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Where are we? 

LC-MS 

GC-MS 

• Targeted acquisition with Triple Quadrupole MS/MS:  

• Needed selectivity and sensitivity 

• Robustness 

• Targeted approach only 

• False positives  

• Limited scope 

• Unknowns? 

 

 

IC-MS 
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Why to vote for high resolution MS? 

• Non-targeted acquisition:   

• Similar sensitivity as triple quadrupole MS/MS 

• Increased scope of the analysis through full-scan 

• Simple setup of full-scan acquisition – no tuning 

• Flexibility – screen and confirmation on one platform 

• Perform targeted live or retrospective data processing 

 

 Non targeted 

acquisition 

Non targeted data 

processing 

Targeted data 

processing 

Screening 

Quantitation 

Unknown ID 
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•Fundamental difference to other HRAM instruments 

•Parameter measured is frequency, not time/voltage/etc 

•Resolution up to 1M* for more accurate m/z  

•Less prone to ambient conditions changes 

•Stability within <1-2 ppm during several days 

•No need for lock mass in “routine work” 

•Small footprint 

•Easy setup 

 

Orbitrap: The Performance Leader since 2006 

What Orbitrap provides? 

Unmatched ultrahigh resolution, 
accurate mass performance 

Which applications? 

 • accurate identification, structural analysis, and 

quantification of organic molecules, lipids, 

carbohydrates, peptides & proteins in complex 

mixtures  

 

*ASMS 2017 : Performance metrics and example applications: Orbitrap mass spectrometry at resolving power 1M  
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Does resolution matter? 

RAFA 2013:  Łukasz Rajski, María del Mar Gómez Ramos, Amadeo R. Fernández-Alba; EURL for Pesticide Residues in 

Fruits and Vegetables. Pesticide Residue Research Group. University of Almeria, Spain. e-mail: amadeo@ual.es 
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Q Exactive MS Family 

Hyperbolic Quadrupole  

Mass filter 

HCD 

Cell 

Orbitrap Mass 

Analyzer 

C-Trap 

RF-Lens 
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Flexibility for Routine/Research Work 

Full MS(SIM)/data dependent MS/MS 

• Post-acquisition extracted ion chromatograms of parent ions  

• Relies on high resolution (selectivity) and MS/MS (confirmation) 

• Useful for targeted screening and quantitative methods (QQQ like) 

 

 

 

Full MS/ All Ion Fragmentation – vDIA* 

• Minimum method development 

• Great for screening purposes, but quantitation, too 

• Fully retrospective! 

 

 

 

PRM (Parallel Reaction Monitoring) 

• SRM like -> fragment transitions acquired 

• Scheduled target list (Rt, m/z, collision energy) 

• Most sensitive and selective even in highly complex matrices 

*vDIA method not available in the United States of America 

Maximum sensitivity! 

Non targeted workflow! 

Targeted Workflow 
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Thermo ScientificTM UltiMate® 3000 RSLC :   

• Column: Accucore aQ 100 mm x 2.1 mm x 2.6 µm  

• Column oven T:  25 °C  

• Injection Volume: 1 µL 

• Mobile phase A:  

Water 5mM NH4COOH, 0.1% HCOOH 

• Mobile phase B:  

MeOH 5mM NH4COOH, 0.1% HCOOH 

• Flow rate: 300 µL/min 

 

 

UHPLC instrumental method  UHPLC Conditions 

0.13 x 350 mm 

0.13 x  550 mm 

0.13 x 650mm 

10µL mixer + 25 µL 

capillary mixer 

100 µL sample loop 
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Q Exactive Conditions – ddMS2 experiment 

• full MS:resolution  70,000 FWHM 

• scan range      120-1200 m/z 

 

• ddMS2:resolution   17,500 FWHM 

• Inclusion list     on 

• isolation        1 amu 

• exclusion        5 s 

List of target analytes 
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Screening Example – Acetamiprid in honey sample 
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Isotopic pattern fitting is influenced by resolution 

Mismatched isotopic pattern will lead to false negative! 
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Preventing false positives with HRAM acquisition 

Sample 

QC 

sample 

Triple quadrupole HRAM 

Reproduced with permission from dr. Scarlett Biselli, Eurofins, Hamburg 
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Preventing false positives with HR acquisition 

Sample 

QC 

Interference 

Analyte 

Reproduced with permission from dr. Scarlett Biselli, Eurofins, Hamburg 
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3 ways of Quantitation/Screening for Routine Work 

Full MS(SIM)/data dependent MS/MS 

• Post-acquisition extracted ion chromatograms of parent ions  

• Relies on high resolution (selectivity) and MS/MS (confirmation) 

• Useful for targeted screening and quantitative methods (QQQ like) 

 

 

 

Full MS/ All Ion Fragmentation – vDIA* 

• Minimum method development 

• Great for screening purposes, but quantitation, too 

• No false negatives 

• Fully retrospective 

 

 

 

PRM (Parallel Reaction Monitoring) 

• SRM like -> fragment transitions acquired 

• Scheduled target list (Rt, m/z, collision energy) 

• Most sensitive and selective even in highly complex matrices 

*vDIA method not available in the United States of America 

Maximum sensitivity! 

