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Why is portable MS important? Security/Defense/Forensics
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Why is portable MS important? Origin-of-life
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New ion trap method sets its sights on
Mars

BY REBECCA BRODIE

Technique that extends capabilities of existing instruments without

physically modifying them could benefit origin-of-life studies on Mars
From Chemistry World




NASA PICASSO Motivation

The Planetary Instrument Concepts for the Advancement of Solar System Observations
(PICASSOQO) Program supports the development of spacecraft-based instrument
systems that show promise for use in future planetary missions
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Benchtop vs. portable MS & MS/MS

Data-dependent MS/MS
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Data-dependent MS/MS on miniature systems can be slow!



Portable ion traps must be more efficient with
time, power, and MS/MS acquisition.



Solution: obtain the entire 2D MS/MS domain

with one scan

e 2D FT-ICR MS correlates precursor
and product ions without isolation

* |[s 2D MS/MS - using one scan -
possible in a quadrupole ion trap?

* Must traverse every scan line
simultaneously to obtain
e 1. Precursor m/z
e 2. Product m/z
e 3. Precursor->Product correlation

Product m/z

2D MS/MS Domain
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What does a 2D MS/MS scan table look like?

Orthogonal double resonance
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1. ‘Frequency tagging’
* 2. Micropackets



1. 2D MS/MS using frequency tagging
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. An alternate ‘encoding’ scheme —ion micropackets

Normalized Intensity
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P.M. Remes et al. / International Journal of Mass
Spectrometry 370 (2014) 44-57

If the product ions are ejected
at different frequencies (their
secular frequencies), then we
can differentiate them and
determine their m/z values
through FFT & frequency to m/z
conversion.

In this case we don’t need
frequency tags, so the
broadband has even frequency
spacing. Otherwise the
experiment is the same as
before.
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Frequency Tagging

Micropackets

° 208 W
: $
_— } -
o O
= 194 2
180 §
5&19\‘ £91 150 &
0 NN | - 136
0 2000 4000 6000 8000 10000
20
ok od 208
163
4133135105 104 E
180 9
=
, s 1 150 §
P
4 6 8 10

Frequency (Hz) «10°



g2 B 3

Resolution {(m/Am)

2D MS/MS: Frequency Tagging vs. Micropackets

Resolution is best at high

/Mathieu q (low m/z)
Resolution increases by measuring
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2D MS/MS applied to 16 fentanyl opioids (MP)
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An origin-of-life application: organics on
Mars/Europa/Titan/Enceladus
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Both 2D MS/MS spectra are remarkably similar, despite resulting from different encoding schemes.
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Conclusion & Outlook

e 2D MS/MS is yet another extraordinary capability of ion traps & is an
efficient means of collecting MS & MS/MS data

* A single scan can collect the entire 2D MS/MS data domain!
e Next step — 2D MS/MS on a portable instrument

* Improvements need to be made
* Broadband phasing, frequency spacing, amplitude, construction, etc.

e Optimize precursor and product mass resolution

* Perhaps optimal to use 2D MS/MS as a survey scan and then use data-dependent
MS/MS to obtain better resolution on product ions

e Optimize fragmentation efficiency while maintaining good resolution
e Impossible to do this if ion trap CID is the activation method

e How do we filter and process the data?
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