
Overview

Introduction 

Methods Results 
• A combined electrodynamic ion funnel 

and ion trap coupled to orthogonal-
acceleration (oa) TOF was developed.

• The performance of the oa-TOF was 
characterized in the trapping and 
continuous modes.

• The intensities of the analyte ions in the 
trapping mode exceeded those in the 
continuous mode by an order of 
magnitude.

• The improvements in sensitivity were 
accompanied by a significant reduction in 
the background noise level, leading to an 
order of magnitude increase in S/N.

Current Pulse Measurements
with 1 µM Reserpine Solution

Conclusions
• We developed an ion funnel trap and coupled it 

to oa-TOF MS. The trap that operates at a 
pressure  ~1 Torr and is characterized by fast 
ion ejection time of <100 µs.

• The trap efficiency reaches 80% and has a 
charge capacity of ~3x107.

• The ion trap / oa-TOF MS showed an order of 
magnitude improvement in S/N compared to the 
continuous beam regime.

• The improvement in S/N was due to an 
increase in sensitivity and reduction in the level 
of background noise.

• The background noise reduction is due to more 
efficient desolvation of ions during trapping.

• Further increase in the trap pressure is feasible, 
provided adequate ion ejection is implemented. 
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Instrument Arrangement
• The ion trap was coupled to oa-TOF.
• Ion pulses were measured at the collision quadrupole 

and charge collector.
• TOF pusher repetition rate was 10 kHz.

Ion Funnel and Ion Trap Interface

• The ion trap is a “stacked-ring” type device.
• The trap dimensions are 20 mm (i.d.) x 10 mm long
• The DC gradient of 4 V/cm in the trap can be controlled 

independently of the funnel (20 V/cm).
• 180o phase-shifted RF was applied to adjacent 

electrodes.
• RF frequency of 600 kHz and amplitude of 55 Vp-p

were used at pressure of ~1 Torr.

• Signal is measured at the collisional quadrupole rods at 
various accumulation times 

• The number of ions accumulated in the ion funnel trap 
increases proportionally to the accumulation time

• The current pulses generated by ions accumulated in 
the trap are two orders of magnitude higher than the 
total ion current of the continuous beam. 

• The area under each current pulse corresponds to the 
number of charges released and is shown below.

Trap Capacity and Efficiency

• The trap has a charge capacity of ~3x107.
• Trapping efficiency is the ratio of the number of ions 

released from the trap (measured at the collisional 
quadrupole) to that introduced into the trap. The latter is 
calculated as a product of the continuous ion current 
and accumulation time.

• The trapping efficiency is  ~80% at shorter 
accumulation times and decreases to ~25% as the trap 
reaches its capacity. 

Mass Spectrum of 
10 nM Peptide Mixture in 

Trapping and Continuous Modes
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• The acquisition time is 1 s for trapping and continuous 
modes.

• The intensity of the ion signals in the trapping mode is 
an order of magnitude higher than that in continuous 
mode. 

• Sensitivity in trapping mode is an order of magnitude 
higher than in continuous mode at low concentrations.

• As the trap capacity is reached, no further improvement 
in S/N was observed.

• The decline at longer accumulation times is due to the 
reduction in the instrument duty cycle.
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Improvement of S/N and 
Limit-of-Detection (LOD)

• In the continuous mode, 0.1 nM neurotensin 3+ 
signal is hardly distinguished from chemical noise.

• Upon trapping, the chemical noise is significantly 
reduced and the analyte peak S/N increased to 37.

• The removal of chemical noise is primarily due to 
declustering of solvated ions.

• The amount of neurotensin consumed was 0.3 
attomoles.

• The use of an ion trapping step improved TOF MS 
LOD by an order of magnitude.

0.919.90.434.6
Ratio

(Trapping/
Continuous)

13.5988.811.8534.9Trapping *

14.349.832.115.4Continuous

Noise
(counts)S/NNoise

(counts)S/N

Fibrinopeptide A 2+Bradykinin 2+

* Trapping Time = 100 ms Concentration = 10 nM

• The table shows that the improvement in S/N of 
Bradykinin 2+ is due to increase in intensity and 
reduction of noise level.

• Most of background noise is observed in low m/z range, 
so that no chemical noise reduction was observed for 
fibrinopeptide A 2+ (m/z 768.8).

• With high analysis speed, high sensitivity, high 
mass resolving power, and high mass accuracy, oa-
TOF MS represents an attractive platform for 
proteomics. 

• Ion traps have been previously coupled to oa-TOF 
to increase the instrument duty cycle for operation 
with continuous ion sources such as ESI. These ion 
traps are typically employed at pressures of 
10-3 – 10-5 Torr.

• Since trapping efficiency is proportional to the 
collision gas pressure, increasing pressure 
potentially offers greater sensitivity.

• Ion traps that work at higher pressure are beneficial 
for gas phase ion separation, e.g., using ion mobility 
spectrometry. However, higher pressure represents 
a challenge for fast ion ejection.

• Control over DC field distribution in the ion trap is 
crucial for fast ejection.

• An electrodynamic ion funnel [1] is better suited for 
ion accumulation at higher pressures and rapid 
adjustments of DC fields.

• We report here on the performance of an ion funnel 
trap coupled to oa-TOF MS in experiments with 
peptide mixtures.
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