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• Introduction to GC TOFMS Technique
– Description 
– Features and Benefits
– One Dimensional Water Application Example

• Introduction to Comprehensive GCxGC TOFMS
– Description and Overview
– Water Application Example 
– Power of Classification Feature

• Conclusions
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GC TOFMS – Instrument Configuration

TruTOF HT GC-TOFMS

Pegasus® HT GC-TOFMS including Gerstel
Autosampler and other Sample Prep Equipment



Major Benefits of TOFMSMajor Benefits of TOFMS

• Full mass spectrum acquired
– Powerful confirmation of compound in sample

• Full mass range sensitivity
– Low pg range for most compounds

• Fast acquisition rates
– Up to hundreds of spectra/sec
– Defines narrow peaks from fast GC techniques



LECO LECO TimeTime--ofof--FlightFlight MassMass SpectrometerSpectrometer

„Full Spectra“
Maximum 500 Spectren/sek



Major Benefits of TOFMSMajor Benefits of TOFMS

• Automated peak find
– Find compounds in normal or complex matrix
– Locate non-target compounds

• Spectral deconvolution
– Quality mass spectra from coeluting peaks
– Easy Library search with deconvoluted spectra
– Time-compressed chromatography



LECO LECO ChromaTOFChromaTOF®-- Software Software DeconvolutionDeconvolution



Benzene - 888                   2-Methyl-hexane - 863

Coeluting Peaks will be right detected automatically !

peak true

library

peak true

library



Cyclohexane - 924            2,3-Dimethyl-pentane - 901

Also valuable for Compounds with same Masses !

peak truepeak true

librarylibrary



LECO LECO ChromaTOFChromaTOF®--Software Software DeconvolutionDeconvolution
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Peak T rue - sample "1D - 500 pg_ul_2", peak 101, at 589.8 s
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Library Hit - sim ilarity 968, "Propyzamide"

Propyzamide
96,8 % Similarity
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Peak T rue - sam ple "1D - 500 pg_ul_2", peak 102, a t 591.3 s
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96,5 % Similarity
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Peak T rue - sample "1D - 500 pg_ul_2", peak 103, at 592.8 s

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280

100

200

300

400

500

600

700

800

900

1000  127 

 72  109 

 79 
 67 

 56 
 138  264 

 193 
 93  158  101 

 227  172  119  164  88  198  144  182  245 

Library Hit - similarity 955, "Phosphamidon (Z)"

Phosphamidon
95,5 % Similarity



TOFMS Spectral ReproducibilityTOFMS Spectral Reproducibility

• 5000 pulsed transients (spectra) per second
– Ion packets are formed, extracted, and mass analyzed 

almost simultaneously
– “Snapshot” technique

• Concentration changes occurring in the source during GC peak 
elution don’t affect spectral quality in TOFMS
– Non-skewed mass spectra
– Makes deconvolution algorithms easier and reliable
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Automated Peak FindAutomated Peak Find

• Mass spectrometer requirements
– Acquisition rate sufficient to define peaks
– Reproducible mass spectra across peak

• Software requires:
– Estimated peak width
– Signal-to-noise desired

• “How many peaks do I find?”



Acquisition Rate for Peak FindAcquisition Rate for Peak Find

• Important for closely eluting peaks

• Faster rate can improve peak find

• Spectral deconvolution may also improve

• Example: nine pesticides eluting in 4 sec 
– Peak widths = 1.5 to 2 sec



Peak Find at 40 Spectra/secPeak Find at 40 Spectra/sec
Metolachlor 238
Malathion 158
Fenthion 278
Chlorpyrifos 199
Parathion 291
DCPA 301
Cyanazine 68
Isodrin 193
Trichloronat 269

9 peaks located



Peak Find at 10 Spectra/secPeak Find at 10 Spectra/sec

6 peaks located



2 Spectra/sec2 Spectra/sec

Typical scanning instrument rate

Automated peak find is not possible !Automated peak find is not possible !



