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JEOL mass spectrometers used for this study

Q1600GC UltraQuad  SQ-Zeta

GC-MS (Single Quadrupole)

Ionization used: EI, CI

TQ2000GC AccuTOF GC-Alpha

GC-HRTOFMS

GCxGC-HRTOFMS

Ionization used: EI, CI, FI



1. JMS-Q1600GC UltraQuad SQ-Zeta

High pumping 

capacity!
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• Simple ion optics

• High mass resolving power (>30,000)

• High mass accuracy (sub-mmu)

• High speed (50 Hz)  -- compatible with GCxGC

• Wide mass range (m/z 4 up to m/z 6400)

• All ion sources and direct sample introduction 
methods

• Field Ionization (FI) and Field Desorption (FD) options

• Combination ion sources (EI/FI and EI/PI) 

• Easy ion source exchanges with very fast pump-down

• The most powerful data analysis software available

2: GC-MS High-Resolution Time-of Flight Mass Spectrometer: AccuTOF GC-Alpha

Dual-stage 

reflectron
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Ionization Methods for GC-MS

EI CI PI FI

Electron Ionization Chemical Ionization Photo Ionization Field Ionization

⚫Hard ionization

⚫Good for structural 

analysis using the 

generated fragment ions

⚫Able to change the 

ionization energy, 

typically use 70eV

⚫Soft ionization

⚫Effective for compounds 

with higher proton 

affinities

⚫Negative-ion mode is 

available

⚫Reagent gas required

⚫Soft ionization

⚫ Ionization energy is 

about 10.3eV (D2 lamp)

⚫Good for aromatic 

compounds

⚫No reagent gas required

⚫Softest ionization

⚫Energies imparted to the 

molecules are less than 

1eV

⚫Effective even for lower 

polarity molecules

⚫No reagent gas required
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AccuTOF GC-Alpha only

Used in this talk



• Data acquisition:
• JEOL msPrimo (single quadrupole)

• JEOL msAxel (AccuTOF GC-Alpha)

• GC-MS data analysis with 
deconvolution
• msFineAnalysis iQ (single 

quadrupole)

• msFineAnalysis AI (AccuTOF GC-
Alpha)

GC x GC data analysis
• GC Image 

• AnalyzerPro XD (SpectralWorks Ltd.)

• GC-MS, GCxGC-MS & Direct 
analysis MS

Software used

• Databases

• NIST23 main and replicate libraries

• Wiley main and replicate libraries

• Wiley Food, Flavors, Fragrances, and 
Related Compounds

• JEOL AI for compounds not in 
experimental databases

• NIST Hybrid Search
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msFineAnalysis iQ (Single quadrupole)

• Deconvolution

• Correlate EI with CI or PI

• Database search

• RI match

• Isotope match

• Variance analysis
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JEOL 1D GC data analysis with chromatographic deconvolution

msFineAnalysis AI (HRTOF)

• Deconvolution

• Correlate EI and soft ionization (EI, CI, PI, FI)

• Database search

• Elemental composition
• Molecular ion and fragment coverage

• RI match

• Isotope match

• Variance analysis

• Structure analysis with AI database



• GC-MS
• Agilent 8890 GC

• 30m DB5-MS column (single 
quadrupole

• GC x GC  column set used in 1D GC 
mode for the AccuTOF GC-Alpha 
data

• Split injection: 200:1

• Oven: 
1. 50 °C (0 min) 

2. 5°C min-1 to 220°C (0 min)

3. 20°C to 300 °C 

4. Hold 8 minutes
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GC conditions

• GCxGC-HRTOFMS
• ZB-5HT (30m), ZB35-HT (2m)

• A portion of the ZB35-HT column was used as the 
modulator loop

• Zoex ZX-2 thermal modulator, 8 s 
modulation period

• InfoMass LLC Column holder

• Split injection (100:1)

• Oven: 
1. 60°C (0 min) 

2. 3°C min-1 to 315°C (0 min)



1. Peppermint Oil, Sakae 
• Mentha piperita

• >35 years old

• Stored at room temperature

2. Peppermint Oil, Fluka
• Mentha piperita

• < 5 years old

• Stored in refrigerator

3. Spearmint Oil, Fluka
• Mentha spicata

• < 5 years old

• Stored in refrigerator

4. Lavender Oil, Sakae 
• >35 years old

• Stored at room temperature

Essential oil samples analyzed

5. Lemon Oil
• Citrus limon

• “JEOL” -- unidentified source

6. Orange Oil
• Citrus sinensis

• a.k.a. Citrus × aurantium f. aurantium

7. “Sweet Orange” Oil
• Citrus sinensis

• a.k.a. Citrus × aurantium f. aurantium
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Difference analysis (1D GC and GC x GC)

• Five EI replicates (Single Quad and HRTOF) 

• One CI (Single Quad) or FI (HRTOF) measurement
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Single Quadrupole: GC-MS comparison of Peppermint Oils with EI 
and CI data, msFineAnalysis iQ software

EI

CI

495 reproducible peaks

in the 2 samples

• Deconvolution

• Correlate EI and CI

• Database search

• RI match

• Isotope match

• Variance analysis



Compare peppermint oil samples with msFineAnalysis iQ
Single quadrupole: EI and CI data

CH3 CH3

CH3

g-terpinene

Equal in both samples
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Compare peppermint oil samples with msFineAnalysis iQ
Single quadrupole: EI and CI data

