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• Orbitrap GC/MS System for True Unknowns Identification 

Presentation Overview 



3 

• Orbitrap GC/MS Systems Overview 

 

• Orbitrap GC/MS System for Targeted Screening and Confirmation 

 

• Orbitrap GC/MS System for Known Unknowns Identification 

 

• Orbitrap GC/MS System for True Unknowns Identification 

Presentation Overview 



4 

Multi-Award-Winning Orbitrap GC-MS Technology 

Thermo Scientific™ Q Exactive™ 
GC Orbitrap™ GC-MS/MS System 

Unprecedented Depth in Analysis 

RP 120,000 (FWHM @ m/z 200) 

EI/CI; Full-scan, timed-SIM 

MS/MS capability 

Food & Beverage Metabolomics Industrial 

Environmental Pharmaceutical Clinical & Toxicology 

unknowns   

discovery 

research  



5 

Redefining Routine GC-MS 

RP 60,000 (FWHM @ m/z 200) 

EI/CI; Full-scan; Timed-SIM 

Thermo Scientific™ Exactive™ 
GC Orbitrap™ GC-MS System 

 

New Thermo Scientific Exactive GC Orbitrap GC-MS System 

knowns  

routine  

screening  

Food & Beverage 

Industrial 

Environmental 

Clinical & Toxicology 
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Redefining Routine GC-MS 

RP 60,000 (FWHM @ m/z 200) 

EI/CI; Full-scan; Timed-SIM 

Thermo Scientific™ Exactive™ GC 
Orbitrap™ GC-MS System 

New Addition to the Thermo Scientific Orbitrap GC-MS Family 

Thermo Scientific™ Q Exactive™ 
GC Orbitrap™ GC-MS/MS System 

Unprecedented Depth in Analysis 

RP 120,000 (FWHM @ m/z 200) 

EI/CI; Full-scan, Timed-SIM 

 MS/MS capability 
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Using This Template Thermo Scientific Orbitrap GC-MS Systems: The Technology Inside 

Thermo Scientific™ ExtractaBrite ™ Ion Source technology 

Routine grade robustness 

Patented RF lens  

Removable without breaking vacuum 

 

Orbitrap mass analyzer  

Incredible HRAM performance 

Highly regarded Q Exactive GC 
system platform 

 

Thermo Scientific™ 
TRACE™ 1310 GC System  

Unique modular injector 
and detector design 

Rapid heat cycling  
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Thermo Scientific Exactive GC Orbitrap GC-MS System: The Technology Inside 

ExtractaBrite  

Ion Source 

Bent 

Flatapole 
Curved Linear Trap 

(C-TRAP) 

Orbitrap  

Mass Analyzer 
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Thermo Scientific Q Exactive Orbitrap GC-MS/MS System: The Technology Inside 

ExtractaBrite  

Ion Source 

Bent 

Flatapole 

Curved Linear Trap 

(C-TRAP) 

Orbitrap  

Mass Analyzer 

HCD Cell 

MS/MS fragmentation  

AQT Quadrupole 

(Precursor ion isolation) 
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Definitions 

•  Mass accuracy: The accuracy to which the mass is measured  by the mass spectrometer. 

  

 

 

 

  

• Resolution: Ability of a mass spectrometer to distinguish between ions of nearly equal m/z ratios (isobars). 
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Thermo Scientific Orbitrap GC/MS System Highlights  

Sensitivity Mass Accuracy Resolving Power 

• Maximum selectivity 

• Fast enough for GC 

• In full-scan 

• High selectivity 

• High spectral fidelity 

 

• Excellent coverage in 
sample profiling 

• “Triple quad grade” 
quantitation in full-scan 

 

 

Dynamic Range 

• Every scan 

• All concentrations 

• In complex matrix 

• Across the mass range 

• Everyday! 