TIC of Drinking Water SampleTIC of Drinking Water Sample

Showing the TIC Chromatogramm !
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TIC of Drinking Water SampleTIC of Drinking Water Sample

Showing only specified Target Compound Peaks !
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Target Analysis Target Analysis –– ““AcenaphthyleneAcenaphthylene””(10ppb)(10ppb)



Calibration Curve Calibration Curve AcenaphthyleneAcenaphthylene (1(1--1000pg/1000pg/µµl)l)



Mass Spectral Comparison of Mass Spectral Comparison of AcenaphthyleneAcenaphthylene



Target Analysis Target Analysis –– ““FloureneFlourene””(10ppb)(10ppb)



Calibration Curve Calibration Curve FloureneFlourene (1(1--1000pg/1000pg/µµl)l)



Mass Spectral Comparison of Mass Spectral Comparison of FloureneFlourene



Target Analysis Target Analysis –– ““TriallylTriallyl isocyanurateisocyanurate”” (10ppb)(10ppb)



Calibration Curve Calibration Curve TriallylTriallyl isocyanurateisocyanurate (1(1--1000pg/1000pg/µµl)l)



Mass Spectral Comparison of Mass Spectral Comparison of TriallylTriallyl isocyanutateisocyanutate



Detection Limits of Target Components ( calculated on 10 ppb StaDetection Limits of Target Components ( calculated on 10 ppb Standard )ndard )



200 200 fgfg DDE in Drinking WaterDDE in Drinking Water

Reference spectrum



Non Target Screening of Drinking Water SampleNon Target Screening of Drinking Water Sample
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LECO PegasusLECO Pegasus®® 4D4D
• Agilent 7890 GC
• Agilent or Gerstel Autosampler
• LECO quad-jet, dual-stage modulator

– Modulates C4 to C40
• LECO consumable free modulator

– Modulates C8 to C40
• LECO secondary column oven
• LECO Pegasus®® 4D TOFMS

– Acquisition rates up to 500 spectra/s
– Mass range from 5 to 1000 u

• LECO ChromaTOF® software
– GC x GC control and data processing

• Automated peak find
• Spectral Deconvolution
• Classification, Scripting and Compare



Comprehensive GCxGC

Normal Chromatography

Heart-cut 2D Chromatography  (Multi-Dimensional GC (2DGC))

Principle of Comprehensive GCPrinciple of Comprehensive GC



Peak Capacity Normal GC
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Typical GCxGC SetupTypical GCxGC Setup

• Primary column (1st dimension)
– Longer, wider bore, thicker film
– Mostly 30 m and Non-polar

• Modulator
– Thermal in nature ( LN2 Cooling ) or Consumable Free 

Modulator ( Air Cooling )
– Focuses effluent from primary column
– “Injects” this effluent onto secondary column

• Secondary column (2nd dimension)
– Very short, narrow bore, thinner film
– Mostly 1-3 m and Polar or Selective



GCxGCGCxGC Schematic OverviewSchematic Overview
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2D-plot of extract of River water



Non-target analysis example: River Water 

m/z 69 (alkenes)m/z 69 (alkenes)



m/z 55 (di-acids)m/z 55 (di-acids)

Non-target analysis example: River Water 



m/z 141: methylated naphtalenes
(two-ring PAHs)
m/z 141: methylated naphtalenes
(two-ring PAHs)

m/z 178: three-ring PAHsm/z 178: three-ring PAHs

m/z 202: four-ring PAHsm/z 202: four-ring PAHs

Non-target analysis example: River Water 



Tributyl phosphateTributyl phosphate

Non-target analysis example: River Water



ConclusionsConclusions
• TOFMS is not a new technique

• But many innovations have occurred for chromatographic 
uses of TOFMS
– Fast acquisition is possible because of improvements in 

electronics

• Automated data processing routines
– Peak find
– Intergrated Spectral deconvolution
– Library Search 
– Qualification and Quantification
– Classification and Statistic Compare



ConclusionsConclusions

• TOFMS is an excellent MS choice for fast GC techniques that 
produce narrow peaks
– Smaller bore capillary columns (0.10 or 0.18mm)
– GCxGC

• TOFMS instrumentation is robust
– Simple, no complicated magnetic or electric fields
– No mass spectrometer source cleaning !



ConclusionsConclusions
• TOFMS has full mass range, pg level sensitivity for trace level 

work
– Environmental applications
– Pesticides in food and water
– Allergens or other compounds in fragrances
– Important, but low level compounds in flavors

• TOFMS has a wide dynamic range
– Flavors and fragrances
– Metabolomics



Many Thank’s for your Attention !!!

Any Questions ???

Christian Zühlke
Product Specialist Separation Science 

LECO Instruments Germany
Christian.zuehlke@leco.de