CH3 CH3

CH3

O

Eucalyptol

More abundant in Fluka
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Chromatographic deconvolution for small Eugenol peak 

Eugenol

More abundant in Fluka

Height = 0.57%

CH2

O

OH CH3
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GC x GC-HRTOFMS chromatograms for the peppermint oils

Sakae (>35-year-old sample) Fluka (Fresh sample)



Some details for the Fluka Peppermint Oil
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Eucalyptol and Eugenol blobs in Sakae and Fluka samples:
Two compounds that were found to differ in the 1D GC-MS data

Sakae (>35-year-old sample) Fluka (Fresh sample)
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PCA and Eucalyptol entry for GC x GC-MS in AnalyzerPro XD

CH3 CH3

CH3

O

Eucalyptol

More abundant in Fluka
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PCA and Eugenol entry for GC x GC-MS in AnalyzerPro XD

Eugenol

More abundant in Fluka

Height = 0.57%

CH2

O

OH CH3
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Peppermint Oil and Spearmint Oil: very different compositions!

Peppermint Oil Spearmint Oil



We’ll use Lavender Oil as an example.  Let’s look at a small section of 
the chromatograms where several components elute closely
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How does GC-MS (LR and HR) with deconvolution compare with 
GCxGC-HRTOFMS? 
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GC Image results for the selected region
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AnalyzerPro XD results for the selected region

CH3
CH3

O

b-Myrcene
CH2

CH2

CH3 CH3

2-Octanone
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[010]

7.96

[013]

8.40
[005]

7.55
[006]

7.57

[007]

7.72

[008]

7.80
[009]

7.82
[011]

8.02

[012]

8.35

TICC: EI Data
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2(10)Pinene
1-Octen-3-ol

3-Octanone

b-Myrcene
2-Octanone

Butyl butanoate

3-Octanol

b-Ocimene
Hexyl acetate

GC x GC – HRTOFMS

+ GC Image

1D GC- HRTOFMS

2-Octanone not detected?



2-Octanone is detected in GC Image after blob deconvolution/unmixing
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msFineAnalysis iQ results for GC-single quadrupole MS
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Summary for a selected retention time region (lavender oil)

Both GCxGC data analysis programs examined were equally effective in detecting blobs and assigning compounds, 

although there were slight differences in the detection and ID of minor compounds. 

• AnalyzerPro XD is easy to use for sample comparisons and uses a 2D deconvolution algorithm by default. 

• GC Image has excellent graphics and has powerful tools for general GC x GC analysis

• For 1D GC-MS, msFineAnalysis iQ and AI use chromatographic deconvolution and integrate all available data 

12 Compounds 

in this RT range

1

1 YES after interactive blob deconvolution/unmixing
2 3rd hit after interactive blob deconvolution/unmixing

2
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GCxGC-HRTOFMS of lemon oil. Let’s look at the circled region.
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These furanocoumarins in lemon oil have an identical 1D retention index

(mainlib) Prangenin
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Calculated RI for semi-nonpolar column is 

2324 IU for both compounds

Prangenin

(Heraclenin)

Oxypeucedanin

http://www.knapsackfamily.com/knapsack_core/result.php?sname=organism&word=Citrus%20limon
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1D GC-MS does not see both compounds

TICC: EI Data
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1D GC-HRTOFMS only detects one of these compounds
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• GCxGC-HRTOFMS library search gave 

the correct ID as the first match. 

• 1D GC-HRTOFMS gave the correct 

composition from the FI data. Needed 

to choose among DB hits.

• KNapSacK search supports the 

presence of this furanocoumarin 

compound in lemon.



What 1D GC-MS does NOT detect in the Sakae peppermint oil

Structures for some compounds in peppermint oil that coelute with 1D GC.

GC x GC separates these nicely.
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• More complex hardware setup, but stable 
once setup and optimized

• Longer run times – one late-eluting 
compound detected in 1D GC for 
peppermint oil was missed in GC x GC 
data. (Data omitted – time constraints)

• Most complete separation: a few 
compounds detected that were not 
detected by 1D GC. Clearly, this will be 
more evident for highly complex mixtures 
such as petrochemicals!

• Fast blob detection by GC Image and fast 
2D deconvolution by AnalyzerPro XD

• Fast database search by both programs
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Summary

• Shorter run times and simpler hardware 
configuration

• Single quadrupole missed a few minor 
lavender compounds that were detected 
by the other methods

• However, the high dynamic range of the 
Q1600 single quadrupole MS easily 
revealed trace differences between orange 
oils. (Data omitted – time constraints)

• Chromatographic deconvolution on the 
HRTOF was surprisingly effective, 
especially when soft ionization and 
accurate-m/z data is incorporated.

• Chromatographic deconvolution and 
integrated data analysis a bit slower than 
GC x GC data processing

GCxGC 1D GC



• Each method has its own benefits and disadvantages

• Running a 1D separation first can help to decide on optimal 2D separation 
conditions

• The most complete analysis came from cross-examining data from multiple methods

• Context aids in data analysis! – use information from natural products databases like 
KNapSacK and Lotus.

• Use all the available information that you have: EI database search, soft ionization, 
accurate-m/z for fragments and molecular species, retention index values 

• Structure tools like NIST Hybrid Search and msFineAnalysis AI structure tab can help 
with compounds that are not in databases. 

• The >30-year-old peppermint oil showed little evidence of oxidation or degradation 
when compared to the fresh oil.
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Conclusions
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