result of
ejecting some portion of the parent ions before they
dissociate due to the increased supplementary voltage
required to activate the parent ion at the shorter activa-
tion times.

Compared with conventional CID in a quadrupole
ion trap, HASTE CID increases the internal energy of
parent ions during collisional activation, resulting in
more extensive consecutive dissociation processes and,
consequently, an increased number of product ions at
lower mass-to-charge values. A rapid decrease in the

Table 1. CID efficiencies for dissociation of the m/z 515
sodiated sodium acetate ion

Activation
time (ms)

ITMS CID
efficiency

LTQ CID
efficiency

30 89.3% 48.5%
2 74.5% 41.4%
1 68.6% —
trapping voltage immediately after resonant excitation
enables the detection of product ions with mass-to-
charge values that fall below the typical LMCO im-
posed by the amplitude of the rf drive potential applied
during CID. MS/MS spectra similar to those observed
with a triple quadrupole mass spectrometer may be
obtained. Preliminary results using peptides indicate
that structurally diagnostic immonium ions can be
formed and detected. Theoretical modeling in our lab-
oratory using peptide ions shows an increase in internal
temperature relative to conventional CID of the parent
ions as a result of the HASTE CID process. These results
are obtained with some loss of CID efficiency due to
loss of parent ions during resonant excitation. However,
the CID efficiency stills exceeds that obtained with
other MS/MS instruments.
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