 

Up to 60K 

to 120K 
< 1ppm ppt >6 orders 
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Requirement Required for… 

High Enough Resolution (Selectivity) 
Good Mass Accuracy 

Low Level Detection 

Requirements for High Resolution Targeted Screening or Quantitation 
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Resolving Power: Selectivity  

Pyrimethanil in leek at 10 μg/Kg 
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Simulated Unit Resolution MS: ± 500 mDa Extraction Window 

 

1 μL inj. GC-Orbitrap MS  

Leek spiked @ 10 ppb,  

Full-scan m/z 50-500; Res = 60,000  

 

Courtesy of Hans Mol, 

RIKLT, The Netherlands 
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± 100 mDa Extraction Window  

 

1 μL inj. GC-Orbitrap MS  

Leek spiked @ 10 ppb,  

Full-scan m/z 50-500; Res = 60,000  

 

Courtesy of Hans Mol, 

RIKLT, The Netherlands 
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± 25 mDa Extraction Window  

 

1 μL inj. GC-Orbitrap MS  

Leek spiked @ 10 ppb,  

Full-scan m/z 50-500; Res = 60,000  

 

Courtesy of Hans Mol, 

RIKLT, The Netherlands 
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± 5 mDa Extraction Window  

 

1 μL inj. GC-Orbitrap MS  

Leek spiked @ 10 ppb,  

Full-scan m/z 50-500; Res = 60,000  

 

Courtesy of Hans Mol, 

RIKLT, The Netherlands 
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Resolving Power: Selectivity  

False negative 

Positive 

Detection  

High Selectivity ∴ high sensitivity and confidence in identification 

Pyrimethanil in leek at 10 μg/Kg < 5 ppm ID criteria 
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False negative 
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• Chlorpropham, procymidone and iprodione in a leek sample (10 ppb o.c.) 

• A resolving power >30k required to completely separate these pesticides from the interfering 

matrix ions and to deliver <1 ppm mass accuracy 

• <5 ppm expected mass accuracy 

120k 60k 30k 15k

chlorpropham 0.31 0.16 1.65 16.20

Procymidone 0.50 0.00 0.67 8.58

Iprodione 0.19 0.39 3.11 4.86
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The Effect of Resolution on Accurate Mass Measurements The Effect of Resolution on Accurate Mass Measurements 
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Requirement Required for… 

High Enough Resolution (Selectivity) 
Good Mass Accuracy 

Low Level Detection 

High Mass Accuracy Confident Confirmation of Identity 

Requirements for High Resolution Targeted Screening or Quantitation 
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High Mass Accuracy 

•  Typically <1 ppm 

•  Across the peak 

•  Across the concentration range 

•  In matrix 

 

Chlorobenzilate 

 in leek (10ppb) 

(60k) 

Hexachloroethane 

>6 orders 

50 pesticides in 3 different matrices 
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Requirement Required for… 

High Enough Resolution (Selectivity) 
Good Mass Accuracy 

Low Level Detection 

High Mass Accuracy Confident Confirmation of Identity 

High Dynamic Range 
Accurate Quantitation 

Accurate Ion Ratio 

Requirements for High Resolution Targeted Screening or Quantitation 
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Full-scan Evaluation with Pesticides 

• 102 pesticides spiked into QuEChERS extracted apple 
 

• 60K Resolution 
 

• Average RSD at 10 ppb (N=5) = 2.9% 
 

• Average R^2 from 1-200 ppb = 9.9984 

Chlordimeform Bromopropylate 
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Requirement Required for… 

High Enough Resolution (Selectivity) 
Good Mass Accuracy 

Low Level Detection 

High Mass Accuracy Confident Confirmation of Identity 

High Dynamic Range 
Accurate Quantitation 

Accurate Ion Ratio 

High Sensitivity Low Level Detection 

Requirements for High Resolution Targeted Screening or Quantitation 
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High Sensitivity Full-scan 

IDL ppb IDL ppb 

SRM Full-scan 

150 compounds in mixed vegetable matrix 

Triple-quadrupole-level sensitivity possible with a non-target acquisition  
*Acquired on the Q Exactive GC system – the Exactive GC system provides equivalent performance. 
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Full-featured Screening and Quantitation with Thermo Scientific TraceFinder Software 

High Throughput Target Quantitation 

Flexible Ion Ratio Confirmation 

High Resolution Enabled 

Custom Reporting 



29 

• Orbitrap GC/MS Systems Overview 

 

• Orbitrap GC/MS System for Targeted Screening and Confirmation 

 

• Orbitrap GC/MS System for Known Unknowns Identification 

 

• Orbitrap GC/MS System for True Unknowns Identification 

Presentation Overview 



30 

Peak Detection and Candidate Matching 

Deconvolve TIC 
Create “clean” spectrum 

Acquired 

Library 

Library 

search 

Candidate 
Compounds 
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High Resolution Filtering 

C8H8Cl2O2 

Subset 

formulae 

∑ (m/z *Intensity)explained 

 