Non targeted workflow! 

Targeted Workflow! 



15 

Q Exactive Focus:Variable Data Independent Analysis (vDIA) 

Alternative to All Ions Fragmentation (AIF) 

• A complete record of data in full scan as well as in MS/MS 

• A cycle time of 1.4 Hz  

• Excellent reproducibility 

• Higher specificity and response for fragments compared to AIF 

*vDIA method not available in the United States of America 



16 

 
Q Exactive Focus : All Ions Fragmenation (AIF)  vs. vDIA 
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m/z 145.0648 
Fragment 

m/z 142.9926 

Fragment 

m/z 142.9926 
Fragment  

m/z 145.0648 

[M+H]+ 230.0069  [M+H]+ 202.0863 

Data courtesy of Dr Hans Mol, Rikilt Wageningen, UR 

*vDIA method not available in the United States of America 
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Results of  vDIA – Sensitivity in Tea for 330 compounds  

• Screening Detection Limits – Tea matrix 
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*vDIA method not available in the United States of America 
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3 ways of Quantitation/Screening for Routine Work 

*vDIA method not available in the United States of America 

Non targeted workflow 

Maximum Sensitivity! 

Targeted Workflow! 

Full MS(SIM)/data dependent MS/MS 

• Post-acquisition extracted ion chromatograms of parent ions  

• Relies on high resolution (selectivity) and MS/MS (confirmation) 

• Useful for targeted screening and quantitative methods (QQQ like) 

 

 

 

Full MS/ All Ion Fragmentation – vDIA* 

• Minimum method development 

• Great for screening purposes, but quantitation, too 

• Fully retrospective! 

 

 

 

PRM (Parallel Reaction Monitoring) 

• SRM like -> fragment transitions acquired 

• Scheduled target list (Rt, m/z, collision energy) 

• Most sensitive and selective even in highly complex matrices 
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Full Scan-ddMS2 PRM 

PRM Provides Maximum Sensitivity – Spiroxamine 1 ppb 
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Ion source 

C-trap 

Orbitrap  

mass 

analyzer 

Quadrupole 

HCD cell 

Source options:   EI  and CI (NCI/PCI) 

Scan range  m/z 30-3000 

Resolving power:  4 settings, up to 120,000 FWHM @ m/z 200  

Acquisition options:       Non-target acquisition:    Full Scan 

Targeted acquisition:   SIM, MS/MS, data-dependent MS/MS 

Combinations of the above... 

Q Exactive GC 
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EI-MS spectra to a large extent instrument-independent 

EI-MS libraries available (>242.000 spectra, mostly EI-quadrupole-MS) 

Dedicated EI-MS libraries (pesticides, drugs..) 

Existing libraries nominal m/z, development HR-libraries in progress 

 

 

 

160106_006 #2844-2847 RT: 17.13-17.14 AV: 4 SB: 6 17.09-17.10 , 17.17-17.18 NL: 1.17E7
T: FTMS + p EI Full lock ms [50.00-500.00]
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Why Electron Ionisation? 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCN7e7pqY78gCFcjXGgod6lwKxQ&url=http://www.gcimage.com/nistlib.html&psig=AFQjCNHHgnbh83dyUJ0g-Fcu_TxdJY1VEQ&ust=1446466028830469
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New: Variable Electron Voltage (VeV) 

ASMS 2017 Using Variable Electron Voltage (VeV) on GC Orbitrap 
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Non-targeted Screening with Q Exactive GC 

• Sensitive and 
selective peak 
detection 

• High resolution 
spectral 
deconvolution 

• Clean spectrum 

 

detect and refine 

1 

generate candidates 

2 

filter and identify 

3 

• Search spectra 
against spectral 
libraries 

• HRAM or unit 
mass 

• Candidates list 
generated 

 

• High resolution 
filtering of 
candidates 

• Putative 
identifications 
made 
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Maximum Uptime: Routine-grade Robustness 

Source Robustness in Matrix 

• >3000 injections ExtractaBrite Ion Source 

• BSTFA derivatized urine 

• No source maintenance required during study 

 

ExtractaBrite Ion Source Design 

• Dual independent heated zones 

• Patented RF lens protects post source 
ion optics 

• Repeller designed to overcome any ion 
burn 

 
RF Lens 

Repeller 
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“Never Vent” Philosophy 

• Patented source plug 

• GC column change 
without venting  

• ExtractaBrite Ion Source 

• Source change without 
venting 

• Including all areas where 
ion burn can form 

• Minutes to use the vacuum 
probe interlock system 
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Conclusions 

• Analysis with high resolution mass spectrometry is an effective way to increase the 

scope of the analysis and with simple data acquisition.  

 

• This allows for more compounds to be analysed from a single injection without 

prior optimization of the acquisition parameters. 

 

• Routine resolving power of 70,000 FWHM eliminates isobaric interferences, 

increasing confidence in results when screening residues in complex matrices. 

 

• Screening both targeted and non targeted as well as quantitation is possible with 

Orbitrap 
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