
Introduction: 
FT-ICR MS (commercially sold as MRMS) is known as not only the highest performance mass spectrometry technique in terms of raw metrics for resolving power 

and mass accuracy, but also as the most flexible platform in terms of MS/MS, isolation, and ion manipulation techniques. 

However, conspicuously missing from current MRMS systems is the ability to natively and effectively conduct ion mobility (IMS) separations. 

Thus a new MRMS platform was created as a successor to the solariX and scimaX systems, codenamed MATCH, which was designed to effectively incorporate state 

of the art dual accumulation+analysis TIMS hardware, updated ion optics, improved SB3D MALDI laser, and micro grid MALDI stage hardware. 

The new platform was then energy and transmission optimised for wide m/z range, sensitivity, and high flux limits for large ion ensemble analysis to feed the high 

dynamic range ParaCell analyser – with up to 15,000,000 ions per scan possible to date. 

Application areas for this system include complex mixture analysis such as environmental extracts, green fuel analysis (bio-oils etc), conformer selective MS/MS 

using ExD techniques and MALDI imaging (shown separately). 

The work presented herein was recently published in Analytical Chemistry, please see full details here: 

Christopher A. Wootton*, Julien Maillard, Alina Theisen, Gregory F Brabeck, Carlos L Schat, Christopher P Rüger, Carlos Afonso*, Pierre Giusti.A Gated TIMS FTICR MS instrument to decipher isomeric 

content of complex organic mixtures. Analytical chemistry 2024, 96, 11343-11352, https://doi.org/10.1021/acs.analchem.4c01370 

Conclusions: 
• A novel gTIMS-MRMS instrument was created to better integrate modern TIMS hardware and optimize ion transfer throughout the system. 

• Ultra-low energy transmission enables separation and transmission of delicate structures + analytes 

• Intra-scan S/N dynamic range example shown at 5.1 orders of magnitude for single scans. Now 5.4 with hexapole based collision cell and stacked lens improvements. 

• gTIMS shows faithful retention of mobility precision R2=0.9999 for both variable ramp and variable gate TIMS 

• Stable ion storage in the collision cell allows multiple filles without loses losses or aberrations—key for high dynamic range studies such as protein MS/MS and complex mixture analysis 

• Complex organic samples such as environmental extracts or bio-oils for renewable energy are now readily studied at lower charge per scan. Mobility width informs isomeric content of complex samples – further processing + CCS-informed analysis underway 

• Improve MALDI laser and stage resolution allows tuneable resolution with 10um spatial resolution now readily achievable by default.  
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The timsMRMS system was functionalised with a range of MALDI and imaging hardware to enable accurate and varying 

MALDI imaging resolution. 

A SmartBeam 3D MALDI laser and microgrid xyz in-vacuum sample stage are incorporated into the system, in a similar 

fashion to the timsTOF Flex, described by Spraggins and co-workers [2]. 

This enables discrete control of MALDI imaging pixel size through the use of internal galvometer controlled mirrors 

(labelled in black, right) to raster a focused beam into the desired pixel dimensions. 

The Microgrid stage utilises sub-micron accuracy encoders to monitor MALDI sample stage movement and correct for 

over/undershoot during movements, achieving the micron level accuracy needed for 10µm spatial resolution MALDI im-

aging of biological tissue (measured ablation craters shown below). 

Finally, a separate micron-level height measurement laser was introduced at a 90 degree rotation to the MALDI laser 

and 180 degree rotation to the sample viewing camera in order to measure the height of a sample offset and adjust the 

beam focus for effective MALDI. Upon plate insertion to the system a 3D mesh surface of the sample is measured at vari-

ous points on the plate/slide to create a point cloud of height focus positions which are adjusted dynamically between 

pixels during subsequent MALDI imaging runs to provide more consistent laser focus. 
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Hexapole Collision Cell 

Low energy + stable ion storage without loss or ion heating 

for 10’s of seconds allows front end flexibility, multiple fill 

Dual Accumulation + Analysis TIMS funnel 

Allows parallel filling and analysis of nearly 100% duty cycle 

TIMS voltages matched to timsTOF instruments 

Resulting ion energy reduced thereafter to MRMS + CASI levels 

Allows compatibility without activation 

TIMS IN pressure adjusted to mobility range and resolution 

requirements 

Complex mixture analysis—environmental samples: 

MALDI imaging analysis: 

 

The fast-switching quadrupole mass filter previously used on the timsTOF for PASEF 

workflows was re-functionalised as an ion gate for gated-TIMS (gTIMS) 

allowing for an effective binary gate and simultaneous isolation of ions in both 

mobility (via elution voltage/time) and m/z. 