∑ (m/z *Intensity)observed 

HRF Score =   x 100% 

Candidate 
Compounds 



32 

• > 600 DBPs identified (Richardson, 2002) 

• Risk of health effects: bladder/colon cancer, 

reproductive and developmental effects 

• 50% of the total halogenated material formed 

in chlorinated water is still unknown 
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• Toxicity: iodo- > bromo- > chloro- DBPs 
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Introduction: Disinfection By-Products (DBP) 
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 Lab-scale experiment using two sample types: 

•  Certified reference material 

•  Llobregat River (LLOB) water 

 

 Both sample types were subjected to chlorination 

  and chloramination (NH2Cl) reactions 

Sample Preparation 
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Thermo Scientific TraceFinder Software: Automatic Peak Detection and Identification 

 High Search Index, HRF Score, and 

molecular ion found within 0.2 ppm  



35 

Thermo Scientific TraceFinder Software Cross Sample Peak List 

Cross Sample Peak 

Table with Heat Map 

Cross Sample 

Compound Chart 
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Fold Change NL NH2Cl vs. NL Cl 
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DBP Detected and Confirmed in the Samples Analyzed 
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Unknown Unknown’s Toolkit 

Analytical Tool Analytical Utility 

Chemical Ionization Determination of Molecular Ion 

High Mass Accuracy Narrow Down Possible Chemical Formula 

Isotope Pattern Confirm Chemical Formula 

MS/MS Data Suggest Structural Identification 
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Unknown Unknowns Software tools 

Mass Frontier 

Compound Discoverer 
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Thermo Scienfitic Q Exactive GC Orbitrap GC-MS/MS System: Compound Discovery and Identification 

Remove entire ion source or change to CI 

source in under 2 minutes without venting … 
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Using CI to Confirm Molecular Ion 

 

  4252

45

HCHMHCM

CHHMCHM
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[M+1.00728]
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Proton transfer 

Adduct formation 
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Confirmation of Molecular Formula with CI 

C2H5 and C3H5 methane 

adducts confirm molecular ion 

C12H10O formula unambiguously chosen 
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Confirmation of Molecular Formula with CI 

Green bars indicate 

isotope match 

0.9 ppm mass error on monoisotope, with high isotopic fit 
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Fine Isotope Match at M+2  

Fine isotope match also factors in scoring 
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M+2 Isotope Confirms One Oxygen Present 

Raw Data 

Theoretical M+2 pattern at 140K 

resolution 
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Structure Proposals with Automated Chemspider Searching 

O-phenylphenol #2 listed compound based on Chemspider with 508 references  
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Untargeted CI MS/MS on Molecular Ion  

Monitor for Δ([M+C2H5]
+ - [M+H]+)= m/z 28.03130 in fullscan  

 

This Δ m/z triggers MS/MS event on [M+H]+ ions 
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Using MS/MS for Structural Confirmation 

Molinate #1 listed compound based on Chemspider with 158 references  
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Automated mzCloud Search in Compound Discoverer 

#1 hit with MS/MS mzCloud Search 

Molinate MS/MS spectral match 
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Thermo Scientific Mass Frontier Can Increase Confidence in Structure Proposal  

MS/MS fragments rationalized based on fragment library and known reaction mechanisms 
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Pharmaceutical Example 

Acquired spectrum 

NIST spectrum 

Impurities in (3S)-3-methylmorpholine ID’ed 

by deconvolution/library search 

Drug precursors tested 

Impurities confirmed by accurate mass CI 

molecular Ions 
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Pharmaceutical Application Notes 

www.thermofisher.com/OrbitrapGCMS 

http://www.thermofisher.com/OrbitrapGCMS
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Toxicology Application Note 

www.thermofisher.com/OrbitrapGCMS 

http://www.thermofisher.com/OrbitrapGCMS
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 Industry-best resolution, mass accuracy, dynamic range, and sensitivity   

 

 Triple-quadrupole-level quantitation 

 

 Deconvolution/library search for known unknown identification 

 

 Unique capabilities for true unknown identification 

•  Industry-best mass accuracy 

•  Highest resolution for fine isotope detection 

•  Automated compound identification without spectral library reference 

Presentation Summary 
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Serving Your Science  
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Thank You 

Please join me in the 

Gas Chromatography and Mass Spectrometry 

section of our booth where I’ll  

address comments and questions. 


