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Novel Mass Spectrometry Setup Featuring
A Nano-mechanical Momentum Detector

Single-molecule mass spectrometry | nanomechanical ion momentum detection |
feedback-controlled optomechanics

A new detector concept based on the controlled recoil effect of a particle impacting a test mass enables improved
mass resolution and sensitivity in mass spectrometry and opens the possibility of miniaturizing it.

background

Time-of-flight mass spectrometry (TOF-MS) is a key
analytical method for characterizing biomolecules,
such as peptides, (glycol)proteins, lipids, and other
organic macromolecules. However, TOF-MS suffers
from limitations in resolution related to the relatively
large distribution in flight times among identical ions.
Extending the flight times through reflectrons or flight
tubes with a longer drift path can improve the mass
resolution. However, this comes at the cost of sample
loss due to scattering with residual gas molecules
during the extended drift time. On top, TOF-MS systems
are inherently large and not portable.

benefits

* Improved Mass Resolution: The method is
insensitive to time and spatial distributions of ions,
enhancing accuracy.

» Expanded Mass Range: Nanomechanical resonators
offer greater dynamic range optimized toward
heavier ions allowing for native MS.

* Miniaturization Potential: The absence of a drift path
allows for a compact and portable design.

IPR

Patent filed

development status
TRL 2
inventors

Silvan SCHMID, Andreas KUGI, Markus ASPELMEYER
Andreas DEUTSCHMANN-OLEK

technology

In the proposed mass spectrometry setup, the typical
detectors, such as electron multipliers or microchannel
plate detectors, are replaced by a hanomechanical
momentum detector (Fig. 1). After desorption,
ionization, and acceleration, ions are immediately
detected based on their momentum without the need
for a field-free flight tube at all. An ion (=particle) with
mass m and velocity v strikes a feedback-controlled
test mass with known motion equations to measure the
momentum. A sensor detects the test mass's motion,
producing the signal y(t). A controller calculates a
control signal u(t) to adjust the force F(t) an actuator
applies, keeping the test mass at rest. The particle’s
impact, treated as a disturbance, is corrected by the
feedback loop of the sensor, controller, and actuator.
The feedback signal u(t) reveals the particle’s
momentum, enabling the calculation of mass or velocity.
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Fig 1b: Microscope image of a nanomechanical
trampoline test mass

Fig 1a: The proposed mass spectrometry setup

potential applications

Analytical chemistry, proteomics, biochemistry, pharma,
environmental sensing
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K. Schmerling, et al. “Optimal sensing of momentum
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