A new hexapole style collision cell and 21-lens stacked lens assembly were implemented to allow high ion capacity, high ion flux, and wide 

m/z range transfer on a single voltage profile.  

Optimised ejection profiles allow for narrow temporal distributions at the ICR cell for high recapture percentage yields. 

Dual ESI + MALDI source 

operable + switchable purely 

from software  

Microgrid xyz stage with additional height 

measurement laser for target mesh profiling 

and adaptive laser focus during imaging 

Smartbeam 3D laser allows 5µm focus and 

beam scan mode to create pixels of various 

sizes tailored to imaging  

TM Ion 1/K0 K0 (Stow et al.) 
Elution Voltage 
Ve1 

1/K0 from calibra-
tion Error % 

622 0.984251969 1.016 -67.7329 0.98960978 -0.54 
922 1.189060642 0.841 -92.2145 1.1903589 -0.11 

1222 1.383125864 0.723 -115.4442 1.38084244 0.17 
1522 1.557632399 0.642 -136.5874 1.55421668 0.22 
1822 1.727115717 0.579 -157.0351 1.72188782 0.30 
2121 1.886792453 0.53 -176.6482 1.88271524 0.22 
2421 2.036659878 0.491 -195.2876 2.03555832 0.05 
2721 2.173913043 0.46 -213.2315 2.1826983 -0.40 

 
 

StDev 0.29 
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timsMRMS at 18T magnet, Rouen, France: 

Mobility-selected ExD analysis: 

Galvometers for rapid 

laser rastering 

SRFA ESI negative mode analysis: 

5µm 

fixed 

focus 

T1 T2 T3 T4 

gTIMS was implemented in two formats: 1) Sweeping gate - iteratively moving a 

gate over a repeating TIMS ramp profile (left) and 2) Sweeping ramp - keeping a 

static gate and iteratively moving the TIMS profile scan to scan (right). 

Both were shown to have faithful relationships to mobility (above) and known 

species were used to assess accuracy (below). 

timsMRMS was fitted with a D7 TIMS cartridge as used in 

previous timsTOF flex systems [2]. 

 Parallelisation was achieved by the following steps (left) 

increasing the T2 voltage barrier between the 

accumulation and analysis regions of the TIMS cartridge. 

Ions were transferred between sections and eluted from 

the analyser by increasing the T1 and T3 voltages 

respectively instead of decreasing the retarding barrier as 

in previous designs [5]. Increasing the potential of ions to 

pass the barrier allowed d6 activation strategies when 

desired, but otherwise providing a more uniform energy 

profile for ions and avoiding mobility-range dependent 

activation issues shown in older TIMS-FT-ICR MS 

implementations. 

Optimisation of the gas flow in the TIMS analyser can affect 

both the mobility range (for a given voltage range) and the 

separation achievable in said range (left). The TIMS 

accumulation and analyser are held within a chamber of 

nominal pressure ~2-3mbar (stage 1). The TIMS cartridge is 

gas sealed to maximise gas flow through the analyser to the 

next pumping region (stage 2). Stage 1+2 are connected to 

the same dry pump. A restriction valve on the stage 1 port 

allows reduction in the pumping of stage 1. Since the two 

are otherwise connected the remaining capacity is utilised 

by stage 2—effectively self balancing the system and 

avoiding down-stream pressure changes which may 

otherwise require different optimisation or pumping. 

Match timsMRMS fundamentals 

paper link via QR code 

 

Ion separation via TIMS and subsequent ExD MS/MS for protein structural probing are located at 

opposite ends of the timsMRMS system. 

Ion storage time in the collision cell was studied to assess if extended trapping times affected 

ExD fragmentation profiles as a probe for structural change. 

Storage and ejection over one TIMS cycle (ICT=0 sec) was compared to an additional 4 cycles 

trap time (ICT=2 sec) before transfer to the ICR cell for ExD MS/MS and detection. 

No ExD MS/MS difference was observed (above). 

=> Multi-filling the collision cell with selected ions from multiple TIMS cycles is viable for ExD 

studies of TIMS separated biomolecules. 

Looped batch processing of TIMS and m/z selected ions into the collision cell for accumulation 

can be maximised to the capacity of the collision cell before ExD to maximise linear (in 1w) 

signal to noise detection relationships before looping the whole process for x ICR detection 

events to achieve root(n) S/N gain through transient summation, for optimal efficiency. 

Ubiquitin 1UBQ 

A) 

B) 

Rat brain 10um spatial resolution positive mode (left) negative mode (right), 800k resolving power (@400m/z): 


